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Preface


The goal of this book has been to provide a comprehensive reference that can also serve as a clinically useful source of information for diagnosis and treatment of canine and feline infections throughout the world. The first edition of this book, published in 1990, was a sequel to the text Clinical Microbiology and Infectious Diseases of the Dog and Cat, which I edited in 1984. Considerable new information in infectious diseases expanded the coverage in the subsequent second (1998) and third (2006) editions. In the 6 years since the last edition, there has been an exponential increase in the body of new information concerning existing and emerging infections of dogs and cats. Results of molecular genetic analysis have modified the taxonomic lineage of pathogenic microorganisms, helped us understand the pathogenic mechanisms of infectious agents, facilitated our detection of these disease-causing agents in the host, and assisted in determining treatment efficacy in eliminating potentially persistent pathogens. Polymerase chain reaction assays have become established diagnostic options in reference laboratories, and in some instances, such as hemotropic mycoplasmosis, babesiosis, cytauxzoonosis, and bartonellosis, have become indispensable clinical diagnostic tools. Genetic methodologies have also been employed to produce recombinant proteins for development of diagnostic immunoassays, cytokine chemotherapeutics, and vaccines.


The entire fourth edition has been extensively updated to reflect the new body of knowledge. Additions have been made in coverage of infections caused by newly discovered or taxonomically reclassified agents including canine respiratory coronavirus and canine pneumovirus (Chapter 6), Wolbachia spp. (Chapter 25), Corynebacterium infections (Chapter 33), Ralstonia pickettii (Chapter 35), Lawsonia intracellularis (Chapter 37), Chromobacterium spp. (Chapter 44), and Francisella philomiragia (Chapter 46). Although a helminth infection, heartworm disease was added because its clinical diagnostic testing is integrated with that of a number of microbial infections.


The order of presented material has been established to maximize the information presented in this text while preserving the readability and clinical usefulness of the book. This order has been maintained in this edition; however, some modifications were made. The first four sections (I to IV) include current information on diseases caused by viruses, rickettsiae, and chlamydiae (Chapters 1 to 28); mycoplasmas and bacteria (Chapters 29 to 53); fungi and algae (Chapters 54 to 69); and protozoa (Chapters 70 to 81), respectively. Each of these major sections is introduced by a chapter concerning diagnostic testing for the type of microorganisms covered in that section. The aim of these diagnostic chapters is to help the clinician determine indications and methods for sample collection and submission to the laboratory, interpretation of results, and, when applicable, performance of in-office diagnostic procedures. The therapy chapter follows the diagnostic chapter and covers indications and pharmacologic considerations of antimicrobials used to treat various infections discussed in the respective section. A few modifications were made in the order of presentation of material within these sections because of phylogenetic changes in classification of organisms. Coxiella burnetii infection was moved from the rickettsial infections to be in Chapter 46 with the taxonomically more similar Francisella spp. infections. Rhinosporidiosis, microsporidiosis, and pneumocystosis have all been placed with the fungal infections.


Section V includes neurologic diseases of suspected infectious or prion origin (Chapter 82) and heartworm disease (Chapter 83), which do not fit in any of the other section categories. It also involves principles of diagnosis and therapy of infections in various body organ systems (Chapters 84 to 92) and clinical problems concerning infectious diseases, such as environmental control of infections, fever immunodeficiency disorders, prevention of infection in solitary and communal environments, immunocompromised people and pets, and immunization (Chapters 93 to 100). A new chapter was added on management of infectious diseases in feral cats (Chapter 98).


Drug dosage tables have been furnished for most diseases, and those used in the prior edition have been updated to give complete and consistent prescribing information in each applicable chapter. The appendices have followed the format and content of prior editions of the book with extensive updating. The Antimicrobial Drug Formulary was considered an integral part of the chapters and referred to extensively in the text. Therefore, it was decided to include it in the printed volume. This formulary is cross-referenced in each chapter and refers the reader to references and tabulated dosage information found in the applicable disease coverage located elsewhere in the book. In this edition, the references used in the drug formulary have been listed in web content to save printed space. The web links to manufacturers have been included as a more universal and practical means of locating the source for specific products. The remaining appendices are available on the internet at the website for this book. Topics covered in the Web Appendices include vaccines (Appendices 1 to 4), commercially available diagnostic test kits and laboratories (Appendices 5 and 6), and a clinical problems approach to the various infectious diseases (Appendix 7).


Because of space limitations, appendices on staining and microscopic techniques and environmental survival of infectious agents have not been provided. The reader should consult the first edition of this book (1990), because this information has changed relatively little during this time interval. An appendix on required infectious disease testing and vaccination for travel requirements was not included in this edition because these regulations are constantly changing and the most current information can be obtained by contacting respective state offices or consulates. Such information is also readily available on the Internet (see sites listed in Box 20-1, Table 93-8, and Box 100-1). Similarly, a number of Internet links have been provided throughout the book for informational sites and commercial sources of products or services. The reference listings for each chapter, which in the past were restricted to only those published since the prior edition, have been made cumulative and comprehensive and are available on the website for this book, as are hyperlinks with the respective abstracts. All listed references for each chapter have been reviewed in the preparation of this and previous editions of the book but are not necessarily cited in the chapter. Websites have also been provided throughout the book, most frequently in tabulated data, to allow ready access to pertinent reference information that supplements the text.
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Chapter 1


Laboratory Diagnosis of Viral and Rickettsial Infections and Clinical Epidemiology of Infectious Disease


James F. Evermann, Rance K. Sellon and Jane E. Sykes







The detection of viral and rickettsial infections is of vital importance as our range of clinical inquiry continues to expand. In addition to recognizing clinical manifestations associated with particular viral and rickettsial organisms, clinicians are being requested to certify animals “free of infection,” screen animals for particular infections, and be aware of emerging infections that can occur via random mutation or interspecies transmission. Clinical inquiry generates information that not only clarifies the disease status of an animal, but also determines whether an infectious microbe is present and in what manner it is being shed (Table 1-1). Once the presence of infection is confirmed, then treatment regimens can be formulated, and control steps for containing the infection/disease process can be taken. This includes, if available, appropriate vaccination of susceptible animals.




TABLE 1-1


Interpretation of Laboratory Analysis of a Suspect Case of Canine Parvoviral Enteritis










	Clinical Inquiry

	Test

	Level of Interpretation










	Is the dog infected with CPV?

	ELISA for antigen

	Yes/no






	When was the dog exposed?

	IgM serology

	7–10 days






	Is the CPV a new strain or variant?

	Virus isolation, neutralization with monoclonal antibody

	Strains 2, 2a, 2b, 2c, 2d






	Are other infectious agents present?

	EM, virus isolation, PCR

	Rotavirus, coronavirus, calicivirus, astrovirus






	Bacteriology

	
Salmonella sp., Campylobacter sp., Escherichia coli







	Parasitology

	
Giardia sp.






	Is the dog protected?

	IgG serology, HI serology

	≥100 (IgG) or ≥80 (HI)






	Is the dog shedding subclinically low levels of virus?

	Nucleic acid-based (PCR) assays

	Yes/no






	What are the risks of infection in susceptible dogs and cats?

	IgG serology, risk analysis

	≥100 (IgG)






	What are the risks of disease in susceptible dogs and cats?

	IgG serology, concurrent CCV infection, risk analysis

	≥100 (IgG)














[image: image]





CCV, Canine coronavirus; CPV, canine parvovirus; ELISA, enzyme-linked immunosorbent assay; EM, electron microscopy; HI, hemagglutination-inhibition; PCR, polymerase chain reaction.


A case in which canine parvoviral enteritis was suspected or being monitored based on clinical signs or at-risk category. Interpretation depends on the level of clinical inquiry and types of laboratory tests used.





There are various diagnostic assay technologies available for detecting viral and rickettsial infections of dogs and cats.15,33,41,42,87 In some cases, diagnosing disease is the veterinarian's primary goal so that an appropriate course of action can be implemented (e.g., diagnosing canine herpesvirus in a litter of pups with fading puppy syndrome). In other situations, it may be important to determine the infection status of a cat with feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV) before entry into a cattery. As assays have developed, testing strategies have evolved to assist the veterinarian. The use of serologic assays for determining the immune status of dogs and cats has become increasingly popular as the need for annual vaccine boosters is evaluated.11 The use of molecular diagnostics has allowed polymerase chain reaction (PCR) to be applied at a screening test where several infectious agents are probed for simultaneously.49 Other areas important to companion animal veterinarians include the application of clinical epidemiology as it relates to infection and disease prevalence, multiple-animal households, population-based biosecurity measures in humane facilities, the potential for interspecies spread of infections between dogs and cats, and pet-associated disease in humans (zoonosis).8,59








Clinical Relevance


As diagnostic assays become more sensitive, the need to establish clinical relevance becomes paramount to our pursuit of the clinical utility of an assay. Earlier reports emphasized the importance of differentiating the detection of an infection from the diagnosis of disease.33 This distinction continues to be of primary importance to clinicians when making decisions regarding the most appropriate time to collect samples, the most appropriate sample to collect, and the best assay to perform to maximize the chance of a meaningful result. This series of questions constitutes the most important aspect of making a diagnosis. Veterinarians use diagnostic testing for three main reasons: (1) to diagnose an acute or chronic infectious disease process, (2) to detect a subclinical infection when susceptible animals or humans may be vulnerable to infection and/or disease, and (3) to certify animals as being not only “disease free,” but also “free of infection” (Fig. 1-1). As expectations of preventative veterinary medicine have increased so has the demand for early and accurate detection of infections.24 Although the majority of diagnostic assays have been validated to assist diagnosing a specific infection (e.g., the canine parvovirus [CPV] antigen enzyme-linked immunosorbent assay [ELISA] on feces), more clinicians are utilizing PCR which enables the diagnostician to detect multiple infectious agents simultaneously (See Molecular Diagnostics).49,59,74 The use of PCR has added a new dimension of sensitivity for detecting the latent phases (host infected, but no virus actively replicating) of herpesvirus and retrovirus infections, such as feline herpesvirus (FHV), FeLV, and FIV infections.53,59,60 It has also allowed clinicians to recognize the importance of carrier animals in the population, such as feline enteric coronavirus (FECV) and the newly recognized canine respiratory coronavirus infections.1,9,26 This allows the veterinarian to make some expanded decisions at the individual level (e.g., prognosis, to medicate or not, or to vaccinate a particular animal), and at the population level (vaccinate, segregate, or depopulate).
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FIG. 1-1 Schematic depicting three primary reasons for making a laboratory diagnosis. 1, Making a disease diagnosis; 2, screening for subclinical infection; and 3, certifying an animal “free of infection.” The hierarchy of diagnostic assays to assist in the level of clinical inquiry is listed below each of the scenarios. Ag, Antigen; ELISA, enzyme-linked immunosorbent assay; IHC, immunohistochemistry; PCR, polymerase chain reaction.








There is an increasing trend to use diagnostic tests in nonclinical situations as previously mentioned. These can include their use in surveillance, estimating infection prevalence in a practice area, and performing risk factor analysis.4,5,12,43 The testing of apparently healthy animals is becoming a standard biosecurity tool in such cases as before a show, sale, adoption, breeding, or placement in high-risk human environments (such as children's classrooms, hospitals, and convalescent care centers), which may require an animal to be certified not only “disease free,” but also “free of infection” with respect to a carrier state.24














Diagnostic Assay Interpretation


Although the goal of a diagnostic assay is 100% accuracy, it is important to recognize that laboratory tests have varying degrees of sensitivity, specificity, and fit for purpose.57 This has established a diagnostic hierarchy, which is used by clinics and diagnostic laboratories. An example of this type of hierarchy is presented in Fig. 1-1 when displaying the different settings in which an assay may be called on. An example would be when screening a cattery for FIV infection to certify it “free of infection.” Initially a serologic assay would be used to screen the population. If all cats have seronegative test results, then PCR would be used to confirm the negative status and certification would be granted. Test sensitivity is the likelihood that an animal known to have a particular disease or infection with a particular microbe will be identified with a positive test result (true positive) (Fig. 1-2). A test with high sensitivity has few false-negative results. The limits to test sensitivity can extend to an animal with a subclinical infection (i.e., latency, asymptomatic carrier, or early during the incubatory phase of disease); therefore, the values vary for either disease or infection. When making a diagnosis of CPV infection it is important to recognize that although some PCR assays are more sensitive than antigen-detection ELISA (Fig. 1-3), their ability to accurately diagnose CPV disease may be compromised because they can detect subclinically infected dogs as well as diseased dogs. Conversely, the CPV-antigen ELISA is very good for detecting CPV-associated enteritis, but not sensitive enough to detect CPV in dogs that are subclinically infected.33
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FIG. 1-2 Calculation of sensitivity, specificity, and predictive values using a two-by-two table.
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FIG. 1-3 The various levels of assay sensitivity, with canine parvovirus (CPV-2) as an example. Note the five different assays (A through E) and the assays that would be of greatest value for clinical diagnosis versus subclinical detection of infection. ELISA, Enzyme-linked immunosorbent assay; EM, electron microscopy; HA, hemagglutination assay; PCR, polymerase chain reaction; VI, virus isolation.








Test specificity is the likelihood that an animal known to be free of disease or infection will have a negative test result.43,86 A highly specific test has few false-positive results. Knowing the specificity of a diagnostic test is very important because more false-positive results occur with a test of low specificity.


Fit for purpose means that test methods must be appropriate for specific diagnostic applications in order for the test results to be of any clinical relevance.57 This has become an essential prerequisite for diagnostic assays, whether they are conducted in the clinic setting or at a regional diagnostic laboratory. As testing strategies evolve, firm recommendations for the expectations and limitations of diagnostic assays will become evident.24


Because an assay may not be able to distinguish an animal that is subclinically infected from an animal with disease, a test's predictive value is very important to the veterinarian (see Fig. 1-2). Classically, a positive predictive value is the probability that an animal with a positive test result truly has the disease. A negative predictive value is the probability that an animal with a negative test result does not have the disease. These predictive values can also be used for determining the clinical utility of detecting latency in a population or a subclinical carrier as long as the assay is fit for that purpose. The predictive values depend on the prevalence of the disease in the regional population.33,43














Sample Selection and Preservation


Laboratory diagnosis of viral and rickettsial infections requires proper sample selection, collection, and preservation. As noted earlier, there are three main situations in which obtaining a diagnosis is of value (see Fig. 1-1), and sample selection would vary according to what level of clinical inquiry the veterinarian is targeting. In order to make a definitive disease diagnosis, it is best to collect samples during the acute phase of the disease. During this phase, the microbe is usually at its highest concentrations in areas such as body fluids, excretions, secretions, or blood.7,37,65 Samples can be collected antemortem, or, if necessary, at necropsy (Table 1-2). Antemortem samples can be collected noninvasively, such as oropharyngeal swabs for feline calicivirus (FCV), or invasively, such as the case of cerebrospinal fluid for canine distemper virus (CDV) diagnosis. Samples can be valuable in the management of other animals in the susceptible population; however, the degree of diagnostic accuracy is generally reduced because of microbial protein and nucleic acid degradation. For this reason fresh samples should be promptly refrigerated for short-term shipment (12 to 48 hours) to a laboratory close to the clinic or by overnight delivery service. For long-term shipments (2 to 4 days), samples should be frozen and shipped on wet ice to the laboratory. Tissues obtained after biopsy or necropsy for histopathology and immunohistochemistry (IHC) should be promptly fixed in buffered formalin. Serology can be of diagnostic value if a single sample is available for IgM analysis, or acute and convalescent sera are available for IgG analysis. After samples have been collected, specimen preservation and shipment to the testing laboratory become important for rapid analysis and turnaround times. Table 1-3 gives guidelines for specimen collection, processing, and shipment for laboratory diagnosis. Because of the changing nature of diagnostic assays and the hierarchy of sensitivity and specificity, it is recommended that the laboratory be consulted for the optimum sample collection, processing, and shipment protocols. Web Appendix 5 lists those laboratories that conduct tests for infectious diseases of dogs and cats.




TABLE 1-2


Sample Collection for Laboratory Diagnosis of Viral and Rickettsial Diseases








	Sites or Clinical Signs

	Antemortem Samplesa


	Postmortem Samplesb











	Respiratory, oral, and ocular tissues

	Nasal, ocular, pharyngeal swabs; conjunctival scraping; serum; whole bloodc; transtracheal wash

	Selected tissuesd and bronchiolar lymph nodes






	Gastrointestinal tract

	Feces, vomitus, serum, whole bloodc


	Selected small intestine sections, intestinal contents, mesenteric lymph nodes






	Skin and mucous membranes

	Vesicle fluid, swabs, scrapings of lesions, serum, whole bloodc


	Selected tissuesd and regional lymph nodes






	Central nervous systema,e


	Cerebrospinal fluid, serum, whole bloodc, feces

	Selected brain sections






	Genitourinary tract

	Urogenital swabs, vaginal mucus, urine, serum, whole bloodc


	Selected sections from placenta, fetal lung, liver, kidney, and spleen






	Immunosuppression, hematologic abnormalities, blood dyscrasias

	Whole bloodc, serum, bone marrow

	Selected tissuesd and lymph nodes









aSamples should be kept moist and chilled.


bFresh samples should be fixed (in 10% buffered formalin) for histologic and immunohistochemical analysis.


cSample should be collected in EDTA and kept refrigerated.


dHematogenous organs: lung, liver, kidney, bone marrow, and spleen.


eAn animal with neurologic signs should be handled with extreme caution; before further diagnostic testing is performed, a public health laboratory should state that the animal is free of rabies virus (see Chapter 20).


Modified from Ref. 72.







TABLE 1-3


Specimen Collection, Processing, and Shipment for Diagnosis of Viral and Rickettsial Diseases








	Procedure and Specimen

	Collection and Processing

	Shipment










	Organism isolation, nucleic acid-based testing (PCR), ELISA for antigen
Specimens: Tissue, excretions, secretions

	Collect aseptically to prevent bacterial contamination, and store at ≤10° C to prevent inactivation; do not freeze or fix.

	Use whole blooda, tissue biopsy, feces, swabs, commercial transport media.b







	Serology
Specimens: Serum, cerebrospinal fluid, synovial fluid

	Collect aseptically to prevent contamination, and handle gently to prevent hemolysis; remove needle from syringe before dispensing; allow to clot at room temperature; rim clot and centrifuge at 650 g for 20 min; pipette serum fraction into clean tube; although paired samples (10–14 days apart) are preferred, single samples can be diagnostic (e.g., CDV IgM).

	Refrigerate until shipping; double bag for shipment; use leak-proof vial.






	Histology, immunohistochemistry
Specimens: Tissue

	Collect aseptically to prevent contamination, 5 mm thick; fix in 10% buffered formalin (10 × volume).

	Double bag for shipment; ship in leak-proof container with adequate fixative.






	Direct FA testing
Specimens: Tissue, tissue impression

	Make tissue impression on clean, dry microscope slide and air dry; fix in alcohol for cytology or in acetone for direct FA.c


	Pack on wet ice and ship as for isolation; smears can be shipped unrefrigerated.






	Electron microscopy
Specimens: Tissue

	Collect aseptically, 1 × 2 mm thick; fix in 2%–4 glutaraldehyde (10 × volume) for 24 hr at 20° C.

	Double bag for shipment; ship in leak-proof container with adequate fixative.






	Feces or body fluids

	Collect fresh; do not freeze or fix.

	Refrigerate until shipping; double bag for shipment; pack on wet ice to last 48–72 hr.









CDV, Canine distemper virus; ELISA, enzyme-linked immunosorbent assay; FA, fluorescent antibody; FBS, fetal bovine serum; PCR, polymerase chain reaction.


aCollected in EDTA and kept refrigerated.


bUse Universal Viral Transport Media (#220221, Becton Dickinson Co, Sparks, MD).


cUse Michel's fixative to preserve tissue specimens for antibody testing by indirect FA. For antigen detection, other fixatives can be used.


















Laboratory Analysis



Viral Infections





The diagnosis of viral infections revolves around five different techniques, which have varying degrees of sensitivity and specificity.7,33,60,65 These include (1) virus isolation in cell culture, (2) electron microscopy, (3) specific viral antigen detection by immunologic methods (ELISA, fluorescent antibody, immunoperoxidase, and IHC), (4) nucleic acid detection (PCR and in situ hybridization), and (5) serologic testing for specific viral antibodies. These assays have a hierarchy of use as previously mentioned and depicted in Fig. 1-1. Although nucleic acid–based PCR assays are increasingly available through commercial diagnostic laboratories for the detection of common infectious diseases of dogs and cats (see Table 1-3 and Web Appendix 5), other diagnostic techniques still play important roles in diagnosis because of availability, reliability, and cost. In certain situations or time points during the course of infection, PCR may be insensitive. The results of PCR are often best interpreted in conjunction with the results of serologic assays. The in-clinic ELISA assays for detection of FeLV antigenemia in cats with regressive and progressive infection and for diagnosis of CPV-2 strains in dogs with enteritis have been major contributors to control of these diseases in companion animals. Specialized diagnostic laboratories should be consulted for more extensive analysis of specimens from a particular case if the number of clinically ill animals significantly increases, unusual clinical signs are observed, or new variants of preexisting viruses such as CPV, CDV, and FCV are suspected. Veterinarians should remain vigilant for emerging infectious diseases, which may express themselves in immunocompromised dogs and cats (e.g., influenza in shelter populations; see Chapter 23), and in the general population as well.23,59 Virus isolation and PCR have been primarily used to detect previously unidentified or new strains of viruses and rickettsia.* See respective chapters (Chapters 3 to 24) for additional information on specific viral infections of dogs and cats.








Rickettsial Infections


Rickettsiae are small, obligate, intracellular gram-negative bacteria that are included with viruses because of the common methods that are used to diagnose infections caused by them.33,41,42 Rickettsia generally require living cells for propagation and are usually cultured in embryonating chicken eggs or in cell culture. See Chapters 25 to 27. This is similar to isolation of Chlamydia; see Chapter 28. Because of their fastidious nature, serology has been very valuable in the diagnoses of rickettsial infections. Just as the clinical use of PCR has improved the ability to diagnose viral infections, there has been increased use of this technique for detection of rickettsial infections as well.73,87 Rickettsiae of veterinary importance and commonly used diagnostic assays are listed in Table 1-4.




TABLE 1-4


Rickettsial Infections of Veterinary Importance










	Agent

	Host

	Disease

	Diagnosis










	
Neorickettsia helminthoeca and Elokomin fluke fever agentsa


	Dogs, coyotes, foxes, ferrets

	Salmon poisoning and salmon fever

	Observation of fluke eggs (Nanophyetus salmincola) in feces
Demonstration of the agent in lymph node aspirates






	
Ehrlichia spp.b


	Humans; dogs, cats, and other domestic animals

	Ehrlichiosis

	Indirect FA test for antibody in serum
Giemsa-stained blood smears or marrow
PCR on whole blood






	
Rickettsia spp.c


	Humans, dogs, cats

	Rocky Mountain spotted fever

	Indirect FA test for antibody in serum
Giemsa-stained blood smears
PCR on whole blood






	
Mycoplasma haemofelisd


	Cats

	Feline infectious anemia

	Giemsa- or FA-stained blood or tissue smears; presence of agent on red blood cells inconsistent
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FA, Fluorescent antibody; PCR, polymerase chain reaction.


aFor additional information, see Chapter 25.


bFor additional information, see Chapter 26.


cFor additional information, see Chapter 27.


dFor additional information, see Chapter 31.

















Recognition of Newly Emerging Viral and Rickettsial Infections


Over the past decade the submission of diagnostic samples to the molecular diagnostic laboratories by clinicians has led to a remarkable increase in the recognition of novel viral and rickettsial infections.25,59,75,83 This is because veterinarians recognize abnormal clinical signs earlier and laboratory testing is more cost effective and more widely available for the purpose of providing an answer to the clinical inquiry, “Are we dealing with a new, more virulent strain of this microbe?”4 The tracking of the course of CPV in the dog population, the emergence of canine influenza from dogs infected with equine influenza, the reports of numerous strains of FCV, the reports of a new coronavirus of dogs affecting the respiratory tract, and the increasing pathogenicity of canine enteric coronavirus are reminders that microbes are continually evolving, which necessitates constant monitoring by the clinician and diagnostician.23,26,29,54,79 One major cause for the emergence of newly recognized diseases is the potential for viruses and rickettsiae to cross host-species barriers. This interspecies transmission requires at least a two-step process. The first step is the spread of the infectious microorganism from one species to another resulting in an infection. Successful amplification of the microorganism in the recipient species is essential both for disease and for subsequent transmission of the microorganism in the new species (Fig. 1-4).* See respective chapters for additional information on emerging and reemerging infectious diseases of dogs and cats.
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FIG. 1-4 Schematic depicting the proposed spread of viruses from one host species (Host A) to another (Host B1), and the subsequent spread of the infection to susceptible hosts (Host B2).


























Serodiagnosis and Immune Assessment


The clinical utility of serum-based testing (serology) has continued to adapt as the demands for a rapid diagnosis have increased.11,12,33,34 As noted in Fig. 1-1, the use of serology has several important functions in assessments of the small animal patients that are both clinically and subclinically affected. Its value is due in part to the incorporation of purified antigens for capturing specific antibodies, and to the increasing sensitivity of the assays, such as ELISA and Western blot. Serology is the foundation for serodiagnosis and serosurveillance and for generating vaccine assessment profiles. Serodiagnosis is used to assist in the diagnosis of current disease, such as the use of IgM (early antibody) assay with indirect fluorescent antibody to detect acute CDV-associated disease (see Chapter 3). Serosurveillance is used to determine whether an individual animal has experienced prior infection with a particular microbe, or when multiple animal serums are analyzed, what the prevalence of an infection is in a population.93 Serosurveillance has been useful in determining the infection rate of dogs with emerging infectious agents such as West Nile virus (see Chapter 24) and canine influenza (see Chapter 23). Another application of serosurveillance is the use of serum titers for assessment of vaccine-induced protection (see Duration of Immunity and Challenge Studies, Chapter 100). Although the use of serum-based assay to quantitate specific antibodies is not new, the extrapolation of specific types (IgA, IgM, IgG, etc.) and concentrations (titers) of antibodies to protective immunity is a relatively recent occurrence. Dogs with CDV and CPV antibody titers of defined levels are generally considered protected against CDV- and CPV-induced diseases. However, factors such as breed of dog, location of the animal's living (challenge) environment, and level of natural (pregnancy) and therapy-induced immune suppression need to be taken into consideration when the veterinarian is using antibody titers to determine the need for booster vaccinations.














Molecular Diagnostics


Sachse has stated that “One of the main consequences for clinical epidemiology arising from the increasing availability of PCR-based diagnostic data could be the realization that the pathogen in question was more abundant than previously assumed and that it persisted to a certain degree in apparently healthy hosts.”83


The foregoing quote emphasizes the point that PCR techniques have revolutionized the science of microbial detection. Although it is not a new revelation for diagnosticians and veterinarians, it is important to recognize that although the presence of a microbe may be necessary to produce a disease, it may not always be present in sufficient numbers to do so.43 There may be other contributing factors such as animal's age, breed, sex, and nutritional status that, together with the agent, contribute to the disease process (see Clinical Epidemiology). The advantages of PCR can be seen in Fig. 1-1: Organisms can be detected in animals that are subclinical carriers or animals with a particular disease. This applies to detection of individual pathogens and simultaneous detection of multiple pathogens through the use of diagnostic PCR panels (Table 1-5).49 PCR can be used to assess an animal's infection status, but not necessarily the ability of an animal to transmit infection, because it will detect microbial nucleic acid in latently infected and subclinically infected animals. It is vital to know this because PCR detects DNA and RNA via reverse transcriptase (RT)-PCR for documenting the presence of DNA and RNA viruses or rickettsial organisms (Fig. 1-5).




TABLE 1-5


Examples of Infectious Disease Panels for Dogs and Cats










	Types of Infectious Disease Panels

	Examples










	Canine respiratory

	



Canine adenovirus-2


Canine distemper virus


Canine parainfluenza virus


Canine influenza virus


Canine herpesvirus


Canine respiratory coronavirus


Bordetella bronchiseptica











	Feline respiratory

	



Feline herpesvirus-1


Feline calicivirus


Chlamydophila felis


Mycoplasma felis


Bordetella bronchiseptica











	Canine enteric

	



Canine parvovirus 2 strains


Canine coronavirus


Campylobacter spp.


Clostridium difficile


Lawsonia intracellularis


Salmonella spp.


Cryptosporidium


Giardia











	Feline enteric

	



Feline panleukopenia virus


Toxoplasma


Feline enteric coronaviruses


Campylobacter


Clostridium spp.


Cryptosporidium


Giardia


Salmonella spp.


Tritrichomonas spp.











	Canine tickborne

	



Anaplasma platys


Borrelia burgdorferi


Rickettsia spp.


Ehrlichia spp.


Francisella tularensis











	Feline bloodborne

	



Feline leukemia virus


Feline immunodeficiency virus


Feline infectious peritonitis virus


Mycoplasma haemofelis


Yersinia pestis
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Modified from Ref. 49.
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FIG. 1-5 The principles of nucleic acid extractive amplification by PCR, separation and identification by gel electrophoresis, and dot blot or microarray hybridization with specific oligonucleotide probes. Dot blot: PC, Positive control; NC, negative control. Blots A and D show a negative result for viral or rickettsial nucleic acid, and blots B, C, and E show a positive result. (Modified from Evermann JF. 2006. Infectious diseases of the dog and cat, ed 3, pp 1–9. WB Saunders, Philadelphia.)








Generally speaking, the strength of PCR and RT-PCR is their increased sensitivity compared with other diagnostic assays listed in Table 1-3, together with a rapid turnaround time.25,55 High sensitivity, inherent in these assays, allows for detection of a few copies of nucleic acid (e.g., in an animal with a few microorganisms within a tissue lesion, such as Ehrlichia canis, or integrated into the cellular genome, such as FeLV during latency) to millions of copies that are readily detectable. Detection of the amplified product can be accomplished by conventional PCR, which involves gel electrophoresis (Fig. 1-6A), or by real-time PCR cycling (Fig. 1-6B), which involves detection of the PCR product after fluorescent signal emission. The emission of fluorescence during real-time PCR cycling is proportional to the number of copies of an organism present in the sample submitted, so real-time PCR allows quantitation of approximate organism numbers present in a sample. The number of cycles at which fluorescence occurs is reported as the cycle threshold value, and the lower that number, the larger the number of organisms present within the sample. Generation of standard curves during assay validation can allow extrapolation to absolute organism numbers present in the sample (Fig 1-6C). Most commercial veterinary diagnostic laboratories that perform real-time PCR do not report cycle threshold values, but this may develop in the future as we gain improved understanding regarding the clinical significance of differing organism loads. RT-PCR that uses ribosomal RNA (rRNA) as a template can be more sensitive than PCR for detecting rickettsial organisms since they typically have more copies of rRNA than DNA. Specificity of the assay is vital, although it can vary depending on the sequence of the primers and probes used for nucleic acid amplification.83




[image: image]


[image: image]


[image: image]


FIG. 1-6 A, PCR picture of Chlamydophila felis (Chla), feline calicivirus (FCV), and feline herpesvirus (FHV); B, Advantages of RT-PCR curve; C, Product detection using RT-PCR.








PCR and RT-PCR also provide the clinician with the capability to make retrospective diagnoses of viral and rickettsial infections because the assays can be performed on archived samples (tissue blocks, frozen serum, blood, or other biologic fluids). PCR can also be used to detect the simultaneous presence of multiple pathogenic microorganisms such as bacterial (Chapter 29) and fungal (Chapter 54) organisms in mixed disease processes. Although quality control is essential for all laboratory procedures, it has been a focal point for PCR and RT-PCR assays because of their analytical sensitivity and the potential for contamination of reactions with mere traces of DNA or RNA molecules that can create false-positive results. Accredited laboratories follow standard operating protocols, which are designed to minimize contamination of the reactions and use appropriate positive and negative controls to ensure adequate sample quality and optimal reagent performance, and they allow for early detection of contamination that might indicate false-positive results.24 False-positive results can also occur if an animal has been recently vaccinated with modified live-virus vaccines against the viral disease being evaluated. Compared to DNA, RNA is a less stable molecule and subject to biologic degradation; thus RT-PCR results could be falsely negative if the RNA in the sample has denatured or degraded during storage or handling.


As noted previously, PCR and RT-PCR are designed to detect microbial nucleic acid and may not always correlate with the presence of a viable microorganism (Fig. 1-7).95 Positive PCR results do not necessarily correlate with shedding of the microorganism from the affected animal and need to be assessed in light of other available information about the patient (see Fig. 1-3). History, clinical signs, physical examination, and results of diagnostic testing should also link the presence of the microorganism(s) in a patient with the clinical illness before one should conclude that the results of a PCR or RT-PCR assay are diagnostic of the disease.43,45
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FIG. 1-7 Graphic presentation of feline herpesvirus (FHV) shedding after an experimental inoculation (oronasal and ocular); shedding is measured by virus isolation in CrFK cells (virus titer) and PCR amplification of FHV-specific DNA sequences by cycle threshold (ct). Note the presence of infectious virus peaks 1 to 2 days postinfection (shaded area), which are sustained until days 18 to 19 after infection and are undetectable by day 26. The presence of FHV-specific DNA was detected until more than 80 days after infection. (From Vogtlin A, Fraefel C, Albini S, et al. 2002. Quantification of FHV 1 DNA in ocular fluid samples of clinically diseased cats by real-time Tag man PCR. J Clin Microbiol 40:519–523).




















Clinical Epidemiology


The interface between disease diagnosis and clinical epidemiology has continued to be fortified by the ever-increasing knowledge of the importance of animal populations and their interactions with other animals and humans.33,43,86 With the development of molecular diagnostic assays, the finer details of how an infectious microorganism sustains itself in a population by establishing short- and long-term carrier states and how the potential for interspecies transmission has become so important in determining the nature of emerging infections are becoming apparent.59,68,74,98 Although clinical epidemiology involves the understanding of health and disease in populations, it is fundamental in decision making for the individual animal. An understanding of the epidemiologic features of a particular infectious disease facilitates the identification of an outbreak, which in turn helps the clinician select the most appropriate diagnostic test and interpret the results of subsequent diagnostic testing. It is essential for the development, implementation, and monitoring of prevention and control strategies. For example, worldwide rabies virus (Chapter 20) is maintained in nature in wild and feral animal reservoirs; however, the dog is the most important source of rabies virus infection in humans. Widespread vaccination of the dog population has reduced the incidence of human rabies in the United States, and most human cases are now associated with rabies virus variants of wild animals, especially bats.33


Accurate descriptions of the epidemiology of a disease required precise definition of the population being sampled. For example, the incidence of FeLV infection is higher in young cats than older cats because the virus becomes latent or the older cats develop an age-related resistance to infection (Chapter 11). The prevalence of FeLV-related disease is lower than the prevalence of FeLV infection because the majority of infected cats develop subclinical infections (latency).


Valid epidemiologic descriptions of infection and disease require that the appropriate laboratory assay be performed.43,57,86 For example, to assess transmissibility of FeLV infection in a given population of cats, the FeLV antigen ELISA is a good tool because it detects viral antigen (P27) with moderate sensitivity during transient and persistent viremic states. However, for determination of the true infective status of a cat, RT-PCR is needed because it detects low viral nucleic acid expression early in infection and during periods of prolonged latency.53


The epidemiology of infectious disease depends on factors associated with the microorganism itself (microbial ecology) and factors particular to the host (age, sex, breed, etc.) and the environment (single-animal household, pet shows, humane facilities, etc.).4,12,17,31 Important microorganism factors include the ability to survive in the environment, the propensity of the microorganism to spread within an animal species and through interspecies transmission, its ability to cause disease, its resistance to antimicrobial or antiviral drugs, and its ability to evade host immune defenses (i.e., escape mutants).


Although numerous host factors have the potential to influence infection and disease, age and immune status are regarded as the most critical.34 The importance of the animal's environment in the spread of infection and expression of disease has been well established. This is generally the most amenable to management changes and control.


Epidemiology also encompasses the analysis of contact patterns in the population. For example, the prevalence of feline infectious peritonitis (see Chapter 10) in certain catteries can be as high as 5%, whereas the prevalence in single- or two-cat households is 0.02%. This increased prevalence in catteries reflects heightened levels of FECV in the environment, increased viral replication from acquired immune suppression (caused by concurrent infections, pregnancy, and stress of crowding), and host cat genetic factors (see Chapter 94, Immunodeficiencies and Infectious Diseases and Chapter 97, Prevention and Management of Infectious Diseases in Multiple-Cat Environments).1,9 To replicate and transmit successfully, a highly infectious virus that elicits a strong, productive immune response requires a steady influx of susceptible hosts. For example, the ability of CPV-2 strains to persist well in the environment requires that the viruses encounter susceptible canine and feline hosts.52 In contrast, pathogens that persist within the host for months or years depend less on frequent contact with susceptible animals. E. canis establishes a chronic, subclinical infection in dogs, providing a reservoir for infection of new ticks that feed on the infected host.33,41,73 Although difficult to predict, it is useful to recognize the potential for interspecies spread of infectious microorganisms when dealing with mixed species of animals. The nature of this spread or “spillover” is well known, such as for rabies, CPV-2, and canine influenza virus (Chapter 23).21,23,33,52,59


After identifying factors that can contribute to an animal's increased susceptibility to infection and disease, it is useful to perform a risk analysis on the factors (i.e., present them in terms of relative risk or an odds ratio).33,86 Relative risk is the ratio of the rate of infection or disease in animals exposed to the risk factor compared to those animals not exposed to the risk factor (Fig. 1-8). Relative risk is determined through analysis of a cohort, in which groups of animals with defined exposure factors are monitored prospectively for the occurrence of infection or the development of disease. Odds ratios approximate the relative risk as determined through retrospective, case-controlled studies (see Fig. 1-8). A relative risk or odds ratio of greater than 1 implies that the exposure factor is associated with infection or disease. If the ratio is less than 1, the exposure factor is related to a decreased risk of infection or disease. For example, FeLV and rabies vaccinations in cats have been associated with an increased risk of sarcoma formation at the injection site. With reduction in the frequency of vaccination, modification of the constituents in the vaccine, and the route of vaccine delivery, the risk has decreased significantly (see Fibrosarcoma, Chapter 11 and Injection Site-Associated Sarcomas in Cats, Chapter 100). The relative risk does not provide any information about the proportion of cases resulting from exposure to that risk factor. This proportion can be determined by calculating the attributable risk, which accounts for the relative risk and the proportion of the population exposed to the risk factor (see Fig. 1-8). Because there is increased recognition of concurrent infections, the effects of confounding must be considered when making conclusions regarding risk factors. Confounding occurs in clinical situations in which an association with one factor might lead to an apparent association with another factor. An example would be when a disease is attributed to a specific bacterial organism when there is an underlying primary viral infection, and the bacterial infection is secondary.
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FIG. 1-8 Calculation of relative risk, odds ratio, and attributable risk using a two-by-two table.








Use of PCR-based diagnostics has improved the understanding of where infectious agents are located when not causing disease, detection of new pathogenic strains that may be circulating in dog and cat populations, and the optimal monitoring and surveillance of emerging viral and rickettsial pathogens. For example, PCR-based typing methods have been used to track genomic changes in CDV, CPV-2, FCV, and FECV/feline infectious peritonitis virus that might be associated with emergence of new strains, such as those that can escape the protective effects of vaccination. This sets the stage for the development of newer diagnostic techniques and, in some cases, improved prevention and control strategies.*
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Antivirals


Clinical use of antiviral drugs is uncommon in veterinary medicine, and the number of controlled studies about the usefulness of these drugs is limited. Unlike with antibacterial therapy, complete elimination of infectious agents is usually not achieved with antivirals, mainly because viruses are inhibited only during their replicative cycle and are not susceptible to chemotherapeutic intervention during their latent or nonreplicative phases. Furthermore, achieving selective interference by antiviral chemotherapy is difficult because viral replication is more dependent on host cell metabolism than is bacterial replication. Treatment of acute viral infections is problematic, primarily because diagnosis is often made after the replicative phase of infection is complete. Thus, antiviral agents are useful mainly in treating chronic viral infections and in preventing reactivation of latent infections.


Many antiviral drugs that have been tested experimentally will never be commercially available because they are too toxic. With the exception of feline interferon (IFN)-ω (and some immunomodulatory substances), no antiviral drugs are licensed for veterinary medicine, and drugs licensed for humans must be used in animals. However, because some companies now focus specifically on the development of antiviral drugs for veterinary medicine, new compounds may appear on the market.


Most available human antivirals are specifically intended for treatment of human immunodeficiency virus (HIV) infection. Therefore, retroviral infection in cats, and more specifically feline immunodeficiency virus (FIV) infection, is an important consideration for their use. Many of these compounds have been shown to be active against FIV in cell culture and in cats, because FIV-treatment studies were conducted to screen new compounds before their use in HIV-infected patients. Some of these compounds are in an experimental state and may never be commercially available.


Some of the anti-HIV drugs on the market have been used to treat naturally FIV- or feline leukemia virus (FeLV)-infected cats, and improvement of clinical signs and prolongation of life can be achieved in some of these cats using antiviral therapy. Furthermore, feline herpesvirus (FHV)-1 infection, and specifically ocular infections, can be treated with systemic or topical antiviral compounds. Attempts to treat feline infectious peritonitis (FIP) with antiviral compounds have not been very successful. In canine viral infections, antiviral chemotherapy plays only a minor role so far. Overall, antiviral drugs that are available and useful for cats and dogs are limited, and few controlled studies have been performed to support their use. This chapter addresses only drugs that are available on the market and that have been used experimentally or in the field against feline or canine viral infections. Further information on these and some other drugs used to treat human infections are found in the Drug Formulary in the Appendix.


“True” antivirals are compounds that interfere with one step (or several steps) in the viral replication cycle. Closer scrutiny of the relationship of the virus to the cell reveals several points at which the viral cycle can be interrupted, including adsorption to and penetration of the cell, uncoating of the viral nucleic acid, the various stages of nucleic acid replication, assembly of new viral particles, and release of infectious virions, if the cell is not destroyed (Fig. 2-1).




[image: image]


FIG. 2-1 Retrovirus replication cycle with stages of virus replication during which antiviral compounds can interact. See Table 2-1 for their individual sites of action. (From Liang C, Wainberg MA. 2004. Virology of HIV, pp 1251-1255. In Cohen J, Powderly WG, Berkley SF, et al [eds]: Infectious diseases, vol 2, ed 2,. Mosby, Edinburgh, Scotland.)








The most common antiretroviral drugs are inhibitors of the retroviral enzyme reverse transcriptase (RT: e.g., nucleoside analogues). Drugs with a broader spectrum inhibit other viral enzymes such as DNA or RNA polymerases and thus interfere with viral genome replication (e.g., acyclovir [ACV], foscarnet [PFA]) or by inhibiting proteinases (e.g., proteinase inhibitors) that are important for the splitting of precursor proteins during viral assembly. Other drugs target the viral entry by binding to specific receptors that the virus uses for adsorption (e.g., bicyclams, a new class that inhibits the CXCR4 receptor, which is important for HIV and FIV entry), by acting as fusion inhibitors preventing the conformational changes of the virus necessary for the fusion process, or by interfering with viral uncoating (e.g., amantadine) (Table 2-1). Currently used inhibitors of the viral replication cycle can be divided into eight classes of compounds, nucleoside analogue RT inhibitors, nonnucleoside analogue RT inhibitors, nucleoside analogue DNA/RNA synthesis inhibitors, nucleotide synthesis inhibitors, receptor homologues/antagonists, neuraminidase inhibitors, ion channel blockers, and peptides (Web Table 2-1).




TABLE 2-1


Effects of Antivirals on Stages of Viral Replication Cycle








	Stage of Virus Replication

	Class of Compound

	Antiviral Drugs in Veterinary Medicine










	Virus attachment

	Immunoglobulins
Receptor homologues/antagonists

	Immunoglobulin formulationsa
AMD3100






	Uncoating

	Ion channel blockers

	Amantadine






	Reverse transcription

	Nucleoside analogues
Nonnucleoside/reverse transcriptase inhibitors

	AZT, d4T, ddI, ddC, 3TC
Suramin






	DNA/RNA synthesis

	Nucleoside analogues
Nonnucleotide synthesis inhibitors

	ACV, VAZV, Cidofovir, PCV, GCV, Ara-A, IDU, TFT
PFA, RTCA






	mRNA translation

	Antisense oligonucleotides

	 






	Assembly

	Interferons
Peptides

	Human IFN-α, feline IFN-ω
l-Lysine






	Extrusion

	Neuraminidase inhibitors

	Oseltamivir






	Maturation

	Glycosylation inhibitors
Proteolytic cleavage inhibitors

	 









3TC, Lamivudine; ACV, acyclovir; AMD3100, plerixafor; Ara-A, vidarabine; AZT, zidovudine; ddC, zalcitabine; ddI, didanosine; d4T, stavudine; GCV, ganciclovir; IDU, idoxuridine; IFN-α, interferon-α; IFN-ω, interferon-ω; mRNA, messenger RNA; PCV, penciclovir; PFA, foscarnet; RTCA, ribavirin; TFT, trifluridine; VAZV, valacyclovir.


aFor additional information, see Chapter 100.







WEB TABLE 2-1


Classes of Antiviral Drugs That Inhibit the Viral Replication Cycle










	Drug

	Viral Agent

	Efficacy In Vitro

	Controlled Study In Vivo

	Efficacy In Vivo

	Comments

	EBM Level (1–4)a











	NUCLEOSIDE ANALOGUE REVERSE TRANSCRIPTASE INHIBITORS






	Zidovudine (AZT)

	FIV

	yes

	yes

	yes

	Effective in some cats (e.g., with stomatitis, neurologic disorders)

	1






	FeLV

	yes

	yes

	no

	Not very effective

	1






	Stavudine (d4T)

	FIV

	yes

	no

	n.d.

	Possibly effective

	4






	FeLV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Didanosine (ddI)

	FIV

	yes

	yes

	yes

	Effective in one experimental study but neurologic side effects

	2






	FeLV

	yes

	no

	n.d.

	Possibly effective

	4






	Zalcitabine (ddC)

	FIV

	yes

	no

	n.d.

	Possibly effective

	4






	FeLV

	yes

	yes

	no

	Not very effective

	2






	Lamivudine (3TC)

	FIV

	yes

	yes

	no

	Not very effective, toxic in high dosages

	2






	FeLV

	no

	no

	n.d.

	Possibly effective

	4






	NONNUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS






	Suramin

	FIV

	no

	no

	n.d.

	Possibly effective, but too toxic

	4






	FeLV

	no

	no

	n.d.

	Possibly effective, but too toxic

	2






	NUCLEOSIDE ANALOGUE DNA/RNA SYNTHESIS INHIBITORS






	Acyclovir (ACV)

	FHV-1

	yes

	yes

	no

	Not very effective

	1






	CHV

	n.d.

	no

	n.d.

	Likely also not very effective

	4






	Valacyclovir (VAZV)

	FHV-1

	yes

	yes

	no

	Not very effective, toxic in high dosages

	2






	CHV

	n.d.

	no

	n.d.

	Likely also not very effective, also toxic in dogs

	4






	Cidofovir

	FHV-1

	yes

	yes

	yes

	Effective in topical use

	2






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Penciclovir (PCV)

	FHV-1

	yes

	no

	n.d.

	Likely effective, if used topically

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Ganciclovir (GCV)

	FHV-1

	yes

	no

	n.d.

	Likely effective, if used topically

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Vidarabine (Ara-A)

	FHV-1

	yes

	no

	n.d.

	Toxic if given systemically; likely effective, if used topically

	4






	CHV

	n.d.

	no

	n.d.

	Effective in a case series

	3






	FIPV

	yes

	no

	n.d.

	Likely ineffective

	4






	Idoxuridine (IDU)

	FHV-1

	yes

	yes

	no

	Toxic and not effective when given systemically; likely effective, if used topically

	2






	CHV

	n.d.

	yes

	no

	Ineffective when given systemically; likely effective, if used topically

	2






	Trifluridine (TFT)

	FHV-1

	yes

	no

	n.d.

	Toxic if given systemically; likely effective, if used topically (best efficacy in vitro)

	4






	CHV

	n.d.

	no

	n.d.

	Likely effective, if used topically

	3






	NUCLEOTIDE SYNTHESIS INHIBITORS






	Foscarnet (PFA)

	FIV

	yes

	no

	n.d.

	Effective in vitro, but too toxic

	4






	FeLV

	yes

	no

	n.d.

	Effective in vitro, but too toxic

	4






	FHV-1

	yes

	no

	n.d.

	Toxic if given systemically; and not very effective for topical use

	4






	CHV

	n.d.

	no

	n.d.

	Toxic and likely not effective

	4






	Ribavirin

	FIV

	yes

	no

	n.d.

	Possibly effective, but toxic in cats

	4






	FeLV

	yes

	no

	n.d.

	Possibly effective, but toxic in cats

	4






	FHV-1

	yes

	no

	n.d.

	Possibly effective, potentially useful as aerosol

	4






	FCV

	yes

	yes

	no

	Not effective and toxic if given systemically, possibly effective as aerosol

	2






	FIPV

	yes

	yes

	no

	Not effective and toxic if given systemically

	2






	BDV

	yes

	no

	n.d.

	Likely not effective and toxic if given systemically

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective as aerosol

	4






	CPIV

	yes

	no

	n.d.

	Possibly effective as aerosol

	4






	RECEPTOR HOMOLOGUES/ANTAGONISTS






	Plerixafor

	FIV

	yes

	yes

	yes

	Some effect in a study in privately owned cats

	1






	FeLV

	n.d.

	no

	n.d.

	Very likely ineffective

	4






	NEURAMINIDASE INHIBITORS






	Oseltamivir

	HPAIV H5N1

	n.d.

	no

	n.d.

	Possibly effective

	4






	CDV

	n.d.

	no

	n.d.

	Possibly effective

	4






	CPIV

	n.d.

	no

	n.d.

	Possibly effective

	4






	ION CHANNEL BLOCKERS






	Amantadine

	BDV

	variable results

	no

	n.d.

	Possibly effective

	3






	CPIV

	n.d.

	no

	n.d.

	Possibly effective

	4






	PEPTIDES






	
l-Lysine

	FHV-1

	yes

	yes

	yes

	Effective in very early acute infections or in prevention of reactivation

	2






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4
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BDV, Borna disease virus; CHV, canine herpesvirus; CPIV, canine parainfluenza virus; FCV, feline calicivirus; FeLV, feline leukemia virus; FHV-1, feline herpesvirus 1; FIPV, feline infectious peritonitis virus; FIV, feline immunodeficiency virus; HPAIV H5N1, highly pathogenic avian influenza H5N1; n.d., not determined.


aEBM, evidence-based medicine:




EBM level 1 = confirmed by at least one placebo-controlled double-blind field study


EBM level 2 = shown in a controlled experimental study


EBM level 3 = supported by case series


EBM level 4 = only based on expert opinion

















Nucleoside Analogue Reverse Transcriptase Inhibitors


The most commonly used antiviral drugs are RT inhibitors that work against retroviruses, because all possess the enzyme RT. Two classes of RT inhibitors can be distinguished: nucleoside analogues (the most valuable and widely used antiviral compounds in human and veterinary medicine) and nonnucleoside RT inhibitors (NNRTIs); the latter are described in the next section.


In the event of viral replication, the process of nucleic acid replication, which is extremely rapid relative to most mammalian cells, has proved to be the most vulnerable point of attack. These nucleoside analogues are derivatives of nucleosides, so-called antimetabolites. Being similar molecules to the “true” nucleosides, they must also be phosphorylated intracellularly to become active compounds. Because of their structural similarities, they can bind to the active center of enzymes (e.g., RT, other polymerases) and block enzyme activity. Many of these analogues can also be integrated in developing DNA or RNA strands, but because of differences in the molecular structure of the next nucleotide, they cannot be attached. This leads to chain termination or nonfunctional nucleic acids.


Nucleoside analogues can be divided into antimetabolites with “wrong” base (e.g., ribavirin [RTCA], idoxuridine [IDU], trifluridine [TFT]), antimetabolites with “wrong” sugar (e.g., zidovudine [AZT], ACV, vidarabine [Ara-A]), and antimetabolites with “wrong” base and “wrong” sugar (e.g., didanosine [ddI]). Nucleoside analogues are accepted as false substrates not only by viral enzymes, but also by cellular enzymes, and this is the major cause of their toxicity. Selectivity, however, results from differences in the rate of DNA synthesis of infected and noninfected cells; in noninfected cells, DNA synthesis is intermittent, whereas it is continuous and fast in infected cells.








Zidovudine


AZT (3′-azido-2’,3’-dideoxythymidine) is a nucleoside analogue. It was the first drug to be approved for treatment of HIV infection. Originally, AZT was developed as potential anticancer drug; however, it appeared to be not very active. Years later, its anti-HIV activity was demonstrated in vitro, and approval was granted for treatment of HIV-infected patients. AZT inhibits replication of retroviruses and also has a mild inhibitory effect in the replication of herpesviruses. It blocks retroviral RT, the enzyme that converts RNA into DNA and directly interferes with DNA synthesis. AZT is the most thoroughly studied antiviral drug in veterinary medicine. It has been used in experimental and in clinical trials in FIV- and in FeLV-infected cats.


AZT inhibits FIV replication in vitro and in vivo43; it reduces plasma viral load, improves the immunologic and clinical status of FIV-infected cats, increases quality of life, and prolongs life expectancy. In placebo-controlled trials, AZT improved stomatitis and increased the CD4/CD8 ratio in naturally FIV-infected cats.61-63 Neurologic abnormalities also tend to respond favorably to treatment with AZT. In some cats with FIV-associated neurologic signs, a marked improvement occurs within the first days of therapy. Pregnancy of FIV-infected queens is a potential indication for AZT treatment if the owner wants the kittens to be delivered, although in utero transmission occurs infrequently in natural FIV infection. As is the case in HIV, evidence exists that FIV can become resistant to nucleoside analogues. AZT-resistant mutants of FIV can arise after only 6 months’ use. A single-point mutation in the FIV gene was identified that can create resistance to AZT.163 In humans, resistance to AZT frequently develops, but the addition of lamivudine (3TC) to a therapeutic protocol can cause AZT-resistant strains to revert to AZT-sensitive strains. A combination of these two drugs might be a promising approach in FIV-infected cats to prevent resistance development. However, in a trial in experimentally infected cats, an AZT/3TC high-dose combination treatment did not show anti-FIV activity in chronically infected cats, but caused severe side effects.4


AZT is effective against FeLV in vitro.180 It has also been shown to be somewhat effective in treating cats experimentally infected with FeLV when treatment is initiated less than three weeks after infection. When treated less than 1 week after challenge, cats were protected from bone marrow infection and persistent viremia.50 In one study, naturally FeLV-infected cats were treated with AZT and high-dose subcutaneous human IFN-α for 6 weeks; however, treatment with AZT or human IFN-α, or both, did not lead to a statistically significant improvement of clinical, laboratory, immunologic, or virologic parameters.66 In general, therapeutic efficacy of AZT in FeLV-infected cats seems to be less promising than in FIV-infected cats.


Studies in which FIV-infected cats were treated with AZT for 2 years showed that the drug is well tolerated in most cats. Hematocrit can decline within 3 weeks of initiating treatment to approximately 60% of baseline but afterwards rebounds in most cases, even without discontinuation of treatment. If hematocrit decreases below 20%, discontinuation is recommended, and anemia usually resolves within a few days.62 Neutropenia is less frequent than anemia. Neutropenia can be prevented or treated with filgrastim in FeLV- but not in FIV-infected cats (in which it may lead to increased FIV loads). Other side effects in cats, including vomiting or anorexia, rarely develop. One side effect that is sometimes positively noted by owners is the development of a fuller and shiny hair coat. For further information, see the Drug Formulary in the Appendix.














Stampidine and Stavudine


Stavudine (2’,3’-didehydro-2’,3’-dideoxythymidine [d4T]) is a thymidine-based nucleoside analogue that is closely related in mode of action to AZT because both are thymidine analogues. Stampidine, a derivative of d4T, is currently investigated in human medicine in clinical trials but is not yet commercially available. Stampidine still is an experimental drug but has been used to treat cats that are chronically infected with FIV.187 A single oral (PO) bolus of 50 to 100 mg/kg resulted in a decrease in FIV load in peripheral blood mononuclear cells. A 4-week course of 50 to 100 mg/kg was well tolerated, and cumulative doses as high as 8.4 g/kg were given. Further studies are needed to evaluate the safety and toxicity of this drug for cats.


d4T is active against FIV in vitro.7,217 Mutants of FIV that are resistant to d4T and cross-resistant to several other antivirals, including AZT, ddI, and PFA, have been detected.217 No in vivo data in FIV-infected or FeLV-infected cats are published.














Didanosine


ddI (2’,3’-dideoxyinosine) is also used to treat HIV infection in humans. ddI is an inosine analogue, an antimetabolite containing a “wrong” base and a “wrong” sugar molecule. It is intracellularly converted to the active substance dideoxyadenosine triphosphate that competitively inhibits RT. In addition, ddI is less bone marrow suppressive in humans but is less active against HIV than AZT.


ddI is active against FIV in vitro,45 and in one experimental study, FIV replication in blood was significantly suppressed in cats treated with ddI.216 Antiretroviral drug-induced peripheral neuropathy, for which the pathogenesis is uncertain, has been commonly reported as an adverse effect in HIV-infected human patients. Neuronal morphology, neurobehavioral testing, viral load, and mitochondrial and neurotrophic factor gene expression were tested after ddI treatment of FIV-infected and uninfected animals. FIV infection resulted in delays in withdrawal latency to a noxious stimulus, which were exacerbated by ddI treatment. Epidermal density of nerve endings was reduced after FIV infection, especially when cats were treated with ddI. ddI decreased mitochondrial cytochromec oxidase subunit I gene expression, and the brain-derived neurotrophic factor expression was downregulated by ddI after FIV infection. Thus, ddI treatment during FIV infection resulted in additive pathogenic effects contributing to the development of antiretroviral toxic neuropathy.216 ddI is also active against FeLV in vitro,180 but in vivo efficacy is still unknown.














Zalcitabine


Similar to AZT, zalcitabine (2’,3’-dideoxycytidine [ddC]) was originally developed as an antitumor agent; and many years later, its antiretroviral activity was detected. ddC is used to treat HIV infection in humans. ddC is an analogue of the nucleoside 2’-desoxicytidine. The active compound is the intracellularly produced 2’,3’-dideoxycytidine 5’-triphosphate that acts as an RT inhibitor.


In vitro, antiviral efficacy has been demonstrated against FIV,122 but no in vivo data exist demonstrating its efficacy in FIV-infected cats. A mutant of FIV that is resistant to ddC was selected in cell culture that showed cross resistance to other antiviral compounds (e.g., ddI, PFA).122


ddC is effective against FeLV in vitro71,142,180 and has been used in experimental studies to treat FeLV-infected cats. It has a very short half-life (clearance and half-life values for ddC in cats are 6.5 mL/min/kg and 54.7 min, respectively)142 and therefore was administered in these studies either via intravenous bolus or via controlled-release subcutaneous implants. Controlled-release delivery of ddC inhibited de novo FeLV replication and delayed onset of viremia; however, when therapy was discontinued (after 3 weeks), an equivalent incidence and level of viremia were established rapidly.71 In a study evaluating the prophylactic antiviral activity against FeLV, ddC was administered by continuous intravenous infusion for 28 days. Doses of 22 and 15 mg/kg/hr were extremely toxic, causing death in 8 of 10 cats. A dose of 10 mg/kg/hr caused thrombocytopenia, and only 1 of 10 cats receiving 5 or 10 mg/kg/hr remained FeLV antigen-negative, although onset of viremia was delayed for several weeks.142


Because of toxicity, ddC should not be used in concentrations over 5 mg/kg/hr continuous infusion in feline patients. In humans, ddC is used orally (with a bioavailability of at least 80%), but no data exist on oral administration in cats.














Lamivudine


3TC, (2R,cis)-4-amino-l-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-one, also a newly approved HIV drug, is the (−) enantiomer of a dideoxy analogue of cytidine with activity against HIV and hepatitis B virus. Intracellularly, 3TC is phosphorylated to its active triphosphate metabolite, 3TC triphosphate. The principal mode of its antiretroviral action is the inhibition of RT via DNA chain termination after incorporation into the viral DNA. 3TC triphosphate is also a weak inhibitor of mammalian DNA polymerases-α and -β and mitochondrial DNA polymerase, which explains its anti–hepatitis B virus activity. 3TC is often combined with AZT in HIV-infected patients, given that both drugs show a synergistic effect. However, HIV mutants exist that are resistant to both 3TC and AZT.


3TC is active against FIV in vitro.4,12 Combination of AZT and 3TC had synergistic anti-FIV activities in primary peripheral blood mononuclear cell cultures.4 FIV mutants resistant to 3TC containing a point mutation in the RT gene were selected in vitro and showed cross resistance to AZT.163 One in vivo study was performed in experimentally FIV-infected cats that were treated with a high-dose AZT/3TC combination (100 or 150 mg/kg/day for each drug). The combination protected some cats when the treatment was started before experimental infection. However, AZT/3TC treatment had no anti-FIV activity in chronically infected cats. Severe side effects, which included fever, anorexia, and marked hematologic changes, were observed in some of the cats with such high-dose dual-drug treatment.4 Data on the anti-FeLV activity of 3TC are not available.


The pharmacokinetics of 3TC in cats shows considerable similarity to AZT pharmacokinetics in cats and to that of 3TC in humans.82 Thus, in naturally infected cats, 3TC doses similar to AZT doses are probably recommended.




















Nonnucleoside Reverse Transcriptase Inhibitors


NNRTIs are usually extremely selective for HIV, and thus, not useful in veterinary medicine (with the exception of suramin, which is not a nucleoside analogue but blocks RT at the active center). Most of the NNRTIs are highly specific for HIV, but there are a few exceptions. Suramin is an NNRTI and has been used in veterinary medicine.








Suramin


Suramin, 1-(3-benzamido-4-methylbenzamido) naphthalene-4,6,8-trisulfonic acid-sym-3’-urea sodium salt, a sulfated naphthylamine and trypan red derivative, is one of the oldest known antimicrobial agents. In 1904, it was demonstrated that trypan red derivatives are effective in trypanosome infection of mice. Suramin still is a well-known antitrypanosomal agent and is still used in the treatment of African trypanosomiasis (see Chapter 72) and river blindness (onchocerciasis). It also inhibits angiogenesis, and interest has been focused on suramin as a therapy for patients with advanced prostate cancer because of its effects on growth factors involved in prostate cancer cell growth. It also exerts an inhibitory effect on the RT activity of several retroviruses and has been used for treating patients with HIV infection; it has, however, only minor clinical value in human medicine. The antiviral action of suramin is based on inhibition of RT by interacting with the template-primer binding site of the enzyme. Although not a nucleoside analogue, it competitively binds to the primer binding side and inhibits the template-primer binding that is necessary for DNA prolongation.


Activity of suramin against FIV is unknown, and no studies on the efficacy of suramin against FIV have been conducted. Suramin was used to treat FeLV-infected cats, although only a limited number of cats have been evaluated. In one study, serum viral infectivity ceased transiently in two cats with naturally acquired FeLV infection during suramin treatment but returned to high levels approximately 14 days after treatment was stopped.20 In another study, six anemic FeLV-infected cats received suramin (10 to 20 mg/kg intravenously (IV) as 10% solution over 3 minutes every 7 days for 7 to 9 weeks), and within 4 to 14 days, erythropoiesis improved. However, progenitor cells remained infected, suggesting that suramin can modulate erythroid differentiation without inhibiting progenitor infection; alternatively, it may inhibit binding of viral glycoproteins to membrane receptors of erythrocyte precursor cells in the bone marrow rather than preventing intracellular virus replication.1


Although effective against FeLV, suramin is associated with a significant number of severe side effects, and the lack of studies involving larger numbers of animals limits its use in veterinary medicine. In humans, side effects include nausea and anaphylactic shock as immediate reactions during administration. Later (after 24 hours), peripheral neuritis leading to palmar-plantar hyperesthesia and photophobia, agranulocytosis, and hemolytic anemia can occur. Another major side effect in humans is the destruction of the adrenal cortex, which is described in almost 50% of the treated patients. Albuminuria often occurs with therapeutic dosages not indicating kidney damage but an excretion of an unknown protein, usually with no other pathologic findings. For further information, see the Drug Formulary in the Appendix.




















Nucleoside Analogue DNA/RNA Synthesis Inhibitors


There are two classes of DNA/RNA synthesis inhibitors, nucleoside analogues and nucleotide synthesis inhibitors. The nucleoside analogues act similarly to the nucleotide analogues that inhibit RT and are mainly compounds with antiherpetic activity. The nucleoside synthesis inhibitors can be divided into two subclasses, (1) inhibitors of nucleic acid synthesis, so-called pyrophosphate analogues that directly inhibit DNA and RNA polymerase (e.g., PFA) and (2) inhibitors of triphosphate synthesis that inhibit the enzyme inosine monophosphate dehydrogenase (essential for synthesis of nucleotides) and thus inhibit nucleotide production (e.g., ribavirin).








Acyclovir


ACV (acycloguanosine, 9-[2-hydroxyethoxymethyl]guanine) is a nucleoside analogue that is widely used against different herpesviruses. ACV interferes with DNA replication of herpesviruses. It is only converted to its active form in herpesvirus-infected cells and, therefore, is very selective, has a low toxicity, and has a high therapeutic index. It only interferes with actively replicating but not latent herpesviruses. ACV is given parenterally, orally, and topically in people to treat mucocutaneous and genital herpesvirus infections and parenterally against herpesviral encephalitis. Resistance of human herpesviruses to ACV occurs. ACV is one of the few antiherpesvirus drugs that can be used systemically in cats and dogs. Among the nucleoside analogues, ACV exhibits a genuine selectivity. First, it is only activated in virus-infected cells, and second, the activated form of the drug is rendered even more specific because the viral DNA polymerase is 10 times more sensitive to the drug than the host enzyme.


ACV is effective against FHV-1 infection132; however, when efficacy of ACV against FHV-1 and human herpesvirus (HSV) is compared in vitro, ACV is about 1000-fold less active against FHV-1 than against HSV and also significantly less active than other antiherpetic drugs.76,112,131,192 ACV was used in several studies in FHV-1-infected cats but with minor efficacy.57,70,131 The main reason for the poor efficacy against FHV-1 (versus HSV) is the degree of phosphorylation by the herpesvirus-specific thymidine kinase; activity of this enzyme is markedly lower in FHV-1 than in HSV.29 Activity of the thymidine kinase is dependent on the activity of the enzyme deoxycytidine kinase; thus, defects in synthesis of deoxycytidine kinase also can influence virus sensitivity against ACV.195 Many animal herpesviruses, including FHV-1 and pseudorabiesvirus, apparently lack the thymidine kinase-associated deoxycytidine kinase activities. In an in vitro study, FHV-1 exhibited a more than 1000-fold increase in sensitivity when the thymidine kinase encoded by herpes simplex virus-1 (HSV-1) was supplied, also proving that the virus-encoded thymidine kinase is an important determinant of the virus susceptibility to nucleoside analogues.76 When ACV is combined with human IFN-α, synergistic antiviral effects are found195 resulting from the different mechanisms of action of the two drugs; ACV inhibits viral DNA polymerase, and IFN-α interacts mainly with translation of viral proteins. The synergy observed also can result from ACV blocking the synthesis of an IFN-α inhibitor produced by the virus. Efficacy of ACV against canine herpesvirus (CHV) infection is unknown.


ACV is commonly used as topical drug. Oral and intravenous administration is less frequently recommended. If used topically in eye infections, frequent application (every 4 to 6 hours) is recommended. In cats, ACV should be combined with human IFN-α or feline IFN-ω because these latter drugs can potentially increase the antiviral effect of ACV. ACV has a relatively low toxicity because it is not activated in uninfected cells. When given systemically in higher doses, when maximal solubility of ACV (2.5 mg/mL at 37° C) is exceeded, however, the drug itself (not the triphosphate) can precipitate in the renal tubules, causing obstructive nephropathy if diuresis is inadequate. In these cases, needle-shaped ACV crystals can be detected in the urine sediment. Urinalysis should be performed regularly in long-term ACV treatment. Renal failure is reversible with adequate rehydration. In a toxicity study in healthy dogs, a short high-dose regimen (210 mg/kg/day via constant infusion for 43 hours), which maintained ACV plasma concentrations, was more detrimental to the kidneys than a longer exposure to a lower dose of the drug given intermittently (15 mg/kg via intermittent infusion every 8 hours for 28 days).84 Accidental ingestion of ACV in dogs seems to be a problem as demonstrated in a retrospective study of 105 cases reported to the National Animal Poison Control Center.134,149 The most common signs of toxicity included vomiting, diarrhea, anorexia, and lethargy; polyuria and polydipsia were reported in only one dog. For further information, see the Drug Formulary in the Appendix.














Valacyclovir


Valacyclovir (2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl) methoxy]ethyl l-valinate hydrochloride [VAZV]) is a prodrug for ACV. It is the l-valine ester of ACV and has the same antiviral spectrum but has a much higher (three to five times) oral bioavailability than ACV. In humans, it is mainly used for treatment of herpes zoster, treatment or suppression of genital herpes, and cytomegalovirus (CMV) prophylaxis in kidney transplant recipients.


In a placebo-controlled experimental study to determine whether orally administered VAZV can be used safely and effectively, cats with FHV-1 infection were treated with high-dose VAZV (60 mg/kg orally [PO]). Cats appeared to be uniquely sensitive to the toxic effects (renal tubular epithelium and hepatocellular necrosis, severe bone marrow suppression), and even high doses appeared not to suppress FHV-1 replication in these acutely infected cats.133 Efficacy of VAZV against CHV also is unknown.


Pharmacokinetics of VAZV in cats and dogs is unknown, but in humans, it is rapidly absorbed orally and hydrolyzed to ACV and l-valine. Its oral bioavailability (as with ACV) is 54%. Approximately 50% is excreted in the urine (mainly as ACV) and 50% in the feces. VAZV should probably be used at the same or up to the double dose of ACV (10 to 20 mg/kg every 8 hours). Combination with human IFN-α or feline IFN-ω should be considered. Use of higher doses of VAZV is not recommended because of toxicity.














Cidofovir


Cidofovir is also an acyclic nucleoside analogue; however, cidofovir is already a monophosphate that only needs to be converted in one phosphorylation step to its active form. It inhibits DNA polymerase of many DNA viruses. Cidofovir is used intravenously for treatment of CMV retinitis in HIV-infected humans and is also available for local treatment in ointment formulation against human papillomavirus infection.


Cidofovir is active against FHV-1 in vitro.76,112,192 It was used in an experimental study including 12 cats with experimental FHV-1 infection. In six cats, cidofovir was used topically (1 drop of 0.5% cidofovir in 1% carboxymethylcellulose in both eyes every 12 hours for 10 days); six cats received a placebo. There was a significant difference in clinical scores and in the amount of ocular virus shedding,42 suggesting the efficacy of cidofovir against FHV-1 infection. Its efficacy against CHV infection is unknown.














Penciclovir


Penciclovir (2-amino-9-[4-hydroxy-3-(hydroxymethyl)butyl]-6,9-dihydro-3H-purin-6-one, [PCV]) is a guanine analogue used for the treatment of various herpesvirus infections. PCV is absorbed poorly when given orally, and it is used mainly as a topical treatment (e.g., against HSV in herpes labialis). Famciclovir is a prodrug of penciclovir with improved oral bioavailability. However, in a pharmacokinetic study following oral famciclovir administration, pharmacokinetic in cats appeared complex within the dosage range studied. Famciclovir dosages of 15 mg/kg, administered PO every 8 hours, did not result in plasma PCV concentrations with satisfying activity against FHV-1.183


PCV is active against FHV-1 in vitro.112,208 In a study, the efficacy of three antiherpetic nucleoside analogues (ACV, PCV, and cidofovir) against FHV-1 was compared in vitro. Whereas ACV showed very poor ability to inhibit FHV-1 replication, both PCV and cidofovir were nearly equally highly effective. When the infectious dose was raised, the activity of PCV was even superior to that of cidofovir.76,77 Its efficacy against CHV is unknown.














Ganciclovir


Ganciclovir (2-amino-9-{[(1,3-dihydroxypropan-2-yl)oxy]methyl}-6,9-dihydro-3H-purin-6-one, [GCV]) is used to treat herpesvirus infections, especially in the treatment or prevention of human CMV infections. GCV is a nucleoside analogue of 2’-deoxyguanosine and is phosphorylated to a deoxyguanosine triphosphate analogue (active form). A prodrug form with improved oral bioavailability (valganciclovir) also has been developed.


GCV is effective against FHV-1 in vitro,112,132,192 but its in vivo efficacy has not been investigated yet. Its efficacy against CHV is unknown.














Vidarabine


Ara-A (9-β-d-arabinofuranosyladenine monohydrate, adenine arabinoside), a purine nucleoside, also inhibits DNA synthesis by being incorporated into DNA and inhibiting DNA-synthesizing enzymes. It is effective in vitro against herpesviruses, poxviruses, and retroviruses, but its clinical use in humans has been restricted to treatment of smallpox and HSV keratitis, dermatitis, and encephalitis.50 Ara-A is phosphorylated intracellularly to Ara-A triphosphate that is incorporated into the DNA of virus (and host), where it terminates elongation. It inhibits DNA polymerase of DNA viruses approximately 40 times more than that of the host.


Ara-A is active against FHV-1 in vitro132 and is used topically in FHV-1 ocular infections.115,170 Case reports indicate that a beneficial effect can occur in dogs with CHV infection. In one case, Ara-A was given to five littermates (two puppies had died from CHV infection), and all five survived.18 Ara-A also shows activity against FIP-causing feline coronavirus (FCoV) strains in vitro,9 but no data have been found to demonstrate efficacy in vivo against FIP.


The major disadvantage of Ara-A is its poor solubility; therefore, if it is given systemically, Ara-A must be administered intravenously and in large volumes of fluid over extended periods. It is rapidly deaminated by adenosine deaminase to hypoxanthine arabinoside. Toxic effects include local irritation at infusion sites, nausea, vomiting, and diarrhea. The drug also causes bone marrow suppression, resulting in anemia, neutropenia, and thrombocytopenia. Systemic toxicity restricts its use in veterinary practice mainly to topical ophthalmic treatment, with frequent applications being necessary (every 4 hours).














Idoxuridine


IDU (5-iodo-2’deoxyuridine) was developed as the first clinically used drug for treatment of HSV infection. IDU is a halogenized thymidine analogue that acts as a pyrimidine antagonist after being phosphorylated by cellular enzymes to the active triphosphate. It inhibits DNA synthesis of virus and host. Latent viral infections are unaffected. Its clinical use is topical in human medicine, with the main indication of HSV keratitis and dermatitis. IDU is highly toxic when given systemically; this is mainly because of bone marrow suppression.


IDU is active against FHV-1 in vitro112,132 and is used topically in cats with ocular FHV-1 infection.115,170 Experimentally, systemic use in cats was not effective and caused severe toxicity (e.g., gastrointestinal [GI] disorders, bone marrow suppression).168 Therefore, only topical treatment with IDU is recommended in cats with ocular FHV-1 infection. Treatment of systemic CHV infections with IDU was not successful.18 However, there is one case report in which corneal ulcerations associated with a naturally occurring CHV infection resolved with IDU treatment.92 During topical treatment, frequent application (every 4 hours) is important. Prolonged topical use can cause irritation or nonhealing corneal ulcers.














Trifluridine


TFT (5-trifluoromethyl-2’-deoxyuridine, trifluorothymidine) is a halogenized thymidine analogue similar to IDU that acts as pyrimidine antagonist. TFT is phosphorylated either by viral or by cellular thymidine kinases and inhibits cellular thymidilate synthase, causing a reduction in thymidine synthesis and thus increasing the phosphorylation of TFT. Given that noninfected cells are also inhibited in their DNA synthesis, side effects are comparable to those of IDU if the drug is given systemically (GI and bone marrow toxicity); thus, TFT is used only topically to treat ocular herpesvirus infections.


TFT is active against FHV-1 in vitro132 and is used topically in FHV-1 ocular infections.115,170 It has better corneal penetration than IDU. In one study it was shown to be the most potent agent against FHV-1 of all investigated drugs (efficacy in decreasing order: TFT > GCV = PCV = cidofovir = IDU = Ara-A > ACV [image: image] PFA).132 Efficacy against CHV is unknown. However, there is one case report in which corneal ulcerations associated with a naturally occurring CHV-1 infection resolved with TFT treatment.92 Frequent application (every 4 hours) is necessary in topical use.




















Antisense Oligonucleotides


Virus-specific oligomers have been synthesized that interfere with replication of targeted viruses by interfering with the function of specific nucleic acid sequences. An antiviral phosphorodiamidate morpholino oligomer was used to treat kittens during outbreaks of respiratory disease caused by virulent feline calicivirus.161a For further information on this treatment and its efficacy, see Chapter 14.














Nucleotide Synthesis Inhibitors


Nucleotide synthesis inhibitors also interfere with DNA and RNA synthesis, but not by mimicking nucleosides. They usually have a broad spectrum but also marked toxicity. Foscarnet and ribavirin have been used in veterinary medicine.








Foscarnet


PFA (trisodium phosphonoformate hexahydrate, phosphonoformic acid) does not act as a nucleoside analogue, but rather is a pyrophosphate that inhibits virus-specific DNA and RNA polymerase and RT. It has a wide spectrum of activity against DNA and RNA viruses, including herpesviruses and retroviruses. Some ACV-resistant herpesvirus infections in humans have been treated successfully with PFA. It also has been administered to treat HIV infection, especially if co-infection with CMV is present, but significant nephrotoxicity has limited its use. PFA is only virustatic, and after treatment is stopped, viral replication is activated. PFA inhibits DNA polymerase activity by preventing pyrophosphate exchange. The action is selective in that the corresponding mammalian polymerase is much less susceptible to inhibition. Activity of PFA against retroviruses seems to be due to a different mechanism. Like the nucleoside analogues, PFA inhibits RT activity, but it binds to the enzyme at a site distinct from that of the nucleoside triphosphates. The effect is noncompetitive and reversible. PFA does not need to be activated by phosphorylation.


In vitro, PFA has been shown to be active against FIV,45 but in vivo studies have not been performed. As in HIV infection, PFA-resistant FIV strains can develop.45 PFA is also active against FeLV in vitro,174 but no in vivo data exist. In vitro, PFA has been shown to be active against FHV-1,45 but not as active as other antiherpetic drugs,112,192 and no reliable data exist on its anti-FHV-1 efficacy in cats. Efficacy against CHV is unknown. For further information, see the Drug Formulary in the Appendix.














Ribavirin


RTCA (1-β-d-ribofuranosyl-1H-1,2,4-triazole-3-carboxamide) is a broad-spectrum triazole nucleoside that has marked in vitro antiviral activity against a variety of DNA and RNA viruses. The strongest antiviral activity is against RNA respiratory viruses and herpesviruses, and RTCA has been effectively used against HIV infection, Lassa fever (a human adenovirus infection), and hantavirus infections.50 Systemic application, however, is limited because of the development of dose-dependent hemolytic anemia in humans. Thus, RTCA is mainly used by the aerosol route to treat only people with respiratory syncytial virus infection. If used as an aerosol, only low concentrations appear in the systemic circulation, and side effects are tolerable.50 RTCA is a nucleoside analogue, but in contrast to other anti-HIV compounds that act primarily to inhibit RT activity by causing premature chain termination during the transcription of DNA from the single-stranded RNA template, RTCA allows DNA synthesis to occur, but inhibits triphosphate synthesis by inhibiting the enzyme inosine monophosphate dehydrogenase (essential for synthesis of nucleotides) and thus inhibiting nucleotide production. In addition, it prevents the formation of viral proteins, probably by interfering with capping of viral messenger RNA (mRNA). In vitro, RTCA antagonizes the action of AZT, probably by feedback inhibition of thymidine kinase so that the AZT is not phosphorylated. RTCA is active against a significant number of feline and canine viruses in vitro, including FIV,165 FeLV,50 FHV-1,144 feline calicivirus (FCV),144 FCoV,9,201 Borna disease virus (BDV),129 and canine parainfluenzavirus (CPIV).144 In vivo, however, therapeutic concentrations are difficult to achieve because of toxicity, and cats are extremely sensitive to side effects.


RTCA is highly active against FCV in vitro. In a study investigating its anti-FCV activity in cats, RTCA administered (25 mg/kg PO every 8 hours for 10 days) beginning either 1 or 4 days after aerosol exposure failed to have any beneficial effect on the clinical course of the disease or to reduce viral excretion. In contrast, enhancement of the severity of clinical findings occurred in the treated group.143


Although active against FCoV in vitro, RTCA was not effective in treating cats with FIP. RTCA was administered (16.5 mg/kg, PO, intramuscularly, or intravenously, every 24 hours for 10 to 14 days) to specific-pathogen-free kittens 18 hours after experimental challenge exposure with a FIP-causing virus. All kittens, including RTCA-treated and untreated kittens, succumbed to FIP. Clinical signs of disease were even more severe in the RTCA-treated kittens, and their mean survival times were shortened.198 RTCA also inhibits canine distemper virus (CDV) in vitro,36 but in vivo studies are still missing. Efficacy of RTCA against BDV was investigated using neonatal gerbils. Intracranial inoculation of RTCA reduced viral propagation in the acutely infected brain, resulting in protection from fatal neurologic disorders, and the results suggested that RTCA directly inhibits BDV replication and might be a potential drug for the treatment of BDV infection.93 The usefulness of RTCA in cats with BDV infection, however, is unknown. For further information, see the Drug Formulary in the Appendix.




















Receptor Homologues/Antagonists


Receptor homologues/antagonists bind either to the virus or to the cellular receptor, respectively, and thus lead to inhibition of binding of the virus to the cell surface. Most of these receptor homologues/antagonists are highly selective for HIV and are not useful for veterinary medicine. There is one exception that can be used in cats with FIV infection, the bicyclams (e.g., plerixafor [AMD3100]).








Plerixafor


AMD3100 (1,1′-[1,4-phenylenbis(methylene)]-bis(1,4,8,11-tetraazacyclotetradecane) octachloride dehydrate, JM3100), is the prototype compound among the bicyclams. It is not on the market as an anti-HIV drug but is available for stem cell mobilization in humans100 and can be used in FIV-infected cats. Bicyclams are dimeric low-molecular-weight nonpeptidic compounds that bind selectively to the chemokine receptor CXCR4.159 A common feature of HIV and FIV is the use of a chemokine receptor for infection of primary susceptible CD4+ lymphocytes.154,203,206 Chemokine receptors belong to the group of seven transmembrane proteins, in which signal transmission is afforded through rapid influx of calcium into the cell. During early stages of HIV infection, viral isolates tend to use the chemokine receptor CCR5 as a co-receptor for viral entry, whereas in later stages isolates switch to using CXCR4.13 The major receptor for FIV infection is CXCR4,207 but other receptors have also been shown to mediate viral binding. By blocking the chemokine receptors, infection of cells by HIV or FIV can be prevented.73,207 By binding to CXCR4, the bicyclam prevents the interaction of this receptor with other ligands, such as HIV or FIV, thereby inhibiting the entry of these viruses into the cell.33,35,159


The efficacy of AMD3100 against FIV as such and in combination with 9-(2-phosphonylmethoxyethyl)adenine (PMEA, an investigational nucleoside analogue, not on the market) was investigated in 40 naturally FIV-infected, privately owned cats that were treated in a placebo-controlled double-blind clinical trial. Cats were randomly classified into four treatment groups and treated for 6 weeks with AMD3100, PMEA, AMD3100 in combination with PMEA, or placebo. All compounds were administered subcutaneously (SC), AMD3100 at 0.5 mg/kg every 12 hours, and PMEA at 10 mg/kg twice a week. Treatment of FIV-infected cats with AMD3100 caused a significant decrease in the provirus load, but also a statistically significant decrease in serum magnesium levels without clinical consequences. No development of resistance of FIV isolates to AMD3100 was found during the treatment period.169 Thus, the use of AMD3100 might be a viable approach in the treatment of FIV-infected cats. AMD3100 can be used in a dose of 0.5 mg/kg every 12 hours. Magnesium and calcium levels should be monitored regularly during treatment.




















Neuraminidase Inhibitors


Neuraminidase inhibitors are blockers of viral extrusion. They inhibit virus replications through binding in a gap of the viral enzyme neuraminidase (glycoprotein on viral surface). Examples of neuraminidase inhibitors are oseltamivir, zanamivir, and peramivir. Of these, oseltamivir might be useful in veterinary medicine.








Oseltamivir


Oseltamivir, ethyl (3R,4R,5S)-5-amino-4-acetamido-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxylate, is active against viruses that contain neuraminidase, including influenza viruses, parainfluenza viruses, and paramyxoviruses, and is used in the treatment and prophylaxis of influenzavirus A and influenzavirus B infections in humans. Oseltamivir was the first orally active neuraminidase inhibitor commercially developed. It is a prodrug, which is hydrolyzed hepatically to the active metabolite, the free carboxylate of oseltamivir. Oseltamivir inhibits neuraminidase, serving as a competitive inhibitor toward sialic acid. A lipophilic side chain of the active drug binds to the viral enzyme, blocking its ability to cleave “sticky” sialic acid residues (found on the surface proteins of normal host cells) on the surface of infected cells, resulting in an inability of virus to release progeny virions. Thus, by blocking the activity of the neuraminidase, oseltamivir prevents new viral particles from being released by infected cells.


In veterinary medicine, oseltamivir might be active against highly pathogenic avian influenza (HPAIV) H5N1 in cats. Oseltamivir has shown good antiviral activity against HPAIV H5N1 in vitro,75 as well as in experimentally infected mice and ferrets,46,96 and is recommended for treatment and prophylaxis of HPAIV H5N1 infection in humans. However, treatment was unsuccessful in tigers during an HPAIV H5N1 outbreak in the Sriracha Tiger Zoo in Thailand in 2004.181 Oseltamivir was administered to the tigers at a dose of 75 mg/60 kg twice daily (human dosage) for treatment and prophylaxis, but failed in symptomatic and asymptomatic animals. The treatment failure may have been the result of improper dosage or timing of drug administration; differences in pharmacokinetics and host metabolisms between humans and felids are also possible.


Oseltamivir also might be effective in canine influenza (H3N8); however, the disease is generally mild and self-limiting, and vaccine prevention is available (see Canine Infectious Respiratory Disease, Chapter 6, and Influenza Virus Infections, Chapter 23).




















Ion Channel Blockers


Uncoating of viruses can be blocked by ion channel blockers that bind to M2 proteins that function as ion channels for proton influx into the virus. This leads to a pH change that causes inhibition of fusion of virus and endosomal membrane and thus inhibits the internalization of the virus by endocytosis. Cycloalkylamine derivatives belong to the group of uncoating inhibitors and are used in human medicine mainly against influenza virus infections. Amantadine is the most important example of cycloalkylamine derivatives and the only one that has been used in veterinary medicine. Rimantadine, a closely related analogue, has equal or greater efficacy with reduced central nervous system (CNS) side effects but more GI irritation. No experience exists in veterinary medicine. Tromantadine, another related substance, is used locally in human herpesvirus infection, but no data exist in animals.








Amantadine


Amantadine (tricyclo[3,3,1,13,7]dec-l-ylamine hydrochloride, l-adamantanamine) is a highly stable cyclic amine that acts against enveloped RNA viruses. As an antiviral drug, amantadine is administered mainly for prophylaxis of human influenza and is most efficacious when administered before or during early infection. As a dopaminergic drug, amantadine has been used to treat Parkinson's disease, cocaine dependence, and apathy in multiple sclerosis. It has mild antidepressive effects; however, marked antidepressive effects occur in some patients with depression possibly associated with human BDV infection (see Chapter 19), and it remains unclear whether the antiviral or the antidepressive activity resulted in these effects. Some investigators have linked BDV to patients with depressive episodes and psychiatric disorders. Experimental BDV infections of rats show virus-induced behavioral changes and emotional and learning deficits.105 Amantadine was effective against BDV in vitro in one study,87 but other authors found no effect in cell culture in concentrations that were effective against influenzavirus.56 In one study involving human patients with BDV receiving amantadine, peripheral viral antigen was cleared, and a significant antidepressive response was described.40 Data on the usefulness of amantadine in dogs and cats are limited. Anecdotal reports exist from cats with BDV infection in Northern Europe that did benefit from treatment with amantadine. Potentially beneficial effects might be expected in CPIV outbreaks. For further information, see the Drug Formulary in the Appendix.




















Peptides


Peptides and amino acid can act as competitive inhibitors during translation and virus assembly and thus, may inhibit virus infections (e.g., l-lysine is active against herpesvirus infections through competitive inhibition of arginine).








L-Lysine


Oral administration of l-lysine in cats has been adopted from use in humans where it appears to suppress the clinical manifestations of herpesvirus infection.54 The supposed mechanism of action is reduced viral replication attributable to antagonism of arginine by excess lysine. Protein fraction-I of the histone layer around the DNA of the eukaryotic or host cells is 28% lysine and 3% to 4% arginine. The protein in the capsid coat around the DNA core of herpesviruses is in the reverse proportions, with approximately three times more arginine than lysine.83 Elimination of arginine from the media of HSV grown in cell culture results in lack of viral replication.178 Excess l-lysine in the media has the same effect, possibly by acting as an analogue of arginine, or by competing for cellular transport mechanisms, or both.8,53


Inhibition of FHV-1 in vitro is similar to data obtained for HSV.113 In an experimental placebo-controlled, double-blind study including eight cats, oral administration of l-lysine (500 mg per cat every 12 hours) was well tolerated and resulted in less severe manifestation of conjunctivitis caused by acute FHV-1 infection compared with cats that received placebo.171 The effects of l-lysine on clinical signs and ocular shedding of FHV-1 in latently infected cats were studied after reactivation of a latent infection. Significantly fewer viral shedding episodes were identified after a stress event of rehousing in the treatment group cats compared with the control group cats. Fewer cats and eyes were affected by conjunctivitis, and onset of clinical signs of infection was delayed in cats receiving l-lysine.114 Data on the efficacy of l-lysine in dogs with CHV infection are not yet available. For further information, see the Drug Formulary in the Appendix.


























Immunomodulators


In general, immunotherapy includes any form of treatment that alters the immune system. This discussion is limited to nonspecific means of stimulating the immune system in an attempt to restore immunocompetence and control or treat infectious diseases (Web Table 2-2). Immunomodulators have been used to treat more than viral diseases for which the first part of this chapter covered. Nonspecific immunotherapy has been used to treat infections caused by facultative intracellular bacteria, viruses, fungal agents, or metazoan parasites for which vaccination or specific forms of chemotherapy are unavailable.







WEB TABLE 2-2


Classes of Immune-Enhancing Drugs for Treatment of Viral Infections










	Drug

	Viral Agent

	Efficacy In Vitro

	Controlled Study In Vivo

	Efficacy In Vivo

	Comments

	EBM Level (1-4)a











	INTERFERONS






	Human interferon-α (IFN-α)
SC high dose

	FIV

	yes

	no

	yes

	Likely ineffective

	4






	FeLV

	yes

	yes

	no

	Ineffective

	1






	FIPV

	yes

	yes

	no

	Some effect in prolonging survival

	2






	FHV-1

	yes

	yes

	yes

	Possibly effective

	2






	FCV

	yes

	no

	n.d.

	Possibly effective

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Papilloma viruses

	n.d.

	no

	n.d.

	Possibly effective intralesionally

	3






	PO low dose

	FIV

	yes

	yes

	yes

	Some effect (more on secondary infections)

	1






	FeLV

	yes

	yes

	no

	Ineffective

	1






	FIPV

	yes

	no

	n.d.

	Contraindicated because of immunostimulatory effect

	4






	FHV-1

	yes

	no

	n.d.

	Likely ineffective

	4






	FCV

	yes

	no

	n.d.

	Likely ineffective

	4






	CHV

	n.d.

	no

	n.d.

	Likely ineffective

	4






	Feline interferon-ω (IFN-ω)

	FIV

	yes

	yes

	no

	Ineffective

	1






	FeLV

	yes

	yes

	yes

	Some effect (more on secondary infections)

	1






	FIPV

	yes

	yes

	no

	Ineffective

	1






	FHV-1

	yes

	yes

	no

	Ineffective in an experimental study

	2






	FCV

	yes

	no

	n.d.

	Possibly effective

	3






	FPV

	n.d.

	no

	n.d.

	Likely effective

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	4






	CPV

	yes

	yes

	yes

	Highly effective

	1






	CDV

	n.d.

	no

	n.d.

	Possibly effective

	4






	CPIV

	n.d.

	no

	n.d.

	Possibly effective

	4






	Papilloma viruses

	n.d.

	no

	n.d.

	Possibly effective

	4






	CYTOKINES AND GROWTH FACTORS






	Filgrastim (G-CSF)

	FIV

	n.d.

	yes

	no

	Contraindicated (may increase virus replication)

	3






	FeLV

	n.d.

	yes

	no

	Likely ineffective

	3






	FPV

	n.d.

	yes

	no

	Contraindicated (may increase virus replication)

	3






	CPV

	n.d.

	yes

	no

	Contraindicated (may increase virus replication)

	1






	Sargramostim (GM-CSF)

	FIV

	n.d.

	yes

	no

	Contraindicated (may increase virus replication)

	2






	Erythropoietin (EPO)

	FIV

	n.d.

	yes

	yes

	Weakly effective in cats with anemia and neutropenia

	2






	FeLV

	n.d.

	no

	n.d.

	Possibly effective in cats with anemia and neutropenia

	 






	Insulin-like growth factor-1 (IGF-1)

	FIV

	n.d.

	yes

	yes

	Potentially effective in young cats

	2






	FeLV

	n.d.

	no

	n.d.

	Likely ineffective

	4






	INTERFERON AND OTHER CYTOKINE INDUCERS






	
Staphylococcus protein A (SPA)

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	yes

	yes

	Weakly effective

	1






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Propionibacterium acnes

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	no

	n.d.

	Likely ineffective

	3






	FHV-1

	n.d.

	no

	n.d.

	Likely ineffective

	4






	FIPV

	n.d.

	yes

	yes

	Weakly effective

	2






	Bacille Calmette-Guérin (BCG)

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	yes

	no

	Ineffective

	2






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Serratia marcescens

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	yes

	no

	Ineffective

	2






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	PIND-AVI/PIND-ORF

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	yes

	no

	Ineffective

	1






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Polyriboinosinic-polyribocytidylic acid (poly-IC)

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	no

	n.d.

	Likely ineffective

	4






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	CHV

	n.d.

	no

	n.d.

	Possibly effective

	3






	ICH

	n.d.

	yes

	no

	Ineffective

	2






	Acemannan

	FIV

	n.d.

	no

	n.d.

	Potentially weakly effective

	3






	FeLV

	n.d.

	no

	n.d.

	Potentially weakly effective

	3






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Papilloma viruses

	n.d.

	no

	n.d.

	Potentially effective

	4






	OTHER DRUGS WITH IMMUNOMODULATORY ACTIVITY






	Levamisole

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	no

	n.d.

	Likely ineffective

	3






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Diethylcarbamazine (DEC)

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	yes

	no

	Ineffective

	2






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	Lactoferrin

	FIV

	n.d.

	no

	n.d.

	Possibly effective in cat with stomatitis

	3






	FeLV

	n.d.

	no

	n.d.

	Possibly effective in cat with stomatitis

	4






	FCV

	n.d.

	no

	n.d.

	Possibly effective in cat with stomatitis

	3






	Polyprenyl Immunostimulant

	FIPV

	n.d.

	no

	n.d.

	Effective in three cats without effusion

	3






	Nosodes

	FIV

	n.d.

	no

	n.d.

	Likely contraindicated

	4






	FeLV

	n.d.

	no

	n.d.

	Very likely ineffective

	4






	FIPV

	n.d.

	no

	n.d.

	Contraindicated

	4






	FPV

	n.d.

	no

	n.d.

	Very likely ineffective

	4






	CPV

	n.d.

	yes

	no

	Ineffective

	2
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CDV, Canine distemper virus; CHV, canine herpesvirus; CPIV, canine parainfluenza virus; CPV, canine parvovirus; FCV, feline calicivirus; FeLV, feline leukemia virus; FHV-1, feline herpesvirus 1; FIPV, feline infectious peritonitis virus; FIV, feline immunodeficiency virus; FPV, feline parvovirus; ICH, infectious canine hepatitis; n.d., not determined.


aEBM, evidence-based medicine:




EBM level 1 = confirmed by at least one placebo-controlled double-blind field study


EBM level 2 = shown in a controlled experimental study


EBM level 3 = supported by case series


EBM level 4 = only based on expert opinion








Immunomodulators or immunostimulatory agents or biologic response modifiers are probably the most widely used medications in feline and canine viral infections, especially in FIV and FeLV infections. Theories suggest that these agents benefit infected animals by restoring proper immune function, thereby allowing the patient to control infectious agent burden and recover from associated clinical syndromes. These substances modify the responses of immunocompetent cells through cytokines or other mechanisms. Some of them not only have an effect on the immune system but also a true antiviral activity (e.g., IFNs, acemannan).








Interferons


IFNs are polypeptide molecules produced by vertebrate cells in response to viral infections or certain inert substances, such as double-stranded RNA, and other microbial agents. In humans, at least three types of IFNs can be found: IFN-α (formerly “leukocyte IFN”), IFN-β (formerly “fibroblast IFN”), and IFN-γ. IFN-α and IFN-β are structurally similar, being produced in response to viral infection or polyribonucleotide administration. IFN-γ is structurally distinct and is produced by T lymphocytes in response to a specific antigenic stimulus. Human IFNs have been manufactured by recombinant DNA technology and are available commercially. Recombinant feline IFN-ω, available in Japan and many European countries, is licensed for use in cats and dogs. IFNs are not strictly species specific in their effects, although their biologic activity and toleration are greater in cells of genetically related species. For more information on each human IFN, see the Drug Formulary in the Appendix.








Human Interferon-α


Recombinant human (rHu) IFN-α has immunomodulatory and antiviral activity. IFN-α is active against many DNA and RNA viruses, although in vitro sensitivity varies (e.g., myxoviruses are susceptible, whereas adenoviruses are not). In humans, high-dose parenteral IFN-α administration has shown some efficacy against influenza viruses, rhinoviruses, herpesviruses, and papillomaviruses. IFN-α has also been shown to inhibit oncogenic transformation induced by retroviruses. It has been licensed for the treatment of humans with myelogenous leukemia, papillomatosis, and HIV infection. IFN-α is applied topically, intranasally, ocularly, and intralesionally (e.g., in papillomavirus infections). Human IFN-α has been used in cats with FIV, FeLV, FHV-1, and FCV infection, in cats with FIP, and in papillomatosis in cats and dogs. IFN-α acts as a cytokine having immunomodulatory effects, but it also has direct antiviral effects. It is not virucidal but merely inhibits viral nucleic acid and protein synthesis.


There are two common treatment regimens for use of rHuIFN-α in cats, parenteral (SC) injection of high-dose (104 to 106 IU/kg every 24 hours) IFN-α or oral application of low-dose (1 to 50 IU/kg every 24 hours) IFN-α. When given parenterally to cats (or dogs), human IFN-α becomes ineffective after 3 to 7 weeks because of development of neutralizing antibodies that limit its activity. In one study, cats that were treated SC with human IFN-α became refractory to therapy after 3 or 7 weeks, respectively, depending on whether a very high parenteral (1.6 × 106 IU/kg) or a lower parenteral (1.6 × 104 IU/kg) dosage was used.214


IFN-α can be given orally for a longer period, because no antibodies will develop during oral treatment. It has also been used in this manner to treat FIV and FeLV infections. With oral use, antiviral effects are unlikely but immunomodulatory activity occurs. Given orally, IFN-α is inactivated by gastric acid and, like other proteins, is destroyed by trypsin and other proteolytic enzymes in the duodenum. Therefore IFN-α is not absorbed and cannot be detected in the blood after oral administration.17 Thus, direct antiviral effects are unlikely after oral application; however, it still seems to have immunomodulatory activity. IFN-α may bind to mucosal receptors in the oral cavity, stimulating the local lymphoid tissue and leading to cytokine release on lymphatic cells in the oral or pharyngeal area, triggering a cascade of immunologic responses that finally act systemically.89 Orally administered IFN-α induced cytokine responses in buccal mucosal lymph nodes, including upregulation of IFN-α expression and downregulation of interleukin (IL)-4.185 In mice studies, it was shown that subcutaneous administration of murine IFN-α had an antiviral effect, whereas oral administration caused only an immunomodulatory effect; infection of mice with encephalomyocarditisvirus resulted in death in 100% of mice if not treated, in 40% survival if mice were treated with 2 × 105 IU/mouse murine IFN-α orally, and in 90% survival if given the same dose intraperitoneally.158 The rationale behind the use of low doses (versus high doses) orally is to mimic natural defense processes. In studies comparing low-dose oral IFN-α with higher concentrations, increasing the dose did not improve the effect.24 For further information on human IFN-α and other available human IFNs, such as IFN-β and IFN-γ, see the Drug Formulary in the Appendix.


Human IFN-α is active against FIV in vitro.177 It is frequently used in the field for treating FIV-infected cats. No controlled studies to evaluate the effect of high-dose parenteral human IFN-α in FIV-infected cats have been conducted. In a study, human IFN-α was used in clinically ill cats naturally infected with FIV (50 IU/kg on the oral mucosa daily for 7 days on alternating weeks for 6 months, followed by a 2-month break, and then repetition of the 6-month treatment). There was a significant difference in the survival rate after 18 months (1/24 versus 1/6) and in the clinical condition of the cats, but there was no difference in virus load, suggesting that the improvement was rather due to treatment of opportunistic infections.141 This study would support the use of low-dose oral human IFN-α in FIV-infected cats; on the other hand, its use is questioned because nonspecific stimulation of the immune system may be contraindicated as it can lead to progression of FIV infection.


Several studies have been conducted on the use of human IFN-α in FeLV-infected cats. In vitro, FeLV replication is inhibited by human IFN-α.80 One study214 compared the therapeutic efficacy of either high-dose human IFN-α (1.6 × 104 IU/kg to 1.6 × 106 IU/kg SC) or AZT, or IFN-α plus AZT in experimentally FeLV-infected presymptomatic cats with high levels of persistent antigenemia. Treatment with IFN-α, either alone or in combination with AZT, resulted in significant decreases in circulating FeLV p27 antigen beginning 2 weeks after the initiation of therapy. However, because of anti-IFN-α antibody development, cats became refractory to therapy 3 or 7 weeks after the beginning of treatment. In naturally FeLV-infected cats using a similar high-dose treatment regimen, however, using human IFN-α (1 × 105 IU/kg SC every 24 hours for 6 weeks) with or without AZT did not lead to a statistically significant improvement of clinical, laboratory, immunologic, or virologic parameters.66 Low-dose oral IFN-α was used in a placebo-controlled study in experimentally induced FeLV infection; 0.5 IU/cat (eight cats) or 5 IU/cat (five cats) were given orally (after experimental challenge) on 7 consecutive days on alternate weeks for a period of 1 month.26 No difference was found in the development of viremia between groups; however, treated cats had significantly fewer clinical signs and longer survival times when compared with the placebo group (with a better response in the cats given 0.5 IU/cat). Several uncontrolled studies reported a beneficial response in field cats when treated with low-dose oral IFN,167,184,200 but they include only a limited number of cats and are difficult to interpret without control groups. In a larger study, outcome of 69 FeLV-infected cats with clinical signs that were treated with low-dose oral IFN (30 IU/kg for 7 consecutive days on an alternate-week schedule) was compared with historical controls, and significant longer survival times were reported in the treated cats.200 In a placebo-controlled study, treatment of ill client-owned FeLV-infected cats with low-dose oral IFN-α (30 IU/cat for 7 consecutive days on an alternate schedule) either alone or in combination with Staphylococcus protein A did not result in any statistically significant difference in FeLV status, survival time, clinical or hematologic parameters, or subjective improvement in the owners’ impression when compared to a placebo group.121 Thus, this controlled study was not able to demonstrate efficacy.


In vitro, FHV-1 replication can be inhibited when cells are treated with human IFN-α.44 Weiss195 demonstrated a synergistic effect of IFN-α when combined with ACV against FHV-1 in cell culture. In one experimental in vivo study, 12 kittens infected with FHV-1 received either 108 IU/kg human IFN-α SC every 12 hours for 2 consecutive days starting 1 day before the challenge or placebo. IFN-α was effective in reducing the clinical signs in the cats over a 14-day period.19 In practice, IFN-α is commonly used topically in FHV-1-induced keratoconjunctivitis. Topical use is preferred over systemic use because an antiviral effect can develop directly at the application site; however, frequent application is important. Combination with a nucleoside analogue (e.g., ACV) is recommended owing to the synergistic effects.115 However, no controlled studies have been conducted using this combination in naturally infected animals. In cats with ocular manifestation of FHV-1 infection, topical use of human IFN-α every 4 to 6 hours for a duration of 1 week beyond clinical resolution has been recommended. FCV replication can also be reduced in vitro when cell cultures are treated with human IFN-α.44 In vivo studies are lacking.


Antiviral activity of human IFN-α against a FIP-causing FCoV strain was demonstrated in vitro. Combination of IFN-α with RTCA in vitro resulted in antiviral effects significantly greater than the sum of the observed effects from either RTCA or IFN-α alone,201 but in vivo the combination was not effective. In one study, 74 cats (52 treated, 22 controls) with experimentally induced FIP received IFN-α, Propionibacterium acnes (formerly Corynebacterium parvum), a combination, or placebo. Prophylactic and therapeutic administration of high-dose (104 or 106 IU/kg) IFN-α did not significantly reduce mortality in treated versus untreated cats, but the mean survival time in cats treated with 106 IU/kg IFN-α in combination with P. acnes was significantly prolonged for 3 weeks.199


In dogs, knowledge about efficacy of human IFN-α is limited. It has been used in dogs with viral papillomatosis, but controlled studies are lacking. In humans with papillomatosis, IFN-α is used at 106 IU/person parenterally until regression occurs; a similar treatment regimen, or oral low-dose treatment, might be effective in dogs as well.16 Intralesional injection, however, might be more beneficial.














Feline Interferon-ω


IFN-ω, the corresponding feline IFN, has been licensed for use in veterinary medicine in Japan and some European countries. Feline IFN-ω clearly differs from human IFN not only concerning its antigenicity (therefore causing antibody development in animals) but also concerning its antiviral efficacy in feline cells. Feline IFN-ω can be used in cats for long periods without antibody development. IFNs of dogs and cats are closely related, and feline IFN-ω is almost as effective in canine cells as it is in feline cells, which justifies its use in dogs. Dogs, however, will develop antibodies if feline IFN-ω is used long-term. Feline IFN-ω is a recombinant product that is produced by baculoviruses containing the feline sequence for this IFN that replicate in silkworms after infection; subsequently, feline IFN-ω is purified out of homogenized silkworm preparation. Besides antiviral activity, antitumor effect of feline IFN-ω against canine neoplastic cells, antiproliferation, and anti-colony-forming activities were demonstrated in vitro; thus, it might be useful for treatment of some feline and canine neoplastic conditions.145,179 It has been used in injection site–associated sarcomas in cats, but controlled in vivo studies are lacking. Feline IFN-ω has pharmacokinetic properties similar to those of human IFNs. It is distributed primarily in the liver and kidneys, is catabolized rapidly mainly in the kidneys, and is excreted in the urine without residual accumulation in the body. Recommendation for treatment in cats and dogs is 2.5 × 106 IU/kg intravenously (IV) or SC every 24 hours for 3 consecutive days in acute viral infections. In chronic viral infection, a treatment protocol of 106 IU/kg SC every 24 hours on 5 consecutive days is suggested but may be modified in the future. No severe side effects have been reported in cats or dogs. See the Drug Formulary in the Appendix, for further information.


Only one study has been performed to investigate efficacy of feline IFN-ω against FIV infection; 62 naturally FIV-infected cats were treated with IFN-ω at 106 IU/kg SC every 24 hours on 5 consecutive days in a placebo-controlled multicenter trial in France.119 This study did not show significant changes in survival rate in treated cats when compared to a placebo group, although some clinical improvement was noted. The treatment regimen used, however, was probably too short to treat chronic FIV infection. Other trials will be needed to assess the efficacy of feline IFN-ω against FIV infection.


Feline IFN-ω inhibits FeLV replication in vitro.152 In a placebo-controlled field study in France, 48 cats with FeLV infection were treated with interferon-ω at 106 IU/kg every 24 hours SC on 5 consecutive days.31 There was a statistically significant difference in the survival time of treated versus untreated cat in a 9-month follow-up period.30 No virologic parameters, however, were measured throughout the study to support the hypothesis that the IFN actually had an anti-FeLV effect rather than inhibiting secondary infections. Feline IFN-ω was also used in FIV-infected field cats but did not show higher survival rate when compared to a placebo group, and further studies are needed.


Feline IFN-ω has an antiviral effect on FHV-1 in vitro44,186 and was more effective treating FHV-1-infected cell lines than human IFN-α.161 However, an in vivo study demonstrated a better efficacy of human IFN-α than of feline IFN-ω in treating experimental FHV-1-induced conjunctivitis topically, and even a worsening of the conjunctivitis score in cats treated with the feline IFN-ω.55


Feline IFN-ω also inhibits FCV replication in vitro,44,130,186 although the antiviral effect is less prominent than against other feline viruses when tested in the same cell culture system. In a noncontrolled field study, cats with clinical signs (e.g., feline upper respiratory tract diseases or stomatitis) that were suspected to have acute FCV infection were treated with 2.5 × 106 IU/kg IFN-ω IV every 48 hours (three times) and showed improvement of clinical signs.188 Controlled studies, however, are not available. Feline IFN-ω also has been used in an uncontrolled trial in cats with chronic gingivostomatitis (some of them were FCV-infected) in which it was locally injected into the oral lesions. The cats showed some improvement but were also treated with other drugs and dental procedures, and a control group was not included in the study.126 Thus, the results are difficult to interpret.


There are some data on the efficacy of feline IFN-ω in cats with FIP. FCoV replication is inhibited by feline IFN-ω in vitro.130,186 In one study (however, not controlled and including only a small number of cats), 12 cats that were suspected to have FIP were treated with IFN-ω in combination with glucocorticoids and supportive care.78 Although most cats died, four cats survived over a period of 2 years; all of them initially had abdominal effusion. There was no control group in this study, and FIP was not confirmed in the four surviving cats; therefore, the results are unclear. In a randomized placebo-controlled double-blind treatment trial, 34 cats with FIP were treated with IFN-ω or placebo.151 In all cats, FIP was confirmed by histology and/or immunohistochemical or immunofluorescent staining of FCoV antigen in effusion or tissue macrophages. IFN-ω was given at 106 IU/kg SC every 48 hours initially until clinical improvement, and subsequently once every 7 days. Glucocorticoids were given as dexamethasone in case of effusion (1 mg/kg intrathoracic or intraperitoneal injection every 24 hours) or prednisolone (initially at 2 mg/kg orally every 24 hours until clinical improvement and then gradually tapered to 0.5 mg/kg every 48 hours). Some cats in both groups survived for weeks to months (longest survival 200 days). There was, however, no statistically significant difference in the mean survival time of cats treated with IFN-ω or placebo.151


Feline panleukopenia virus (FPV) replication can be inhibited by feline IFN-ω in vitro.130,186 There is only one publication about some kind of prophylactic treatment in cats in an animal shelter that was not effective in preventing panleukopenia.139 There are, however, no controlled studies in the treatment of cats with panleukopenia; however, the success in treating canine parvovirus (CPV) infection (see later discussion) supports its consideration. Feline IFN-ω inhibits CPV replication in vitro.186 The effect of feline IFN-ω on the outcome of experimental CPV infection was examined in 29 beagle puppies 3 to 4 months of age in a placebo-controlled study. Although the number of dogs that developed clinical signs did not differ significantly between the treated dogs and the placebo group, clinical signs were less severe in dogs treated with IFN-ω.79 In another placebo-controlled double-blind challenge trial, 10 beagle puppies 8 to 9 weeks of age inoculated with CPV that had developed clinical signs were randomly divided into two groups of 5 dogs each (placebo group receiving saline; IFN-ω group receiving 2.5 × 106 IU/kg IV every 24 hours for 3 consecutive days starting 4 days after challenge). All 5 dogs in the placebo group died within 10 days postinoculation. In the treated group, 1 animal died on day 2 after the treatment was started, whereas the other 4 dogs survived the challenge and recovered gradually.116 Efficacy of feline IFN-ω was also evaluated under field conditions for the treatment of dogs with CPV infection in a multicenter placebo-controlled double-blind trial in France. In this study, 92 dogs from 1 to 28 months were randomly assigned to two groups (43 IFN-ω, 49 placebo) and were treated either with feline IFN-ω (2.5 × 106 IU/kg IV every 24 hours for 3 consecutive days) or placebo. Clinical signs of the treated animals improved significantly in comparison to control animals, and mortality was significantly reduced in the treated animals; in the IFN-ω group, 3 dogs died compared to 14 in the placebo group.30 In a similar field study including 93 dogs with CPV infection in Japan, mortality was also significantly reduced in the dogs treated with IFN-ω (14/72) when compared to the control group (13/21).127 These data suggest that the feline IFN-ω has a therapeutic effect in dogs with CPV infection by improving clinical signs and reducing mortality. For further information on use of IFN-ω, see the Drug Formulary in the Appendix.




















Cytokines and Growth factors


Besides IFNs, other cytokines have been used in cats and dogs with viral infections. They do not have a direct antiviral effect but can alter bone marrow function and interfere with viral infections that disrupt hematopoiesis. Hematopoietic growth factors are glycoproteins that affect growth and differentiation of blood cells, including erythrocytes, platelets, monocytes, granulocytes, and lymphocytes. Several feline and canine hematopoietic growth factors have been cloned but are not commercially available. Human factors must be used instead; however, cats and dogs develop antibodies against them, limiting the length of treatment.








Filgrastim


Filgrastim, granulocyte colony-stimulating factor (G-CSF), is on the market as recombinant human product (rHuG-CSF). Potential uses in viral infections are neutropenias associated with FIV, FeLV, or parvovirus infections or concurrent with antiviral chemotherapy to avoid neutropenic side effects. For further information, see the Drug Formulary in the Appendix.


Filgrastim has been used in FIV-infected cats. In one study, a small number of naturally FIV-infected cats were treated, but no significant changes were seen when compared with untreated cats.90 Data on the use of filgrastim in FeLV infection are limited. In one study involving treatment of a few naturally FeLV-infected cats, no significant changes in neutrophil counts were found.90 Filgrastim was also used in cats with severe neutropenia caused by FPV infection. Differences in numbers of neutrophils were not observed in the cats with panleukopenia when compared with control cats, but the number of cases in this study was limited.90 Furthermore, use of filgrastim in parvovirus-infected animals may be contraindicated because the virus replicates in actively dividing cells.


In dogs, filgrastim has been recommended to treat CPV infection (see Chapter 8). Use of filgrastim in this disease, however, is questionable. In one uncontrolled study including profoundly neutropenic dogs, an improvement of neutrophil count was observed 24 hours after treatment.43 In a randomized, placebo-controlled, clinical trial including 23 puppies with confirmed parvoviral infection and neutropenia (fewer than 1000 neutrophils/µL), treatment did not cause significant differences between the treated and the placebo dogs regarding duration of hospitalization, lowest neutrophil count, or time until neutrophil count increased.148 Similar results were found in another clinical double-blind study including 43 dogs.128 These disappointing results might be explained by the fact that endogenous G-CSF is already increased in dogs with CPV infection. G-CSF was not detectable in plasma of experimentally infected dogs before the onset of neutropenia, but became detectable just after onset, and reached very high concentrations throughout the remaining infection,21 making the necessity of G-CSF treatment questionable. As in cats with FPV infection, use of G-CSF in CPV-infected dogs may exacerbate the disease, because the virus replicates in actively dividing cells. Increasing the proportion of cycling neutrophil precursors may actually prolong the neutropenic period, owing to viral infection and destruction of these cells.104 Extended use of G-CSF in dogs and cats may result in antibody formation to the drug and resultant neutropenia.














Sargramostim


Also known as granulocyte-macrophage colony-stimulating factor (GM-CSF), sargramostim controls the differentiation and proliferation of bone marrow precursors of granulocyte and monocyte lineages. GM-CSF also induces the proliferation of myeloid and erythroid progenitors. Cats may show increases in neutrophils, eosinophils, lymphocytes, and monocytes in varying combinations. High-dose treatment (150 µg/kg) of dogs with rHuGM-CSF induced neutralizing antibodies to the drug beginning 10 days after treatment and presumably resulted in a subsequent decline in the observed leukocytosis during treatment.118 Cats treated with rHuGM-CSF had a similar inducement of antibodies; however, their leukocytosis was maintained, suggesting another mechanism for the transient response in the dog.


GM-CSF (5 µg/kg every 12 hours for 14 days) was used in treating clinically healthy cats (control group) and those that were chronically infected with FIV.3 Side effects of treatment in some cats were irritation of the injection site and low-grade fever. All cats developed neutrophilia; however, FIV-infected cats developed a significant increase in viral load of FIV in peripheral blood mononuclear cells during treatment. Enhancement of the viremia may relate to increased replication in or enhanced expression of the virus by infected lymphocytes. Therefore, use of GM-CSF in FIV-infected cats is contraindicated. For further information, see the Drug Formulary in the Appendix.














Erythropoietin


Erythropoietin (EPO) is on the market as rHuEPO and is effectively used in cats and dogs with nonregenerative anemia caused by endogenous EPO deficiency in chronic renal failure. EPO treatment increases not only erythrocyte counts, but also platelet and megakaryocyte numbers in animals and humans with clinical disease.136 Human EPO also increases leukocyte counts in cats.3 For further information, see the Drug Formulary in the Appendix.


In one study, FIV-infected cats were treated with human EPO (100 IU/kg SC three times a week for 2 weeks). All treated cats had a gradual increase in erythrocytes and either neutrophils or lymphocytes, or both. In contrast to treatment with GM-CSF, no increased viral loads were observed, and thus human EPO can be used safely in FIV-infected cats with cytopenias.3














Interleukin-2


IL-2 is produced by activated helper T cells and is responsible for stimulating specific B-cell-mediated cytotoxicity. It has been synthesized in large quantities through recombinant DNA technology. However, IL-2 may cause toxicity. Potential applications include treatment of neoplastic and viral diseases. IL-2 in low doses has been shown to increase the immune response to concurrent vaccination when it was given to immunodeficient humans.124 No data are available on its use in cats and dogs.














Interleukin-8


IL-8, a cytokine produced by monocytes and a variety of other tissue cells, has a role in activating neutrophils. IL-8 has been given to dogs to potentiate neutrophil chemotaxis.220 No data are available on its use in feline and canine infectious diseases.














Insulin-Like Growth Factor-1


Insulin-like growth factor-1 (IGF-1) is on the market as recombinant human product (rHuIGF-1) and acts as an immunostimulant of thymic tissue and T lymphocytes. In HIV infection, thymus growth inhibition and limited T-cell maturation result in depletion of the peripheral lymphoid pool. Therapeutic modulation to protect or enhance thymus function can ameliorate peripheral lymphopenia and retard disease progression in lentivirus infections. The drug is administered by continuous infusion.


In experimental FIV-infected cats, treatment with rHuIGF-1 resulted in a significant increase in thymus size and weight and evidence of thymic cortical regeneration and a reduction in B cells.52,209 Although T-cell stimulation was observed, viral load was not increased during treatment, and thus it might be a treatment option in young FIV-infected cats; however, no data have yet been established in naturally FIV-infected cats.




















Inducers of Interferons and Other Cytokines


Nonspecific immunostimulants, which induce synthesis of IFNs and other cytokines, are widely used medications in virus-infected cats and dogs. Many microorganisms (viruses, intracellular bacteria) and several macromolecules are known to produce antiviral and other antimicrobial activities in the host. Most of the substances known to have this effect have a structure similar to double-stranded nucleic acid that can be of microbial origin or new synthetic nucleic acid polymers.


Microorganisms and their extracts have been classically used as nonspecific immunostimulators. Freund's complete adjuvant is a water-in-oil emulsion containing inactivated whole mycobacteria. When a protein antigen is mixed with the adjuvant, antigen is contained in the aqueous phase, and the mycobacteria are in the oil phase. Injection of this mixture induces cell-mediated immune (CMI) response and humoral antibody formation to the desired protein. It produces a severe reaction of local inflammation and large granuloma formation. The adjuvant that is the active ingredient in Freund's is N-acetylmuramyl-l-alanyl-d-isoglutamine (muramyl dipeptide). Purified, it can produce a response without side effects. Bacille Calmette-Guérin (BCG) is a nonpathogenic strain of Mycobacterium bovis that has been used in treating neoplasia in dogs and cats and in cats infected with FeLV. Facultative intracellular organisms such as mycobacteria that are immunostimulators have a marked affinity for localizing in and stimulating mononuclear-phagocyte clearance mechanisms. An emulsion of the cell wall from a nonpathogenic species of Mycobacterium (Regressin-V, Bioniche Animal Health, Ontario, Canada), which has been modified to decrease toxicity and antigenicity while retaining antineoplastic activity, has been licensed as a CMI stimulant for treating equine sarcoids. It has been recommended for immunotherapy for other neoplasms, such as canine mammary tumors, lymphomas, and sarcomas, although studies demonstrating its efficacy for this purpose are not available at this time. Various other bacteria, including P. acnes and certain species of Staphylococcus and Salmonella, have also been proposed as immunostimulants. ImmunoRegulin (NeogenVet, Lexington, KY) is a preparation of P. acnes that acts as a nonspecific immunostimulant (see later discussion). It has been used in treatment of cats with FeLV infection, FHV infection, and canine staphylococcal pyoderma. Staphylococcus aureus phage lysate is a sterile preparation containing cell wall components of this bacterium. It has been licensed for the treatment of staphylococcal or polymicrobial pyoderma in dogs (SPL, Delmont Laboratories, Swarthmore, PA). It is thought to act through the stimulation of cytokine production. Local or systemic allergic reactions are potential side effects. Modified inactivated, rubeola virus immunomodulator (RVI, Eudaemonic Corp., Omaha, NE) has been licensed as an immunomodulator to decrease the inflammatory reaction generated by activated T lymphocytes. It has not been adequately evaluated in controlled studies but has received conditional licensing for treatment of muscle disease in horses.193 See the Drug Formulary in the Appendix, for further information on these drugs. Therapy and prophylaxis with IFN inducers have become more attractive in treating infections in veterinary practice because they provide a more natural means of restoring immune function, thereby allowing the patient to control the viral burden and recover from the disease. Their effect is generally transient, lasting for approximately 1 week; thus, they must be given repeatedly to be clinically helpful. However, administration at an interval shorter than every 2 weeks can cause pronounced interference with IFN induction. Effects of these compounds on nonspecific defense functions are difficult to test, and in vitro test results cannot simply be transferred to in vivo situations. Most reports are difficult to interpret because of unclear diagnostic criteria, lack of clinical staging or follow-up, the natural variability of the course of disease, the lack of placebo control groups, the small number of animals used, and concurrent supportive treatments given. Although reports of uncontrolled studies frequently suggest clinical improvement or increased survival times, these effects have not always been supported by subsequent controlled studies.


In some infectious diseases, nonspecific stimulation of the immune system in already infected animals might actually have a negative impact. In humans with HIV infection, and potentially also in cats with FIV infection, these drugs can lead to an increased viral replication caused by activation of latently infected lymphocytes and macrophages and can therefore cause progression of disease. In cell culture, stimulation of FIV-infected cells is consistently associated with enhanced production of FIV. These compounds should also be avoided in cats with FIP because clinical signs develop as a result of an immune-mediated response to the mutated FCoV.








Staphylococcal Protein A


Staphylococcal protein A (SPA) is a bacterial polypeptide product purified from cell walls of S. aureus Cowan I. It can combine with immune complexes at the Fc (non-antigen-binding) region of certain IgG subclasses and stimulate complement activation, as well as induce T-cell activation, natural killer cell stimulation, and IFN-γ production. Antitumor activity has been described.14,88 For further information, see the Drug Formulary in the Appendix.


A variety of SPA sources and treatments have been used in FeLV-infected cats. Interest was first generated when plasma from FeLV-infected lymphoma-bearing cats was passed over SPA or S. aureus columns to remove circulating immune complexes and then returned to the cats. More than 100 cats were treated in this manner, generally undergoing treatments twice a week for 10 to 20 weeks.* In some studies, a high rate of tumor remission and conversion to FeLV-negative status was observed; in others, responses were less dramatic and short-lived. Subsequently, it was determined that SPA and other products may have leached from the filters and columns used for immunosorption and been returned to the cats as contaminants in the treated plasma.58 The possibility that these products exerted a positive immunomodulatory effect caused investigators to treat cats with small doses of SPA. In such a study including kittens with experimental FeLV infection, treatment with SPA (7.3 mg/kg intraperitoneally (IP) twice weekly for 8 weeks) did not correct anemia or improve humoral immune function. In an experimental study involving 17 cats (5 FeLV-infected viremic cats, 6 FeLV-infected nonviremic cats, and 6 uninfected controls) no difference was seen in viremia and immune response, but a stimulation of bone marrow granulocytic lineage could be detected.91 In a placebo-controlled field study, treatment of ill client-owned FeLV-infected cats with SPA (10 mg/kg IP, twice per week for up to 10 weeks) did not cause a statistically significant difference in the FeLV status, survival time, or clinical and hematologic parameters when compared with a placebo group, but it caused a significant improvement in the owners’ subjective impressions on the health of their pets. When SPA was combined with low-dose (30 U/day) oral IFN-α on alternate weekly intervals, the effect was less than with SPA alone.121














Propionibacterium acnes


P. acnes (ImmunoRegulin, Neogen, Lexington, KY), is available for veterinary use and consists of a killed bacterial product that has been shown to stimulate macrophages, resulting in release of various cytokines and IFNs, and to enhance T-cell and natural killer cell activity in mice. It was effective in preventing development of rabies in some mice after challenge.123 In cats and dogs, it has been used for the treatment of certain tumors (e.g., malignant melanoma).109,182 It was effectively used as adjunct treatment to antibacterial therapy against chronic recurrent canine pyoderma.10 As an antiviral, P. acnes has been given to cats with FeLV infection, FHV-1 infection, and FIP.


P. acnes has been used in FeLV-infected cats, but no prospective studies have been performed. Clinical experience has been documented in roundtable discussions and in two anecdotal reports.97,99 In one report, a practitioner reported treating 76 clinically ill cats with natural FeLV infection with P. acnes (0.1 to 0.2 mg/cat IV twice weekly, then every other week for 16 weeks) and supportive care. Although no specific clinical or laboratory evaluations were discussed, 72% of the cats became FeLV antigen-negative and survived for an unspecified period. In the other report, 700 cats with natural FeLV infection were treated with P. acnes (0.2 mg/cat IV every 3 days, then every week for 6 or more weeks) in conjunction with supportive care. Approximately 50% of the cats improved clinically, although conversion to FeLV-negative status was rare. These are, however, uncontrolled studies, and their value must be further evaluated.


In experimentally induced FIP, 74 cats received P. acnes, high-dose human IFN-α subcutaneously, a combination, or placebo.199 In these cats (52 treated, 22 controls), administration of P. acnes in combination with high-dose (106 IU/kg) human IFN-α did not significantly reduce mortality in treated versus untreated cats, but the mean survival time in cats treated with the combination was significantly prolonged for 3 weeks.














Bacille Calmette-Guérin


BCG (Tice BCG or TheraCys, Organon, West Orange, NJ) is a cell wall extract of a nonpathogenic strain of M. bovis that was originally developed in 1908 by Calmette and Guérin as a “vaccine” against tuberculosis in humans. Facultative intracellular organisms such as mycobacteria are immunostimulators that have a marked affinity for localizing in and stimulating mononuclear-phagocyte clearance mechanisms.51 Severely immunodeficient animals or those on immunosuppressive therapy might develop infection rather than stimulation by this vaccine. BCG has been used effectively in treating neoplasia in cats and dogs (e.g., Sticker's sarcoma).69,107 Other mycobacterial cell wall preparations, used as adjuvants in vaccines, have been modified (decreasing toxicity and antigenicity while retaining antineoplastic activity) and licensed as CMI stimulants for treating equine sarcoid (see Regressin-V, discussed earlier).


Feline sarcoma virus (FeSV) is a recombinant virus that can develop in a cat after FeLV infection. Kittens experimentally infected with FeSV were inoculated with BCG subcutaneously at the same time and site as the FeSV inoculation, at the same site but 1 week after FeSV inoculation, or with a mixture of viable autochthonous neoplastic cells approximately 35 days after FeSV inoculation. The BCG treatment was not able to prevent tumor development or increase survival rate.6














Serratia marcescens


A previously available orphan biologic extract of Serratia marcescens (BESM) containing DNA and membrane components of S. marcescens is used as immunomodulatory substance. S. marcescens is a motile facultative anaerobic gram-negative bacillus that occurs naturally in soil and water, as well as in the intestines and produces a red pigment at room temperature. It can cause nosocomial infections associated with urinary and respiratory tract infections, endocarditis, osteomyelitis, septicemia, wound and ocular infections, and meningitis in humans; systemic infections in cats and dogs are also described5 (see as a catheter-related infection, Chapter 93). BESM stimulates normal feline bone marrow-derived macrophages to release maximal concentrations of IL-6, tumor necrosis factor, and IL-1, leading to elevations in rectal temperature and neutrophil counts.37 In one study in dogs, BESM (0.08 mg/kg SC every 24 hours beginning the day after administration of doxorubicin) was effectively used to reduce the duration and severity of doxorubicin-induced myelosuppression.137 In a study in FeLV-infected cats, weekly treatment with BESM, however, failed to prevent or reverse viremia in cats when initiated before or 6 weeks after inoculation with FeLV, but induced marrow stimulation through cytokine release leading to neutrophilia and pyrexia.37














Parapoxvirus Avis and Parapoxvirus Ovis


Parapoxvirus avis (PIND-AVI) and parapoxvirus ovis (PIND-ORF) (Zylexis, Pfizer, Germany) are γ-ray inactivated poxviruses that are so-called paramunity inducers. Their proposed mode of action is through induction of IFNs and colony-stimulating factors and activation of natural killer cells. They are available in some European countries and have been used to treat a variety of viral infections in animals, both prophylactically and therapeutically. However, most reports on their efficacy are anecdotal or lack control animals. In all placebo-controlled, double-blind studies published so far, no beneficial effects have been documented. Similar to other immunomodulators that produce nonspecific stimulation of the immune system, PIND-AVI and PIND-ORF may be contraindicated in cats with FIV infection because nonspecific immunostimulation can lead to progression of infection, and they are also contraindicated in cats with FIP.


PIND-AVI and PIND-ORF were reported to cure 80% to 100% of FeLV-infected cats72 when they were administered at a dose of 1 mL SC one to three times a week for 4 to 30 weeks. However, two placebo-controlled double-blind trials in naturally FeLV-infected cats under controlled conditions were not able to repeat these results.64,65 In 120 cats treated with either compound or placebo, no significant difference was found in eliminating viremia during the 6-week treatment period (12% in the treated cats, 7% in the control group). In the second study, 30 naturally infected cats were treated in a placebo-controlled, double-blind trial, and 20 immunologic, clinical, laboratory, and virologic parameters were examined (including FeLV p27 antigen concentration, clinical signs, lymphocyte subsets, and survival time), but no statistically significant differences were demonstrated between paramunity inducer and placebo application in any of these parameters.














Polyriboinosinic-Polyribocytidylic Acid


Polyriboinosinic-polyribocytidylic acid (poly-IC) is a chemical IFN inducer that was used to treat cats and dogs. It caused only minimal IFN induction in dogs.162 The recommended dose of poly-IC is 0.2 mg/kg SC once. The concentration of IFNs generally peaks 8 hours after administering poly-IC but declines gradually by 24 hours. Inhibition of IFN production is pronounced if poly-IC is readministered at a frequency greater than every 2 weeks. The duration of the effect of IFNs is less than 2 weeks; thus a continuous effect cannot be maintained. Side effects in cats and dogs include lymphopenia, lymphoid necrosis, CNS depression, hemorrhagic gastroenteritis, and coagulation disorders.49 Poly-IC was reported to be effective in protecting dogs from infectious canine hepatitis (ICH).49 In a controlled experimental study, however, mortality in dogs with ICH was not decreased, and survival time was prolonged by only a few days.210 In one report, poly-IC was helpful in preventing CHV infections in newborn puppies.49














Acemannan


Acemannan (Carrisyn, Carrington Labs, Irving, TX) is a water-soluble, long-chained complex carbohydrate (mannan) polymer derived from the aloe vera plant and is licensed for veterinary use. Acemannan may be taken up by macrophages, which stimulate release of cytokines, producing CMI responses including cytotoxicity. Acemannan has been used as an adjuvant in vaccines or intralesionally, or by itself to enhance regression of tumors, such as in the management of postvaccinal injection-site sarcomas in cats.59,85 For further information, see the Drug Formulary in the Appendix.


Acemannan has been used in clinically ill FIV-infected cats that received acemannan for 12 weeks, either by intravenous or subcutaneous injection once weekly or by daily oral administration.213 The reported beneficial effects observed in this study are not clear because cats were concurrently treated with antibacterial and other symptomatic or supportive therapies and the study did not contain a control group. Presently, acemannan should be used with caution in FIV-infected cats because of its immunostimulatory effects. In one noncontrolled, open-label trial, 50 cats with natural FeLV infection were treated with acemannan (2 mg/kg IP every 7 days for 6 weeks).160 Use of concurrent supportive care was not described. At 12 weeks, 71% of the cats were alive, but results for FeLV antigen were still positive. No significant change in clinical signs or hematologic parameters was found. No control group or clinical and laboratory evaluations were available to document improvement from pretreatment status. In dogs, data on the effect of acemannan are limited. Intralesional injection of acemannan have been recommended as treatment for dogs with papillomatosis.16




















Other Drugs with Immunomodulatory Activity


A significant number of drugs used for different other reasons in animals also have immunomodulatory activity. Some of these drugs have been used to treat virus infections in dogs and cats.








Levamisole


This broad-spectrum anthelmintic, used for example for heartworm treatment in cats and dogs,32,146 nonspecifically stimulates CMI in a variety of species. Levamisole was detected as immunomodulatory substance when treatment applied against nematode infection not only killed the parasites, but also improved clinical signs of other infections. Levamisole influences phosphodiesterase activity, leading to increased cyclic guanosine 3’,5’-monophosphate and decreased cyclic adenosine monophosphate. Increased cyclic guanosine 3’,5’-monophosphate in lymphocytes stimulates proliferative and secretory responses. It also potentiates mononuclear cells in phagocytosis, chemotaxis, and intracellular destruction of bacteria. Levamisole has been used in cats with mammary tumors but has had no significant effect.108 Toxicity of levamisole is relatively high; hypersalivation, vomiting, diarrhea, and CNS signs have been observed similar to signs observed in nicotine poisoning.74 Morphologic lesions, characterized by perivascular, nonsuppurative, or granulomatous meningoencephalitis, were described in the CNS of treated dogs.173,191 Potential facilitation of the cell-mediated immune system may produce the lesions in the CNS by causing the body to react against latent agents (e.g., CDV).49 Levamisole has been given to FIV-infected cats,23 but its effect has never been substantiated by controlled studies, and its use remains investigational. It also has been used in FeLV-infected cats,23 but there are also no controlled studies available.














Diethylcarbamazine


Diethylcarbamazine (N,N-diethyl-4-methyl-1-piperazine carboxamide [DEC]) is an antiparasitic agent that is widely used, especially in tropical regions, to prevent and treat filariasis in humans and also has been used as heartworm preventative in cats and dogs. The antifilarial effect of this drug has been attributed to immunomodulation. DEC has potentially severe side effects, including hepatic injury.15


Some evidence indicates that DEC might mitigate the course of FeLV infection in cats. Uncontrolled studies have suggested that continuous oral DEC treatment given shortly after evidence of FeLV infection prevents or delays FeLV-associated lymphopenia and prolongs survival.86,87 In one controlled study, its therapeutic effect against FeLV infection was investigated in 24 specific-pathogen-free kittens experimentally infected with a lymphoma-causing strain of FeLV. The kittens were divided into four groups and were orally administered a high dose of DEC (12 mg/kg, every 24 hours), a low dose of DEC (3 mg/kg, every 24 hours), AZT (15 mg/kg every 12 hours), or a placebo for 10 weeks. Although AZT was effective in preventing persistent viremia, DEC in either dose was not effective; however, both doses of DEC as well as AZT prevented lymphoma development.135














Cimetidine


The H2-receptor antagonist cimetidine has been shown to be effective in potentiating CMI in humans with common immunodeficiencies. It appears to block receptors on suppressor T cells. Controlled studies in cats or dogs are not available.














Lactoferrin


Lactoferrin is a mammalian iron-binding glycoprotein of bovine origin that is produced by mucosal epithelial cells of all mammals and is present in secretions, especially in milk. It has been used for its local immunomodulatory effect in the oral cavity, and it has been shown to increase cellular phagocytic activity.157 It binds iron, reducing its availability for bacteria and thus has antibacterial, but also antifungal, antiprotozoal, and antiviral activity. A protective effect of lactoferrin during lethal bacteremia has been reported in mice.218 In a study in healthy humans, orally administered lactoferrin increased the phagocytic activity of peripheral mononuclear cells in some but not all individuals.212 Side effects during use of lactoferrin are not described. For further information, see Feline Lymphocytic Plasmacytic Ulceroproliferative Gingivostomatitis, Chapter 88, and the Drug Formulary in the Appendix.


Lactoferrin has been used in cats with FIV infection and stomatitis. It was applied topically (40 mg/kg every 24 hours for 14 days) to the oral mucosa of the cats with intractable stomatitis (FIV-infected cats and FIV-negative control cats), and clinical signs of disease (pain-related response, salivation, appetite, and oral inflammation) improved in all cats independent of their FIV status. Increased phagocytic activity of neutrophils was also demonstrated in these cats.157 A cat with stomatitis and FCV infection was treated with lactoferrin powder (200 mg) applied directly to the lesions for 22 months. Clinical signs began to resolve after 11 months, and resolution of clinical signs coincided with the cessation of FCV shedding.2 However, the cat also received other medications, and further studies are necessary to investigate beneficial effects of lactoferrin. The studies suggest, however, that lactoferrin might be beneficial for local treatment of stomatitis in cats because many of these inflammatory reactions are probably caused or triggered by viral infections. In vitro studies suggest activity against CHV, but no in vivo studies exist.














Polyprenyl Immunostimulant


Polyprenyl immunostimulant (PI) (Sass & Sass Inc., Oak Ridge, TN) is a phosphorylated polyprenyl with 10 to 14 prenyl residues. It is a veterinary biologic containing a mixture of phosphorylated linear polyisoprenols. It leads to upregulation of biosynthesis of mRNA of Th-1 cytokines and also has antiviral and antitumor effect. It has an unpublished claim for efficacy in treating feline rhinotracheitis infection.


It was effective in a case series of three cats with FIP. These cats were suspected to have FIP but had no effusion. In one of the three cats FIP was diagnosed (after a 14-month treatment period) during necropsy, and in the second cat, immunohistochemistry staining of FCoV antigen of tissue biopsies was positive and diagnostic for FIP. In the third cat, FIP was not confirmed. One cat survived 14 months; the two other cats were still alive and doing well after 24 and 28 months, respectively.94 Therefore, use of polyprenyl immunostimulant could be promising in cats with noneffusive presentation of FIP.














Liposomes


These synthetic microscopic structures are composed of multiple concentric lipid bilayers surrounding an equal number of aqueous layers. The lipid layers are relatively impermeable to aqueous substances trapped within. Immunologic mediators, antigenic substances, and drugs have been placed within the aqueous compartment of liposomes to facilitate delivery of these substances to selected tissues in the body. Liposomes themselves are relatively nonantigenic, nontoxic, and biodegradable because they are prepared from lipids normally found in cell membranes. As with microspheres, alterations in their physical properties can be used to modify antigen release. Liposomes may have potential to act as carriers of immunogens for purposes of vaccination. Adding adjuvants within the liposomal membrane can increase immunogenicity. Liposomal antigens, which normally stimulate only humoral immunity, can stimulate CMI if bacterial wall substances such as lipid A or muramyl dipeptide are added in the membrane. Liposomes also have been employed for selective in vivo delivery of drugs to cells of the mononuclear phagocyte system, which preferentially removes these compounds from the circulation. Intracellular parasites (e.g., systemic fungi, mycobacteria, Babesia canis, Ehrlichia canis, Trypanosoma cruzi, Leishmania donovani) that reside in these cells may be more susceptible to chemotherapeutic agents delivered in liposomes. For further information, see Amphotericin B and Other Polyenes in Chapter 55 and the Drug Formulary in the Appendix.














Nosodes


Nosodes are homeopathic preparations of tissues from animals that have the disease the nosodes are intended to prevent. Recommendations are that nosodes be given immediately after exposure to an infectious agent. These alternative medical therapeutic preparations have been claimed on the Internet to protect animals as specific immunomodulators against a variety of infectious diseases, including viral infections of dogs and cats. Preparations consist of serial dilutions with intervening agitation (succession, potentiation, vortexing) of tissues, discharges, or excretions from animals with corresponding diseases; they are administered orally. Clinical trials involving nosodes to prevent infectious diseases have usually not been controlled, and information about their usefulness or toxicity is limited. In one controlled CPV challenge of puppies, nosodes were not protective.211
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Chapter 3


Canine Distemper


Craig E. Greene and Marc Vandevelde













Etiology


Canine distemper virus (CDV) is a member of the genus Morbillivirus of the family Paramyxoviridae and is closely related to other viruses (Web Table 3-1). CDV has a relatively large, variable diameter (150 to 250 nm) with single negative-stranded RNA enclosed in a nucleocapsid of helical symmetry. It is surrounded by a lipoprotein envelope derived from the cell membrane incorporating viral glycoproteins H (attachment protein) and F (fusion protein) (Fig. 3-1 and Web Table 3-2). Viruses such as CDV that code for proteins capable of integrating in the cell membrane make infected cells susceptible to damage by immune-mediated cytolysis. CDV also can induce cellular fusion (syncytial formation). Syncytial induction involves a complex interplay of viral proteins and the host cell316 and occurs with CDV strains less likely to produce cellular apoptosis.211
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FIG. 3-1 Structure of canine distemper virus. (E, Lipoprotein envelope; F, fusion protein; H, hemagglutinin [neuraminidase]; L, large protein; M, matrix protein; N, nucleocapsid; P, polymerase protein.) (Art by Craig Greene © 2004 University of Georgia Research Foundation Inc.)










WEB TABLE 3-1


Host Susceptibility to Morbilliviruses










	Disease (Virus Abbreviation)

	Natural Hosts

	Experimental Infection










	Canine distemper (CDV)

	Seal (previously PDV-2)
Canidae (e.g., dog, fox, wolf, coyote)
Mustelidae (e.g., weasel, mink, skunk, badger, ferret)
Procyonidae (e.g., kinkajou, coati, red panda, raccoon)
Felidae (e.g., cat, lion, leopard, tiger)
Tayassuidae (peccary)
Nonhuman primates

	Dog, mouse, rat, hamster, mink, pig, cat, nonhuman primate, ferret






	Measles (MV)

	Domestic: human
Wild: nonhuman primate

	Macaque, marmoset, mouse, hamster, rat






	Rinderpest (RPV)

	Domestic: cattle, pig, goat, sheep

	Rabbit, mouse, hamster, dog, ferret, rat, suslik






	Wild: buffalo, eland, giraffe, kudu, warthog, wildebeest, banteng, black buck, gaur, nilgai, sambhar






	Peste des petits ruminants (PPRV)

	Domestic: goat, sheep
Wild: gazelle, ibex, gemsbok

	Goat, cattle, pig, deer






	Phocine distemper (PDV)

	Seal

	Dog, mink, seal






	Dolphin morbillivirus (DMV)

	Dolphin

	Cattle, sheep, goat, dog






	Porpoise morbillivirus (PMV)

	Porpoise

	Cattle, sheep, goat, dog






	Equine morbillivirus (EMV; Hendra virus)

	Domestic: horse, human
Wild: Pteropus bat

	Cat






	Porcine morbillivirus (Menangle virus)

	Domestic: pig, human
Wild: Pteropus bat

	No data
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PDV-2, Phocine distemper virus-2.


Modified from Osterhaus ADME, de Swart RL, Vos HW, et al. 1995. Morbillivirus infections of aquatic mammals: newly identified members of the genus. Vet Microbiol 44:219–227.










WEB TABLE 3-2


Structure of Canine Distemper Virus










	Components

	Abbreviation

	Molecular Weight (kDa)

	Function










	ENVELOPE






	Hemagglutinin

	H

	76

	Structural: viral attachment






	Matrix protein

	M

	34

	Structural: penetration






	Fusion 1 protein

	F1


	40

	Structural: penetration






	Fusion 2 protein

	F2


	20–23

	Structural: penetration






	NUCLEAR






	Large protein

	L

	180–200

	Functional: polymerase complex






	Polymerase

	P

	66

	Functional: polymerase complex






	Nucleocapsid

	N

	58

	Structural: protects genome
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CDV and cellular interactions have been elucidated to explain the variety of outcomes of CDV infection. Signaling lymphocyte activation molecule (SLAM or CD 150) is a membrane glycoprotein and cellular receptor for morbilliviruses that is expressed on the surface of cells of the immune system including immature thymocytes, activated lymphocytes and monocytes, and mature dendritic cells. Virulent CDV selectively binds to SLAM on these immune cells via its H and F proteins, enabling rapid spread in lymphoid tissues.312 Immunosuppression occurs not only because of virally induced cytolysis but also because virulent CDV inhibits interferon (IFN) and cytokine responses of lymphoid cells via the P gene expression of virulence proteins V and C.312 In the brain, CDV binds to a hitherto-undefined receptor305 inducing a noncytolytic persistent infection.229,230 In response to acute CDV infection, upregulation of SLAM occurs in the dog's immune cells infiltrating the central nervous system (CNS), which can further amplify viral replication in the brain.315 In contrast to virulent CDV, Vero-cell adapted CDV vaccine strains have lower pathogenicity and bind to heparin-like cell receptors found in nonimmune cells such as epithelial tissue culture cell lines.98 Because these cells lack its appropriate receptor, virulent CDV does not grow well in continuous cell lines, such as Vero cells, making laboratory isolation more difficult.163,165 In addition, virulent CDV strains can cause chronic persistent intracellular infections of the CNS by producing reduced cell-cell fusion and cytolysis.229,230 See the discussion of subacute to chronic CDV encephalitis under Pathogenesis. In contrast, Onderstepoort vaccine strains, which are easily propagated in vitro, have different F-protein structure and produce extensive cell-cell fusion leading to cytolysis. Increased replication and viral release from cells results in host antibody response and elimination of the vaccine virus with a self-limiting or attenuated infection. In contrast, reduced F-gene expression and viral release with virulent CDV strains leads to viral persistence and neuroinvasion with delayed onset of CNS manifestations.229 Synthetic recombinant modification of the genome to increase F-gene expression leads to attenuation in CDV virulence in ferrets and may be the future of development of vaccine strains.15


Despite minor genetic variation, CDV isolates are serologically homogeneous. However, various strains differ in their pathogenicity, which may affect the severity and extent or type of clinical disease. Certain isolates, such as Snyder Hill, A75/17, and R252 strains, are highly virulent and neurotropic. The Snyder Hill strain causes polioencephalomyelitis, whereas the latter two cause demyelination. Other strains vary in their ability to cause CNS lesions. In addition to the F protein influences described previously, properties of proteins coded by the N and M-genes also affect viral persistence282 and the ability to cause CNS disease.


CDV is susceptible to ultraviolet light, although surrounding protein or antioxidants in its environment help protect it from inactivation. Extremely susceptible to heat and drying, CDV is destroyed by temperatures of 50° C to 60° C for 30 minutes. In excised tissues or secretions, it survives for at least an hour at 37° C and for 3 hours at 20° C (room temperature). In warm climates, CDV does not persist in kennels after infected dogs have been removed. Storage and survival times of CDV are longer at colder temperatures. At near-freezing (0° C to 4° C), it survives in the environment for weeks. Below freezing the virus is stable, surviving at −65° C for at least 7 years. Lyophilization reduces the lability of the virus and is an excellent means of preserving it for commercial vaccine and laboratory use. CDV remains viable between pH 4.5 and 9.0. As an enveloped virus, it is susceptible to ether and chloroform, dilute (less than 0.5%) formalin solution, phenol (0.75%), and quaternary ammonium disinfectants (0.3%). Routine disinfection procedures are usually effective in destroying CDV in a kennel or hospital (see Chapter 93).


The disease and natural host ranges of CDV include certain species of terrestrial carnivores (see Web Table 3-1 and Table 3-1), and other species can be infected experimentally with varying degrees of susceptibility.20 CNS signs have been produced in mice and hamsters by intracerebral inoculation. Rabbits and rats are resistant to parenteral inoculation. Inapparent, self-limiting infections, produced in domestic cats, nonhuman primates, and humans by parenteral inoculation of virulent CDV, resemble those in dogs that have been given modified live virus (MLV) vaccines. Nonhuman old-world primates (Macaca fuscata and Macaca mulatta) have been naturally infected.285,328 With passing years the host range of this disease appears to have widened as interspecies transmissions and viral recombination events have occurred, leading to epizootics with high mortality.68,127,129,292 Molecular changes in the hemagglutinin gene may be responsible for the spread of CDV to nondog hosts in the wild.187,330 Despite the wide host range, dogs are the principal reservoir host for CDV, and they likely act as reservoirs of infection for wildlife.62,129 Certain wildlife species such as raccoons (Procyon lotor) and martens (Martes spp.) can serve as a reservoir of infection for susceptible dog populations.146,205 CNS infections in captive and wild, large, exotic Felidae have been attributed to infection with CDV* (see Feline Paramyxovirus Infections, Chapter 16). Pigs (Sus domestica) are subclinically infected, and peccaries (Tayassu tajacu) that have been naturally infected develop encephalitis.21 Encephalitis was documented in a naturally infected monkey.328 Subclinical infections have been documented in the Asian elephant (Elephas maximus).217 Phocine distemper virus, a Morbillivirus most closely related to CDV, and some wild strains of CDV have caused severe morbidity in Baikal (Phoca sibirica) and Caspian (Phoca caspica) seals (see Web Tables 3-1 and 3-3).93,151,160 It may have spread to the seals from dogs or other susceptible terrestrial carnivores. Genetic analysis of strains causing outbreaks shows that CDV does not become more virulent and spread to new host species in a region, but the same strain circulates among susceptible animals of several host species in a given geographic area.42,52,129 Other closely related but distinct morbilliviruses cause illness in other aquatic mammals (dolphins and porpoises), and they are more closely related to ruminant morbilliviruses.




TABLE 3-1


Terrestrial Carnivores Susceptible to Canine Distempera,b








	Order

	Description










	Ailuridae

	Lesser panda






	Canidae

	Coyote, dingo, raccoon dog, wolf, fox






	Mustelidae

	Ferret, marten, mink, otter, wolverine, badger






	Mephitidae

	Skunk






	Procyonidae

	Coati, kinkajou, raccoon






	Ursidae

	Bear, giant panda






	Viverridae

	Binturong, fossa, linsang, civet






	Herpestidae

	Mongoose, meerkat






	Felidae (large species)

	Cheetah, lion, jaguar, margay, ocelot









aSubclinical infections occur in noncarnivores including the Asian elephant and Tayassuidae (peccaries). Information from Ref. 20 and 217.


bSee also Table 100-10 for vaccination recommendation for these animals.







WEB TABLE 3-3


Aquatic Morbillivirus Infections










	Virus

	Date

	Species

	Location










	Dolphin morbillivirus (DMV)

	1990s

	Striped dolphin

	Mediterranean






	Porpoise morbillivirus (PMV)

	Late 1980s

	Harbour porpoise

	Northwestern Europe






	Phocine distemper virus (PDV)

	Late 1980s

	Harbour seal, gray seal

	Northwestern Europe






	Canine distemper virus (CDV)

	Late 1980s
2000

	Baikal seal
Caspian seal

	Siberia
Caspian Sea
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Data from Osterhaus ADME, De Swart RL, Vos HW, et al. 1995. Morbillivirus infections of aquatic mammals: newly identified members of the genus. Vet Microbiol 44:219–227, and Kuiken T, Kennedy S, Barrett T, et al. 2006. The 2000 canine distemper epidemic in Caspian Seals (Phoca caspica): pathology and analysis of contributory factors. Vet Pathol 43:321–338.




















Epidemiology


Viral shedding occurs by 7 days following experimental inoculation (postinoculation [PI]). CDV, most abundant in respiratory exudates, is commonly spread by aerosol or droplet exposure; however, it can be isolated from most other body tissues and secretions, including urine. Transplacental infection can occur from viremic dams. Virus can be excreted up to 60 to 90 days after infection, although shorter periods of shedding are more typical. Contact among recently infected (subclinical or diseased) animals maintains the virus in a population, and a constant supply of puppies helps provide a susceptible population for infection. Although immunity to virulent canine distemper is prolonged or lifelong, it is not as absolute after vaccination. Dogs that do not receive periodic immunizations can lose their protection and become infected after stress, immunosuppression, or contact with diseased individuals. Based on results of serosurveys, the infection rate is considered to be higher than the disease rate,66 which reflects a certain degree of natural and vaccine-induced immunity in the general dog population. Many susceptible dogs can become subclinically infected but clear the virus from the body without showing signs of illness. Although most recovered dogs clear the virus completely, some may harbor virus in their CNS.


The prevalence rate of spontaneous distemper in cosmopolitan dogs is greatest between 3 and 6 months of age, correlating with the loss of maternal-derived antibodies (MDAs) in puppies after weaning. In contrast, in susceptible, isolated populations of dogs, the disease is severe and widespread, affecting all ages. Increased susceptibility among breeds has been suspected but not proved. Brachiocephalic dogs have been reported to have a lower prevalence of disease, mortality, and sequelae compared with dolichocephalic breeds. Concurrent infections, such as with CDV and canine adenovirus (CAV)-2, can cause severe fatal pneumonia in pups.245















Pathogenesis



Systemic Infection





During natural exposure, CDV spreads by aerosol droplets and contacts epithelium of the upper respiratory tract (Web Fig. 3-1, Fig. 3-2A,B). Within 24 hours PI, it multiplies in tissue macrophages and spreads in these cells via local lymphatics to tonsils and bronchial lymph nodes. Original studies in dogs16 have been repeated in ferrets, in which virulent CDV takes advantage of mucosal surfaces for host invasion and lymphocytes for swift dissemination via recognition of the SLAM receptors on lymphocytes.312 By 2 to 4 days PI, viral numbers increase in tonsils and retropharyngeal and bronchial lymph nodes, but low numbers of CDV-infected mononuclear cells are found in other lymphoid organs.16 By days 4 to 6 PI, virus multiplication occurs within lymphoid follicles in the spleen, the gut-associated lymphatic tissue of the lamina propria of the stomach and small intestines, the mesenteric lymph nodes, and the Kupffer's cells in the liver. Widespread virus proliferation in lymphoid organs corresponds to an initial rise in body temperature and leukopenia between days 3 and 6 PI. The leukopenia is primarily a lymphopenia caused by viral damage to lymphoid cells, affecting both T and B cells.
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FIG. 3-2 A, Sequential pathogenesis of CDV infection. 1, CDV enters the respiratory tract via aerosols and colonizes the local lymphoid tissues such as the tonsils. 2, Primary viral replication occurs in the tonsils, retropharyngeal nodes, bronchial lymph nodes, and gastrointestinal (GI) lymphoid tissue. 3, From these sites of primary replication, macrophages containing CDV enter lymphatics traveling back to the heart, where they enter the blood as a mononuclear cell-associated viremia. 4, Virus enters the central nervous system (CNS) via the cerebral circulation. There it is deposited in the perivascular spaces of fine blood vessels. 5, Alternatively, virus enters the vessels of the choroid plexus and eventually the cerebrospinal fluid (CSF) and ventricular system. 6, As an uncommon phenomenon in dogs, CDV can travel from the nasal passage, through the cribiform plate and anterograde via the olfactory nerve to the olfactory bulb and CNS. There it localizes, predominantly in the pyriform lobes of the cerebral cortex.
(A, B, and D Art by Kip Carter © 2010 University of Georgia Research Foundation Inc.)
B, Acute noninflammatory demyelination. This lesion is typical of dogs with poor anti-CDV immunity. Large amounts of virus are present with minimal cellular infiltration. 1, Virus is shown entering the CNS by mononuclear cells in the choroid plexus where deposited virus replicates intracellularly in choroid plexus epithelial cells. After cytolysis, free virus enters the CSF, where it can spread to infect ependymal cells. 2, Alternatively, infected mononuclear cells enter the CSF through damaged vascular tissue and fuse with the ependymal cell surfaces. Once in ependymal cells, virus enters astrocytes by directly contacting astrocytic foot processes. 3, Viral replication in astrocytes results in the production of large numbers of naked (unenveloped) intracytoplasmic nucleocapsids. CDV nucleocapsids spread through astrocyte processes to adjacent astrocytes, oligodendroglial cells, and neurons. 4 and 5, In oligodendroglial cells, and sometimes in neurons, a restricted infection (transcription without translation) occurs and intracytoplasmic viral RNA accumulates, in relatively moderate amounts. Restricted infection in oligodendroglial cells leads to primary demyelination.
C, Microphotograph of the type of lesion described in B with an acute noninflammatory demyelinating area (arrow). (Myelin-basic protein immunostain ×20).
D, Chronic perivascular cuffing with demyelination. For periods after viral infection, low quantities of unenveloped viral nucleocapsids remain in astrocytes with minimal cellular inflammatory response. Virus may also be found in oligodendrogliocytes and some neurons as untranslated viral RNA. 1, CDV antigens are expressed on the surface of astrocytes. Signaling lymphocyte activation molecule (SLAM) on the surface of immune cells such as dendritic cells interacts with this viral antigen. 2, Macrophages activated by the viral interaction transform to dendritic cells and emigrate from the CNS via venules and enter the systemic circulation, traveling to lymph nodes There they present antigen to T cells and cause CDV-specific activation of other immunocytes. 3, Lymphocytes, now sensitized to CDV antigens, enter the CNS via the blood vessel as a result of immune recruitment. Perivascular cuffing occurs with antigen-directed B cells and CD8+ and CD4+ T cells. 4, B cells synthesize and release CDV-specific antibody. 5, Similarly, sensitized mononuclear cells enter the perivascular space of the CNS with increased expression of cytokines (interleukin [IL]-6, IL-8, IL-12, and tumor necrosis factor-α) as a heightened immune response against the virus. 6, CDV-specific antibody from the B cells that has become bound to surface antigen of infected astrocytes, attracts activated monocyte/macrophages, displaying increased major histocompatibility complex class II and SLAM molecule expression. These bind to the Fc portion of this bound antibody, triggering antibody-dependent, cell-mediated cytotoxicity. In this process, activated macrophages secrete “highly active molecules” (e.g., matrix metalloproteinases, their associated inhibitors, and reactive oxygen radicals). These radiate into surrounding tissue, further damaging the blood-brain barrier, myelin, and other cellular elements in a “bystander” mechanism. 7, Myelin unraveling and fragmentation occur as a result of the inflammation and necrosis. 8, Macrophages ingest degenerating myelin and necrotic debris as a part of the clean-up process.
E, Microphotograph of chronic inflammatory demyelination, as described in D, in the periventricular area of the medulla. A perivascular cuff and surrounding tissue damage is present in the CNS of a CDV-infected dog (H&E stain, ×100).
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WEB FIG. 3-1 Sequential pathogenesis of canine distemper.











Further spread of CDV to epithelial and CNS tissues on days 8 to 9 PI probably occurs hematogenously as a cell-associated and plasma-phase viremia and depends on the dog's humoral and cell-mediated immune status (see Fig. 3-2A). Shedding of virus from all body excretions begins at the time of epithelial colonization, even in dogs with subclinical infections. By day 14 PI, animals with adequate CDV antibody titers and cell-mediated cytotoxicity clear the virus from most tissues and show no clinical signs of illness. Specific IgG-CDV antibody is effective in neutralizing extracellular CDV and inhibiting its intercellular spread.


Dogs with intermediate levels of cell-mediated immune responsiveness with delayed antibody titers by days 9 to 14 postinfection have viral spread to their epidielial tissues. Clinical signs that develop may eventually resolve as antibody titer increases and virus is cleared from most body tissues. However, complete virus can persist for extended periods in uveal tissues and neurons and in integument such as footpads.118,119,122


The pathogenesis of replication and persistence of CDV in footpads has been well investigated. Microscopic lesions consist of hyperkeratosis and parakeratosis with vesicle, pustule, and inclusion body formation.221 Virus entering the footpad epithelium during the viremic period causes proliferation of basal keratinocytes, resulting in the observed hyperkeratosis; however, neither the virus nor its nucleic acid appears to persist indefinitely.88,120,122 This epidermal localization has been associated with certain wild-type CDV strains that produce noncytocidal infection in footpad keratinocytes in vitro and experimentally infected dogs.88,120,122 Cytokine expression is upregulated in virus-infected footpad epidermal cells.118,119 Alteration in the viral H protein gene sequence has been associated with this viral adaptation.243


Recovery from CDV infection is associated with long-term immunity and cessation of viral shedding. Protection may be compromised if the dog is exposed to a highly virulent or large quantity of virus or if it becomes immunocompromised or stressed.


By days 9 to 14 PI, dogs with poor immune status undergo viral spread to many tissues, including skin, exocrine and endocrine glands, and epithelium of the gastrointestinal (GI), respiratory, and genitourinary tracts. Clinical signs of disease in these dogs are usually dramatic and severe, and virus usually persists in their tissues until death. The sequence of pathogenic events depends on the virus strain and may be delayed by 1 to 2 weeks.284 Secondary bacterial infections increase the severity of clinical illness.


Studies on serologic response to CDV in gnotobiotic dogs confirm that serum antibody titers vary inversely with the severity of the disease. Antibody response in dogs has been separated into envelope and core determinants of the virus. Only dogs producing anti-envelope antibodies appear to be able to prevent persistent viral infection of the CNS. The outcome of CNS infection seems to depend on the appearance of circulating IgG antibodies to the H glycoprotein.242 Mortality in gnotobiotic dogs approaches that of naturally infected animals, deemphasizing the role of secondary bacterial infection in influencing the severity of disease. However, bacteria are probably important in complicating the signs of disease in the respiratory and GI tracts.


Acute CDV infection causes lymphocytic apoptosis, T-cell depletion, and immunosuppression.162,312 Studies have documented the occurrence of cell-mediated immunosuppression after CDV infection. Lymphocyte transformation testing of experimentally infected neonates has shown profound depression of lymphocyte response to phytomitogens at a time corresponding to acute viremia and lymphopenia. This depressed response persisted for more than 10 weeks in convalescing puppies and never returned to baseline values in those that died of acute causes.157 Prenatal and neonatal distemper infections are causes of immunodeficiency in surviving puppies and can make concurrent infections with other viruses such as parvovirus, bacteria such as Clostridium piliforme, or protozoa such as Neospora caninum more severe.131,132








Central Nervous System Infection


Neuroinvasion occurs when viremia is of sufficient magnitude, which depends on the degree of systemic immune responses mounted by the host. If virus enters the nervous system of CDV-infected dogs, many may develop microscopic CNS lesions. In ferrets, the development of clinical neurologic signs in CNS infection may relate more to the disease duration once virus enters the CNS, rather than particular virulence of the infecting strain.43


Viral entry and spread in the nervous system have been studied in ferrets, using a CDV bearing a green fluorescent protein, and occur via hematogenous and neural routes (see Fig. 3-2A).249,250 With hematogenous spread, virus (free, platelet- or mononuclear cell-associated) enters the brain parenchyma via fine blood vessels throughout and deposits in perivascular (Virchow Robin) spaces (see Fig. 3-2A). Virus entering in this manner is first detected in CNS perivascular astrocytic foot processes and then neurons. In addition, via the systemic circulation, virus enters the choroid plexus choroid of the fourth ventricle and replicates in the choroid plexus epithelial cells. In dogs, free or lymphocyte-associated virus can enter the cerebrospinal fluid (CSF) from infected choroid plexus, where it spreads to periventricular and subpial structures. Spread of virus through CSF pathways might explain the early distribution of lesions in subependymal and subpial areas such as optic tracts and nerves, rostral medullary velum, cerebral peduncles, and spinal cord.307


In the neural route of dissemination in ferrets, virus spreads to olfactory neurons during the period of high level viremia and simultaneous massive replication in the respiratory mucosal epithelium rather than as a consequence of intranasal exposure to virus.250 During this epithelial proliferation within the ethmoid region, virus passes through the cribiform plate, enters the olfactory receptor neurons and subsequently spreads in an anterograde fashion into the olfactory nerve fibers (see Fig. 3-2A). From there it spreads caudally in the olfactory cortex and enters regions of the limbic system. It is not clear whether this means of spread also occurs in dogs. It could explain why some rare dogs develop selective polioencephalomalacia of rhinencephalic structures including the pyriform and temporal lobes.177 (See the discussion of “chewing gum” seizures under Neurologic Signs, later.)


The type of lesion produced and the course of infection within the CNS depend on numerous factors, including the age and immunocompetence of the host at the time of exposure, the neurotropic and immunosuppressive properties of the virus, and the time at which lesions are examined.


Acute CDV encephalitis, which occurs early in the course of infection in young or immunosuppressed animals, is characterized by direct viral replication and injury. CDV antigen and messenger RNA (mRNA) are detected in lesions CDV causes multifocal lesions in the gray and white matter. Gray matter lesions are the result of neuronal infection and necrosis and can lead to polioencephalomalacia. However, neuronal infection can also occur with minimal evidence of cytolysis. In the acute stage of infection animals have lymphoid depletion, from viremia-induced apoptosis, that essentially targets CD4+ cells.297,321,322 Therefore it is not surprising that early in clinical illness, perivascular cuffing is minimal. Despite lack of classical signs of inflammation, there is a marked increase in CD8+ T cells throughout the CNS in dogs with acute distemper in response to the presence of CDV nucleocapsid protein and increased interleukin (IL)-8 activity.294,297 This can be in part explained by the fact that the depletion of CD4+ cells is earlier and longer than that of CD8+ cells.297 In a study of acute CDV encephalitis in dogs, virus was present in a diffuse or multifocal distribution, and class II major histocompatibility complex (MHC), which normally has a very low expression in the CNS, was upregulated throughout the white matter and in CDV-infected foci.8 MHCII upregulation is also observed in multple sclerosis (MS) and experimental allergic encephalitis and can result from elevated levels of IFN-γ, which are frequently seen in viral infections including distemper.299 Besides upregulation of MHC molecules, microglial cells in distemper exhibit other changes such as enhanced secretion of reactive oxygen radicals.278 Upregulation of proinflammatory cytokines also occurs in distemper lesions, whereas anti-inflammatory cytokines remain unchanged.32,95


Light and electron microscopy findings with acute noninflammatory demyelination in white matter are associated with active viral nucleocapsid replication in microglial and astroglial cells (see Figs. 3-2B and 3-2C) rather than oligodendroglial cells, the myelin-producing cells.49,100,201,307 Despite the lack of productive viral replication in oligodendroglial cells, their function has been impaired when observed in primary canine brain cell cultures, where CDV causes a slow-spreading, noncytolytic infection. CDV viral proteins and nucleocapsids are difficult to detect in oligodendroglia by immunocytochemical or ultrastructural methods. However, the use of in situ hybridization shows that the complete viral genome is present in these cells.336 The restricted infection of viral transcription without translation likely leads to metabolic dysfunction and morphologic degeneration of oligodendroglial cells108 and results in demyelination via a downregulation of myelin gene expression.333


In vitro studies have elucidated additional means by which CDV can cause CNS injury. In primary rat brain cell cultures, CDV infects both neurons and astrocytes.48 Glutamatergic stimulation was implicated in virus-mediated cytopathogenic effect as demonstrated by attenuation of necrosis by receptor blocking. Dramatic increases in glutamine concentrations were observed in culture media. Neurochemical changes have also been described in the hippocampus of CDV-infected dogs with intractable seizures; however, these alterations may relate to either a cause or effect of the status epilepticus.81


Subacute to chronic CDV encephalitis, in contrast to the acute form, is characterized by reduced expression of CDV antigen and mRNA and a strong upregulation of the inflammatory response (see Figs. 3-2D and 3-2E). This results in perivascular mononuclear cell infiltrations and a virus-independent immunopathologic process. These animals are recovering from lymphoid depletion throughout the body, and they have a significant increase in T- and B-lymphocyte populations compared with dogs with acute CDV encephalitis. Virus is found predominantly in follicular dendritic cells of the lymphoid system, suggesting a change in cell tropism for viral persistence.322 There is also upregulation of proinflammatory cytokines and metalloproteinases.32 A predominance of CD8+ lymphocytes and lesser numbers of CD4+ lymphocytes dominate the perivascular infiltrates during all states of distemper encephalitis.321 These cells induce a strong humoral immune response, and increased intrathecal virus-neutralizing antibodies are present.196,321 Antimyelin antibodies and myelin-sensitized T cells are thought to be a secondary reaction to the inflammatory process and do not correlate with the course of the disease.307 Antibodies to CDV appear to interact with infected macrophages in CNS lesions, causing their activation with the release of reactive oxygen radicals. This activity can lead to further destruction of oligodendroglial cells and myelin through an “innocent bystander” mechanism.44,49 The reaction of the immune system, not viral interference, is the pathogenic mechanism for demyelination in this phase. In addition to the humoral response, a CD4+-mediated delayed hypersensitivity response and the presence of cytotoxic CD8+ T cells may facilitate the myelin injury.32


If viral spread through the CNS has been extensive by the time the host immune system responds to the virus, widespread damage occurs with a fatal outcome. Alternatively, in surviving animals, CDV is cleared from the inflammatory lesions but can persist in brain tissue in unaffected sites.200 Apparently, virally infected brain tissue can be spared the inflammatory process because of impaired or delayed immune recognition associated with noncytolytic infections produced by virulent CDV (see Etiology).306,331,335 Lack of cytolysis prevents extracellular release of virus, thus shielding it from humoral immune responses. Reduced expression of CDV proteins on the surface of inflammatory cells has also been implicated as a means of immune avoidance.6,7,200 Abundant expression of all viral protein mRNAs and reduced or lacking protein expression (transcription without translation) have been found not only in oligodendrocytes as discussed previously but also in neurons in distemper.200,206,207 Thus, low viral protein antigen levels may also be a means by which CDV persists through evading immune recognition.


Old dog encephalitis (ODE) is an extremely rare, chronic, active progressive inflammatory disease of the gray matter of the cerebral hemispheres and brainstem of the CNS, associated with CDV infection.131,132 This form of infection occurs in immunocompetent animals with persistent virus in their neurons in a replication-defective form.23 Transmission of infection using brain homogenates of dogs with ODE was unsuccessful; however, reisolation of infectious virus required prolonged cocultivation of brain explant cells with susceptible Vero cells.23 Similar observations have been made with persistent measles virus in humans with subacute sclerosing panencephalitis.


Inclusion body polioencephalitis is a variant form of CDV encephalitis. It can occur after vaccination206 or in dogs with a sudden onset of only neurologic manifestations of distemper.207 Multifocal gray matter necrosis, perivascular lymphocytic inflammation, and cytoplasmic and intranuclear inclusions are observed (see Pathologic Findings). Neuronal infection may also be of the restricted type, especially of the matrix and fusion proteins. The immune response is dominated by T-cell infiltration and class II MHC upregulation.





















Clinical Findings



Systemic Signs





Clinical signs of canine distemper vary depending on virulence of the virus strain, environmental conditions, and host age and immune status. More than 50% of CDV infections are probably subclinical. Mild forms of clinical illness are also common, and signs include listlessness, decreased appetite, fever, and upper respiratory tract infection. Bilateral serous oculonasal discharge can become mucopurulent with coughing and dyspnea. Many mildly infected dogs develop clinical signs that are indistinguishable from those of other causes of “kennel cough” (see Chapter 6). In contrast, severe fatal respiratory failure from pneumonia, without other signs, has been reported in neonatal223 or copathogen-infected pups.61 Keratoconjunctivitis sicca can develop after systemic or subclinical infections in dogs. Persistent anosmia was reported as a sequela in dogs that had recovered from canine distemper.114


Severe generalized distemper is the commonly recognized form of the disease. It can occur in dogs of any age, but it most commonly affects unvaccinated, exposed puppies 12 to 16 weeks of age that have lost their MDA or younger puppies that have received inadequate concentrations of maternal antibody. The initial febrile response in natural infections is probably unnoticed. The first sign of infection is a mild, serous-to-mucopurulent conjunctivitis, which is followed within a few days by a dry cough that rapidly becomes moist and productive. Increased lower respiratory sounds from the thorax can be heard on auscultation. Depression and anorexia are followed by vomiting, which is commonly unrelated to eating. Diarrhea subsequently develops, varying in consistency from fluid to frank blood and mucus. Tenesmus can be present, and intussusceptions can occur. Severe dehydration and emaciation can result from adipsia and fluid loss. Animals can die suddenly from systemic illness, but adequate therapy can decrease the risk in many cases.








Skin Lesions


Vesicular and pustular dermatitis in puppies is rarely associated with CNS disease (Fig. 3-3A and B), whereas dogs developing nasal and digital hyperkeratosis (Figs. 3-4 and 3-5) usually have various neurologic complications. Viral invasion of cutaneous tissues has been demonstrated.178 (See Pathogenesis.)
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FIG. 3-3 A, Pustular dermatitis in a puppy with canine distemper. Rarely associated with neurologic complications, this is usually a favorable prognostic sign.
(Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)
B, Microscopic view of skin from a dog with distemper. Large amounts of viral antigen in epidermal cells. Immunocytochemical stain for CDV nucleoprotein (red color) ×100.
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FIG. 3-4 Nasal hyperkeratosis in a dog with systemic distemper. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)
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FIG. 3-5 Digital hyperkeratosis (“hard pads”) in a dog dying of distemper encephalomyelitis. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Neurologic Signs


Neurologic manifestations usually begin 1 to 3 weeks after recovery from systemic illness; however, no way is known to predict which dogs will develop neurologic disorders. Neurologic signs can also coincide with multisystemic illness, or less commonly, they can occur weeks to months later. Neurologic signs frequently develop in the presence of nonexistent or very mild extraneural signs.296 Empirically, certain features of systemic disease can be predictive of the occurrence of neurologic sequelae. Mature or partially immune dogs that have been previously vaccinated and have no history of systemic disease can suddenly develop neurologic signs.236 Neurologic signs, whether acute or chronic, are typically progressive. Chronic relapsing neurologic deterioration with an intermittent recovery and a later, superimposed acute episode of neurologic dysfunction can occur. ODE is characterized by this type of progressive history.


Neurologic complications of canine distemper are the most significant factors affecting prognosis and recovery from infection. Neurologic signs vary according to the area of the CNS involved. Hyperesthesia and cervical or paraspinal rigidity can be found in some dogs as a result of meningeal inflammation, although parenchymal rather than meningeal signs usually predominate. Seizures, cerebellar and vestibular signs, paraparesis or tetraparesis with sensory ataxia, and myoclonus are common. Seizures can be of any type, depending on the region of the forebrain that is damaged by the virus. The “chewing-gum” type of seizures, classically associated with CDV infection, often occurs in dogs developing polioencephalomalacia of the temporal lobes. However, lesions in these lobes from other causes can produce similar seizures. Hippocampal alterations have been observed in dogs that develop generalized tonic-clonic seizures that may progress to status epilepticus.81


Myoclonus, the involuntary twitching of muscles in a forceful simultaneous contraction, can be present without other neurologic signs. With more extensive spinal cord damage, the dog may have upper motor neuron paresis of the affected limb associated with myoclonus. The rhythmic contractions can be present while the dog is awake, although they more commonly occur while it is sleeping. The neural mechanisms for myoclonus originate with local irritation of the lower motor neurons of the spinal cord or cranial nerve nuclei. Although considered specific for CDV infection, myoclonus can also be seen in other paramyxovirus infections of dogs and cats (see Chapters 7 and 16) and, less commonly, in other inflammatory conditions of the CNS.293














Transplacental Infection


Young puppies infected transplacentally may develop neurologic signs during the first 4 to 6 weeks of life.156 Mild or inapparent infections are seen in the bitch. Depending on the stage of gestation at which infection occurred, abortions, stillbirths, or the births of weak puppies can occur. Puppies infected in utero that survive such infections may suffer from permanent immunodeficiencies because of damage to primordial lymphoid elements.














Neonatal Infections


Young puppies infected with CDV before the eruption of permanent dentition can have severe damage to the enamel, dentin, or roots of their teeth.36 Enamel or dentin can show an irregular appearance (Fig. 3-6), in addition to partial eruption, oligodontia, or impaction of teeth. Enamel hypoplasia with or without neurologic signs may be an incidental finding in an older dog and is relatively pathognomonic for prior infection with CDV.
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FIG. 3-6 Enamel hypoplasia characterized by irregularities in the dental surface in an older dog that survived neonatal distemper. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Neonatal (less than 7 days old) gnotobiotic puppies have developed virus-induced cardiomyopathy after experimental infection with CDV. Clinical signs including dyspnea, depression, anorexia, collapse, and prostration develop from 14 to 18 days PI. Lesions are characterized by multifocal myocardial degeneration, necrosis, and mineralization, with minimal inflammatory cell infiltration. The clinical significance of this process after natural infection is uncertain, and whether it has a relationship with onset of adult cardiomyopathy in dogs remains to be determined. Other viruses such as canine parvovirus (CPV)-1 and CPV-2 can produce similar lesions (see Canine Enteric Viral Infections, Chapter 8).














Bone Lesions


Young, growing dogs with experimentally and naturally induced CDV infection develop metaphyseal osteosclerosis of the long bones.3,30,94,176,190 Large-breed dogs between 3 and 6 months of age are most commonly affected. Studies have not shown animals with systemic distemper to develop overt clinical signs related to these long bone lesions. However, CDV RNA transcripts have been seen in the bone cells of young dogs with hypertrophic osteodystrophy (HOD), a metaphyseal bone disease that can be similar to and confused with metaphyseal osteomyelitis (see Musculoskeletal Infections, Chapter 85).192,194 Juvenile cellulitis, HOD, or both have developed in some puppies in association with MLV distemper vaccination (see Postvaccinal Complications, Chapter 100 and Modified Live Virus Vaccines in this chapter).181 Morbilliviral RNA transcripts have also been detected in the bony lesions of people with Paget's disease (see Public Health Considerations in this chapter).














Rheumatoid Arthritis


Dogs with rheumatoid arthritis had high levels of antibodies to CDV in sera and synovial fluid compared with dogs with inflammatory and degenerative arthritis.33 CDV antigens were found in immune complexes from synovial fluid of dogs with rheumatoid arthritis but were not found in synovial fluid from dogs with inflammatory or degenerative arthropathies.














Ocular Signs


Dogs with CDV encephalomyelitis often have a mild anterior uveitis that is clinically asymptomatic. More obvious ophthalmologic lesions in canine distemper have been attributed to an effect of the virus on the optic nerve and the retina (see Canine Distemper, Chapter 92). Optic neuritis can be characterized by a sudden onset of blindness, with dilated unresponsive pupils. Degeneration and necrosis of the retina produce gray-to-pink irregular densities on the tapetal or nontapetal fundus or both. Bullous or complete retinal detachment can occur where exudates dissect between the retina and choroid. Chronic, inactive fundic lesions are associated with retinal atrophy and scarring. These circumscribed, hyperreflective areas are called gold medallion lesions and are considered characteristic of previous canine distemper infection.














Combined Infections


Immunosuppression caused by or responsible for systemic CDV infection can be associated with combined opportunistic infections. Salmonellosis has been a common complication, causing protracted or fatal hemorrhagic diarrhea or sepsis in affected dogs. Combined infections with Toxoplasma gondii or Neosporum caninum have produced lower motor neuron dysfunction from myositis and radiculoneuritis (see Chapter 79). Pneumocystis jirovecii pneumonia has also been associated with CDV infection (see Chapter 66).283




















Diagnosis


Practical diagnosis of canine distemper is primarily based on clinical suspicion. A characteristic history of a 3- to 6-month-old unvaccinated puppy with a compatible illness supports the diagnosis. Most dogs with severe disease have clinical signs distinctive enough to make a presumptive diagnosis, but upper respiratory infections in older dogs are often incorrectly diagnosed as infectious tracheobronchitis (see Chapter 6). Specific laboratory tests are not always available to confirm the suspicion of CDV infections, so the practicing veterinarian must rely on nonspecific findings of routine laboratory procedures.








Clinical Laboratory Findings


Abnormal hematologic findings include an absolute lymphopenia caused by lymphoid depletion. This frequently persists in very young dogs with rapidly progressive systemic or neurologic signs. Thrombocytopenia (as low as 30,000 cells/µL) and regenerative anemia have been found in experimentally infected neonates (aged less than 3 weeks) but have not been consistently recognized in older or spontaneously infected dogs. Intracytoplasmic distemper inclusions can be detected in the early phase of disease by examination of stained peripheral blood films, in low numbers in circulating lymphocytes, and with even less frequency in monocytes, neutrophils, and erythrocytes. Wright-Leishman-stained inclusions in lymphocytes are large (up to 3 µm), single, oval, gray structures, whereas erythrocytic inclusions (which are most numerous in polychromatophilic cells) are round and eccentrically placed and appear light blue (Fig. 3-7). The sizes of erythrocytic inclusions are between those of metarubricyte nuclei and Howell-Jolly bodies. Buffy coat and bone marrow examination and use of phloxinophilic stains can improve the chances of detecting inclusions. Electron microscopy has confirmed that these inclusions consist of paramyxovirus-like nucleocapsids.
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FIG. 3-7 Distemper inclusion in an erythrocyte from a peripheral blood film (arrow). Compare its appearance with that of a Howell-Jolly body (Wright stain, ×1000). (Courtesy O. W. Schalm, Davis, CA.)








The magnitude and type of serum biochemistry changes in acute systemic infections are nonspecific. Total protein analysis includes decreased albumin and increased α- and γ-globulin concentrations in nonneonates. Some puppies infected prenatally or neonatally with CDV have marked hypoglobulinemia from persistent immunosuppression caused by the virus.














Radiology


Thoracic radiography demonstrates an interstitial lung pattern in early cases of distemper. An alveolar pattern is seen with secondary bacterial infection and more severe bronchopneumonia (Fig. 3-8).
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FIG. 3-8 Dorsoventral thoracic radiograph from a puppy with canine distemper bronchopneumonia. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Magnetic Resonance


Hyperintense foci and loss of contrast between gray and white matter was found in T2-weighted images in the brain (Fig. 3-9).29,116 Histopathologic changes in these corresponding regions were demyelination. Post contrast T1-weighted dural enhancement was observed in a chronically infected dog.116
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FIG. 3-9 Transverse section of the head at level of the cerebellum of a dog with demyelinating distemper encephalitis. T2 sequence. Multiple areas of hyperintensity of the white matter (arrows).




















Cerebrospinal Fluid Analysis


Abnormalities are detectable in dogs with neurologic signs of distemper; however, false-negative results can be anticipated. Dogs with acute noninflammatory demyelinating encephalomyelitis may have normal CSF analysis results. Increases in protein (more than 25 mg/dL) and cell count (more than 10 cells/µL with a predominance of lymphocytes) are characteristic of subacute to more chronic, inflammatory forms of CDV encephalomyelitis.11 Intracytoplasmic inclusions can be found in CSF cells.1 Protein increase in the CSF is due to leakage from inflammation of the blood-CSF barrier and from increased production of immunoglobulins.35,70,101,274 IgG has specific anti-CDV activity. IFN levels are also increased in the CSF of dogs with acute and chronic distemper encephalitis.299 Differences in the humoral immune response in CSF and sera to the H and F envelope proteins (see Web Table 3-2) have been noted between some dogs with chronic progressive encephalitis and those with other forms of distemper encephalitis.242


Increased anti-CDV antibody in CSF offers definitive evidence of distemper encephalitis because antibody is locally produced; these increases have not been found in vaccinated dogs or those with systemic distemper without CNS disease. CSF antibody can be increased from traumatic collection procedures causing contamination by whole blood. An antibody ratio can help identify the effect of nonspecific leakage of distemper-specific IgG into the CSF from serum. Divide the concentration of distemper-specific IgG in CSF by that of IgG in serum. Compare the result with a corresponding CSF-serum antibody ratio for another infectious agent for which serum antibody titers are expected, such as CAV or CPV. If the ratio for CDV is higher than that for CAV or CPV, then de novo local production of CSF antibody caused by CNS infection with distemper is expected. Ideally the titer determination for both diseases should use the same methodology (e.g., neutralization, enzyme-linked immunosorbent assay [ELISA], indirect fluorescent antibody [FA]). Alternatives are to compare the CDV-specific CSF-serum ratio with the ratio of IgG or albumin in CSF and serum,295 but this approach is less accurate because of the differences in methodology used in their determinations. The CSF IgG antibody concentration is more likely to be increased in dogs with inflammatory demyelinating encephalitis than in younger or immunosuppressed dogs with acute polioencephalitis and noninflammatory virus-induced cellular injury.274,296 Although the test for CSF antibodies is sensitive and specific for CDV, it can be performed only by properly equipped diagnostic or research laboratory personnel (see Web Appendix 5). In acute CNS infections, some mononuclear cells may contain large (15 to 10 µm), oval homogenous eosinophilic intracytoplasmic inclusions.9














Immunocytology


Immunofluorescent techniques can facilitate a specific diagnosis of canine distemper; however, these tests also require special equipment and are usually handled by regional diagnostic laboratories (see Web Appendix 5). In clinically affected dogs, immunofluorescence is usually performed on cytologic smears prepared from conjunctival, tonsillar, genital, and respiratory epithelium. The technique also can be performed on cells in CSF, blood (buffy coat), urine sediment, and bone marrow (Fig. 3-10, Web Fig. 3-2). Smears should be made on precleaned slides, air-dried thoroughly, and preferably fixed in acetone for 5 minutes before transport to the laboratory. At the laboratory, they are stained directly or indirectly with fluorescein-conjugated CDV antibody and examined by fluorescent microscopy.
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FIG. 3-10 Immunofluorescent staining of CDV antigen in CSF cells (×1000).
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WEB FIG. 3-2 Immunofluorescence confirming CDV in a buffy coat smear of a dog with acute distemper.











Antigen, first detected in buffy coat smears from 2 to 5 days PI, decreases as antibody titer increases by 8 to 9 days PI. Clinical signs become apparent shortly after this time (day 14), and positive results are recognized only in dogs that do not mount a sufficient immune response and succumb to infection. Positive fluorescence in conjunctival and genital epithelium is usually detected only within the first 3 weeks PI, when systemic illness is apparent. Virus also disappears in these tissues after the first 1 to 2 weeks of clinical illness (21 to 28 days PI) as antibody titers rise in association with clinical recovery. Beginning with the recovery stage, antibody can bind and mask antigen in infected cells, resulting in false-negative results. Virus can be detected for longer periods in epithelial cells and macrophages from the lower respiratory tract, and transtracheal washings can be obtained for diagnosis. Virus also persists for at least 60 days in the skin, uveal tissue, footpad, and CNS. Direct FA examination of cells in conjunctival scrapings, CSF, or blood films is helpful in acute phases of illness. In chronic cases, it is usually unrewarding because antibody coating or elimination of viral antigen yields negative results with diagnostic immunofluorescence. ELISA has been used to detect viral antigen in serum and CSF of naturally and experimentally infected dogs.106,140,273 A test based on this methodology would be extremely valuable to the practitioner. In one study, MLV vaccination produced a false-positive result in testing for serum antigen.273 Viral antigen detected by fluorescent antibody (FA) or ELISA methods is difficult to find in body fluid specimens from dogs with neurologic distemper that lack or have recovered from systemic signs. More sensitive tests such as the polymerase chain reaction (PCR) might be more valuable in such instances.














Immunohistochemistry


Immunochemical staining techniques, using fluorescent or peroxidase conjugates, can be performed on frozen sections of biopsy or necropsy specimens. CDV antigen detected in biopsy specimens of nasal mucosa, footpad epithelium, and haired skin of the dorsal neck region has been used consistently for the antemortem diagnosis of infection (Fig. 3-11).125 Tissues collected from dogs that died from distemper should include spleen, tonsils, lymph nodes, stomach, lung, duodenum, bladder, and brain. Animals dying of generalized infection frequently have abundant quantities of virus in these tissues. Immunochemical techniques can also be adapted to paraffin-embedded sections if special cold (4° C) ethanol (95%) fixation is used.
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FIG. 3-11 Immunofluorescence confirming CDV in a footpad biopsy of an infected dog.








An immunochromatographic procedure has been used for rapid detection of CDV in samples of serum and conjunctival and nasal swabs.13 Other immunochemical techniques have been developed for histologic detection of distemper antigen in formalin-fixed and paraffin-embedded tissues and cell culture.31,105,255 Immunohistochemical demonstration of CDV antigen is superior to reliance on inclusion bodies in brain tissue to confirm distemper encephalitis (Fig. 3-12).222 Results are more likely to be positive in acute than chronic infections, in which viral antigens may not be expressed.
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FIG. 3-12 Immunocytochemical demonstration of CDV antigen within the cell body and processes of a neuron.






















Nucleic Acid Detection


Reverse transcription PCR has been used to detect CDV RNA in buffy coat cells, whole blood, serum, and CSF from dogs with systemic or neurologic distemper.* PCR results when urine is tested have indicated potentially greater sensitivity for CDV detection as compared to CSF, serum, or leukocytes,251 although results of other investigations with quantitative PCR have indicated higher concentrations in blood compared to urine in individual dogs.87 Regardless of the duration and form of distemper, a positive result has correlated with a positive clinical or pathologic diagnosis. However, the sensitivity of PCR is high, and positive results on blood or fecal samples or nasal or conjunctival swabs have also been found in naturally or experimentally exposed dogs with inapparent or mild clinical illness or after MLV vaccination.145,152 The sensitivity of PCR has been further increased by using nested methods.145 Most clinically used PCR methods do not distinguish between natural and vaccine virus, and so a reliable vaccine history or distinguishing PCR methods are needed for accurate interpretation. PCR results have been positive within 2 days, and for an undetermined subsequent time period, after vaccination.145,152 Furthermore, although PCR evaluation appears to be very valuable for premortem diagnosis; testing has not been standardized for methodology or accuracy.


PCR and nucleic acid hybridization studies using single-stranded RNA probes have been performed to detect virulent virus in tissue culture and histologic sections (Web Fig. 3-3).332 Similar to direct FA methods, viral mRNA has been detected in footpad specimens from infected dogs.120,122 PCR has been efficient in detecting CDV in paraffin-embedded nervous tissue.255,277 PCR is more sensitive than immunohistochemistry in detecting CDV in the nervous systems of dogs with subacute or chronic infection.150 A positive PCR result is indicative of infection, although not always resultant clinical illness, whereas a false-negative result can occur from many factors, including improper sample handling and extraction procedures.
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WEB FIG. 3-3 Microscopic view of cerebellar white matter of a dog with distemper. Several infected astrocytes containing CDV in cytoplasm and processes. In situ hybridization for CDV N-mRNA (dark blue color) ×400.











The sensitivity of PCR is valuable in differentiating strains of CDV causing infection. For example, PCR has been used to distinguish virulent from vaccine viral strains in clinically ill dogs.† This has been helpful in determining if the virus in histologically confirmed cases is caused by breaks in vaccine protection or reversion or recombination of vaccine strains to more virulent types.51,149,150,164,255 During an outbreak of distemper in Alaska, PCR was used to detect the infection and trace the origin of the responsible strain to Siberia.180 Similarly, results of genetic analysis of CDV strains from dogs in the United States indicated origins in Europe or Asia, or from phocine distemper virus.224 PCR methods have also been used to determine the origin of viral strains infecting exotic carnivores.‡


Quantitative PCR has been developed for CDV quantification254 and to determine the level of virus in infected tissues and body fluids.87 Urine, tonsil, conjunctival swabs, and whole blood were found to contain the highest viral loads. Further studies on vaccinated dogs will be needed to determine if viral levels can be used to separate dogs infected with vaccine or virulent virus.














Serum Antibody Testing


The neutralization test is still considered the gold standard for measuring protection against infection, and serum titers correlate well with the level of protection.19 Neutralizing antibodies are directed against the membrane proteins (H and F) of the virus, appear beginning 10 to 20 days postinfection, and can persist for the life of a recovered animal. A microneutralization method has further simplified neutralizing antibody testing in diagnostic laboratories. A plaque-staining method has been shown to be more sensitive than the neutralization assay.272 Indirect FA testing has also been used to measure postvaccination titers, and results are comparable to those of neutralization.301


Although sometimes less specific, whole-virus ELISA has been used to detect serum IgG and IgM antibodies to CDV. Increased specificity has been achieved using recombinant N protein-based ELISA in dogs.24,170,171,311 Antibody to N and P proteins may appear 6 to 8 days PI when measured by ELISA. Increased titers of serum IgM-neutralizing antibody can be measured in dogs that survive the acute phase of infection and usually disappear by 3 months. Dogs that fail to develop low or no IgM or IgG titer postinoculation eventually die or have to be euthanaied because of severe clinical illness.158 High serum IgM titers have been more accurate in detecting acute clinical distemper cases (81%) compared with chronic progressive inflammatory encephalitis (60%). Transient IgM increases against CDV NP can also be seen for up to 3 weeks after first, but not after second, immunization with CDV vaccine.24 Unlike increases in serum IgM titers, high IgG titers are ambiguous and can indicate either past or present infection with CDV or past vaccination against CDV. Analyzing CSF-specific IgG levels and determining a CSF-serum ratio can be more reliable uses of antibody measurements in detecting chronic CDV infections of the nervous system (see Cerebrospinal Fluid Analysis in this chapter).














Viral Isolation


Virulent CDV can be readily cultured in macrophages or activated lymphocytes, but it grows only with adaptation in epithelial or fibroblast cell lines. As a result, isolation of virulent CDV has been difficult in routine cell cultures. The most successful viral replication occurs during direct cultivation of target tissues from the infected host. Buffy coat specimens taken during the early course of illness provide the best opportunity. Alveolar macrophage cultures detect the virus in 24 to 48 hours. Giant cell (syncytia) formation, a characteristic cytopathic effect of CDV in many tissue cultures, is detected within 2 to 5 days, at which time the virus can be isolated by overlays made on other cells. Macrophage cultures have been replaced by dog lymphocyte cultures for isolation of CDV.17 Buffy coat cells or tissues from infected animals can be cultivated with mitogen-stimulated canine blood lymphocytes, and cultures are examined 72 to 144 hours later by immunofluorescence.17 A marmoset lymphoid cell line (B95a) has also been used.148 An alternative to explants is the use of canine SLAM expressing Vero cells, in which virulent CDV strains can be easily cultivated.312


Growth in pulmonary macrophages or lymphocytes was once considered an essential feature of virulent CDV isolates, although virulent CDV has occasionally been isolated in Vero cells or primary dog kidney and bladder epithelial cell cultures without the need for adaptation or loss of virulence of the virus. However, the success rate is low. In general, titers of vaccine viruses are high in macrophage, lymphocyte, kidney cell, and epithelial cell lines, whereas virulent field strains grow better in macrophages89 and lymphocytes.17 Cultures can be examined with direct FA for virus when cytopathic effects are not observed. Because of defective viral replication, specimens from dogs with chronic or vaccine-induced encephalitis do not yield successful cultures.




















Pathologic Findings


Young dogs prenatally or neonatally infected with CDV have thymic atrophy. Pneumonia and catarrhal enteritis are present in infected puppies with systemic disease. Upper respiratory tract lesions include conjunctivitis, rhinitis, and inflammation of the tracheobronchial tree. Hyperkeratosis of the nose and footpads can be seen in dogs with neurologic disease. Gross lesions in the CNS are not often found except for occasional meningeal congestion, ventricular dilation, and increased CSF pressure resulting from brain edema in acute encephalitis. Necrosis and cavitation can develop in the white matter in chronic inflammatory lesions.


Lymphoid depletion is a typical histologic finding in a dog with systemic illness. Diffuse interstitial pneumonia is characterized by thickened alveolar septa and proliferation of alveolar epithelium. Alveoli contain desquamated epithelial cells and macrophages; transitional epithelium of the urinary system can contain cytoplasmic inclusions. Puppies developing distemper can have defects in dental enamel, and necrosis and cystic degeneration of ameloblastic epithelium are usually present. See Chapter 92 for a description of ophthalmic lesions. Mild interstitial epididymitis and orchitis are commonly seen in dogs with canine distemper, an observation that may help explain the transient decrease in spermatogenesis, prostate fluid, and testosterone that occurs in recovering animals.


With acute fatal encephalitis of neonates, neuronal and myelin degeneration or primary demyelination can occur without significant perivascular inflammation (see Fig. 3-2C, Web Fig. 3-4). Acute noninflammatory lesions include demyelination with spongy vacuolation of white matter and reactive gliosis. In surviving animals, patchy areas of demyelination are replaced by hypertrophic astrocytes that form a network for macrophages ingesting myelin. The most severe white matter changes in the CNS can be found in predilection sites of lateral cerebellar peduncles, the dorsolateral medulla adjacent to the fourth ventricle, the deep cerebellar white matter, the optic nerves and tracts, and the spinal cord. Lesions are also present in the midbrain, basal nuclei, the pyriform lobes of the cerebral cortex (Web Fig. 3-5), and the cerebellar cortex. Noninflammatory gray matter involvement in some dogs can predominantly affect the cerebrum and thalamus.291 Intracytoplasmic or intranuclear inclusions can be found predominantly in astrocytes and neurons.
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WEB FIG. 3-4 Large zone of noninflammatory demyelination in the cerebellar white matter of a dog with acute distemper encephalitis. (H&E stain, ×100.)
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WEB FIG. 3-5 Microscopic view of pyriform lobe of a dog with distemper. Extensive infection of neurons and axons. Immunocytochemistry for CDV nucleoprotein (dark brown). (H&E stain, ×25.)








Older or more immunocompetent dogs tend to develop leukoencephalomyelitis with a predominance of lesions in the caudal brainstem and spinal cord. These lesions are usually associated with signs of ataxia and vestibular involvement. Lesions are characterized by widespread perivascular lymphoplasmacytic infiltration, particularly in areas of demyelination (see Fig. 3-2E, Web Fig. 3-6). Demyelinating lesions can be more widespread and severe than lesions in dogs with acute encephalitis. In more chronic cases, the lesion may develop into sclerosing plaques characterized by infiltration and replacement of nervous tissue by a dense astrocytic network. Such plaques also exhibit signs of remyelination.




[image: image]


WEB FIG. 3-6 Chronic inflammatory lesions with prominent perivascular cuffing in the cerebellar white matter with mild meningitis in a dog with inflammatory distemper encephalitis. (H&E stain, ×100.)











Lesions of vaccine-induced distemper are typically those of a necrotizing polioencephalitis of the caudal brainstem with preference for the ventral pontine nuclei (see Chapter 100).304,318 Inclusions can be found in the nucleus or cytoplasm of astrocytes and neurons (Fig. 3-13, Web Fig. 3-7).
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FIG. 3-13 Neuron with multiple intracytoplasmic and intranuclear inclusion bodies in the cerebellum of a dog with distemper. (H&E stain, ×1000.)
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WEB FIG. 3-7 Postvaccinal form of CDV with numerous inclusion bodies (arrows) in brainstem neurons. (H&E stain, ×1000.)











Histologic examination reveals that CDV inclusions stain acidophilic. They are 1 to 5 µm in diameter and can usually be found in the cytoplasm of epithelial cells of the mucous membranes, reticulum cells, leukocytes, glia, and neurons. Inclusions can be found up to 5 to 6 weeks PI in the lymphoid system and urinary tract. Intranuclear inclusions are most common in lining or glandular epithelium, astrocytes, and ganglion cells.


The morphologic significance of distemper inclusions is not completely understood. Histochemically, they are composed of aggregates of viral nucleocapsids and cellular debris as a result of viral infection. Intranuclear inclusions contain viral nucleocapsid and heat shock protein.214 Caution must be used when absolutely confirming a diagnosis of canine distemper based solely on the presence of inclusions. Cytoplasmic inclusions typical of CDV infection have been identified in the urinary bladders of normal dogs. Unfortunately, inclusion bodies not only are nonspecific but also can appear too late in the disease to be routinely useful. In contrast, using only the presence of inclusion bodies to detect CDV infection can lead to a false-negative diagnosis in dogs, whereas immunocytochemical and in situ hybridization methods are more sensitive for CDV detection in tissues (see previous sections Immunohistochemistry and Nucleic Acid Detection).


Formation of giant cells primarily in CNS white matter and anterior uvea of the eye and secondarily in lymph nodes, lung, and leptomeninges is specific to paramyxoviruses such as CDV. This finding can be used to substantiate CDV infection.














Therapy


Despite vast advances in research on canine distemper, only minor changes have been made in therapeutic recommendations. Although supportive and nonspecific, aims in treatment are frequently beneficial because they reduce mortality. The only reason for refusing to initiate treatment at an owner's insistence is the presence of neurologic signs that are incompatible with life. Even in the absence of neurologic signs, owners should always be warned that such sequelae can develop at a later time. The spontaneous improvement seen in many dogs with symptomatic management of nonneurologic systemic distemper can be inappropriately credited to the success of certain treatment regimens. However, unlike the systemic signs, neurologic signs themselves are not usually reversible unless they are caused by vaccine strains, and frequently these signs are progressive.


Dogs with upper respiratory infections should be kept in environments that are clean, warm, and free of drafts. Oculonasal discharges should be cleaned from the face. Pneumonia is frequently complicated by secondary bacterial infection, usually with Bordetella bronchiseptica, which requires broad-spectrum antibacterial therapy and expectorants or nebulization and coupage. Good initial antibacterial choices for bronchopneumonia include ampicillin, tetracycline, and chloramphenicol (Table 3-2). However, because of dental staining, tetracycline use must be avoided in puppies, and chloramphenicol is less desirable because of its public health risks. Parenteral florfenicol might be considered if this is a concern (see the Drug Formulary in the Appendix). Parenteral therapy is essential when GI signs are present. Antimicrobial therapy should be altered when indicated by susceptibility testing based on transtracheal washing or by lack of response to the initial antibacterials.




TABLE 3-2


Drug Therapy for Canine Distemper










	Druga


	Doseb (mg/kg)

	Route

	Interval (hours)

	Duration (days)










	ANTIMICROBIAL






	Ampicillin, amoxicillin

	20

	PO, IV, SC

	8

	7






	Doxycyclinec


	5–10

	PO, IV

	12

	7






	Chloramphenicol

	40–50

	PO, SC

	8

	7






	Florfenicol

	25–50

	SC, IM

	8

	3–5






	Cephapirin

	10–30

	IM, IV, SC

	6–8

	3–5






	ANTICONVULSIVE






	Phenobarbital

	10–20;
then 2–8

	IV
PO

	Once
12

	To effect
prn






	ANTI-INFLAMMATORY






	Dexamethasone

	 

	 

	 

	 






	 CNS edema

	1–2d


	IV

	24

	1






	 Optic neuritis

	0.1d


	PO, IV, SC

	24

	3–5
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CNS, Central nervous system; IM, intramuscular; IV, intravenous; PO, by mouth; prn, as needed; SC, subcutaneous.


aSee the Drug Formulary in the Appendix.


bDose per administration at specified interval.


cIn dogs younger than 6 months of age, dental staining is less of a problem with doxycycline than with tetracycline.


dEquivalent glucocorticoid dosage of prednisolone in mg/kg is 5 times this dose.





Food and water and oral medications or fluids should be discontinued if vomiting and diarrhea are present. Parenteral antiemetics may be required. Supplementation with polyionic isotonic fluids such as lactated Ringer's solution should be given intravenously or subcutaneously, depending on the hydration status of the patient. B vitamins should be administered as nonspecific therapy to replace vitamins lost from anorexia and diuresis and to stimulate the appetite. Anecdotally, intravenous administration of ascorbic acid can be beneficial; however, this treatment is controversial, and its effectiveness remains unproven. Controlled studies have documented a decrease in morbidity and mortality in children with measles who received two 200,000-IU (60-mg) doses of vitamin A within 5 days of the onset of systemic illness.136 Experimentally infected ferrets with or without vitamin A deficiency had more severe systemic manifestations than corresponding ferrets given high-dose (30 mg intramuscularly [IM]) vitamin A supplementation on the first 2 days of infection.244 Although its effectiveness in treating distemper is unproven, a similar regimen of vitamin A, given early in the course of disease, could be tried for puppies with acute systemic infection. Specific antiviral therapy against CDV has not been evaluated in infected dogs; however, ribavirin and a closely related compound (EICAR) were shown to have antiviral efficacy in vitro.72,86


Therapy for neurologic disturbances in canine distemper is less rewarding. Progressive multifocal encephalitis usually leads to tetraplegia, semicoma, and incapacitation so great that euthanasia should be recommended. Despite ineffective therapy, dogs should not be euthanized unless the neurologic disturbances are progressive or incompatible with life. Variable or temporary success in halting neurologic signs in some dogs can result from a single anti-CNS edema dose (2.2 mg/kg, given intravenously [IV]) of dexamethasone. Subsequent maintenance therapy with anti-inflammatory doses may be needed, and this treatment can be tapered with time.


Seizures, myoclonus, or optic neuritis are three neurologic manifestations in dogs that can be tolerated by many owners. Myoclonus is usually untreatable and irreversible; many forms of therapy have been attempted without success. γ-Aminobutyric acid-facilitating drugs, such as commonly used anticonvulsants, have been tried; however, these are not effective, because they are intended for cortically induced myoclonus. Drugs such as benzodiazepines or levetiracetam have been used with variable efficacy. As with myoclonus in humans, treatment can lessen the severity of the muscle contractions but rarely eliminates it.56 For seizure control, recommendations have been made to administer anticonvulsants after the onset of systemic disease but before the development of seizures. No evidence shows that anticonvulsants prevent entry of the virus into the CNS; however, they can suppress irritable foci from causing seizures, which may prevent seizure circuits from becoming established. Seizures are best treated with parenteral diazepam (0.5- to 2-mg/kg rectally or slow IV) for status epilepticus and phenobarbital for maintenance prevention. Primidone or potassium bromide are alternative choices, and combinations or higher doses may be needed in refractory cases. Glucocorticoid therapy in anti-inflammatory to anti-CNS edema dosages may have variable success in controlling the blindness or papillary dilation from optic neuritis or the other neurologic signs associated with vaccine-induced or chronic inflammatory forms of encephalitis.














Prevention


The following discussion describes features that are unique to CDV protection; see Chapter 100 and Web Appendix 1 for overall recommendations on vaccination for canine distemper. The prevalence of canine distemper is low wherever vaccination regimens are practiced. Immunity to natural CDV infection is considered long term, and lasting immunity and immunologic homogeneity of the virus have made disease prevention possible through vaccination. MDA, received in utero and in colostrum from the dam, blocks adequate immunization in puppies for a period after birth and a period after weaning. MDA to CDV decreases with a half-life of 8.4 days. Three percent of antibody transfer for CDV occurs in utero, and 97% occurs in the colostrum, resulting in an initial titer in nursing newborn puppies that is usually equal to 77% of that in the bitch. A puppy that has not received colostrum is probably protected for at least 1 to 4 weeks. In nursing puppies, nomograms based on the bitch's titer can be used to determine when immunization should be done, although this is not routinely practical. MDA are usually absent by 12 to 14 weeks of age. Vaccines for CDV are generally given every 3 to 4 weeks between 6 and 16 weeks of age in puppies that have received colostrum.


Immunity after recovery from natural infection or after booster vaccination can persist for years. This protection can be adequate unless the dog is exposed to a highly virulent strain of virus or large quantities of virus or becomes stressed or immunocompromised. After a single distemper vaccination, naïve puppies may not develop sustained immunity. Therefore, despite the lack of MDA interference, at least two distemper vaccines should be given at 2- to 4-week intervals when first vaccinating colostrum-deprived neonates and in dogs older than 16 weeks. Similarly, and because older vaccinated dogs can still develop distemper, periodic boosters are recommended for this disease, despite the relatively long-lived immunity afforded by vaccination. This would be an important consideration should adult dogs become immunocompromised or exposed to high levels of virus.


Humoral immune mechanisms do not totally explain resistance to CDV. Vaccination with attenuated virus appears to protect previously unvaccinated dogs when it is given intravenously at least 2 days before exposure to virulent CDV, as compared with at least 5 days with subcutaneous vaccination.58 Because of allergic reactions that may develop, CAV-1 and leptospiral antigens should be avoided with intravenous vaccination. Intravenous or intramuscular administration should be reserved to protect exposed, unvaccinated dogs. This rapid protection against distemper can be related to immune interference, IFN, or cell-mediated immune mechanisms. Despite a decrease in antibody titer, immunity to distemper after booster or anamnestic vaccination is known to last as long as 7 years, as demonstrated in somewhat isolated, virus-challenged dogs. The duration of protection is much greater than that predicted from antibody titer alone and demonstrates that challenge with virulent organisms is more meaningful than neutralizing antibody titer for predicting the duration of immunity. However, the neutralizing antibody titer is the best indicator of protection against infection. Immune protection that develops after distemper vaccination has a broad spectrum. The most highly protective Rockborn strain MLV vaccines have the greatest chance of causing vaccine-induced clinical infection. However, after vaccination and subsequent virulent virus challenge, they induce “sterile immunity,” characterized by a lack of viral replication or change in their preexisting antibody titer. In contrast, other strains and types of CDV vaccine are less likely to produce vaccine-induced clinical infection. However, when these vaccinated dogs are challenged, they may be infected by virulent virus, as indicated by less complete protection against clinical illness and an increase in their antibody titers indicating “nonsterile” immunity. Challenge studies with some Onderstepoort vaccines have shown a 3-year protection against clinical illness.2,112,169,257 (See Serum Antibody Monitoring and Duration of Immunity, later.)








Nonliving Antigen Vaccines


Inactivated canine distemper whole-virus vaccines do not produce sufficient immunity to prevent infection after challenge exposure (sterile immunity), but vaccinated dogs show an anamnestic immune response and less severe disease than unvaccinated controls. Inactivated vaccines are not available in the United States. They were discontinued when MLV vaccines became available. Inactivated or recombinant products produce shorter immunity that is often bolstered by natural exposure. With improved adjuvants, some animals such as exotic species can be given some protection without any associated risk. Inactivated or recombinant CDV vaccines are recommended in vaccine virus-susceptible wild or exotic carnivores.64 Whereas inactivated whole-virus vaccines have provided inconsistent protection, purified surface glycoproteins (F) of CDV (see Web Table 3-2) have been used to protect dogs against subsequent experimental challenge with virulent virus.212,280 Similarly, an inactivated subunit vaccine containing membrane F antigen and H glycoprotein modified into immune-stimulating complexes has been effective in protecting dogs from challenge by virulent virus.78 A DNA plasmid vaccine encoding the genes for H, F, and N proteins was effective in protecting dogs against clinical illness after intravenous challenge with virulent virus.59,117














Vector Vaccines


Vaccination of puppies born to immune dams with a CAV-2 vector vaccine expressing the F antigen and H glycoprotein was effective against virulent CDV challenge.92 A vaccine produced by expressing measles virus H protein in Vaccinia virus has been effective in producing neutralizing antibody and protecting dogs against challenge with virulent CDV.290


Experimental vectored vaccines of recombinant pox or canarypox viruses expressing genes for H proteins of measles or CDV have been tested in mice and dogs.58,317 A commercial vector recombinant canarypox-based CDV vaccine is available for dogs (see Chapter 100 and Web Appendix 3).225 Two doses of vector recombinant canarypox-based CDV vaccine, in the presence of MDA, have been shown to effectively protect naïve pups from clinical illness after subsequent intravenous challenge with virulent virus.226 Similarly, this vector recombinant vaccine increased the serum antibody of a greater percentage of previously MLV-vaccinated dogs compared to a variety of other CDV-containing MLV vaccines.167 One dose of vector recombinant CDV vaccine also protected 10- to 12-week-old pups against clinical illness when they were challenged with virulent virus by intravenous or contact exposure to infected dogs, 1 week or 4 hours, respectively, after vaccination.168 Results of seroconversion in vector recombinant vaccinated dogs after virulent virus challenge257 indicate that nonsterile immunity is produced similar to Onderstepoort MLV. Client-owned and kenneled dogs had a 3-year duration of protective antibody levels after receiving commercially available combination recombinant CDV vaccine, suggesting adequate protection in these circumstances (see Serum Antibody Monitoring and Duration of Immunity, later).169














Modified Live Virus Vaccines


Vaccination with MLV vaccines offers strong protection against CDV infection. Vaccine-induced immunity is never as long lasting as the immune response that occurs after natural or experimental infection with virulent virus. However, despite changes in the H protein of wild-type CDV strains, it is unlikely that virulent CDV strains can break through solid MLV vaccine-induced immunity. Not all MLV distemper vaccines produce the same level of protection.240 Often, increased potency of protection means higher vaccine virulence. Unfortunately, the most potent vaccines have been associated with induced illness, especially in certain wild or immunocompromised domestic carnivores.


Use of MLV vaccines for distemper has led to questions concerning vaccine stability and safety. Efficacy and safety of MLV distemper vaccination in dogs with compromised immune systems are important considerations. Unlike virulent virus, MLV itself does not appear to suppress measurable cell-mediated immunity. However, when CDV has been combined with CAV-1 or CAV-2 antigens, significant suppression in lymphocyte transformation testing response occurred.115,228 The clinical significance of this suppression is self-limiting and mild.


MLV viruses have not reverted to virulence under natural conditions and do not spread to other dogs. However, reversion to virulence has been experimentally demonstrated in attenuated vaccine virus passed serially in dogs and ferrets or in pulmonary macrophages in tissue culture. Two major types of MLV distemper vaccines exist. The Onderstepoort strain was adapted to chicken embryos and chicken cells. This vaccine strain can produce lower measured levels of humoral immunity216 but no postvaccinal disease. The canine-cell-adapted Rockborn strain, grown in canine kidney cells, induces high titers of neutralizing antibody and longer term protection. The Snyder Hill strain is indistinguishable from the Rockborn strain. Unfortunately, the Rockborn strain occasionally produces a postvaccinal encephalitis in dogs and more commonly in exotic carnivores. Red pandas (Ailurus fulgens), black-footed ferrets (Mustela nigripes), European mink (Mustela lutreola), gray foxes (Urocyon cinereoargenteus), and African wild dogs (Lycaon pictus) are highly susceptible to vaccine-induced illness with MLV vaccines. However, vaccination with other MLV strains have provided no untoward effects and good protection in African wild dogs, lions (Panthera leo), and domestic ferrets (Mustela putorius furo), whereas inactivated vaccine fail to provide adequate immunity.154,308,319 Postvaccinal distemper can be prevented in ferrets or other carnivores by using inactivated virus or recombinant vector vaccines rather than canine-cell-propagated vaccines.143 Some of the outbreaks of postvaccinal encephalitis observed in the past can potentially relate to genetic modification or recombination of vaccine isolates with naturally infecting strains. Genomic analysis of the purported strain of one manufacturer's vaccine was shown to contain a strain that was closest to a wild type.76


An experimental intranasal MLV vaccine was produced by gene insertion that modified CDV L protein RNA-dependent RNA polymerase.266 It protected ferrets against parenteral challenge with wild virus. Other experimental vaccines have been developed to protect exotic carnivores while reducing the chance of development of vaccine-induced illness.142,248


Encephalitis has been reported in dogs after vaccination with MLV distemper vaccines63,179,206 (see sections on Central Nervous System Complications and Canine Distemper, in Chapter 100). The Rockborn strains have been the most common cause, although they generally provide very strong protection against the disease. Onderstepoort strain vaccines, which have been adapted to chick embryo or avian cell cultures vaccines, appear safer. The recombinant poxvirus-vectored vaccine is the safest.


MLV vaccination of dams in whelp or during the first few days postpartum has resulted in systemic infection, encephalitis, or both in their puppies.45,186 It has been estimated to occur with a frequency of 1 in 10,000 Rockborn or Snyder Hill doses and 1 in 50,000 doses of Onderstepoort given.257 CDV vaccine-induced encephalomyelitis has been documented in 3-week-old puppies simultaneously infected with virulent canine parvovirus; however, similar findings were not reported in 11- to 15-week-old puppies.114 CDV vaccine-induced disease is usually encephalitis, although immunosuppression or neonatal or prenatal infections can result in systemic manifestations. The neurologic signs typically begin 3 to 20 days63,65,318 after receiving an MLV canine distemper vaccine. The clinical signs vary but often consist of an acute onset of “chewing-gum” or generalized motor seizures, paraparesis, tetraparesis, and vestibular or sensory ataxia. The seizure form is often progressive and difficult to control with anticonvulsants. The ataxic form can be progressive but may improve in some dogs. Unlike naturally acquired infections from virulent virus, the neurologic signs of vaccine-induced illness can stabilize, improve, or disappear with time or anti-inflammatory or supportive therapy. Lesions in the CNS can be multifocal and typically involve the gray matter or white matter but are usually most severe in the pontomedullary gray matter (see Pathologic Findings in this chapter). CSF findings are indistinguishable from those of virulent CDV infections. If it could be isolated, vaccine virus could be distinguished by the ease with which it propagates in tissue culture (see Viral Isolation in this chapter) or by genetic analysis of very minor differences of the N gene (see Web Table 3-2) that have been detected.179,332 Vaccine-virus replication is incomplete in that viral protein mRNAs are expressed, but protein translation is reduced or absent.206 This makes culture of virus or demonstration by routine histochemistry difficult.


HOD and juvenile cellulitis have also been associated with distemper vaccination in young, growing dogs (see Vaccine-Associated Hypertrophic Osteodystrophy and Juvenile Cellulitis, Chapter 100).3,130,176,190 Signs usually develop within 10 days of MLV vaccination, but the range has been from 4 days to 3 weeks. All MLV vaccine strains have been associated with this phenomenon. Lesions typical of HOD are detected in the metaphyseal regions of many long bones and sometimes the phalanges (Fig. 3-14). These lesions must be differentiated from metaphyseal osteomyelitis caused by systemic bacteremia in young puppies (see sections on Metaphyseal Bacterial Osteomyelitis and Hematogenous Osteomyelitis, Chapter 85). Weimaraners are the most frequently affected breed, probably because of an immunodeficiency (see Immunodeficiencies in Weimaraners, Chapter 94), and some dogs have an associated hypoglobulinemia.3 Additional laboratory abnormalities include increased activity of serum alkaline phosphatase and neutrophilic leukocytosis. Many dogs have systemic signs including an increased rectal temperature, anorexia, a reluctance to walk, and limb hyperesthesia, especially on palpation of the long bones. In some dogs, especially Weimaraners, multisystemic signs of GI, respiratory, or neurologic disease have been reported.3 Treatment with restricted activity and nonsteroidal analgesics generally offers temporary or no improvement, and anti-inflammatory to immunosuppressive doses of glucocorticoids are often needed for up to 1 week. Dogs that are not treated early can have an extended course of recovery or develop relapses after treatment has been discontinued; treatment must be extended for 4 to 6 weeks in these animals. Use of recombinant distemper vaccine in young Weimaraners is suggested, especially if a familial tendency for this syndrome exists. Subsequent vaccination with MLV vaccines after long-bone growth is complete does not cause problems in previously affected dogs. Other noninfectious causes of HOD lesions likely exist. Nutritional oversupplementation in growing large-breed dogs occurs. Occasionally, juvenile cellulitis occurs in older dogs unrelated to vaccination.28 Furthermore, despite the association with MLV CDV vaccination, documentation of HOD in naturally infected dogs has not occurred.
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FIG. 3-14 Forelimb radiographs from a dog with vaccine-associated HOD. Periosteal reaction can be noted at arrows. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Measles Vaccines


CDV and human measles virus are antigenically related, and experimental infection of dogs with measles virus protected the dogs from subsequent infection with CDV. Distemper virus antibody titers are minimally elevated after measles vaccination despite the adequate protection provided. Cell-mediated immunity and other factors are thought to be the primary elements involved in the protective response. Measles vaccine virus produces a self-limiting, noncontagious infection in the lymphoid system of dogs, an infection similar to that of MLV-CDV vaccines. Danger of reversion to virulence is likely minimal, as is the danger to humans, when proper vaccination procedures are followed. Only measles vaccines licensed for use in dogs (not human products) should be administered by veterinarians. Higher antigen mass in canine products is required because of the heterologous nature of the product.


Theoretically, measles vaccination protects young puppies that have high concentrations of MDA to distemper. It should only be used as a replacement for the first vaccination in 6- to 12-week-old puppies. Dogs younger than 6 weeks with very high MDA concentrations (serum-neutralizing antibody titer greater than 300) do not respond well to either distemper or measles vaccination. If female puppies are vaccinated with measles vaccine after 12 weeks of age, they will passively transfer measles antibody to their offspring, especially if they are bred during the first heat cycle.


Immunity to distemper acquired from measles vaccination is not only transient but also weaker than that derived from successful vaccination with MLV distemper vaccine. Sterile immunity is not produced after challenge with virulent CDV. Subcutaneous inoculation of measles vaccine is not as effective as the initially recommended intramuscular route. However, puppies older than 6 weeks immunized with measles virus vaccine are protected within 72 hours of challenge with CDV, despite the lack of increase in distemper virus antibody titer.57 During an initial vaccination series, measles vaccination alone or in combination with distemper vaccination should be followed by at least two distemper vaccinations to produce adequate long-term immunity of at least 12 months.














Vaccine Failures


Viability of MLV canine distemper vaccines is an important factor in vaccination failures. Lyophilized tissue culture vaccines are stable for 16 months under refrigeration (0° C to 4° C), 7 weeks at 20° C, and 7 days when exposed to sunlight at 47° C. When reconstituted, tissue culture virus remains stable for 3 days at 4° C and 24 hours at 20° C. Vaccine should be used immediately once it is reconstituted for injection, or it should be refrigerated if the delay until use will be longer than 1 hour.


Adverse environmental influences can affect the response to distemper vaccination in dogs. High ambient humidity (85% to 90%) and high temperatures that cause dogs to have rectal temperatures averaging 39.8° C (103.6° F) can reduce the immune response after distemper vaccination.114


Dogs that received anesthesia (barbiturate induction with halothane maintenance) and underwent surgery were studied for their response to distemper vaccination.114 The humoral antibody response to vaccination had no demonstrable impairment, although challenge studies were not performed. Some depression of the peripheral blood lymphocyte response to phytohemagglutinin did occur.


Glucocorticoid therapy given at immunosuppressive doses for 3 weeks did not suppress the normal humoral response to distemper vaccine, although treated dogs developed depressed responses to phytohemagglutinin stimulation of lymphocytes.114 These dogs also survived subsequent challenge with virulent CDV.


Concurrent parvoviral infection has been suspected of reducing the antibody response of dogs vaccinated against canine distemper. Simultaneous vaccination against parvoviral infection was suspected of inhibiting pups’ response to vaccination against CDV infection, although adequate control data were lacking; this finding has not been substantiated in older dogs.114 (See Chapter 100 for additional discussion of canine parvovirus-induced immunologic interference with CDV vaccination.)


Antigenic drift of wild-type CDV strains might cause distemper outbreaks in domestic dog and wild animal populations. Serologic studies of H protein antigens have confirmed recognizable differences in epitopes, as expected from genetic analyses.129 Most of the strains present in worldwide vaccines were isolated in the United States between 1930 and 1950, and these genetically differ from current virulent isolates.149 The extent of protection of these vaccines against current outbreaks is unknown; however, heterotypic vaccination with even less related measles and rinderpest virus offers at least partial protection. Therefore, it is unlikely that currently available CDV vaccines are completely ineffective. Unfortunately the current vaccination programs, low vaccination rates, use of less protective vaccines, lapses in booster frequency, and presence of largely unvaccinated, highly susceptible feral or wild canids or other carnivores can contribute to the outbreaks that have been reported. In the United States, one outbreak was associated with exposure of dogs to captured raccoons housed in an animal shelter.159 Outbreaks in Europe have been related to reduced population immunity caused by lapses in booster vaccination combined with use of a chick-embryo-adapted CDV vaccine that produced less immunity than cell-culture-adapted vaccines.85 Population immunity of less than 70% was shown to be responsible for the outbreak, and switching to more potent CDV vaccines effectively resolved it.241 Outbreaks have occurred in animal shelters where dogs were not vaccinated with an MLV vaccine immediately on entry to the shelter and before being exposed to an endemically infected population of animals. Increases in distemper infection have been observed in humane shelters where clinically infected dogs are not removed from the remaining population.103


The broad host range of potential reservoirs makes eradication of this disease difficult. Several measures can be instituted to help control the disease in carnivores. First, every attempt should be made to achieve the highest vaccination rate possible in domestic dogs, especially in areas where they cohabitate or live near feral or wild animal populations. The most potent vaccines that can be tolerated without producing vaccine-induced illness should be used. Use of recombinant products must be considered for exotic carnivores with a high susceptibility to vaccine strains. Unfortunately, the shorter duration of immunity of these products necessitates more consistent booster administration and likely chemical restraint. Perhaps after being exposed to products of lesser or no virulence, these animals might better tolerate vaccination with some of the more virulent products. Research is needed to substantiate this possibility. Because of the emerging host range of CDV, exposure to a vaccine strain may be preferred to an epidemic from virulent wild virus. Vaccination of captive and free-ranging wild carnivores should be seriously considered.














Serum Antibody Monitoring and Duration of Immunity


Immunity to MLV canine distemper vaccines is longer than 1 year, despite vaccine label recommendations that annual vaccination of dogs be performed. The American Veterinary Medical Association and American Animal Hospital Association recommendations are for 3-year intervals after the initial series and a booster 1 year later. The clinician should decide whether to provide more frequent vaccination based on the animal and environmental considerations. Serum-neutralizing antibody titers are most accurate for withstanding infection, and a serum-neutralizing antibody titer greater than or equal to 100 is considered protective when the dog has received maternal antibodies. A serum-neutralizing antibody titer of 20 is considered protective when measuring a vaccination response. Recombinant protein ELISA methods have been developed to measure distemper antibody titers for clinical diagnosis or measuring protection after vaccination.170,171 ELISA-based test kits for use in the clinic are available to determine this antibody response (see Web Appendix 6).314 In studies of dogs brought to veterinary hospitals for vaccination, titers decreased with older age and number of years since boosters had been given. Overall, dogs with prior mean vaccination intervals of greater or equal to 3 years show declining antibody titers.41,188,215,220,257 Based on challenge data, duration of immunity for distemper vaccines could range from at least 3 years to up to 7 years (see Duration of Immunity and Challenge Studies in Chapter 100).257














Environmental Control


CDV is extremely susceptible to common disinfectants. Infected animals are the primary source of the virus, so they should be segregated from other healthy dogs. Dogs usually shed the virus in secretions for 1 to 2 weeks after the acute systemic illness. Those recovering from systemic illness or that are developing later neurologic signs (without systemic disease) can still be shedding some virus.




















Public Health Considerations


CDV is closely related to measles virus. Both viruses cause similar pathologies in their respective hosts with CDV being much more neurotropic than measles virus. Subacute sclerosing panencephalitis (SSPE), an encephalitis of humans is caused by a chronic infection with defective measles virus. SSPE and ODE, a very rare CNS form of distemper, have similar pathologic findings, with diffuse demyelination, glial proliferation, and other findings characteristic of a chronic nonsuppurative encephalitis. The much more common chronic demyelinating distemper encephalitis is pathologically very similar to multiple sclerosis (MS) in humans, which is also characterized by multifocal inflammatory demyelination. In contrast to SSPE, the cause of MS is still uncertain, but no substantial evidence for human measles virus or CDV involvement exists.133 The evidence for the role of CDV as a cause of MS is indirect, and examination of the case control data for reported associations reveals that the existing evidence is weak.133 Human measles and perhaps another paramyxovirus are still likely candidates for MS involvement, but a series of other agents such as herpesviruses have also been implicated.252 Furthermore, the incidence of MS has not decreased since before 1960, despite the widespread reduction of measles and distemper through effective vaccines.


Some have suggested that Paget's disease, an inflammatory bone disorder in humans, might be related to CDV acquired from exposure to dogs. Paget's disease is a chronic disease that leads to progressive destruction, remodeling, and deformity of bone. Evidence shows that the disease can be caused by chronic paramyxovirus infection of osteoclasts. Nuclei and cytosol of pagetic osteoclasts contain viral-like inclusions. Erythroid and osteoclast cells from patients with Paget's disease express paramyxoviral mRNA.237 Using in situ hybridization, CDV genetic sequences have been found in the bone of 63.5% of untreated humans with Paget's disease.55,109-111 In a study using in situ hybridization, CDV RNA was detected in 100% of lesions found in pagetic patients but in none of the control specimens, including uninvolved sites of pagetic patients, normal bone, and active remodeling bone.191 Part of the inconsistencies in published reports can relate to varying sensitivities and specificities of the assays used.233 CDV has been shown to replicate in human osteoclast precursors in vitro.261 Owning a dog was found to be highly correlated with Paget's disease, but this indirect relationship should not be overstated because a similar correlation was found between Paget's disease and ownership of cats and birds. Other studies have implicated other paramyxoviruses such as measles virus variants.47,238,247,268 Until such viruses are isolated and completely sequenced, the role of CDV, if any in such infections is questionable.
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Infectious Canine Hepatitis



Etiology





Infectious canine hepatitis (ICH), caused by canine adenovirus (CAV)-1, has worldwide serologic homogeneity, as well as immunologic similarities to human adenoviruses. Historical synonyms for the disease include fox encephalitis and Rubarth's disease. CAV-1 is antigenically and genetically distinct from CAV-2, which produces respiratory disease in the dog (see Etiology, Chapter 6). Genetic variants of CAV-2 have been isolated from the intestine of a puppy with hemorrhagic diarrhea and from kenneled dogs with diarrhea. Human adenoviruses have been used as vectors for recombinant vaccine testing in dogs.26


As with other adenoviruses, CAV-1 is highly resistant to environmental inactivation, surviving disinfection with various chemicals such as chloroform, ether, acid, and formalin, and is stable when exposed to certain frequencies of ultraviolet radiation. CAV-1 survives for days at room temperature on soiled fomites and remains viable for months at temperatures below 4° C. CAV-1 is inactivated after 5 minutes at 50° C to 60° C, which makes steam cleaning a plausible means of disinfection. Chemical disinfection has also been successful when iodine, phenol, and sodium hydroxide are used; however, all are potentially caustic.


CAV-1 causes clinical disease in dogs, coyotes, foxes, wolves, and other Canidae and in Ursidae (bears). A fatal infection was reported in an otter (Lutra lutra).31 In addition to these carnivores, serum antibodies have also been detected in marine mammals including walruses (Odobenus rosmarus) and sea lions (Eumetopias jubatus).5,32,35 The high prevalence of naturally occurring serum neutralizing antibodies in the unvaccinated feral and wildlife dog population suggests that subclinical infection is widespread.2,14,16,17,38 CAV-1 has been isolated from all body tissues and secretions of dogs during the acute stages of the disease. By 10 to 14 days postinoculation (PI), the virus can be found only in the kidneys and is excreted in the urine for at least 6 to 9 months. Aerosol transmission of the virus via the urine is unlikely, given that susceptible dogs housed 6 inches apart from virus shedders do not become infected. Viral spread can occur by contact with fomites, including feeding utensils and hands. Ectoparasites can harbor CAV-1 and may be involved in the natural transmission of the disease.








Pathogenesis


After natural oronasal exposure, the virus initially localizes in the tonsils (Web Fig. 4-1), where it spreads to regional lymph nodes and lymphatics before reaching the blood through the thoracic duct. Viremia, which lasts 4 to 8 days postinfection, results in rapid dissemination of the virus to other tissues and body secretions, including saliva, urine, and feces. Hepatic parenchymal cells and vascular endothelial cells of many tissues including the central nervous system (CNS) are prime targets of viral localization and injury.
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WEB FIG. 4-1 Sequential pathogenesis of ICH. Solid vertical bars on the right correspond to the chronologic occurrence and duration of the respective clinical or laboratory findings associated with ICH.











Initial cellular injury of the liver, kidney, and eye is associated with cytotoxic effects of the virus. A sufficient antibody response by day 7 postinfection clears the virus from the blood and liver and restricts the extent of hepatic damage. Widespread centrilobular to panlobular hepatic necrosis is often fatal in experimentally infected dogs, with a persistently low (less than 4) virus neutralization antibody titer. Acute hepatic necrosis can be self-limiting and centrilobularly restricted such that hepatic regeneration occurs in dogs that survive this phase of the disease. Dogs demonstrating a partial neutralizing antibody titer (greater than 16, less than 500) by day 4 or 5 postinfection may develop chronic active hepatitis and hepatic fibrosis. Persistent hepatic inflammation continues, probably as a result of chronic latent hepatic infection with virus. Dogs with sufficient neutralization antibody titers (at least 500) on the day of infection usually show little clinical evidence of disease. Dogs immune to parenteral challenge with CAV-1 are still susceptible to respiratory disease via aerosolized viral particles.


Both virulent and modified live strains of CAV-1 produce renal lesions. Virus detected by positive immunofluorescence and ultrastructural evaluation initially localizes in the glomerular endothelium in the viremic phase of disease and produces initial glomerular injury. An increase in neutralizing antibody at approximately 7 days postinfection is associated with the glomerular deposition of circulating immune complexes (CICs) and transient proteinuria. CAV-1 is not detected in the glomerulus after 14 days postinfection; however, it persists in renal tubular epithelium. Tubular localization of the virus is primarily associated with viruria, and only a transient proteinuria is noted. A mild focal interstitial nephritis is found in recovered dogs; however, unlike the liver disease, evidence that chronic progressive renal disease results from ICH cannot be found.


Clinical complications of ocular localization of virulent CAV-1 occur in approximately 20% of naturally infected dogs and in less than 1% of dogs after subcutaneous-modified live virus (MLV) CAV-1 vaccination. The development of oculr lesions begins during viremia, which develops 4 to 6 days postinfection; the virus enters the aqueous humor from the blood and replicates in corneal endothelial cells.


Severe anterior uveitis and corneal edema develop 7 days postinfection, a period corresponding to an increase in neutralizing antibody titer (Fig. 4-1). CIC deposition with complement fixation results in chemotaxis of inflammatory cells into the anterior chamber and extensive corneal endothelial damage. Disruption of the intact corneal endothelium, which serves to pump fluid from the cornea into the anterior chamber, causes accumulation of edematous fluid within the corneal stroma.




[image: image]


FIG. 4-1 Sequential pathogenesis of CAV-1 infection in the eye. A, During the viremic period, CAV-1 enters the eye via the uveal tract, localizing in vascular endothelial cells of the choroid and causing mild uveitis. Virus also enters the aqueous humor and localizes in the corneal endothelial cells. B, CAV-1 specific antibody response increases in the blood and reaches the eye via the uveal tract and enters the aqueous humor in the presence of virus. C, Virus is free in the aqueous and endothelial cells and viral-antibody complex formation and intranuclear inclusion body formation. D, Complement fixation on virus-immune complexes free and in endothelial cells to chemotaxis of neutrophils. More severe uveitis and corneal endothelial injury occurs. E, Close up showing loss of endothelium and aqueous pump leading to influx of aqueous into the cornea. F, Corneal endothelial cell loss allows aqueous to enter the cornea causing corneal edema (blue eye). After mononuclear phagocytes remove virus-immune complexes, and inflammation subsides, corneal endothelium regenerates. G, Uveal inflammation may lead to blockage of the filtration angle and subsequent glaucoma. (Art by Brad Gilleland, © 2010 University of Georgia Research Foundation Inc.)








Uveitis and edema are usually self-limiting unless additional complications or massive endothelial destruction occurs. Clearing of corneal edema coincides with endothelial regeneration and restoration of the hydrostatic gradient between the corneal stroma and aqueous humor. Normal recovery of the eye is usually apparent by 21 days postinfection. If the inflammatory changes are severe enough to block the filtration angle, increased intraocular pressure can result in glaucoma and hydrophthalmos.


Complications are often associated with the pathogenesis of ICH. Dogs are more prone to develop bacterial pyelonephritis as a result of renal damage after ICH infection. Disseminated intravascular coagulation (DIC), a frequent complication of ICH, begins in the early viremic phase of the disease and can be triggered by endothelial cell damage, with widespread activation of the clotting mechanism, or by the inability of the diseased liver to remove activated clotting factors. Decreased hepatic synthesis of clotting factors in the face of excessive consumption compounds the bleeding defect.


Although the cause of death in ICH is uncertain, the liver is a primary site of viral injury. Hepatic insufficiency and hepatoencephalopathy can result in a semicomatose state and death. Some dogs die so suddenly that liver damage with resulting hepatic failure does not have time to occur. Death in these dogs can result from damage to the brain, lungs, and other vital parenchymal organs or from the development of DIC.














Clinical Findings


ICH is most frequently seen in dogs younger 1 one year, although unvaccinated dogs of all ages can be affected. Severely affected dogs become moribund and die within a few hours after the onset of clinical signs. Owners frequently believe that their dog was poisoned. Clinical signs in dogs that survive the acute viremic period include vomiting, abdominal pain, and diarrhea with or without evidence of hemorrhage.


Abnormal physical findings in the early phase of infection include increased rectal temperature (39.4° C to 41.1° C [103° F to 106° F]) and accelerated pulse and respiratory rates. Fever may be transient or biphasic early in the course of the disease. Tonsillar enlargement, usually associated with pharyngitis and laryngitis, is common. Coughing and auscultated harsh lower respiratory sounds are manifestations of pneumonia. Cervical lymphadenomegaly is frequently found with subcutaneous edema of the head, neck, and dependent portions of the trunk. Abdominal tenderness and hepatomegaly are usually apparent in the acutely ill dog. A hemorrhagic diathesis that is demonstrated by widespread petechial and ecchymotic hemorrhages, epistaxis, and bleeding from venipuncture sites can occur. Icterus is uncommon in acute ICH, but it is found in some dogs that survive the acute fulminant phase of the disease. Abdominal distention is caused by accumulation of serosanguineous fluid or hemorrhage. CNS signs, including depression, disorientation, seizures, or terminal coma, can develop at any time after infection. In foxes and rare reports in domestic dog pups, CNS signs can be seen in the absence of other systemic manifestations.7


Mildly affected dogs may recover after the first febrile episode. Clinical signs of these uncomplicated cases of ICH frequently last 5 to 7 days before improvement. Persistent signs may be found in dogs with a concurrent viral infection such as canine distemper or in dogs that develop chronic active hepatitis. More severe or additional clinical signs occur in dogs that are co-infected with other pathogens.9,10,33


Corneal edema and anterior uveitis usually occur when clinical recovery begins and may be the only clinical abnormalities seen in dogs with inapparent infection (also see Infectious Canine Hepatitis in Chapter 92). Dogs with corneal edema show blepharospasm, photophobia, and serous ocular discharge. Clouding of the cornea usually begins at the limbus and spreads centrally (Fig. 4-2) (see Fig. 92-17). Ocular pain, present during the early stages of infection, usually subsides when the cornea becomes completely clouded. However, pain may return with the development of glaucoma or corneal ulceration and perforation. In uncomplicated cases, clearing of the cornea begins at the limbus and spreads centrally.
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FIG. 4-2 Blue eye characteristic of ICH being caused by viral and subsequent immunologic damage to the corneal endothelium. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Diagnosis


Early hematologic findings in ICH include leukopenia with lymphopenia and neutropenia. Neutrophilia and lymphocytosis occur later in dogs with uncomplicated clinical recovery. An increased number of dark-staining (activated) lymphocytes and nucleated erythrocytes may be found. Serum protein alterations, detectable only on serum electrophoresis, are a transient increase in α2-globulin by 7 days postinoculation and by a delayed increase in γ-globulin, which peaks 21 days postinoculation.


The degree of increased activities of alanine aminotransferase (ALT), aspartate aminotransferase, and serum alkaline phosphatase depends on the time of sampling and the magnitude of hepatic necrosis. These enzyme increases continue until day 14 postinoculation, after which they decline, although persistent or recurrent elevations may be found in dogs that develop chronic active hepatitis. Moderate to marked bilirubinuria is frequently found owing to the low renal threshold for conjugated bilirubin in the dog; hyperbilirubinemia is uncommon. Of diagnostic importance, the increase in ALT, a measure of hepatocellular necrosis, is often disproportionately higher than the increase in serum bilirubin, despite the diffuse nature of the hepatic injury. This disparity, which is typical for ICH and differentiates it from most other causes of widespread hepatic necrosis, results from the predominant centrilobular nature of the necrosis around the hepatic venules. In contrast, the periportal, peripheral lobular regions around the bile duct are spared. Measures of hepatic function, such as serum ammonia levels or bile acid retention, can be increased during the acute course of ICH or later in dogs that develop chronic hepatic fibrosis. Similarly, hypoglycemia may be found in dogs in the terminal phases of the disease.


Coagulation abnormalities characteristic of DIC are most pronounced during the viremic stages of the disease.30 Thrombocytopenia with or without altered platelet function is usually apparent. One-stage prothrombin time, activated partial prothrombin time (aPTT), and thrombin time are variably prolonged. Early prolongation of the aPTT probably results from factor VIII consumption. Factor VIII activity is decreased, and fibrin or fibrinogen degradation products are increased. Platelet dysfunction and later prolongation of the aPTT probably result from increased fibrinogen degradation products. Prolongation of the prothrombin time is usually less noticeable.


Proteinuria (primarily albuminuria) is a reflection of the renal damage caused by the virus and can usually be detected on random urinalysis because the concentration is greater than 50 mg/dL. The increase in glomerular permeability can result from localization of the virus in initial stages of infection. Alternatively, as the disease progresses, glomeruli become damaged by CICs or as an effect of DIC. Abdominal paracentesis yields a fluid that varies in color from clear yellow to bright red, depending on the amount of blood present. It is usually an exudate with inflammatory cells and with a protein content greater than 5.29 g/dL (specific gravity greater than 1.020).


Bone marrow cytology reflects the dramatic change in leukocytes in the peripheral circulation. Megakaryocytes are absent or decreased during the viremic stage of the disease, and those that are present may have altered morphology.


Cerebrospinal fluid is within reference limits in dogs with neurologic signs caused by hepatoencephalopathy; it is usually abnormal in dogs that develop nonsuppurative encephalitis from localization of the virus within the brain. Protein concentration (greater than 30 mg/dL) increases with mononuclear pleocytosis (greater than 10 cells/µL). The aqueous humor also has increased concentrations of protein and cells associated with anterior uveitis.


Results of laboratory procedures previously discussed are suggestive of ICH and are the primary means of making a diagnosis in clinical practice. Antemortem confirmation, although not essential for appropriate therapy, can be obtained by serologic testing, virus isolation, and immunofluorescent staining for intralesional virus. Serologic tests include virus neutralization, indirect hemagglutination assay, complement fixation, immunodiffusion, and enzyme-linked immunosorbent assay. These tests usually show higher titers after infection with virulent virus in contrast with that in MLV vaccines.


CAV-1 can be isolated because it is highly resistant and readily replicates in cell cultures of several species, including dogs. Typical adenovirus-induced cytopathology includes clustering of host cells and detachment from the monolayers with the formation of intranuclear inclusions. When viremia begins, on day 5 PI, CAV-1 can be cultured from any body tissue or secretion. The virus is isolated in the anterior chamber during the mild phase of uveitis before antibody infiltration and immune complex formation. Culturing the virus from the liver of dogs is often difficult because hepatic arginase inhibits viral nucleic acid replication. The virus has not been isolated from the liver later than 10 days PI, even in dogs with chronic active hepatitis, perhaps because viral latency develops. The kidney is the most persistent site of virus localization, and CAV-1 can be isolated from the urine for at least 6 to 9 months after the initial infection.


Immunofluorescent techniques are used experimentally to confirm the presence of virus within various tissues. This method has helped locate the sites of viral replication, the spread of the virus within the cells, and the presence of viral antigen in inclusion bodies. Immunoperoxidase procedures, applied to formalin-fixed, paraffin-embedded tissues, have detected virus in liver tissues stored for up to 6 years. Polymerase chain reaction (PCR) techniques have been developed to detect CAV-1 in biologic specimens and to distinguish the virus from CAV-2 in clinical specimens.8,20,30














Pathologic Findings


Findings on necropsy or biopsy examination of tissues from dogs can usually confirm a diagnosis of ICH. Dogs that die during the acute phase of the disease are often in good flesh, with edema and hemorrhage of superficial lymph nodes and cervical subcutaneous tissue. Icterus is mild or not usually apparent. The abdominal cavity may contain fluid that varies from clear to bright red in color. Petechial and ecchymotic hemorrhages are present on all serosal surfaces. The liver is enlarged, dark, and mottled in appearance, and a prominent fibrinous exudate is usually present on the liver surface and in the interlobar fissures (Fig. 4-3). Typically, the gallbladder is thickened and edematous and has a bluish-white opaque appearance. Fibrin can be deposited on other abdominal serosal surfaces, giving them a ground glass–like appearance. Intraluminal gastrointestinal hemorrhage is a frequent finding. The spleen is enlarged and bulges on the cut surface.
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FIG. 4-3 Swollen, mottled liver with rounded lobar edges and gallbladder edema characteristic of ICH. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Variable gross lesions in other organs include multifocal hemorrhagic renal cortical infarcts. The lungs have multiple, patchy, gray-to-red areas of consolidation. Hemorrhagic and edematous bronchial lymph nodes are found. Scattered hemorrhagic areas, present on coronal section of the brain, are primarily located in the midbrain and caudal brainstem. Ocular lesions, when present, are characterized by corneal opacification and aqueous humor clouding.


Dogs surviving the acute phase of the disease may have lesions that can be found on subsequent necropsy examination. The livers of those with chronic hepatic fibrosis may be small, firm, and nodular. The kidneys of many dogs that recover are studded with multiple white foci (0.5 cm diameter) extending from the renal pelvis to the outer cortex. Ocular sequelae from the acute disease can include either glaucoma or phthisis bulbi.


Histopathologic changes in the livers of dogs that die of acute hepatitis include widespread centrilobular to panlobular necroses. In dogs with mild hepatocellular necrosis, the margin between necrotic and viable hepatocytes is sharply defined within the liver lobule (Fig. 4-4). The preservation of the underlying support stroma allows for eventual hepatic regeneration. Only in severe cases does coagulation necrosis of entire hepatic lobules prevent regeneration of the liver. Neutrophilic and mononuclear cell infiltrates are associated with the removal of underlying necrotic tissue. Bile pigment rarely accumulates in most cases because of the transient nature of hepatocellular necrosis and the frequent lack of peripheral lobular involvement of portal radicles. Intranuclear inclusions are initially found in Kupffer's cells and later in viable hepatic parenchymal cells. Subacute to chronic hepatic disease is marked by sporadic foci of necrosis with neutrophilic, mononuclear, and plasma cell infiltration and is found in dogs with partial immunity that survive initial stages of infection.
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FIG. 4-4 Histologic appearance of massive centrilobular necrosis in a fatal case of ICH, which shows a few remaining viable hepatocytes (H) around a portal vein (P) in the peripheral lobular area (H&E stain, ×250). (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Historically, CAV-1 has been observed with direct fluorescent antibody in hepatocytes of recovered dogs with chronic hepatic inflammation. PCR and histochemical staining of tissues has been used to examine for CAV-1 in the livers of dogs with naturally occurring ICH, chronic active hepatitis, and hepatic fibrosis.8 Although the ICH cases had positive test results, viral DNA or antigens were not detected in specimens from the other animals. In other studies, infectious agents including CAV-1 have not been identified in PCR screening of liver from dogs with necropsy findings of acute or chronic hepatic inflammation.4


Widespread histologic alterations occur in other organs as a result of endothelial injury caused by the virus. The gallbladder has marked subserosal edema, but the epithelium remains intact. Viral inclusions are initially found in the renal glomeruli but are later found in renal tubular vascular endothelium. Focal interstitial accumulations of neutrophils and mononuclear cells are found in the renal cortex and medulla. These mild changes often progress to focal interstitial fibrosis. Lymphoid organs, including the lymph nodes, tonsils, and spleen, are congested with neutrophilic and mononuclear cell infiltrates. Lymphoid follicles are dispersed with central areas of necrotic foci. Intranuclear inclusions can be found in vascular endothelial cells and histiocytes. The lungs have thickened alveoli with septal cell and peribronchial lymphoid accumulations. Alveoli in consolidated areas are filled with an exudate consisting of erythrocytes, fibrin, and fluid. Mucosal and submucosal edema with focal subserosal hemorrhage is found in the intestinal tract. Widespread vascular degeneration and tissue hemorrhage and necrosis are associated with the presence of intravascular fibrin thrombi.


Swollen, desquamated endothelial cells in meningeal vessels contain intranuclear inclusions. Mononuclear cuffing is present around small vessels throughout the parenchyma of the CNS. Mild endothelial proliferation and mononuclear perivascular infiltration persist for at least 3 weeks after clinical recovery.


Ocular changes are characterized by granulomatous iridocyclitis with corneal endothelial disruption and corneal edema. Iridial and ciliary vessels are congested with inflammatory cells that are also present in the iris and filtration angle.


The inclusion bodies seen in ICH have been classified as Cowdry type A and are present in both ectodermal and mesodermal tissues. That they are abundant in the liver makes this the most logical tissue for impression smears obtained by biopsy or at necropsy (Fig. 4-5). Initial hypertrophy of the cell nucleus is followed by peripheral margination of the chromatin network and nucleolus, which forms a central, dark-staining nuclear remnant surrounded by a halo of chromatin. The initial inclusions are acidophilic but become basophilic as the chromatin marginates. Care must be taken to distinguish inclusions from faintly staining hepatocyte nucleoli.
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FIG. 4-5 Cytologic appearance of intranuclear inclusions in hepatocytes (arrows) from an impression smear of liver tissue at necropsy (Wright stain, ×400) from a pup that died of ICH. Compare to hepatocyte nucleolus (N). (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Therapy


Clinical management of dogs that develop ICH is primarily symptomatic and supportive. Fulminant hepatic failure from hepatocellular necrosis is a common cause of death in dogs that do not survive the acute stages of the disease. In the absence of complicating factors, clinical recovery and hepatocellular regeneration can occur with centrilobular necrosis. Therapy is supportive until adequate time is available for hepatocellular repair. Because the dogs are frequently semicomatose, predicting whether the neurologic signs are related to hepatoencephalopathy or viral encephalitis is impossible. However, this issue can be partially resolved by evaluating blood glucose or ammonia concentrations when therapy is instituted.


Immediate placement of an indwelling intravenous catheter is a necessity in severely affected dogs; however, because of incoagulability, care must be taken to avoid excessive hemorrhage. Fluid therapy with a polyionic isotonic fluid such as Ringer's solution will correct losses from vomiting and diarrhea and assist in lowering the body temperature. Animals that are too depressed to drink or that continue to vomit must be given daily maintenance fluid requirements (45 mL/kg) by parenteral route.


Treatment of DIC depends on the stage of the clotting deficit. Removal of the inciting stimulus is the initial aim of therapy, but this is not possible in viral diseases. Because of insufficient hepatic synthesis, replacement of clotting factors and platelets by fresh plasma or whole blood may be necessary in conjunction with anticoagulant therapy when marked incoagulability is present.


Because the possibility exists that hypoglycemia is responsible for the comatose state, an intravenous (IV) bolus of 50% glucose (0.5 mL/kg) should be given over a 5-minute period. Hypoglycemia is likely to recur if continuous infusion of hypertonic glucose is not maintained. Hypertonic glucose infusion should be continued at a rate not greater than 0.5 to 0.9 g/kg/hr for efficient utilization. Therapy to decrease the blood ammonia concentration is directed at reducing protein catabolism by colonic bacteria and ammonia resorption in the renal tubules. Ammonia production from protein degradation in the bowel can be reduced by decreasing the quantity of protein intake and by stopping gastrointestinal hemorrhage. The colon can be evacuated by cleansing and acidifying enemas that relieve bowel stasis and retard ammonia absorption. Nonabsorbable oral antibacterials such as neomycin have been advocated to reduce ammonia-producing bacteria in the intestine, but their effectiveness is questionable. Acidification of the colonic contents can also be achieved by feeding oral lactulose to nonvomiting animals. Renal resorption of ammonia can be reduced by administration of parenteral or oral potassium and correction of the metabolic alkalosis. Urinary acidification with a nontoxic acidifier such as ascorbic acid may greatly reduce ammonia reabsorption by the kidney.


Polyinosinic-polycytidylic acid, an interferon inducer, has been used experimentally to reduce the mortality of dogs experimentally infected with ICH virus, but its clinical application is impractical (see Inducers of Interferons and Other Cytokines, Chapter 2).















Prevention



Maternal Immunity





The duration of passively acquired immunity in the pup is dependent on the antibody concentration of the bitch. The half-life of CAV-1 antibodies is 8.6 days compared with 8.4 days for antibodies to distemper virus, and these values correlate well with the half-life for canine globulin (see Maternal Immunity and Vaccination, Chapter 100). Immunization for ICH is usually successful when maternally derived antibody (MDA) titers decrease below 100, which can occur beginning at 5 to 7 weeks of age. The level of ICH MDAs in the newborn pup declines to negligible concentrations by 14 to 16 weeks.








Vaccination


Canine hepatitis caused by CAV-1 has been effectively controlled and practically eliminated from the domestic dog population because of vaccination. Sporadic cases are still seen in which dogs do not get adequate vaccination during puppyhood. Because the disease in unvaccinated dogs is severe and the virus is environmentally resistant and has a reservoir in wild carnivores, vaccination must be continued as a core antigen for all dogs.


Inactivated CAV-1 and CAV-2 vaccines are no longer marketed, because their efficacy was inferior to that of MLV products and required adjuvants made them allergenic. MLV CAV-1 vaccines have also been discontinued in most countries throughout the world so MLV CAV-2 antigen is present in virtually all marketed vaccines (see Web Appendix 3). Although previously licensed MLV CAV-1 vaccines offered solid immune protection, postvaccinal complications were a concern. A potential disadvantage is that attenuated CAV-1 virus localized in the kidney and caused mild subclinical interstitial nephritis and persistent shedding of vaccine virus. Increased passage of the virus in cell culture was needed to reduce the prevalence of urinary shedding. Ocular localization with associated anterior uveitis occurred in approximately 0.4% of dogs after subcutaneous injection. When given intravenously, CAV-1 vaccination produced a transient systemic illness characterized by pyrexia and tonsillar enlargement and a 20% prevalence of anterior uveitis. A summary of the pathogenicity of modified live CAV-1 vaccine and a comparison with that for CAV-2 vaccine are listed in Web Table 4-1.




WEB TABLE 4-1


Comparison of Pathogenicity of Modified Live Canine Adenovirus Vaccines










	 

	Clinical Signs Observed






	Route Administered

	CAV-1a


	CAV-2b











	Intravenous

	Fever
Uveitis (20%)
Urinary shedding

	Fever
Mild respiratory disease
Tonsillitis






	Intranasal

	None

	Mild respiratory disease






	Intraocular (anterior chamber)

	Uveitis (100%)

	Uveitis (100%)






	Intramuscular or subcutaneous

	Uveitis rare (0.49%), urinary shedding (some strains)

	None
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aCanine adenovirus 1.


bCanine adenovirus 2.








Parenteral CAV-2 vaccines were developed as an alternative in the prevention of ICH. Modified live CAV-2 vaccine rarely, if ever, produces ocular or renal disease when given by the intended routes (intramuscular, subcutaneous, or intranasal), although the vaccine virus may localize in and be shed from the upper respiratory tract. When experimentally injected into the anterior chamber, the vaccine virus produces ocular lesions similar to CAV-1 strains. When given either intravenously or intranasally, MLV CAV-2 vaccine may produce a mild respiratory disease with associated coughing and tonsillar enlargement, although such an infection has been shown to be subclinical and self-limiting. However, as a general precaution, care should be taken to avoid inadvertently aerosolizing the parenteral vaccine during use.


Dogs are adequately protected from CAV-1 infection by the heterotypic antibody titer produced when CAV-2 vaccine is used; however, the homotypic antibody response is usually greater. CAV-2 vaccine was experimentally given to 3- to 4-week-old pups in an attempt to break through the heterotypic MDAs to ICH virus. Although parenteral vaccination at this age was ineffective, intranasal vaccination produced a delayed antibody response to CAV-2 and a weak response to CAV-1, 4 to 8 weeks later. Modified live CAV-2 probably localized in the respiratory tract until MDAs declined, and then spread systemically, stimulating an immune response. Some CAV-1 and CAV-2 strains are known to be oncogenic in hamsters, but those in commercial vaccines do not appear to produce this side effect. Oncogenic reactions in dogs have not been reported in more than 20 years of field use of these products. Experimentally, a DNA vaccine against CAV-1 has been developed, and preliminary studies indicated protection of challenged vaccinated mice as compared to unvaccinated mice.27


Parenteral MLV CAV-2 vaccines have become the mainstay of protection against virulent CAV-1 infection. The low rate of postvaccinal complications and the adequate heterologous protection offers significant advantages. Parenteral CAV-2 vaccines are given when intended for protection against ICH, and intranasal preparations are available for protection against respiratory infection (see also Canine Infectious Respiratory Disease, Chapter 6).


The recommended schedule with any vaccine for protection against ICH involves at least two doses, given 3 to 4 weeks apart, at 8 to 10 and 12 to 14 weeks of age. This is most commonly accomplished through the combination of this antigen with the canine distemper virus and parvovirus vaccination protocol (see Immunoprophylaxis, Chapter 100, and Web Appendix 1). Earlier and more frequent vaccination may be advised in areas of high prevalence. Sporadic ICH infection will be noted in puppies when their vaccinations are delayed. Infections are never reported in adult animals that received an adequate puppyhood series. For boosters, MLV vaccines can be given every 3 years as indicated by challenge studies.1,13 Annual vaccination, as practiced in the past, is not required because of the long-standing duration of immunity produced by MLV vaccines (see Duration of Immunity and Challenge Studies, Chapter 100).


























Canine Acidophil Cell Hepatitis


A hepatitis distinct from ICH and characterized by acute, persistent, or chronic forms was described in Great Britain.21 Evidence implying that this syndrome has an infectious nature came from the high prevalence of hepatocellular carcinoma in dogs. The agent, suspected to be a virus, has not been identified, although the disease can be reproduced by inoculating bacteriologically sterile liver homogenates not containing CAV-1 and CAV-2 from spontaneously affected animals into experimental dogs. Presumably, acute infections with this agent lead to acute to chronic hepatitis; cirrhosis with multilobular hyperplasia; and, in some cases, hepatocellular carcinoma.22


Clinical findings in the early phase of the illness can be vague and include variable fever, inappetence, vomiting, and abdominal pain, but fever is usually lacking. Terminal clinical signs include abdominal distention with ascites, episodes of seizures, mental status abnormalities, and semicoma.


The only consistent laboratory abnormalities include episodic increased ALT and alkaline phosphatase activities. Diagnosis involves gross and microscopic examination of liver tissue. Gross biopsy or necropsy findings include hepatomegaly with rounded lobe edges and enlarged tonsils, regional lymph nodes, and Peyer's patches. Chronically affected dogs may have reduced hepatic size with exaggerated delineation of the portal radicles or nodular proliferation. Increased fibrous tissue is apparent histologically, both centrally and peripherally. Acidophil cells are scattered throughout hepatic lesions and are characterized by angular cytoplasm with acidophil cytoplasm and hyperchromatic nucleus.


Therapy for this condition is uncertain, and it appears to progress with time. Prevention would not seem plausible until the nature of the suspected infectious agent is determined. Although reported only in Great Britain, the disease may be more widespread. It should be suspected when a high frequency of chronic active hepatitis or hepatic fibrous, hepatocellular carcinoma is reported.
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Chapter 5


Canine Herpesvirus Infection


Craig E. Greene













Etiology


Canine herpesvirus (CHV) has a worldwide distribution, with biologic and pathogenic properties similar to those of α-herpesviruses affecting other species. α-Herpesviruses are cytocidal, causing tissue necrosis and localized mucosal or generalized systemic infection in young or immunosuppressed animals. Recovery is associated with a lifelong latent infection, usually localized to nerve ganglia. CHV has a relatively narrow host specificity compared with other members of the α-herpesviruses. CHV infects only dogs or canine tissue cells. Specific receptors on the cell surface have been identified that contribute to this specificity.3,34 Although an antigenic relationship to human herpes simplex virus has not been confirmed, CHV shares approximately 51% genetic homology with feline herpesvirus type 1 (FHV-1).51 An antigenic relationship between the canine and feline herpesviruses has also been confirmed in immunoblots with polyvalent or monoclonal antibodies.21,60 One differentiating feature between these viruses is their glycoprotein D hemagglutinins, which offer selective adherence to cells from their like species and may partially explain the species specificity of these viruses.30 Less defined immunologic relationships exist between CHV and herpesviruses isolated from harbor seals (Phoca vitulina) and equine herpesviruses 1 and 4.12,19 Analysis of CHV isolates by restriction endonuclease cleavage of viral DNA revealed differences in the viruses isolated from unrelated individuals, but cleavage patterns of isolates derived from members of the same litter were indistinguishable.61


CHV has a restricted host range and appears to infect only domestic and wild Canidae or canine cell cultures, especially primary or secondary kidney or testicular cells. The virus causes rapidly spreading, highly destructive cytopathic clear plaque effects in cell cultures with formation of type A intranuclear inclusions; some isolates induce syncytial cell formation (see Viral Isolation in this chapter). Although CHV has not been reported in cats, it is unclear whether an FHV-1 isolate from a pup with a distemper-like syndrome and pancreatic atrophy causes canine infections. Young pups given large (more than 106) doses of this FHV-1 virus by multiple routes failed to develop clinical illness or histopathologic changes.21 Cross-species infections with herpesviruses may be established in unnatural hosts through artificial means. A nonpathogenic strain of human herpes simplex virus 1 was injected into the brains of normal dogs, establishing a latent infection with no pathologic changes.54


Equine herpesvirus 9 is a neurotropic virus that infects horses. Dogs challenged intranasally with equine herpesvirus 9 developed a fulminant nonsuppurative encephalitis.64 The forebrain was predominantly affected, and virus was detected in neurons. Dogs also had bronchopneumonia and clinical signs of weight loss, fever, anorexia, and neurologic symptoms. The clinical significance of natural infections is unknown.


The replication of CHV is similar to that of other α-herpesviruses. Synthesis of viral DNA and nucleocapsids occurs within the host cell nucleus, with the viral envelope being acquired at the nuclear membrane. Virus is transported through the endoplasmic reticulum and Golgi apparatus to the cell surface and released, although most of the virus remains intracellular.


CHV, as an enveloped virus, is readily inactivated by exposure to most disinfectants, to lipid solvents (e.g., ether, chloroform), and to heat above 40° C (56° C for 5 to 10 minutes, 37° C for 22 hours, and longer at 34° C to 35° C). Like other herpesviruses, CHV is readily inactivated at −20° C unless stabilizing solutions are added, when it is stable at −70° C. It is stable at a pH between 6.5 and 7.6 but is rapidly destroyed below pH 5.0 or above pH 8.0.














Epidemiology


CHV is not stable in the environment, but it is maintained in nature by persistence in its canine host and direct spread from infected animals. CHV is a temperature-sensitive virus, with optimal replication at temperatures less than 37° C. It persists in the ganglionic and lymphoid tissues of the oronasal and genital mucosae. As with other herpesviruses, lifelong latent infections are typical. When infections reactivate, CHV replicates in the cooler temperatures of the mucous membranes, and shedding occurs. Virus reshedding occurs sporadically, usually when animals are stressed, such as those in high population densities, those being transported, those that are pregnant, or those that are receiving immunosuppressive therapy. Transmission occurs through direct contact with mucosal secretions from the respiratory or genital tracts of infected animals. Data from serosurveys in wild canid populations indicate a ubiquitous natural exposure.1,47 Serologic surveys in domestic dogs have ranged from 30% to as high as 100% in some kennels.10,14,38,42 A higher prevalence of seroreactivity exists in kenneled dogs than in household pets. Despite these high rates of exposure, clinical disease may not be evident. However, significantly higher CHV-1 serum antibody titers and prevalence of positive results have been found in dogs in breeding kennels with reproductive problems and infectious respiratory disease, or when poor hygiene was practiced, as compared to those without.11,48,58 In a temporal study of serologic reactivity among dogs in breeding kennels, entering bitches that originally had seronegative results seroconverted after entry, whereas some of those within the kennel had seropositive results become negative during the monitoring period.48 Reproductive disorders that developed could not be correlated with changes in the serologic status of the bitches. Furthermore, results of polymerase chain reaction (PCR) were negative on vaginal and nasal swabs and buffy coat specimens collected from actively infected dogs. Postnatally infected pups that are born in these endemic environments are exposed at birth but may have no symptoms. Factors that predispose neonatal pups to generalized infection are hypothermia and poorly developed immune systems.














Pathogenesis


Newborn puppies can acquire CHV infection in utero, from passage through the birth canal, from contact with infected littermates, from oronasal secretions of the dam, or from fomites (although this is rare). A systemic cell-associated viremia is possible in immunodeficient or immunosuppressed hosts. Neonatal puppies experimentally infected when they are younger than 1 week are particularly susceptible to fatal generalized infections; dogs older than 2 weeks at the time of infection are relatively resistant and generally develop mild or inapparent clinical illness. Virus replication in older dogs is restricted to the nasopharynx, genital tract, tonsils, retropharyngeal lymph nodes, bronchial lymph nodes, conjunctival tissues, and occasionally lungs. Virus can be harbored in the lymphoid tissues such as the tonsils, parotid salivary gland, and sensory ganglia.7,31 The inherent immunity in a given breed of dog, or canid species, may play an important role in protection against herpesvirus infections. Adult European red foxes (Vulpes vulpes) developed systemic and respiratory illness after experimental intravenous challenge of a viral strain that produced only mild signs in adult domestic dogs.43 Mucosal immune mechanisms are likely important in natural infection because adult foxes given the same challenge by mouth (per os) had no clinical disease but seroconverted.43 When experimentally infected foxes were given repositol glucocorticoids as immunosuppression, 4 months or 11 months postinoculation (PI), CHV was not detectable in blood leukocytes or mucosal secretions or spread to in-contact control animals.44 Therefore, reactivation of infection could not be demonstrated; however, CHV DNA was detected in the trigeminal ganglia at necropsy, 18 months PI, in all of the experimentally infected foxes.


In experimental studies, route of inoculation has also been shown to be important in determining the spread and tissue localization of virus within the body. Dogs given CHV intranasally or both intranasally and intravenously had virus isolated from nasal secretions.31 Dogs given an intravaginal inoculation had virus isolated in both nasal and vaginal secretions. Two to 4 months after inoculation, necropsies were performed on the animals, and CHV could not be cultured from any tissues. However, using PCR, the CHV genome was found in trigeminal ganglia and retropharyngeal lymph nodes, regardless of the inoculation route. Convalescent dogs also had the viral genome in the lumbosacral ganglia, tonsils, and mediastinal and hypogastric lymph nodes.31 However, the CHV genome could not be detected in peripheral blood mononuclear cells. Within the trigeminal and lumbosacral ganglia and associated lymph nodes, virus is localized in the neurons or intranuclearly in lymphocytes during this quiescent period. These are likely sites for latency, and recrudescence results in virus replicating and shedding from the respiratory and genital mucosae.








In Utero Infection


Although neonatal infection usually is acquired at or soon after birth, transplacental transmission can also occur. The effects of transplacental infection with CHV depend on the stage of gestation at which infection occurs (Fig. 5-1). Infertility and abortion of stillborn or weak pups with no clinical signs in the dam have been reported. Although some puppies can survive such in utero infections and appear normal after delivery by cesarean section, others harbor the virus inapparently in their tissues. However, most pups develop systemic herpesvirus infection within 9 days of birth.




[image: image]


FIG. 5-1 Pups delivered by cesarean section from pregnant bitch 31 days after experimental intravenous infection with CHV. Two fetuses are partially mummified. (From Hashimoto A, Hirai K, Suzuki Y, et al. 1983. Experimental transplacental transmission of canine herpesvirus in pregnant bitches during the second trimester of gestation. Am J Vet Res 44:610–614.)




















Systemic Neonatal Infection


After oronasal exposure, CHV is first detected in the nasal epithelium and pharyngeal tonsils (Fig. 5-2). Primary replication occurs in epithelial cells and mucosa within 24 hours PI. The virus then enters the bloodstream by way of macrophages. Intracellular viremia results in viral spread throughout the body within 3 to 4 days after inoculation. Virus localization in the mononuclear phagocytic cells of the lymph nodes and spleen results in cell-to-cell spread and lymphoid hyperplasia and necrosis. Progressive multifocal hemorrhagic necrosis occurs in several organs; the highest concentrations of virus are found in the adrenal glands, kidneys, lungs, spleen, and liver. Multifocal hemorrhage associated with necrotic lesions may be related to the vasculitis and marked thrombocytopenia that occurs during infection. Thrombocytopenia can result from disseminated intravascular coagulation associated with widespread vascular endothelial damage and tissue necrosis.




[image: image]


FIG. 5-2 Pathogenesis of CHV infection.








Ganglioneuritis of the trigeminal nerve is a frequent lesion in puppies infected by oronasal exposure. CHV may travel up the nerve axons to the central nervous system (CNS), as does herpes simplex virus in humans. Meningoencephalitis commonly occurs in oronasally infected neonatal puppies, but CNS signs are not always apparent. Under normal circumstances, puppies usually die from systemic illness before neurologic signs are manifest.


Several factors, including temperature regulation and immune status, are involved in the abrupt development of resistance to infection that occurs between 1 and 2 weeks of age. Optimal growth of CHV in cell cultures has been shown to occur between 35° C and 36° C. The normal rectal temperature of adult dogs, 38.4° C to 39.5° C (101° F to 103° F), is above the critical range. Temperature regulation of the newborn pup is not developed until 2 to 3 weeks of age, and rectal temperature is usually 1° C to 1.5° C (2° F to 3° F) lower than that of the adult dog. In addition to having a reduced capacity for temperature regulation, neonatal pups are incapable of adequate fever production. Cell-mediated immune functions are also suppressed at temperatures lower than 39° C, rendering hypothermic pups more susceptible not only to CHV but also to vaccinal distemper and canine adenovirus infection. Puppies 4 to 8 weeks of age are normally clinically asymptomatic after infection, but they develop systemic CHV infection if their body temperatures are artificially reduced. Conversely, elevation of the environmental temperature and consequently the body temperature of CHV-infected puppies younger than 1 week results in reduction of the severity of infection; it does not eliminate the infection.


Immunity acquired from the dam also appears to be important in the survival of infected puppies. Pups nursing seronegative bitches develop a fatal multisystemic illness when they are infected with CHV. In contrast, puppies suckling seropositive bitches become infected but remain asymptomatic, and the virus is recovered primarily from their oropharyngeal regions. Maternal antibody or immune lymphocytes acquired through the milk may explain why naturally infected bitches that give birth to diseased puppies with rare exception subsequently give birth to healthy litters. Serum antibody titers in previously infected pregnant bitches may also suppress viremia and spread of infection to the fetus.














Adult Genital Infection


Occasionally herpesviruses have been isolated from papulovesicular lesions of the canine genital tract; such lesions may be recurrent episodes in previously infected bitches. With CHV, localized genital or respiratory infections and viral shedding can occur in the presence of circulating antibodies. Infection of the genital tract generally appears to be asymptomatic or limited to vaginal hyperemia with hyperplastic lymphoid follicles. Genital localization of the virus in bitches may be a means of venereal transmission of the virus, but it is most important as a source of infection for pups at birth. Spread of CHV from seropositive males to susceptible females at the time of breeding does not appear to be a significant mode of transmission, although such a mechanism is believed to occur. PCR has shown persistence of the virus in the lumbosacral ganglion, with presumed recrudescence and mucosal replication with subsequent shedding by the genital mucosae.7,31














Adult Respiratory Infection


Experimentally, tracheobronchitis has been produced in dogs infected with an isolate from naturally infected dogs.20 Field evidence suggests that CHV is one viral cause of canine infectious respiratory disease complex (see Chapter 6). In a temporal study in shelter dogs, CHV was found in 9.6% of bronchoalveolar lavage and 12.8% of tracheal samples of necropsied dogs suffering from endemic respiratory illness.15 Compared to other incriminated pathogens for which the dogs had received vaccination, CHV-associated illness was usually more severe, and its isolation rate was usually highest 3 to 4 weeks after the dog's introduction into the kennel. This later onset of CHV-associated illness may have been related to delayed exposure after entry, prolonged incubation, or reactivation of latent infections in dogs suffering from co-infecting pathogens. Although of uncertain significance, CHV has been recovered from the lungs of dogs with distemper and from dogs with acute conjunctivitis. Neonates that recover from CHV infections or older dogs that have subclinical infections have periodic episodes of viral recrudescence in their oronasal secretions. Viral latency has been demonstrated in intranasally-infected dogs for as long as 6 months after infection, with recrudescence occurring within 1 week after treatment with glucocorticoids or anti-lymphocyte serum.8 Recrudescence of latent virus also has been demonstrated in seropositive adults after being exposed to seronegative juveniles, suggesting a stress mechanism for CHV transmission that is similar to that of FHV infection. Reactivation of latent infections with asymptomatic shedding of virus from nasal, oral, ocular, and vaginal secretions occurred in most bitches given repeated high immunosuppressive doses of glucocorticoids.39 Recrudescence is a plausible explanation for subclinical persistence and the rare recurrences of abortions, fetal infections, or neonatal illnesses. It also serves as a mode of viral transmission to susceptible dams, especially when they are in a kennel for breeding.





















Clinical Findings



Neonatal Puppies





No premonitory signs of illness or history of neonatal mortality is seen in bitches with litters of puppies that die of CHV. Transplacental infections may occur at mid to late gestation and can result in abortion of mummified or dead fetuses, premature or stillborn pups, or weak or runt newborn puppies. Death of neonatal puppies younger than 1 week appears to be less common and probably indicates in utero infection. Among puppies born alive within a litter, some may not be affected, and the gestational age when illness occurs may vary among those that are affected.


CHV infection in postnatally infected puppies is associated with an acute and fatal illness, primarily occurring between 1 and 3 weeks of age. If affected when older than 3 weeks, pups have disseminated CHV infection that is believed to be exacerbated by concurrent infection or immunosuppression. Infected puppies appear dull and depressed, lose interest in nursing, lose body weight, and pass soft, yellow-green feces. They cry persistently and show discomfort during abdominal palpation. Despite the continued muscular activity associated with crying, restlessness, and shivering, the pups have no elevation in body temperature. Rhinitis is frequently manifest by serous to mucopurulent or, although rare, hemorrhagic nasal discharges. Petechial hemorrhages are widespread on the mucous membranes. An erythematous rash consisting of papules or vesicles and subcutaneous edema of the ventral abdominal and inguinal region are occasionally noted. Vesicles are occasionally present in the vulva and vagina of female puppies, the prepuce of males, and the buccal cavity. Puppies lose consciousness and may have opisthotonos and seizures just before death. Rectal temperatures become subnormal before death, which usually occurs within 24 to 48 hours after the onset of clinical illness.


Some puppies develop mild clinical disease with subsequent recovery. Animals that survive the systemic infection are likely to have persistent neurologic signs. Ataxia, blindness, and cerebellar vestibular deficits are most common.








Older Puppies and Adult Dogs


Dogs older than 3 to 4 weeks develop a mild or inapparent upper respiratory infection as a result of CHV. Severe pneumonic manifestations with systemic infection have been identified in pups as old as 8 weeks5 and older.18 CHV has been recognized as causing endemic canine infectious respiratory disease in kennels (see earlier discussion, Adult Respiratory Infection under Pathogenesis, and Chapter 6). Signs of systemic infection are rare in older pups; however, vomiting, anorexia, depression, serous ocular discharge, hepatomegaly, and sudden death have been reported in naturally infected 8-to 10-week-old coyote pups (see Chapter 92, and later in this chapter, for a discussion of ocular lesions).


Infections with CHV can cause genital infections and visible lesions in adult dogs. Primary genital infections in older bitches are characterized by lymphofollicular lesions, variable degrees of vaginal hyperemia, and occasionally petechial or ecchymotic submucosal hemorrhage (Fig. 5-3). No discomfort or vaginal discharge is noted in affected pregnant bitches, even in those who had abortions or stillbirths. Vesicular lesions have been noted during the onset of proestrus and regress during anestrus. Male dogs, with similar lesions over the base of the penis and preputial reflection, may have a preputial discharge.
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FIG. 5-3 CHV vaginitis. Arrow points to vesicular lesion. (Courtesy Akira Hashimoto, Hokkaido University, Sapporo, Japan.)




















Ocular Infection


CHV can be detected in conjunctival or corneal swab specimens from adult dogs.24 A high prevalence among dogs without clinical illness makes incrimination of its disease-producing capability difficult. However, CHV was found in a higher prevalence of conjunctival swabs from dogs with conjunctivitis versus those without.24 Furthermore, CHV has been found in dogs with naturally occurring dendritic corneal ulcerations that are considered pathognomonic lesions in other species.27 Conjunctivitis and ulcerative and nonulcerative keratitis were identified in an ocular disease-only outbreak of infection in a closed domestic dog colony where CHV-1 was incriminated by PCR and viral culture.25 Furthermore, experimental topical ocular inoculation of dogs produced a self-limiting ocular infection manifest by conjunctivitis and followed by latency.23 Infection, characterized by conjunctivitis, keratitis, and viral reshedding, was reactivated 8 months later by administration of glucocorticoid at systemic immunosuppressive dose.26 Topical ocular application of glucocorticoids was not associated with recrudescence of infection.24a See Ocular Infections, Chapter 92, for a further discussion of this problem.





















Diagnosis



Clinical Laboratory Findings





The determination of CHV infection in neonatal pups usually depends on information obtained from the clinical history, physical examination, and characteristic pathologic changes seen in affected puppies. Hematologic and biochemical abnormalities are nonspecific, but marked thrombocytopenia can be observed. A marked increase in the alanine aminotransferase activity can be found in infected neonates.








Viral Isolation


CHV can be isolated from several parenchymal organs of puppies dying of acute systemic infection but are most commonly obtained from the adrenal glands, kidneys, lungs, spleen, lymph nodes, and liver. In animals that have recovered or are older, growth of CHV is usually restricted to the oral mucosa, upper respiratory tract, and external genitalia. Viral isolation has not been demonstrated later than 2 to 3 weeks after infection. As noted, viral recrudescence may be provoked by immunosuppressive doses of glucocorticoids and may also be caused by stressful situations, such as the introduction of unfamiliar dogs into a kennel.


CHV grows only in cultured cells of canine origin, primarily in dog kidney cells at an optimal temperature range of 35° C to 37° C. Infected cells become rounded and detach from the glass surfaces, leaving clear plaques surrounded by necrotic cells. Plaque formation is best observed by overlaying monolayers with semisolid media such as agar or methylcellulose. Plaque morphology has been used as a marker for virus pathogenicity. CHV produces Cowdry type A intranuclear inclusions, which can be difficult to demonstrate and are best revealed in tissues that have been fixed in Bouin's fluid. Multinucleation of infected cells is unusual with CHV, but it has been observed with one isolate from the canine genital tract. Fluorescent antibody techniques, electron microscopy, and PCR can be used to detect CHV in tissues and cell cultures (Fig. 5-4). Although not routine, screening animals for infection is best done by viral detection during recrudescence with respiratory or genital signs. PCR has shown that latent herpesvirus infections are prevalent in asymptomatic dogs.7
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FIG. 5-4 Focus of herpesvirus-infected cells in nasal turbinate epithelium from a 12-week-old pup inoculated with CHV (fluorescent antibody method, ×125). (From Appel MJG, Menegus M, Parsonson IM, et al. 1969. Pathogenesis of canine herpesvirus in specific-pathogen-free dogs: 5- to 12-week-old pups. Am J Vet Res 30:2067–2073.)




















Serologic Testing


Serologic testing for CHV antibodies has been based on virus neutralization tests, which rely on reduction in cytopathogenicity or plaque formation. An enzyme-linked immunosorbent assay and a hemagglutination inhibition assay also have been developed.35,46,57,61 Neutralizing antibodies increase after infection and can remain high for only 1 to 2 months; low titers may be detected for at least 2 years. Seropositivity merely indicates exposure, not necessarily active infection, although viral persistence and latent infection might be presumed. Viral neutralization titers increase after treatment of convalescent animals with dexamethasone, presumably because of reactivation of latent infection.31 Because serologic tests are not standardized, variations in the level and prevalence of positive results can be expected among laboratories.














Organism Detection


Virus can be isolated from tissues of fatally infected pups using primary canine lung or kidney cells. Nucleic acid detection has been evaluated in suspected cases of spontaneous CHV infection and is the most reliable means of detecting latent infection in older animals. Nested PCR and in situ hybridization was used to detect virus in formalin-fixed, paraffin-embedded tissues from naturally infected puppies.7,22,52 Viral nucleic acid has been found within nuclei adjacent to and within hemorrhagic lesions in pups. Many epithelial cells, neurons, fibrocytes, cardiac myocytes, and hepatocytes contain virus. Nucleic acid testing for CHV is offered by some commercial laboratories (see Web Appendix 5). Unfortunately, false-negative results have been observed from different laboratories or with different sampling methodologies and reduced viral load during latency; false-positive results can occur because of the high prevalence of clinically healthy dogs that are carriers of the virus.




















Pathologic Findings


Gross lesions of fatal CHV infection in neonates include diffuse multifocal hemorrhage and gray discoloration in various parenchymal organs, especially the kidney, liver, and lungs (Figs. 5-5 and 5-6). On cut surface, the kidney lesions consist of wedge-shaped hemorrhages radiating outward from the renal pelvis. These wedge-shaped renal lesions are caused by CHV-induced fibrinoid necrosis of interlobular arteries.63 Serous to hemorrhagic fluid is usually present in the pleural and peritoneal cavities. The lungs are usually firm and edematous with pronounced hyperemia and focal areas of hemorrhage; the bronchial lymph nodes are markedly enlarged. Splenomegaly and generalized lymphadenomegaly are consistent findings. Petechial hemorrhages are often distributed throughout the serosal surfaces of the intestinal tract. Icterus has been rarely reported.
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FIG. 5-5 Gross CHV lesions of a pup that died 11 days after birth. Note prominent necrotic lesions in lung and liver. Typical kidney lesions are not clearly revealed.
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FIG. 5-6 Kidney from a puppy inoculated with CHV. Hemorrhagic areas consist of necrotic foci packed with erythrocytes. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Histologic findings in disseminated infections of neonates are characterized by foci of perivascular necrosis with mild cellular infiltration in the lung, liver, kidney, spleen, small intestine, and brain. Less severe lesions develop in the stomach, pancreas, adrenal glands, omentum, retina, and myocardium. The lymph nodes and spleen show reactive hyperplasia of mononuclear phagocyte elements. Multifocal necrotizing lesions have been described in the placentas of pregnant bitches and the pups that acquired infection in utero. Cutaneous or mucosal lesions, which may be seen as the primary lesions in older infected animals, consist of various sizes of vesicles produced by profound degeneration of the epithelial cells, resulting in marked acantholysis. Depending on the stage of cellular infection and method of fixation, basophilic or acidophilic inclusions may be noted, but they are less common than those caused by other herpesvirus infections. Inclusions are more readily seen in the nasal epithelium or kidney than in areas of widespread necrosis, such as the lung or liver. Renal dysplasias may be present in surviving animals.


Lesions in the CNS of recovered puppies are nonsuppurative ganglioneuritis and meningoencephalitis. The parenchymal lesions are multifocal and granulomatous, characterized by increased pericapillary cellular proliferation, and they occur primarily in the brainstem and cerebellum. Cerebellar and retinal dysplasias are frequent findings.














Therapy


Once a diagnosis has been made, treatment of puppies with signs of systemic CHV infection is unrewarding because of the rapid and fatal progression of the disease. In some cases, mortality can be reduced during an epizootic episode by injecting each pup intraperitoneally with 1 to 2 mL of immune sera. Immune sera can be obtained by pooling sera from bitches that had recently given birth to litters of puppies that died of CHV infection. Only one injection is required because of the short susceptibility period. This empirical treatment seems to help reduce losses within an exposed litter, but its success depends on the presence of adequate levels of serum antibodies and administration of the sera before the full development of systemic disease. If neurologic signs have already developed, they will likely persist.


Elevating the environmental temperature of already affected puppies is ineffective. Newborn puppies in experimental conditions maintained at 36.6° C to 37.7° C (98° F to 100° F) and 45% to 55% humidity have been able to maintain rectal temperatures of 38.4° C to 39.5° C (101° F to 103° F). Under experimental conditions in which body temperatures were elevated artificially before exposure to virus, puppies had reduced mortality, less severe clinical signs, and minimal pathologic changes. At elevated temperatures, viral growth in tissues was restricted compared with growth in conventionally reared pups. Pretreatment by raising ambient temperature is obviously not possible for puppies with natural CHV infections; however, it could be tried for remaining unaffected puppies in a litter.


Treatment of systemic CHV infection with antiviral drugs such as 5-iodo-2-deoxyuridine has been unsuccessful, and few studies have been performed on newer antiviral agents that are effective in treating localized and CNS infections of herpes simplex virus in humans and laboratory animals. In one such study, two 15-day-old pups died of confirmed CHV. Five littermates were given a course of vidarabine as soon as the cause of the deaths was identified, and they all survived. The surviving pups had high (greater than 64) neutralizing antibody titers 2 months later, indicating that they had been infected.9 A 10-mg dose of acyclovir was given orally to one litter of 1- to 1.5-kg pups every 6 hours until they were 3.5 weeks old (Table 5-1).4 Antiviral treatment may spare the pups, but residual damage to the CNS and myocardium can occur. This possibility must be discussed with owners before considering antiviral treatment of an infected litter. Lactoferrin, an iron-binding protein found in milk and other mammalian secretions, inhibits the replication of CHV in cell culture. Lactoferrin has been used topically to treat other mucosal viral infections (see Chapter 2 and the Drug Formulary in the Appendix). Lactoferrin could be administered orally on an empirical basis to protect exposed, clinically healthy pups when peroral transmission of virus is suspected or anticipated.56




TABLE 5-1


Therapy for Herpesvirus Infection of Puppiesa










	Drug

	Doseb


	Route

	Interval (hours)

	Duration










	Acyclovirc


	7–10 mg total

	Oral

	6

	Until 3.5 weeks old
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aSee the Drug Formulary in the Appendix, for specific information on each drug. Because of the small size of neonates, fluids or plasma therapy may have to be given intraperitoneally, intramedullarly, or subcutaneously rather than the preferred intravenous route. Additional warming of the animals is essential.


bDose per administration at specified interval.


cAvailable as 200-mg capsules. Contents of capsule are added to 10 mL of warm water. The powder does not dissolve; however, each pup receives 0.5 mL (10 mg) of the suspension orally every 6 hours.

















Prevention


The low prevalence of clinical outbreaks and poor immunogenicity of CHV reduce the incentive to produce a commercial vaccine for this disease. Reports from Europe and the United States have demonstrated a prevalence of anti-CHV antibodies in 6% of the random dog population, whereas it may be as high as 100% in some kennels.13,16








Vaccination and Immunotherapy


Because CHV infects pups in utero or as neonates, active immunization can be considered only in the dam. Passive immunization has been shown to reduce mortality in affected or exposed pups, so the use of vaccines seems logical. Live virus vaccines, although presumably attenuated, could establish a latent infection. Immunization with a commercially inactivated vaccine in Europe has been shown to provoke fourfold increases in virus neutralization titers in most vaccinated dogs, but it did not appear to provide long-term protection.9 An attenuated, cold-adapted CHV mutant virus vaccine has been used on an experimental basis. Also experimentally, neutralizing antibodies to CHV have been produced in mice by immunization with anti-idiotypic antibodies.60 A lyophilized, inactivated, purified CHV-1 strain F205 vaccine prepared with enriched glycoproteins was used to vaccinate bitches 10 days postcoitus and 6 weeks later near the end of gestation.41 The near-term booster was used to enhance the short-lived humoral response. As analyzed by PCR, 100% of pups born to these vaccinated bitches, which were challenged oronasally with virulent CHV-1 at 3 days of age, were protected against clinical illness, and in most instances (93.5% of 31 pups) against viral infection. In contrast, a majority of challenged control pups (81% of 31 pups) died of generalized CHV disease between 6 and 14 days after challenge. A subunit vaccine using this inactivated strain is licensed for use in some European countries (EURICANHerpes205, Merial, Lyons, France). The low prevalence of illness and the paucity of clinical signs in adult animals make such a vaccine justifiable primarily in problematic kennels with valuable breeding stock.


CHV has also been evaluated as a vector for genetically engineered vaccines against other infections in dogs.45,55 Recombinant vaccines incorporating genes for Neospora caninum, pseudorabies virus, and rabies virus have all been produced.36,37,59 The low virulence and species specificity of CHV make it an ideal candidate for a recombinant vector to protect dogs against other pathogens.


If a problem exists in a kennel, prevention of disease in exposed puppies may be achieved with the administration of immune serum or globulin during the first few days of life. Other methods have been of little value, although administration of an interferon inducer (avian poxvirus) to bitches before breeding and whelping and to newborn puppies in problem kennels was claimed to induce nonspecific protection against fatal CHV infection.9 This treatment needs additional evaluation in controlled studies.














Husbandry


On a practical basis, eradication of CHV from a kennel is impossible. Screening for infected animals also is impractical (see Diagnosis in this chapter), and owners should be advised that subsequent litters from an affected bitch have a very low risk of developing clinical illness. Accordingly, cesarean delivery or artificial insemination is not justified to reduce spread of infection. Artificial insemination could be used when a male that is known or suspected to be infected is bred to a primiparous bitch, but the benefit of such a practice has not been studied.


As a preventive practice, care should be taken to ensure that the environmental temperature of newborn puppies is kept warm with heated whelping boxes, heat lamps, or other warming devices that do not cause excessive dehydration. Viral shedding for 1 week generally ensues with introduction of new dogs in a kennel, during concurrent illnesses, or in a dog with drug-induced immunosuppression.


Inapparent infections are common in dogs that have recovered from CHV infection, with occasional mild rhinitis, vaginitis, or balanoposthitis as the only clinical sign. Such dogs may act as reservoirs of infection for neonates and should be separated from new litters. Clinically affected puppies shed large quantities of virus in their secretions for 2 to 3 weeks after recovery. Virus persists for only short periods in respiratory or vaginal secretions, so its spread is most common through immediate direct contact with infected animals or through fomites.




















Public Health Considerations


Herpesviruses are generally highly species specific; the dog does not become naturally infected with the human strains, and the canine organisms do not infect humans. In one study, human herpesvirus type 1 was inoculated into the brains of normal dogs, and it established a latent infection without causing clinical illness or pathologic changes.54
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Chapter 6


Canine Infectious Respiratory Disease


Richard B. Ford













Etiology


Canine infectious respiratory disease (CIRD), also known by the common names including canine infectious tracheobronchitis, “kennel cough,” “canine cough,” “canine croup,” acute contagious respiratory disease, and canine contagious respiratory disease complex. CIRD describes any contagious, acute-onset respiratory infection of dogs, typically involving the upper respiratory tract. The etiology of infection is complex and involves several viral and bacterial pathogens acting alone or synergistically.15


Table 6-1 and Web Table 6-1 summarize the various known and potential pathogens associated with CIRD. Although any one of the individual pathogens described can cause clinical signs consistent with CIRD, co-infection involving two or possibly more pathogens simultaneously colonizing the upper respiratory tract of the same patient can occur. Kennel-housed dogs may be particularly susceptible to co-infection. Two new viruses, canine influenza virus (CIV, see Chapter 23) and canine respiratory coronavirus (CRCoV), have emerged since 2000, both of which are known to infect the respiratory tract of dogs. Only CIV has been shown to cause clinical signs of CIRD. Whereas Bordetella bronchiseptica and canine parainfluenza virus (CPIV) have commonly been described as the principal pathogens recovered from dogs involved in CIRD outbreaks, CIV and CRCoV each pose reasonable risk of infection in susceptible dogs, especially those housed within high-density environments. The risk of CIRD continues to expand as the list of pathogens increases and the consequences of comorbidity, which are not well studied, become reality. The potential for co-infection is high, which makes diagnosis, treatment, and prevention even more problematic in the clinical setting. Although other viruses and bacteria have been recovered from dogs with CIRD, their role in the pathogenesis of infection is less clear.




TABLE 6-1


Organisms Associated with Canine Infectious Respiratory Disease










	Organisms

	Additional Chapter Coverage










	VIRUSES






	Canine parainfluenza virus

	7






	Canine adenovirus 2

	4






	Canine distemper virus

	3






	Canine herpesvirus

	5






	Canine reovirus

	—






	Canine respiratory coronavirus

	—






	Pantropic strain of canine coronavirus

	8






	Canine influenza virus

	23






	BACTERIA






	Bordetella bronchiseptica

	87






	Mycoplasmas (Mycoplasma, Ureaplasma, Acholeplasma)

	32, 87






	
Streptococcus equi subsp. zooepidemicus


	33, 87






	Miscellaneous bacteria

	87
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WEB TABLE 6-1


Pathogens Associated with Canine Infectious Respiratory Disease










	Organism

	Classification

	Clinical Manifestationsa


	Vaccinationb











	Bordetella bronchiseptica

	Gram-negative coccobacillus

	Can exist in respiratory tract as either commensal or pathogen; activation of virulence factors can elicit injury to respiratory mucosa; signs develop acutely, may include cough, bronchitis, or pneumonia, variable fever depending on severity of infection and presence of other pathogens; infection and aerosol shedding may persist for weeks; bacteremia does not occur.

	Parenteral and IN vaccines are available.






	Canine influenza virus (CIV)

	Type A, H3N8 influenza virus

	Most clinical cases are mild, short-lived (10–14 days), and resolve spontaneously; peracute death associated with pulmonary hemorrhage can occur; clinical signs include acute-onset cough, tachypnea, lethargy, and fever (may be high); spread by aerosolized microdroplets; CIV is highly contagious; shedding ceases by 7–8 days postinfection.

	Parenteral vaccines are available.






	Canine parainfluenza virus (CPIV)

	Single-stranded RNA virus

	Transmitted by aerosol, CPiV is highly contagious to other dogs, especially in high-density populations; replicates primarily in upper respiratory tract, trachea, and bronchi; signs are mild, typically limited to cough lasting from 2 to 8 days; appetite usually normal, fever absent or slight; swelling of vocal folds may result in high-pitched, “honking” cough easily elicited on trachea manipulation.

	Parenteral and IN vaccines are available.






	Canine adenovirus type 2 (CAV-2)

	Double-stranded DNA virus

	Transmitted after oronasal contact with infectious secretions; illness typically limited to respiratory tract resulting in short-lived cough lasting less than 2 weeks; viral shedding ceases by day 9 postinfection; enteritis and neurologic signs reported.c


	Parenteral and IN vaccines are available and provide cross protection against CAV-2.






	Canine distemper virus (CDV)

	Single-stranded RNA virus

	Respiratory signs characterized by cough, nasal-ocular discharge, lethargy, and fever; however, infection not characteristically limited to respiratory tract; systemic signs associated with rapid progression involving nervous system, skin, eyes, and bones; a serious complicating factor, especially among young dogs co-infected with other respiratory pathogens.d


	Modified-live and recombinant CDV vaccines are available.






	Canine herpesvirus (CHV)

	Double-stranded DNA virus

	Primarily important in neonatal dog infected in utero; respiratory infections among adult dogs co-infected with CDV reported; signs poorly characterized; not considered to be primary respiratory pathogen in dogs.e


	No vaccine for respiratory CHV infection is available.






	Canine reovirus

	Double-stranded RNA virus

	Mammalian orthoreoviruses capable of infecting wide range of hosts; subclinical infections occur; role in respiratory disease unclear; infection likely associated with co-infection (CDV or parvovirus-2); appear to play a minor role in canine infectious respiratory disease (CIRD).

	No vaccine for canine reovirus is available.






	Canine respiratory coronavirus (CRCoV)

	Type 2 RNA coronavirus

	Identified in healthy dogs and dogs with mild to moderate respiratory disease; attempts to isolate virus from respiratory tract of dogs have been unsuccessful; role in CIRD remains unclear. See text for discussion.

	No vaccine is known to protect dogs against CRCoV.






	Pantropic canine coronavirus (CCoV)

	Type 2 RNA coronavirus

	Severe respiratory disease among dogs (Italy) attributed to highly virulent CCoV; experimental infection in puppies caused signs similar to those in the original outbreak; older puppies recovered spontaneously.

	No vaccine is known to protect dogs against CcoV.






	Mycoplasmas

	
Mycoplasma, Ureaplasma, and Acholeplasma


	Of the three nonhemotropic genera listed, Mycoplasma spp. most likely associated with CIRD; role as primary respiratory pathogen not conclusively established.f


	 






	Miscellaneous bacteria (multiple spp.)

	Opportunistic

	Multiple bacterial species can be recovered from mucosal flora of healthy dogs and from oropharynx, tonsils, larynx, and trachea (to level of carina); bacterial infections of respiratory tract generally regarded as secondary or opportunistic; antimicrobial therapy justified in dogs with CIRD because of ability of bacteria (especially Bordetella bronchiseptica and Streptococcus equi subsp. zooepidemicus) to adversely affect outcome of disease.
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IN, intranasal.


aSee text for details.


bSee text and Table 6-4. Refer to Web Appendix 3, Canine and Feline Biologics Manufacturers and Products Available Worldwide.


cSee Chapter 4.


dSee Chapter 3.


eSee Chapter 5.


fSee Chapter 32.














Viruses


CPIV is a single-stranded RNA virus belonging to the family Paramyxoviridae and is closely related to simian virus 5 (see Chapter 7).7 Of the various viruses known to be associated with CIRD, CPIV has perhaps received the most attention as a principal respiratory pathogen. CPIV is found in dogs throughout the world and is known to cause acute-onset, short-lived, but highly transmissible cough; kennel-housed dogs are at greatest risk of exposure. Although natural infection may result in detectable serum antibody for periods of up to 3 years, immunologic protection is generally determined by IgA concentrations at the level of the respiratory mucosa. A positive serum antibody titer to CPIV does not necessarily correlate well with protection from clinical disease.108,109 Several other viruses have been implicated in CIRD.


Canine adenovirus (CAV) type 2 (CAV-2), a DNA virus of the family Adenoviridae (see Chapter 4), can cause acute infectious laryngotracheitis in dogs that is characterized by acute-onset cough; clinical signs may be inapparent to mild in uncomplicated infections. Unlike CAV-1, where noncanid wildlife can serve as environmental reservoirs, the host range of CAV-2 beyond canids is uncertain. Dogs that are not immunized against either CAV-1 (cause of infectious canine hepatitis) or CAV-2 are particularly susceptible to infection.


CIV is a dog-adapted strain that originated from genetic alterations in the H3N8 virus circulating in horses (see Chapter 23). In 2003, CIV was isolated from several kennel-housed greyhounds in Florida experiencing an outbreak of acute upper respiratory signs, especially nasal discharge and cough.27 With outbreaks having been identified in at least 30 states and the District of Columbia in the United States, CIV is justifiably included as a primary pathogen of CIRD.


Coronaviruses (CoV) are now classified into at least three groups.45 A possible fourth group is under consideration and includes the cause of severe acute respiratory syndrome (SARS) in humans: SARS-CoV. The three major types of CoVs have been isolated from dogs and are classified as either group I or II CoVs. In 2003, a group II CRCoV, closely related to but genetically distinct from bovine CoV, was isolated from dogs housed in a rehoming center in the United Kingdom.44,47,48 This virus should be differentiated from the group of type I enteric canine coronaviruses (CCoV; see Chapter 8). CRCoV was subsequently isolated from the upper respiratory tract of household dogs in Japan.93,131 Seroepidemiologic and genetic evidence of CRCoV infection in dogs has been reported in Italy, Japan, Korea, Canada, the United States, New Zealand, and Greece.* One retrospective study suggests the likelihood that CRCoV has been present in dogs in North American since 1996.42 A seasonal occurrence has been suggested, with infection risk being highest in the winter months rather than summer. CRCoV is more likely to be recovered from the respiratory tracts of dogs over 1 year of age.101 Although the CRCoV is considered to be highly contagious and can be isolated from naturally infected dogs with CIRD, dogs with uncomplicated infections appear to develop either subclinical or mild disease. Clinical disease has not been substantiated by experimental inoculation of virus into susceptible dogs. Similarly, the original bovine CoV, from which CRCoV was thought to originate, causes only subclinical infection of pups.74 In natural situations, co-infections or host factors may be responsible for the ability of CRCoV to produce clinical illness; however, further studies will be needed to document this suspicion. Until natural or experimental challenge can be shown to cause respiratory signs in susceptible dogs, CRCoV should not be considered a primary pathogen of CIRD.


A single outbreak of a highly virulent strain of CCoV belonging to group II was documented in seven pups housed in a pet shop in Italy.15 Affected dogs developed severe gastrointestinal, neurologic, and respiratory signs; deaths were reported within 2 days of the onset of signs. Type I and type II CoVs were found in the intestinal content; however, only the type II virus was present in many other organs, including the lungs, in association with lesions. This clinical disease was very similar to that caused by the group IV SARS-CoV infection of humans. At this time, the virulent pantropic CCoV is not considered to be a constituent pathogen of the CIRD complex.


Canine distemper virus (CDV) infection can cause acute-onset cough, and nasal and ocular discharge and is occasionally included among the various pathogens involved in CIRD. However, CDV infection is not characteristically limited to the respiratory tract and more frequently causes pneumonia with bacterial complications (see Chapter 3). Generalized canine distemper typically progresses rapidly, involving multiple organ systems, particularly the central nervous system, skin, eyes, and bone. Although CDV can act synergistically with CPIV and B. bronchiseptica and may ultimately lead to significant respiratory disease and death, it is not regarded as a primary pathogen in the etiology of the generally self-limiting syndrome defined as CIRD (also see Chapter 3).


Canine herpesvirus (CHV) is most commonly implicated as a serious systemic, frequently fatal, infection of puppies under 2 weeks of age (see Chapter 5). In adult dogs, infection is often subclinical or latent. However, acute or reactivated CHV may cause respiratory signs of rhinitis and pharyngitis. CHV was identified in ocular swabs in a higher percentage of dogs with conjunctivitis as compared to those without.84 Evidence of CHV infection has been identified in lung and tracheal samples collected from dogs housed in a rehoming center.47 Serologic studies involving kenneled and household dogs suggest relatively high prevalence.44 However, recrudescence of latent CHV may lead to intermittent viral excretion after physiological (co-infection) or pharmacologic (glucocorticoid) stress. Therefore, the role of CHV in CIRD has been controversial. However, a nosocomial outbreak of CIRD, attributed solely to CHV infection, occurred in a referral veterinary hospital where most of the affected dogs had been receiving a variety of immunosuppressive treatments including glucocorticoids, chemotherapy, surgery or irradiation.74b


Reoviruses have been isolated from the respiratory tracts of dogs. All three serotypes of the mammalian orthoreoviruses (T1, T2, and T3) have been recovered from both dogs and cats. These nonenveloped, double-stranded RNA viruses are ubiquitous and have been recovered from a wide range of mammalian hosts, including humans. Although canine reovirus has been recovered from dogs with ocular and nasal discharge, attempts to experimentally infect germ-free dogs yielded contradictory results. Although canine reovirus exposure may be relatively common among dogs living in high-density populations, there is no conclusive evidence that any of the reovirus subgroups act alone or synergistically to cause CIRD.


Pneumovirus, closely related to murine pneumovirus was cultured from nasal and pharyngeal specimens of dogs experiencing acute upper respiratory disease in a shelter.107a Other viruses, predominantly CPIV and CIV were also isolated. Co-infections or immunocompromised host issues might lead to potential clinical illness caused by this virus. However, pneumovirus antibodies have been found in both clinically healthy and ill kennel dogs suggesting widespread exposure and questionable pathogenicity (see Web Appendix 5).














Bacteria and Mycoplasmas


The spectrum of potentially pathogenic bacteria found in the upper respiratory tracts of dogs adds to the complexity of the pathogenesis and clinical outcome of CIRD. However, it is unlikely that any of the several bacterial species implicated for their role in canine respiratory disease carries more importance than B. bronchiseptica. Nine species of Bordetella have been identified. Three are known for their ability to cause respiratory disease. Unlike the human host-restricted Bordetella pertussis, the cause of whooping cough, and Bordetella parapertussis, B. bronchiseptica is infectious for a wide range of mammals, including humans. Over the past decade, research findings have provided insight into the complexity of the virulence patterns unique to the Bordetellae and explain how these bacteria are able to exist both as a commensal organism within the upper respiratory tract and as a highly virulent pathogen (see Pathogenesis). These findings support the role of B. bronchiseptica as a critical cofactor in the pathogenesis of CIRD.


Other bacteria recovered from the respiratory tracts of dogs with CIRD include Streptococcus spp., Pasteurella spp., Pseudomonas, and various coliforms.104,119 Their role as primary pathogens versus secondary invaders is less clear. One exception may be Streptococcus equi subsp. zooepidemicus, which has been identified as a primary cause of an acute-onset, contagious, and often fatal bronchopneumonia in dogs housed in shelters and research kennels (see Chapter 33).21 Its also has been considered as a copathogen in some of the fatal CIV outbreaks in greyhounds (see Chapter 23).


There are limited reports describing the role of mycoplasmas as primary respiratory pathogens in dogs. Mycoplasmas are fastidious, prokaryotic microbes that are distinguished from bacteria by the fact that they are enclosed in a cytoplasmic membrane but lack a distinct cell wall.11,80,105 Nonhemotropic mycoplasmas, acholeplasmas, and ureaplasmas have been recovered from the nasopharyngeal and laryngeal mucosae of clinically healthy dogs and cats. Mycoplasma spp. have also been isolated from the lower respiratory tracts of dogs (especially Mycoplasma cynos) and cats (Mycoplasma felis) with pneumonia.11,105,111 There are questions as to the precise role these organisms play in CIRD. See Chapters 32 and 87 for further discussion of this controversy.




















Epidemiology


CIRD is among the most common causes of acute-onset respiratory diseases of dogs. Despite the implementation of vaccination programs against the principal pathogens associated with CIRD, outbreaks continue to be reported throughout the world. Immunity derived from vaccination does not confer complete protection against infection, clinical disease, or organism shedding. Although many agents have been associated, CIRD usually results from infection by any one of four principal pathogens (B. bronchiseptica, CPIV, CIV, CAV-2). Simultaneous infection with any two or more of these pathogens in the same patient is likely to pose a significant risk for increased morbidity among susceptible dogs. Dogs housed in private and commercial kennels, pet shops, animal shelters, and boarding facilities (including veterinary hospitals) are at significantly greater risk of exposure and infection compared to household pets.8,11,40,56,104 Furthermore, the risk of syndemic infection, which is two or more pathogens synergistically infecting dogs within a population, is probably greatest among shelter-housed dogs.


Despite the diversity of pathogens associated with CIRD, most viruses and B. bronchiseptica are efficiently transmitted in the same manner to naïve dogs from infected dogs through oronasal contact with aerosolized respiratory secretions. Among dogs housed in high-density populations, transmission most likely occurs after direct contact with infected dogs or contact with aerosolized microdroplets, either from infected dogs or through freshly contaminated dishware, human hands, and other fomites. For the principal viruses involved, the onset of signs and duration of viral shedding are similar. Clinical signs (usually initially cough) can develop within 1 to 3 days after exposure. Viral shedding begins within a few days after infection, whereas the duration of viral shedding usually ranges from 6 to 10 days, after which the virus load diminishes substantially. On the other hand, B. bronchiseptica, an obligate extracellular bacterium, and the mycoplasmas are able to elude immune recognition and destruction for weeks or months.7,8 Therefore, high numbers of bacteria are likely to be expelled in respiratory secretions of healthy-appearing dogs for extended periods. With respect to environmental survival, B. bronchiseptica can be transmitted from dogs to cats. B. bronchiseptica has been shown to survive in lake water, without added nutrients, for up to 24 weeks and replicate in natural waters for at least 3 weeks at 37° C.99


Although the viruses are highly contagious and infection rates high, especially in kennel-housed dogs, development of respiratory signs is variable. When the pathogens associated with CIRD are acting alone, they generally cause inapparent to mild disease, although more severe pulmonary involvement can lead to protracted illness or death. Dogs of all ages are susceptible to infection, although puppies may be particularly susceptible to opportunistic bacterial infections. Natural immunity after recovery from infection is difficult to establish because CIRD is the consequence of exposure and infection with a wide spectrum of pathogens acting individually or in combination in an individual patient.















Pathogenesis



Viruses





For many years, the principal viral pathogens associated with CIRD have been CPIV and CAV-2. CIV and CRCoV are additional agents to be considered. The discussion that follows summarizes the pathogenesis of each virus individually. However, in the clinical setting, it is reasonable to assume that co-infection, involving two or more pathogens simultaneously in the same patient, can and usually does occur. Unfortunately, information on the pathogenesis and comorbidity of CIRD in dogs is limited.








Canine Parainfluenza Virus


CPIV is among the most common causes of highly contagious acute-onset cough in dogs throughout the world. Classified in the family Paramyxoviridae, the virus is a single-stranded RNA containing seven genes that encode eight proteins. Infection risk correlates with a high population density of dogs. Experimental challenge has shown that CPIV replicates primarily in the epithelium of the nasal mucosa, pharynx, larynx, trachea, and bronchi. There, its cytolytic replication causes denuding of the respiratory epithelium (Fig. 6-1). Viremia is uncommon, although CPIV has been recovered from spleen, liver, and kidneys in dogs with mixed infections. Viral shedding persists only 8 to 10 days after infection, during which time aerosolized respiratory secretions can transmit virus to susceptible dogs. CPIV infection is characterized by self-limiting cough, often characterized as a high-pitch “honking” cough likely attributable to vocal fold swelling. Laryngitis and tracheitis may be associated with episodic gagging and expectoration. A serous nasal discharge, tonsillitis, with or without pharyngitis, may develop. In the absence of complicating secondary infections, clinical signs resolve spontaneously within 6 to 14 days of onset. However, co-infection with B. bronchiseptica or another respiratory virus, especially in puppies, is likely to culminate in an extended, potentially severe clinical course.
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FIG. 6-1 A, Electron microscopic (EM) scan of normal canine tracheal epithelium. B, EM scan shows mucous hypersecretion and the tracheal epithelium completely denuded of cilia only 72 hours after experimental infection with CPIV. (Courtesy Pfizer Laboratories, Madison, NJ.)






















Canine Influenza Virus


CIV causes a respiratory illness in experimentally infected dogs and is associated with fever and viral replication and seroconversion.27 Clinical signs range from inapparent to mild respiratory signs (cough) lasting 2 to 3 weeks; some naturally infected dogs develop serious, life-threatening lower respiratory disease. Respiratory airway and regional lymph node inflammation is apparent in most experimentally infected dogs; however, a few dogs develop pulmonary lesions typical of pneumonic consolidation.35,36 Viral replication and shedding are of relatively low level, most productive in the first 4 days after infection, and generally does not last for more than 10 days. Shedding was observed in subclinically affected dogs as well. Rapid spread of infection occurs after entry of the virus into a group of housed dogs. See Chapter 23 for a further review of the pathogenesis of this infection.














Canine Adenovirus Type 2


CAV-2 and CAV-1 are both known to infect respiratory epithelium and cause respiratory signs, especially cough. CAV-2, however, is the predominant adenovirus recovered from dogs with CIRD and is recognized worldwide among dogs that have been vaccinated against either CAV-1 or CAV-2. Despite vaccination of domestic dogs, wild canids may serve as reservoirs for canine exposure. After oronasal transmission, the virus replicates in surface epithelium of the nasal cavity, pharynx, tonsillar crypts, and the goblet cells in the trachea. CAV-2 is not limited to the upper respiratory tract, because it may also infect nonciliated cells in the bronchi and type 2 alveolar epithelium. Virus has also been recovered from bronchial and retropharyngeal lymph nodes. Virus replication peaks at 3 to 6 days postinfection then declines commensurate with the increase of local antibody. By 9 days postinfection, virus cannot be isolated. The most dramatic respiratory lesions associated with CAV-2 infection centers on the distal airways and lung. Bronchitis and interstitial pneumonia are reported in dogs experimentally challenged with CAV-2, although the clinical illness caused by the infection is inapparent or minor. Mortality associated with severe pneumonia has been observed in natural infection of pups of 4 weeks of age or younger.1 Clinical manifestations associated with CAV-2 infection are worsened when bacterial or viral co-infection occurs.12,26,110 CAV-2 has been identified in a higher rate of dogs with naturally acquired conjunctivitis as compared to clinically healthy control dogs.84 See Chapter 4 for further information on the pathogenesis of canine adenovirus infections.














Canine Distemper Virus


CDV infection can result in respiratory signs that are indistinguishable from other causes of CIRD, particularly during the early states of infection. However, the respiratory tract is not the primary target of CDV. Infection in highly susceptible dogs progresses systemically, resulting in death. Although CDV can be considered a significant copathogen in the pathogenesis of CIRD, it is not regarded as a primary agent. The pathogenesis of CDV is described in detail in Chapter 3.














Canine Respiratory Coronavirus


CRCoV seropositive dogs have been identified in several countries, and viral isolation has been confirmed.2,74,87,131 However, seropositivity in dogs has not consistently been associated with clinical signs of respiratory disease. Neither experimental nor natural CRCoV challenge studies have been published. There is currently no direct evidence that CRCoV is a primary pathogen in CIRD. It is likely that CRCoV infection, like CPIV and CAV-2, follows direct contact with infectious respiratory secretions. After a short incubation period, clinical signs, if present, are characteristic of CIRD and include cough, nasal discharge and occasionally inappetence. In one clinical study involving shelter dogs with signs of respiratory disease, CRCoV was most commonly recovered from dogs with mild cough.48 In naturally infected dogs, virus was frequently identified in the nasal cavity, tonsils, and trachea, and less likely to be recovered from the lung and bronchial lymph nodes. Studies of the etiology of CIRD in which dogs with CRCoV were identified also found dogs to be co-infected with other respiratory pathogens, particularly B. bronchiseptica and CPIV.45














Canine Herpesvirus


CHV infection is characteristically described as a fatal, systemic infection in puppies under 2 weeks of age and has been associated with fetal death. However, experimental infection of dogs with herpesvirus has been reported to cause rhinitis and pharyngitis as well as signs consistent with CIRD. Although the virus has been isolated from dogs with upper respiratory signs, the role of CHV in CIRD remains unclear. See Chapter 5 for further information on the pathogenesis of this disease.














Canine Reovirus


Mammalian reoviruses are capable of infecting virtually all mammals, including humans. All three serotypes, 1, 2, and 3, have been isolated from dogs with respiratory disease or enteritis. Although it is isolated from the upper respiratory tracts of dogs, the role of canine reovirus as a principal pathogen in CIRD is uncertain. Reovirus challenge studies conducted in healthy dogs have been inconclusive. It has been suggested that CRV acts synergistically with other pathogens to cause signs consistent with CIRD.16














Bacteria and Mycoplasmas


B. bronchiseptica, a gram-negative, aerobic coccobacillus, was recognized as a primary cause of respiratory disease in dogs in the early 1970s. Today, it is regarded as one of the principal causative agents of CIRD and may be a critical complicating factor in dogs simultaneously infected with a viral pathogen. B. bronchiseptica has regularly been isolated from the upper respiratory tracts of clinically healthy dogs and cats and those with signs of respiratory disease, particularly cough and nasal discharge. The complex pathogenesis of the bordetellae helps explain how clinical manifestations of infection can range from mild upper respiratory signs in otherwise healthy dogs to serious disease characterized by pneumonia and death. Of particular importance, yet poorly studied, are the consequences of comorbidity involving any of the pathogens known to be associated with CIRD. In a study of community-acquired pneumonia of dogs, dogs with pneumonia attributed to B. bronchiseptica were more likely to have been obtained from a pet store and have more prolonged hospitalization than dogs with other incriminated bacteria.104


The consequences of B. bronchiseptica infection are variable and difficult to predict in the clinical setting. The complexity of this bacteria-host interaction can be attributed to a virulence control system, nearly identical to that found in B. pertussis and B. parapertussis, encoded by the bvgAS locus. BvgA and BvgS (Bordetella virulence genes A and S, respectively) are key constituents of the two-component transduction system that regulate the proteins responsible for the expression of virulence factors. BvgAS controls at least three distinct phenotypic phases of B. bronchiseptica, Bvg+, Bvgi, and Bvg−, which are believed to be involved with colonization, transmission, and survival (persistence), respectively. Interestingly, expression of a particular phase appears to be under the influence of changing environmental conditions during the course of infection. The relevant signals that influence and regulate the bvgAS locus have not yet been determined. Given the ability of B. bronchiseptica to regulate its virulence and the likelihood that co-infected dogs tend to experience more serious clinical disease than dogs infected with single agents, viral co-infection (e.g., CPIV or CIV) conceivably could influence B. bronchiseptica virulence and the clinical manifestation CIRD in an individual dog. B. bronchiseptica virulence factors and their function are summarized in Web Table 6-2.




WEB TABLE 6-2


Principal Virulence Factors for Bordetella Bronchiseptica and Summary of Actions








	Virulence Determinant

	Action










	Filamentous hemagglutinin

	Surface-associated and secreted protein; may be required for attachment to ciliated epithelium and colonization; highly immunogenic; may also have a role in B. bronchiseptica–mediated immunomodulation.






	Fimbriae

	Filamentous cell surface structure required for persistent tracheal colonization (ciliated epithelium).






	Pertactin

	Surface protein; enhances protective immunity.






	Vag8

	Outer membrane protein.






	Adenylate cyclase

	Calmodulin-activated toxin with dual adenylate cyclase/hemolysis activity; acts as an anti-inflammatory and antiphagocytic factor during infection.






	Type III secretion system

	Allows Bordetella to translocate effector proteins into host cells; required for persistent tracheal colonization; inhibits host immune response; causes cell death.






	Dermonecrotic toxin

	Heat-labile toxin; induces necrosis in vitro.






	Tracheal cytotoxin

	Causes mitochondrial bloating, disruption of tight junctions, and damage to ciliated cells.






	Lipopolysaccharide (LPS)

	Large molecule found in outer cell membrane of gram-negative bacteria; acts as an endotoxin; O antigen of B. bronchiseptica, a constituent of LPS, can prevent action of antibody against bacteria.









From Mattoo S, Cherry JD. 2005. Molecular pathogenesis, epidemiology, and clinical manifestations of respiratory infections due to Bordetella pertussis and other Bordetella subspecies. Microbiol Rev 18:326–382.








Studies have provided insight into the pathogenesis of B. bronchiseptica and how this unique pathogen is able to reside in the respiratory tracts of healthy dogs (and cats), then, under the influence of yet undefined stimuli, recognize specific receptors on ciliated respiratory epithelium, effectively attach to and colonize these cells, elude immune destruction, and subsequently cause tissue injury.* Bacterial attachment to ciliated respiratory epithelium represents a critical first stage of B. bronchiseptica infection (Fig. 6-2). Under the control of the BvgAS two-component system, filamentous fimbriae are believed to mediate the binding of Bordetella to the respiratory epithelium17 and are actually required for persistence in the trachea. Another adhesin, filamentous hemagglutinin, is the dominant attachment factor for Bordetella and may have a role in overcoming the clearance activity of the mucociliary apparatus. Early in the course of infection, and before epithelial cell injury or mucous production, B. bronchiseptica induces ciliostasis, a critical event in the pathogenesis of infection in that it not only prevents bacterial clearance but also enhances further colonization.3 After colonization, B. bronchiseptica uses several complex intrinsic mechanisms to express a series of exotoxins and endotoxins, also called virulence factors or determinants. These virulence factors not only lead to direct cellular injury but also impair immune recognition and clearance.6,40,56,103,132
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FIG. 6-2 Transmission EM scan of tracheal mucosa showing ciliated epithelial cells with adherent B. bronchiseptica (arrow). (Photograph by Electron Microscopy Lab, College of Veterinary Medicine © 2004, University of Georgia Research Foundation Inc.)








Innate protection to against B. bronchiseptica exists in the form of β-defensins, cationic peptides in the respiratory tract and secretions.46a Colonization of respiratory epithelium also results in the production of local antibodies to several B. bronchiseptica antigens. However, a number of virulence factors enable Bordetella to elude immune destruction. Expression of the toxin adenylate cyclase (CyaA), maximally expressed during the Bvg+ phase, has been found to “intoxicate” neutrophils and catalyze excess production of cyclic adenosine monophosphate. The importance of CyaA in the pathogenesis of B. bronchiseptica is its ability to facilitate bacterial resistance of host defense mechanisms. The result is compromised phagocytosis and elimination of bacteria. In addition, lipopolysaccharide (LPS), an endotoxin present on the surface of B. bronchiseptica, interacts with the host to protect bacteria from the consequences of inflammation. The O antigen, a constituent of LPS, interferes with the action of antibody against B. bronchiseptica and may play a critical role in bacterial persistence.


Induction of ciliostasis, probably by tracheal cytotoxin, an early event in the colonization and pathogenesis of B. bronchiseptica, occurs before epithelial damage and mucous secretion. Failure of the coordinated, directional ciliary beat of respiratory epithelium represents a critical compromise in mucociliary clearance that could conceivably predispose the host to opportunistic lower respiratory tract infection. Tissue damage at the level of the respiratory tract occurs subsequent to colonization. Local tissue damage results from the direct toxic effect of various proteins secreted from adherent B. bronchiseptica. The effects of the principal virulence factors, dermatonecrotic toxin, LPS, the type III secretion system, and periactin, are summarized in Web Table 6-2.


Aside from B. bronchiseptica, the majority of bacteria isolated from dogs with signs of CIRD are considered to be opportunistic infections involving one or a combination of commensal organisms. Pseudomonas spp., Pasteurella spp., and coliforms are commonly cited isolates from dogs with clinical evidence of respiratory infection. A limited number of reports describe an acute-onset respiratory disease in kenneled dogs caused by S. equi subsp. zooepidemicus (see Chapter 33).19,21,79,97 Clinical findings included moist cough, nasal discharge, fever, dyspnea, anorexia, and lethargy. Several fatalities are reported. Necropsy findings in each outbreak documented hemorrhagic bronchopneumonia and sepsis. S. equi subsp. zooepidemicus was recovered from blood, lungs, and various other organs of affected dogs. None of the cases assessed for CPIV, CAV-1, CAV-2, and CRCoV were positive. Co-infection with B. bronchiseptica was not reported. Although the pathogenesis of the infection described in these outbreaks has not been characterized, such findings do raise concern over the importance of S. equi subsp. zooepidemicus in the spectrum of pathogens associated with CIRD.


The role of mycoplasmas in CIRD is not well understood. Their role as principal respiratory pathogens is uncertain because these same organisms have been recovered from the respiratory tracts of dogs with pneumonia11,80,105,111 and from those of clinically healthy dogs.18,39,43,61 Unlike B. bronchiseptica, mycoplasmas colonize both ciliated and nonciliated epithelia and can more readily be found in lower airways (which lack cilia), with and without concurrent clinical illness. Natural and experimental infections are characterized by purulent bronchitis and bronchiolitis. Epithelial and lymphoid hyperplasia and interstitial pneumonia may develop. Systemic infection is rare. Once colonized in the respiratory epithelium, chronic shedding of several months’ duration is likely.11 It is reasonable to assume that, in the presence of active B. bronchiseptica infection, co-infection with any of the mycoplasmas could lead to serious clinical disease in the untreated patient.




















Clinical Findings


CIRD is highly prevalent in dogs throughout the world, particularly in high-density populations. Individually affected dogs typically have a history of recent of boarding or exposure to other dogs. Within affected populations, morbidity is often high, whereas mortality is low. Clinical manifestations of CIRD have becoming increasingly difficult to define. The majority of published studies that address CIRD tend to focus on single-agent infections and outbreaks. However, natural infections, particularly among kenneled dogs, are likely to involve a combination of viruses and/or bacteria acting synergistically.16 Another factor that complicates formulation of a concise clinical description of CIRD is that fact that additional pathogens are now implicated in the pathogenesis. The initial clinical presentation of a dog with CIRD is acute onset of paroxysmal cough. Coughing episodes may be exacerbated with exercise. If laryngitis is present, swollen vocal folds may increase resistance to airflow during cough, resulting in a hoarse or high-pitched “honking” sound. If tracheitis is present, cough may be easily elicited on manipulation of the trachea, particularly at the level of the thoracic inlet, or induced by even gentle tension applied to a collar. The ability to elicit a cough on manipulation of the trachea is an inconsistent clinical finding that should not be used exclusively for a clinical diagnosis of CIRD. If present, increased amounts of mucus produced in the trachea and lower airways can culminate in a productive cough. It is not uncommon, however, that dogs will swallow expectorated mucus once it reaches the oropharynx. Dogs that are able to expel secretions typically do so after repeated, and sometimes dramatic, gagging or retching episodes (arched back, wide-open mouth) and expectoration of clear to white mucus that the owner may describe, erroneously, as vomitus. Serous, mucoid, or mucopurulent nasal and ocular discharge may occur at any time during the course of infection. Sneezing is occasionally reported. Whereas dogs with uncomplicated, single-agent infections are expected to improve rapidly (days) with, or even without, administration of antibacterials, the quality of health among co-infected dogs may decline over time. Fever, lethargy, and inappetence may develop but are less commonly described and often signal bacterial complications of the lower respiratory tract. Although pneumonia is an uncommon finding among dogs with CIRD, those that develop dyspnea at any point during the course of disease should be considered critical and managed aggressively. Clinical findings may be more severe in puppies and in unvaccinated dogs. Dogs of any age, despite a current vaccination history, are still considered susceptible.


The time between exposure and onset of signs of CIRD typically ranges from 3 to 10 days.8,16 A history of exposure to other dogs, particularly in kennel or shelter settings, is particularly relevant. Among kennel-housed dogs, clinical signs may appear to develop spontaneously in a single dog, then spread quickly to other dogs in the facility despite limited or no direct dog-to-dog contact. The risk of CIRD associated with intermittent exposure to or commingling with other dogs, such as at dog parks or pet stores, has not been described. The duration of illness is expected to vary and will depend on the type of exposure (sustained or transient), population density, prior health status of the individual dog, number of respiratory pathogens involved, and so forth. In most cases, clinical signs are mild and may resolve spontaneously (uncomplicated) within a matter of days. Healthy dogs with CIRD that can be removed or isolated from further exposure tend to recover within 2 weeks. In some cases clinical signs (cough) may persist for several weeks. In others, the disease may progress, sometimes rapidly, to severe lower respiratory disease (complicated) that if left untreated may result in serious illness or death.29 Neither B. bronchiseptica nor Mycoplasma are readily cleared from the respiratory tracts of infected dogs; hence, shedding can persist for several weeks. The risk of viral shedding is minimal by 10 to 14 days postinoculation.


Limited studies of the clinical findings in dogs infected with the more recently described CIV or CRCoV infections highlight some important differences that should be considered in the assessment of any patient with acute-onset respiratory signs. Coughing was the predominant clinical sign in experimental challenge studies with CIV in 14- to 15-week-old puppies.35 Ocular and nasal discharge, sneezing, dyspnea, and depression developed in some dogs within 1 to 4 days postchallenge. Fever was uncommonly observed and, when present, was transient. This is in contrast to studies involving kenneled adult greyhounds naturally infected with CIV, in which two categories of clinical findings are described. Most infected dogs initially developed fever followed by mild clinical signs of respiratory disease (especially cough and nasal and ocular discharge). A smaller number of dogs developed high fever (40° C to 41° C [104° F to105° F]) that corresponded with severe respiratory signs including dyspnea. Deaths, although uncommon, have been reported among experimentally challenged puppies (euthanasia due to severe respiratory signs) and kenneled dogs naturally infected. Postmortem examination reveals consolidation of lung tissue (hepatization) and pneumonia. The clinical consequences of co-infection have not been studied in dogs infected with CIV. For further information on the clinical features of CIV infection, see Chapter 23.


CRCoV was most likely isolated from the nasal cavities and tracheas of dogs with clinical evidence of upper respiratory signs described as having “mild cough.” Interestingly, CRCoV was less likely to be isolated from dogs that manifested severe respiratory signs. It is important to note that there are no published studies describing the clinical findings of dogs either experimentally or naturally challenged with CRCoV. Although seroprevalence studies do indicate that CRCoV is highly contagious and is likely transmitted by aerosol, and viral exposure has occurred in dogs from several countries, descriptions of specific clinical manifestations caused by CRCoV infection are lacking. Until such studies are published, CRCoV is not considered a primary pathogen in the CIRD complex but should be considered for its potential role as a pathogen or copathogen.














Diagnosis


Clinical diagnosis is based on a history of recent exposure to other dogs, signs, and response to empiric therapy. In most cases, however, the rapid course of clinical disease, the time required to isolate organisms, and the likelihood of co-infection preclude efforts to confirm specific pathogen(s) involved. Therefore, the clinical findings described earlier, particularly in one or more dogs known to have had recent exposure to other dogs, represent the basis for establishing a clinical diagnosis of CIRD and justify treatment of individually affected dogs. The simultaneous occurrence of signs consistent with CIRD among several cohoused dogs constitutes an outbreak and warrants immediate implementation of management strategies to limit or contain spread of disease within the population at risk.


Although knowledge of prior vaccination can be helpful in determining susceptibility to CIRD, a current vaccination history in a dog with characteristic respiratory signs does not exclude a diagnosis. Routine hematology and biochemistry profiles are not diagnostic and only establish the health status of affected dogs. A stress leukogram characterized by mature neutrophilia, lymphopenia, and eosinopenia would be an expected finding in dogs with uncomplicated CIRD. An inflammatory leukogram with significant leukocytosis or left shift and accompanying fever would be expected in dogs with secondary bacterial infection and pneumonia.


Bacterial isolates obtained from the nasal and oral cavities, oropharynx, and nasopharynx typically reflect commensal, expected respiratory flora. Such isolates are unlikely be defined as the primary pathogens. Although attempts to isolate bacteria from individual dogs presented with CIRD are unlikely to yield meaningful results, the occurrence of endemic respiratory disease among kennel-housed dogs may justify the effort. If it is possible to recover the same bacteria, for example, B. bronchiseptica or S. equi subsp. zooepidemicus, from multiple dogs with similar clinical signs, knowledge of susceptibility patterns could enable prompt treatment and intervention of future infections.


Thoracic radiographs are typically unremarkable in animals with uncomplicated CIRD. Dogs with complications associated with CIRD may have radiographic signs of pulmonary hyperinflation and segmental atelectasis. Radiographic evidence of lobar consolidation has been reported in dogs with pneumonia associated with CIV and in dogs co-infected with B. bronchiseptica and CPIV. Tracheoscopy and transtracheal wash are invasive diagnostic procedures and are not typically indicated in dogs with CIRD; however, they have been occasionally performed on dogs suspected of having a different underlying disorder. Although endoscopy does allow visualization of inflamed tracheal epithelium and traces of intratracheal mucus, such findings are not diagnostic for CIRD. Fluid samples collected during a transtracheal wash may demonstrate an inflammatory cytology and bacteria; however, such findings are of limited diagnostic value and do not rule CIRD in or out. Bacterial culture of respiratory tract exudates or fluid collected during a transtracheal wash may yield multiple bacteria and, as such, is representative of opportunistic, rather than primary, infection.


Although not commonly performed on individual patients, identification of viral pathogens can be attempted through tissue culture inoculation (viral isolation) or by serologic assay (identifies prior exposure or vaccination). Polymerase chain reaction techniques are rapidly becoming commercially available to practicing veterinarians for use in detection of DNA or RNA of infectious agents. As more laboratories offer polymerase chain reaction assessment of samples, it is likely that, in the future, clinicians will be able to selectively identify specific viral and bacterial pathogens in individual patients with signs of CIRD (see also Chapter 1). Kennels that are endemic for CIRD or where risk of infection and outbreak of CIRD are significant may benefit from employing advanced diagnostic tests in an attempt to quickly identify the infection source or to mitigate the consequences of endemic CIRD. Currently there are several limitations involved with attempting to confirm specific pathogens involved in individual cases of CIRD: access to a laboratory able to perform the tests required, the requirement to perform individual tests for each of the potential pathogens involved, the short duration of viral shedding, and the need to obtain accurate results quickly.















Therapy



Antimicrobials





In uncomplicated cases of CIRD, the value of antimicrobial therapy appears limited. However, the decision to administer oral antibacterials to a patient with signs of CIRD is not unreasonable given the fact that the risk for developing an opportunistic bacterial respiratory infection does exist. Administration of empiric antimicrobial therapy is justified even when infections are not complicated by overt bacterial pneumonia. Suggestions for selection of empirical antimicrobials are listed in Table 6-2. Of the various antibacterials listed, doxycycline is preferred for its efficacy against B. bronchiseptica, cost, choice of oral formulations (tablets, capsules, liquid suspension), and the option to administer a single daily dose.9 Although doxycycline rarely discolors the enamel of teeth in puppies (see the Drug Formulary in the Appendix), limiting treatment to less than 10 consecutive days will eliminate or minimize the risk. Intravenous antimicrobial therapy is indicated if lower respiratory tract infection (bronchopneumonia or interstitial pneumonia) or sepsis is suspected. Ideally, the antimicrobial prescribed should be based on results of bacterial culture and susceptibility results; however, in the clinical setting, empiric antimicrobial therapy may be most appropriate.53,124




TABLE 6-2


Treatment Options for Canine Infectious Respiratory Disease










	Druga


	Dose (mg/kg)b


	Route

	Interval (Hours)

	Duration (Days)










	
ANTIMICROBIALSc







	Amoxicillin-clavulanate

	12.5–25

	PO

	12

	10–14 (minimum)






	Azithromycin

	5.0

	PO

	24

	5–7






	Doxycycline

	2.5–5.0

	PO

	12

	10 (minimum)






	Enrofloxacin

	5.0

	PO

	24

	10






	Trimethoprim-sulfonamide

	15

	PO

	12

	10–14 (minimum)






	ANTITUSSIVES






	Hydrocodone

	0.22

	PO

	8–12

	prn






	Butorphanol

	0.55

	PO, SC

	8–12

	prn






	Glucocorticoids

	 

	 

	 

	 






	Prednisolone

	0.25–0.5

	PO

	12

	3–5






	BRONCHODILATORS






	Aminophylline

	10

	PO

	8–12

	prn






	Terbutaline

	2.5

	PO, SC

	8–12

	prn
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PO, By mouth; prn, as needed; SC, subcutaneous.


aFor additional information on antimicrobials, see the Drug Formulary in the Appendix.


bDose per administration at specified interval.


cReferences: Schwarz S, Alesik E, Grobel M, et al. 2007. Antimicrobial susceptibility of Pasteurella multocida and Bordetella bronchiseptica from dogs and cats as determined in the BfT-germ vet monitoring program 2004–2006. Berl Munch Tierarztl Wochenschr 120:423–430. Forty-two canine and feline isolates were tested; relatively high resistance (higher mean inhibitory concentrations were observed for penicillin G, oxacillin, cefazolin, ceftiofur, sulfamethoxazole, and trimethoprim sulfamethoxazole.




Speakman AJ, Dawson S, Corkill JE, et al. 2000. Antibiotic susceptibility of canine Bordetella bronchiseptica isolates. Vet Microbiol 71:193–200. Seventy-eight canine isolates: 100% susceptible to tetracyclines, enrofloxacin and amoxicillin-clavulanate; more resistance (higher mean inhibitory concentrations) noted for some isolates to ampicillin, trimethoprim, and sulfonamides.


Radhakrishnan A, Drobatz KJ, Culp WTN, et al. 2007. Community-acquired infectious pneumonia in puppies: 65 cases (1993–2002). J Am Vet Med Assoc 230:1493–1497. Canine isolates: >90% were susceptible to amoxicillin-clavulanate, ticarcillin, amikacin, gentamicin, enrofloxacin, doxycycline, and chloramphenicol. Only 29% of isolates were susceptible to trimethoprim-sulfonamides.














Glucocorticoids


Glucocorticoids are generally reserved for treatment of chronic noninfectious inflammatory respiratory diseases of dogs.14 However, anti-inflammatory doses (see Table 6-2) of orally administered glucocorticoids are effective in ameliorating the cough frequency and intensity associated with uncomplicated cases of CIRD. In the individual patient, treatment can be extended up to 5 days without risk of worsening an underlying infection. When administering a glucocorticoid simultaneously with empirical antimicrobial therapy, bacteriostatic antibacterials, such as doxycycline, should not be used. When feasible, amoxicillin-clavulanate or a fluoroquinolone should be selected. There are limitations to the use of glucocorticoids as they will not shorten the clinical course and, in contrast to previous claims, there is no advantage associated with intratracheal administration of glucocorticoids over oral administration.














Antitussives


Antitussives, alone and in combination with bronchodilators, have been recommended in the treatment of CIRD. Objectively, these drugs are intended to interrupt the cough cycle; however, certain limitations to antitussive therapy should be noted. Administration of over-the-counter (OTC) cough suppressant drugs to dogs offers little or no relief from the cough associated with uncomplicated CIRD. Narcotic cough suppressants, such as hydrocodone, are generally effective in suppressing cough frequency and intensity. However, excessive or prolonged use of these drugs can lead to compromised ventilation and reduced expectoration with subsequent retention of respiratory secretions and diminished clearance of bacteria.120 Administration of narcotic antitussives to patients with secondary bacterial respiratory infection is not recommended.














Bronchodilators


The methylxanthine bronchodilators, theophylline and aminophylline (theophylline-ethylenediamine), prevent bronchospasm and may therefore be effective cough suppressants in selected conditions. Limited observations in dogs with CIRD suggest that methylxanthine bronchodilators provide patients limited to no benefit.














Aerosol Therapy


Aerosol therapy (or nebulization) refers to the production of a liquid particulate suspension within a carrier gas, usually oxygen. Patients with CIRD that derive the most benefit from aerosol therapy are those with excessive accumulations of bronchial and tracheal secretions and those with secondary bronchial or pulmonary infections, particularly with B. bronchiseptica. Small, disposable, handheld jet nebulizers are inexpensive and available through hospital supply retailers. From 6 to 10 mL of sterile saline can be nebulized over 15 to 20 minutes one to four times daily. Oxygen is delivered at flow rates of 3 to 5 L/min to nebulize the solution. Aerosol therapy must be administered in the hospital. Most patients tolerate aerosol therapy well and generally do not require physical restraint after the first treatment.


There is no value in nebulizing mucolytic agents, such as acetylcysteine, which can be irritating and induce bronchospasm. Furthermore, liquefying tenacious respiratory secretions may not be an effective means of facilitating airway clearance. Nebulization of glucocorticoid solutions, such as methylprednisolone sodium succinate, has not been critically studied in veterinary medicine. However, in acute paroxysms of cough that may lead to or predispose the animal to airway obstruction, such therapy may provide short-term benefits.


Dogs that are unresponsive to oral or parenteral administration of antibacterials may respond to nebulized antibacterials. Aerosolized topically nonabsorbable antibacterials, such as kanamycin, gentamicin, and polymyxin B, have been shown to be effective in reducing the population of B. bronchiseptica in the trachea and bronchi of infected dogs for up to 3 days after discontinuation of treatment.11 Although clinical signs are not eliminated, the severity of signs may be markedly reduced.














Supportive Care


Supportive treatment of the individual dog with CIRD is directed at maintaining adequate caloric and fluid intake during the acute infection; preventing secondary or opportunistic bacterial infections, especially pneumonia; suppressing the cough; and reducing exposure to other dogs. When practical, this treatment is better accomplished in the owner's home rather than in a kennel or veterinary hospital. This approach can reduce the potential spread of infection by separating affected dogs from susceptible ones.




















Treatments Not Recommended


Considering the fact that CIRD represents a significant percentage of the total cases of infectious upper respiratory disease in dogs, it is not unusual that creative therapeutic modalities have been administered in an attempt to shorten the course of disease and minimize the clinical signs. The treatments listed next are largely anecdotal, have not been subjected to scientific scrutiny, and at this time are not recommended in the treatment of CIRD.








Antiviral Therapy


There are no approved antiviral drugs approved for use in dogs. However, the availability of two neuraminidase inhibitors (oseltamivir phosphate [Tamiflu—Roche, Palo Alto, CA] and zanamivin [Relenza—GlaxoSmithKline, Research Triangle Park, NC]) approved for use in treating humans infected with influenza virus has prompted questions over the therapeutic benefit antiviral therapy could offer dogs with known or suspected CIV infection. Although oseltamivir phosphate is formulated for oral administration to humans, specific dosing recommendations for dogs have not been published. Furthermore, there are no published studies assessing either safety or efficacy of these drugs in the dog. There are no specific antiviral drugs licensed for use in humans or dogs that are effective against CPIV, CAV-2, or CRCoV.














Intranasal Vaccination


Unpublished and anecdotal reports from veterinarians have suggested that some dogs with CIRD may derive therapeutic benefit from administration of a single dose of an intranasal vaccine. Today, two types of intranasal vaccines are licensed for administration to dogs: a bivalent vaccine (B. bronchiseptica + CPIV) and a trivalent vaccine (B. bronchiseptica + CPIV + CAV-2). Experience with this treatment modality in outbreaks of CIRD among shelter-housed dogs has not shown it to diminish the intensity of clinical signs or shorten the course of disease. It has also been suggested that dogs experiencing chronic or persistent cough beyond the expected recovery time for acute CIRD may benefit from “therapeutic” vaccination. To date, there are no controlled studies to support this recommendation.














Expectorants


A variety of OTC expectorants have been used in dogs with CIRD to facilitate the clearance of mucous secretions within the trachea and bronchi. Saline expectorants and guaifenesin (the active ingredient in most OTCs) are intended to facilitate clearance of viscous respiratory secretions. However, the value of expectorant therapy in dogs with CIRD has not been established, and it is not currently recommended. Numerous OTC cough suppressant medications are available and are occasionally administered to coughing dogs. The author's experience with these products suggests that they offer little to no physical benefit in ameliorating the clinical signs of CIRD.





















Prevention



Maternal Immunity





Maternally derived antibody (MDA) to the viruses known to cause CIRD provides variable degrees of protection. MDA to CPIV does not appear to interfere with parenteral vaccination of puppies that are 6 weeks of age and older.7 In contrast, MDA interference to parenteral CAV-2 vaccination can persist for as long as 12 to 16 weeks, but it does not protect against infection.6








Natural Immunity


The duration of immunity (DOI) after recovery from CPIV and CAV-2 infection has not been studied, although one unpublished study documented CPIV neutralizing antibody 2 years after infection in dogs that were not reexposed to virus.8 Dogs that have recovered from B. bronchiseptica infection are highly resistant to reinfection for at least 6 months.11 It should be expected that the level of protection derived from infection will vary depending on the age and health status of the individual animal, the viruses and bacteria involved, and the opportunity for reexposure.














Vaccination


Although vaccines are available for the principal agents involved in CIRD, routine vaccination does not provide “sterile immunity,” which consists of complete protection against infection, shedding, or transmission of infectious pathogens. Both viral and bacterial vaccines are available against most of the agents having a pathogenic role in CIRD (Table 6-3). CDV, CAV-2, and CPIV vaccines are commonly incorporated into vaccine protocols recommended for all dogs. B. bronchiseptica bacterins are in widespread use. In the United States, two vaccine types are currently available: a cellular antigen extract, licensed for parenteral administration, and avirulent live bacterial vaccines for topical (intranasal) administration. Virtually all of the topical vaccines on the market today also contain modified-live CPIV. Trivalent vaccines that contain CAV-2, in addition to B. bronchiseptica and CPIV, are also available for topical administration. There are no commercial vaccines available for protection against Mycoplasma spp. or canine respiratory coronavirus.




TABLE 6-3


Types of Licensed Vaccine for Protection of Dogs Against Bordetella Bronchiseptica, Canine Parainfluenza Virus, Canine Adenovirus-2, and Canine Influenza Virus










	Vaccinea


	Volume/Routeb


	Minimum Age at First Dose

	Initial Series










	
B. bronchiseptica (killed-extracted cellular antigens)

	1 mL, parenteral
(SC only)

	8 weeks

	2 doses, 2–4 weeks apart






	
B. bronchiseptica (avirulent live culture)
PLUS
CPIV (MLV)
PLUS
CAV-2 (MLV; combined with CDV)

	1 mL, parenteral
(SC or IM)

	Not stipulated
(8 weeks recommended)

	2 doses, 2–4 weeks apart. Dogs vaccinated before the age of 4 months should receive a single dose on reaching 4 months of age.






	
B. bronchiseptica (avirulent live culture)
PLUS
CPIV (MLV)

	0.4 or 1.0 mL
(depending on manufacturer), topical
(IN only)

	2 or 3 weeks, depending on manufacturer

	1 dose (Note: some manufacturers stipulate a second dose at 6 weeks of age in puppies that receive the first dose between 3 and 6 weeks of age.)






	
B. bronchiseptica (avirulent live culture)
PLUS
CPIV (MLV)
PLUS
CAV-2 (MLV)

	0.4 or 1.0 mL (depending on manufacturer), topical (IN only)

	3 or 8 weeks, depending on manufacturer

	1 dose






	CIV (killed)

	1.0 mL parenteral

	8 weeks

	2 doses, 2–4 weeks apart
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CAV-2, Canine adenovirus-2; CDV, canine distemper virus; CIV, canine influenza virus; CPIV, canine parainfluenza virus; IM, intramuscular; IN, intranasal; MLV, modified live virus; SC, subcutaneous.


aConsult Web Appendix 3 for a complete list of commercially available vaccines.


bWhen the vaccine manufacturer stipulates the route of administration for a particular vaccine, optional routes are not indicated.





The availability of both intranasal and parenteral vaccines for B. bronchiseptica has prompted questions over which vaccine is most efficacious in the clinical setting. Several published studies have provided comparative insight on these vaccine types that favors the role of mucosal immunity in protecting dogs from infection. It is generally agreed that both parenterally administered, and topically administered, B. bronchiseptica vaccines will mitigate the severity of clinical disease and bacterial replication after challenge in vaccinated dogs (compare Fig. 6-3).40 However, one challenge study has demonstrated that only topically administered vaccine will prevent bacterial shedding in challenged vaccinates. In parenterally vaccinated dogs, clinical signs were minimal, although bacterial shedding (infection) still occurred at levels consistent with saline-vaccinated control dogs.30 In addition, in puppies it has been shown that a single inoculation of an avirulent live, topically administered B. bronchiseptica vaccine induced a protective immune response against aerosolized bacterial challenge by 72 hours postvaccination.61 By comparison, initial immunization against B. bronchiseptica, by the parenteral route, requires two doses at a minimum of 2 weeks apart.40 Protection is expected by at least 7 to 10 days after administration of the second dose. Among dogs having a high risk of exposure to B. bronchiseptica, topical vaccination not only provides the advantage of rapid onset of immunity but also appears to prevent infection and shedding after exposure. In the past, DOI to B. bronchiseptica vaccines was considered to be less than 12 months; veterinarians often recommend biannual administration of vaccine. Presumably this was due to the transient nature of specific IgA in respiratory secretions and because of the lack of longer term challenge studies. However, two challenge studies have demonstrated that the DOI after a single dose of an avirulent-live, topically administered vaccine is at least 12 to 13 months.71,85 These studies have provided important new information on the efficacy of topically administered vaccine and are supported by experimental studies into the role of mucosal immunity in inducing protection against B. bronchiseptica.128
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FIG. 6-3 A, Photomicrograph of a section of trachea from a pup that was vaccinated IN with modified-live, and intramuscularly with inactivated B. bronchiseptica and was euthanized 10 days after challenge exposure. The absence of bacterial colonies is noted on the epithelium. Bar, 100 µm. (From Ellis JA, Haines DM, West KH, et al. 2001. Effect of vaccination on experimental infection Bordetella bronchiseptica in dogs, J Am Vet Med Assoc 218:367–375, with permission.)





 B, Photomicrograph of a section of trachea from an unvaccinated control pup that was euthanized 10 days after challenge exposure with B. bronchiseptica. Numerous brown-stained bacterial colonies are noted on the epithelium. Immunohistochemical stain; bar, 100 µm. (From Ellis JA, Haines DM, West LK et al. 2001. Effect of vaccination on experimental infection Bordetella bronchiseptica in dogs, J Am Vet Med Assoc 218:367–375, with permission.)



The use of topically administered CAV-2 vaccine antigen is not recommended in the current canine vaccine guidelines.109 This recommendation is based on the fact that immunization against CAV-2 is intended to prevent the consequences of CAV-1 infection (canine infectious hepatitis). Parenterally administered CAV-2 vaccine is considered to provide a superior systemic immune response. Furthermore, benefits of IN CAV-2 vaccine have been inconsistent when given before entry into kennel facilities with respiratory infections. Use of CAV-2 was shown to reduce the prevalence of infection to a greater degree than that provided by intranasal vaccines with only B. bronchiseptica and CPIV58; however, in a subsequent study, there was not a significant difference in the incidence rate of respiratory infection between vaccines with and without CAV-2.37 In another kennel study where dogs suffering from respiratory disease were vaccinated on entry with a parenteral CAV-2–containing combination vaccine, CAV-2 could not be detected in dogs that developed endemic respiratory illness after entry, despite other respiratory pathogens being identified.47 Results of these data were compatible with protection being afforded by the parenteral vaccine.


Studies of simultaneous administration of combination (CPV, CDV, CAV-2) parenteral vaccine and bivalent (CPIV + B. bronchiseptica) IN CIRD vaccine to pups did not indicate any vaccine interference in the immunologic response to virulent challenge with CPIV and B. bronchiseptica, as compared to separately administered products.70 Annual revaccination is recommended for dogs considered at risk for exposure. Before known or potential exposure to other dogs (e.g., boarding, dog shows), a single-booster vaccination, administered intranasally, is recommended at least 72 days before exposure in dogs that have not been vaccinated within the preceding 12 months.11,41 For further considerations concerning vaccination against CIRD, see Chapter 100. Adverse reactions after administration of the parenteral vaccine for CIRD are typically limited to local irritation at the injection site and the formation of lumps (granulomas), which resolve spontaneously. In contrast, IN vaccines are occasionally associated with development of a cough, or nasal discharge, or both, 2 to 5 days after inoculation and lasting up to 3 days. Adverse reactions to intranasal vaccinations can have the most severity in young pups; however, signs are generally minimal.67 Rarely, postvaccinal signs will be sufficiently severe or persistent that administration of an antimicrobial will be indicated. Occurrence of postvaccinal cough in dogs inoculated by the intranasal route can have implications in animal shelters because it may be difficult to distinguish vaccinates from clinically affected dogs. Inadvertent subcutaneous inoculation of attenuated IN B. bronchiseptica vaccines into humans or dogs can result in local inflammation in both, and acute hepatocellular degeneration and necrosis in dogs (see Postvaccinal Complications, Chapter 100).74a,121


Two inactivated parenterally administered CIV vaccines are available for use in dogs in the United States (see Chapter 23 and Web Appendix 3). The manufacturers recommend two initial doses at least 2 or 3 weeks apart to puppies as young as 8 weeks of age. Annual revaccination is recommended for dogs at risk of exposure, although the DOI after two doses of vaccine is not known. Unlike the intranasal vaccines that produce immunity in as short as 72 hours, a longer interval of time will be needed to protect dogs before their entry into group environments. Results of studies indicated that 38% of vaccinated puppies produced a significant (“protective”) immune response (titer greater than 40 by hemagglutination-inhibition) after a single dose.35 Although the inactivated CIV vaccine has been shown to mitigate the severity of clinical signs in challenged dogs and reduce the length of time of viral shedding after exposure, its use does not prevent infection, nor does it prevent shedding (e.g., “nonsterile” immunity). Although not completely prevented, clinical illness is less severe in vaccinated as compared to unvaccinated dogs.35 Most clinical cases have been reported among kennel-housed dogs. However, animal shelters that do not house dogs more than 2 weeks are unlikely to benefit from widespread vaccination. See Chapters 23 and 100 and Web Appendices 1 and 3 for further information on this vaccine.














Management of Outbreaks


Environments in which transient dogs are housed in adjoining kennels are conducive to efficient and rapid transmission of the agents capable of causing CIRD. Although important in preventing infections, vaccination may not guarantee protection against development of signs, particularly in high-density populations. Because airborne transmission is common, dogs suspected of having contagious respiratory disease should be isolated when signs first develop in an effort to limit exposure to susceptible dogs. Thorough, routine cleaning of housing facilities, preferably using fresh sodium hypochlorite, chlorhexidine, or benzalkonium solution, can facilitate the spread of CIRD via aerosolization of organisms within a kennel. Adequate ventilation, from 12 to 20 air exchanges per hour,8,65 is recommended in kennel or shelter facilities. There is no evidence that intranasal vaccination, administered when clinical signs are manifest, will alter the course of an outbreak. Once an outbreak has developed, isolating or depopulating the entire facility for up to 2 weeks may be the only reasonable and most efficacious method of containing infections. In addition to extensive cleaning, individual dogs are treated as necessary to manage clinical signs. For further information on disinfection, see Chapter 93.


Animal facilities that maintain a large number of dogs, especially transient populations, are at considerable risk for CIRD outbreaks. A reduction in the incidence of CIRD has been observed in dogs that had been vaccinated within the previous year. Intranasal vaccination is recommended for use in shelter-housed dogs and should be administered at the time of admission to the facility. However, attempts to prevent outbreaks through routine use of intranasal vaccines may be ineffective if exposure occurs within 3 days of vaccination. For further information of infection control in grouped populations of dogs, see Chapter 96.




















Public Health Considerations


The zoonotic spread of canine B. bronchiseptica infection has been reported.41,51,57a,59,129,130 Reports of human respiratory infections caused by B. bronchiseptica continue to appear in the human literature. At greatest risk are individuals who are immunosuppressed resulting from conditions related to alcoholic malnutrition, hematologic malignancy, long-term glucocorticoid therapy, transplantation, concurrent human immunodeficiency virus infection, splenectomy, peritoneal dialysis, and pregnancy (see Chapter 99). As expected, individuals subjected to tracheostomy or endotracheal tube intubation are also at risk for infection. Humans with preexisting respiratory disease, such as chronic bronchitis, bronchiectasis, and pneumonia, are particularly susceptible. Although human bordetellosis has been associated with a variety of domestic and wildlife animal species, transmission of disease from pets to humans is largely circumstantial. In one instance, infection associated with exposure to rabbits was found to persist in a person with bronchopneumonia for at least 2.5 years.62


It has been estimated that up to 40% of immunocompromised adults living in the United States today have pets.4 It is logical therefore, to assume that these individuals, as pet owners, may be at increased risk of acquiring opportunistic zoonotic infections.1a,34,83,89,90 The risk of a child or immunocompromised adult becoming infected with pet-associated B. bronchiseptica infection must be considered small, particularly when exposure to a large number of dogs in kennels and animal shelters can be avoided. For further discussion concerning immunocompromised people and pets, see Chapter 99. For a discussion of potential human health risk to B. bronchiseptica intranasal vaccine, see Chapter 100.106 For information regarding the zoonotic risk of influenza virus infections in dogs, see Public Health Considerations in Chapter 23.
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Parainfluenza Virus-5 Infection



Etiology





Canine parainfluenza virus (CPIV) is a member of the family Paramyxoviridae, which includes canine distemper virus, simian virus 5 (SV-5), and human measles and mumps viruses. Human, simian, and canine type 2 parainfluenza viruses have all been called SV-5-like viruses because of their close antigenic relationship. Monoclonal antibody studies have shown minor antigenic differences between SV-5 isolates.21 Whether different SV-5 isolates are transmitted among humans, nonhuman primates, and dogs has been questioned. Genome sequence analysis has confirmed such close similarity that a proposal has been made to rename the virus simply parainfluenza virus-5.9 This virus has been associated with central nervous system (CNS) infections in dogs (see Clinical Findings).


The virus associated with respiratory disease in dogs is CPIV,7 which causes an acute, self-limiting cough in the syndrome or complex of canine infectious respiratory disease (infectious tracheobronchitis; see Chapter 6) and is recognized worldwide as an important cause of respiratory disease in dogs.2,18 Serologic studies indicate that the overall prevalence of CPIV in the canine population is high but variable. Limited evidence exists that CPIV can produce infection outside the respiratory tract. Experimental inoculation of CPIV in newborn pups can cause viral spread to internal tissues. However, evidence shows that related but distinct paramyxoviruses can cause systemic or nonrespiratory infections in older dogs.11 In addition, parainfluenza virus was consistently isolated from the prostatic fluid of a dog.27








Clinical Findings


A parainfluenza virus-5 variant was isolated from the cerebrospinal fluid (CSF) of a 7-month-old dog with ataxia and paraparesis lasting 3 to 4 days.12 The dog had been vaccinated against canine distemper at 7.5 weeks of age. Gnotobiotic puppies inoculated intracerebrally with this virus isolate developed two forms of clinical illness.5,6 Some developed acute encephalitis characterized by seizures, myoclonus (involuntary rhythmic muscle contractions), and progressive neurologic signs within a few days after inoculation. Five of six inoculated dogs observed for 6 months after inoculation developed internal hydrocephalus, although clinical signs were not noted at the time. The hydrocephalus was thought to result from ependymitis with decreased absorption of CSF, with or without aqueductal obstruction (see Chapter 82 for additional discussion of this type of hydrocephalus from suspected infectious causes). Seven-week-old seronegative ferrets intracerebrally inoculated with this parainfluenza virus-5 isolate have also been found to develop a self-limiting nonsuppurative ependymitis and choroiditis.4 Subsequent studies3 with this virus isolate identified it as an SV-5 type strain, CPI+, and following inoculation of this strain into a gnotobiotic dog, a second parainfluenza virus, CPI−, was isolated. The latter virus appears to be a mutant strain that evolved in vivo with properties allowing it to persist in the host.3,10


A 6-week-old puppy was found in extremis as a result of acute hemorrhagic enteritis.16 Although a paramyxovirus variant was isolated, it has not been confirmed that it was responsible for the clinical illness.


It is uncertain whether the CNS or gastrointestinal forms of disease caused by paramyxovirus variants occur with any frequency under natural circumstances. Neurologic illness has been more commonly recognized as a complication of other paramyxovirus infections, such as with canine distemper in dogs (see Chapter 3) and in humans with measles and mumps viruses (see later). In laboratory rodents, other paramyxoviruses have been shown to produce encephalitis and hydrocephalus that are very similar to those that result when the paramyxoviral variant is injected into dogs. A similar obstructive hydrocephalus and associated periventricular encephalitis was reported in a young fox; however, no infectious cause could be determined.17 Naturally occurring encephalitis, periventriculitis, and hydrocephalus of a suspected bacterial origin have been described in young dogs (see Periventricular Encephalitis, Chapter 82).














Diagnosis


Paramyxovirus-induced encephalitis or hydrocephalus can be confirmed serologically by the hemagglutination inhibition assay; however, because of the high prevalence of antibody in canine populations and the routine use of a vaccine for CPIV, confirmation requires demonstration of a rising serum antibody titer. CSF antibody titer to the parainfluenza virus 5 variant virus was shown to remain persistently high in dogs after experimental infection.12 Viral isolation can be performed using CSF or brain tissue of infected dogs. In addition, direct fluorescent antibody methods can be used to detect viruses in nervous tissue. For cases of enteritis, virus isolation and electron microcopy of feces would be most valuable. Serologic techniques such as virus neutralization or hemagglutination inhibition must be used to distinguish these variant paramyxoviral strains from CPIV.














Pathologic Findings


Gross pathologic findings have been identified only in experimentally infected dogs that became hydrocephalic. Moderately enlarged lateral and third ventricles are present. Microscopically, acute meningoencephalitis was characterized by multifocal neuronal necrosis, lymphoplasmacytic cellular infiltrates, and reactive gliosis. Focal ependymitis was also apparent. Flattening and discontinuities of the ependymal cells lining the ventricles were seen in dogs developing hydrocephalus. Ultrastructurally, the virus could not be found in the brains of dogs developing hydrocephalus and encephalitis that were examined 1 to 6 months after experimental infection. In the previously mentioned puppy with enteritis, the intestinal and gastric contents were blood tinged. Atrophy of small intestinal villi, mucosal congestion, and lymphoid necrosis were noted.














Therapy and Prevention


The prevalence of paramyxoviral variant diseases is unknown at present, and they have no known treatment. It is possible that the CPIV vaccine, which was developed for canine infectious respiratory disease (see Chapter 6), may help to prevent these other paramyxoviral diseases.




















Mumps


Mumps virus is a member of the family Paramyxoviridae and genus Paramyxovirus. The virus causes illness in humans, who are its primary natural hosts; however, nonhuman primates and other laboratory animals have been experimentally infected. Clinical signs in affected humans include fever, anorexia, and progressive, independent enlargement of the parotid salivary glands. Meningitis, the main complication of infection that sometimes develops, results in headache and nuchal rigidity. Encephalitis, polyarthritis, and pancreatitis may develop, although they are uncommon. Vaccination programs have greatly reduced the prevalence and severity of this infectious disease throughout the world.


Mumps viral antibodies have been identified in the sera of healthy dogs; however, dogs can be infected with CPIV and the parainfluenza virus 5 described in the first section of this chapter. These viruses may cross-react with some mumps viral antigens. Interpretation of prior serologic studies may be misleading for this reason. Nevertheless, reports have been made of parotid salivary gland enlargement in dogs from households in which children in the family have had concurrent or recent mumps-like infections.8,20,23 Antibody to mumps viral antigen was detected in the serum of some affected dogs.20,23 A virus that had been neutralized by mumps viral antisera was found in one dog.20 Early experimental attempts to produce mumps in dogs or cats by inoculation of virus directly in the gland were inconclusive.20 Although in vivo transmission studies are inconclusive, mumps virus does grow well in primary dog kidney cell culture and has been a source of attenuated vaccine for human use.19,24 Culture of virus in cells from a number of nonhuman species including dogs has resulted in production of viral nucleic acid and proteins without formation of complete virus.1 Therefore, infection in nonhuman hosts would be expected to be self-limiting and not contagious. Veterinarians in practice should be aware of the possible association between mumps in children and pets, although definitive evidence for animal infection is lacking. Reports of salivary gland enlargement in dogs have also been linked to Bartonella infections (see Chapter 52).














Nipah and Hendra Virus Infections


Cats are more likely than dogs to develop illness from these infections.17a For information about these infections in dogs, see the comments about canine infections under these respective topics in the discussion of feline paramyxoviral infections in Chapter 16.
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Chapter 8


Canine Viral Enteritis


Craig E. Greene and Nicola Decaro







Viral enteritis is one of the most common causes of infectious diarrhea in dogs younger than 6 months of age. Canine parvovirus (CPV)-2 and canine coronavirus (CCoV) have been incriminated as primary pathogens. CPV-1 and canine rotaviruses (CRV) can produce mild to inapparent illness in young pups (less than 8 weeks old), and their clinical significance is considered low. Astrovirus, herpesvirus, enteroviruses, calicivirus, parainfluenza virus, reovirus, and other virus-like particles have been isolated from or identified in feces from dogs with diarrhea, but their pathogenicity is uncertain.*









Canine Parvovirus Enteritis



Etiology





CPVs are small, nonenveloped, DNA-containing viruses that require rapidly dividing cells for replication (Fig. 8-1). As is the case with all parvoviruses, CPV-2 and -1 are extremely stable and are resistant to adverse environmental influences (see Husbandry). For the following discussion, the term CPV will be used as a general term for canine parvovirus strains; specific strains will be designated by number.
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FIG. 8-1 Structure of parvovirus. (Art by Kip Carter © 2004 University of Georgia Research Foundation Inc.)








Canine parvovirus enteritis is probably one of the most common infectious disorders of dogs and the most prevalent virus in dogs with infectious diarrhea.287,297 This highly contagious, often fatal, disease is caused by strains of CPV-2 (2, 2a, 2b, and 2c). The virus, along with other carnivore parvoviruses, belongs to the feline parvovirus subgroup within the genus Parvovirus.272 CPV-2 evolved from an unknown parvovirus source over a 10-year period before its complete adaptation to dogs and pandemic spread in the late 1970s.19,206,251 Subsequently, as a result of mutations and immune selection, the original CPV-2 strain has undergone genetic mutations in the dog, with development of new strains of the virus.201,202,204 In 1980, the original strain of CPV-2 evolved into type 2a (CPV-2a); in 1984, another variant designated type 2b (CPV-2b) appeared. In 2000, another strain (CPV-2c) was originally isolated in dogs in Italy.15,151 This strain, known as Glu426, has a substitution of the amino acid at the 426 position from asparagine/aspartic acid to glutamic acid and altered the viral capsid antigenic site, epitope A. It has rapidly spread and is one of the major isolates worldwide.* These CPV alterations were associated with a genetic adaptation and change in the capsid epitope B region, enabling the parvovirus to replicate and spread more effectively in susceptible dogs, in addition to the ability to infect cats. Multiple strains have also been identified co-infecting an individual dog or cat.8,105,283 Furthermore, there is initial evidence for recombination between feline panleukopenia virus (FPV) and CPV strains in nature.190 The relative numbers of each strain of CPV that have been reported in various countries of the world are summarized in Web Table 8-1. CPV-2 strains are infrequently reported and the isolates are of the 2a, 2b, or 2c strains. In South America, Europe, and northern Africa, all three have been observed in many countries where large numbers of samples have been obtained. The 2b and 2c isolates predominate in North America. In Asia and in isolated island nations with importation restrictions, such as the United Kingdom, Japan, and Australia, the 2a and 2b strains predominate.33,45,164




WEB TABLE 8-1


Numbers of Each Strain of CPV Reported in Various Countries










	Continent and Country

	Isolates Identified

	Reference






	CPV-2a

	CPV-2b

	CPV-2c










	EUROPE






	Italy

	56

	6

	62

	Decaro et al.45,56







	Portugal

	0

	16

	15

	Vieira et al.284







	Spain

	3

	1

	9

	Decaro et al.47







	France

	0

	9

	7

	Decaro et al.47







	United Kingdom

	52

	97

	1

	Decaro et al.45,47; Davies33







	Belgium

	17

	0

	9

	Decaro et al.45,47; Thiry267







	Germany

	13

	18

	21

	Decaro et al.45,47







	Greece

	81

	1

	2

	Ntafis et al.185







	Switzerland

	1

	0

	0

	Decaro et al.45







	Czech Republic

	1

	1

	0

	Decaro et al.45; Decaro and Buonavoglia38







	Romania

	2

	0

	0

	Decaro and Buonavoglia38







	Hungary

	27

	0

	0

	Demeter et al.67; Decaro and Buonavoglia38







	Bulgaria

	1

	0

	0

	Decaro and Buonavoglia38







	Slovenia

	1

	0

	0

	Decaro and Buonavoglia38







	AFRICA






	Tunisia

	15

	21

	14

	Touihri et al.269







	NORTH AMERICA






	United States

	1

	36

	30

	Hong et al.106; Kapil et al.129







	SOUTH AMERICA






	Uruguay

	1

	0

	24

	Pérez et al.207







	Argentina

	9

	4

	14

	Calderon et al.18







	ASIA






	India

	23

	4

	0

	Chinchkar et al.25







	India

	a

	a

	3

	Nandi et al.177







	Taiwan

	2

	34

	0

	Wang et al.292







	Korea

	119

	7

	0

	Kang et al.128; Jeoung et al.122; Yoon et al.300







	Japan

	4

	21

	0

	Ohshima et al.190







	China

	27

	5

	0

	Yi et al.298; Zhang et al.303







	Thailand

	19

	7

	0

	Phromnoi et al.210







	OCEANIA






	Australia

	41

	1

	0

	Meers et al.164
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aSixteen samples were positive for a or b; which one was not determined.








Genetic mutations in the structure of the surface transferrin receptor of the virus have resulted in structural alterations that control the host adaptation of CPV strains and may influence cross-reactivity in immunologic testing.97,113,272 In side-by-side comparisons, genetically different strains may vary in their virulence.176 The clinical relevance of these structural changes and the degree of heterologous cross-protection between strains need further clarification (see Heterologous Strain Protection, under Prevention). For a further discussion of CPV strains in cats, see Canine Parvovirus Infection of Cats in Chapter 9.








Epidemiology


Natural CPV infections have been reported in domestic dogs (Canis familiaris), bush dogs (Speothos venaticus), coyotes (Canis latrans), wolves (Canis lupus), crab-eating foxes (Cerdocyon thous), and maned wolves (Chrysocyon brachyurus); most if not all Canidae are susceptible. Experimental infections can be produced in domestic ferrets, mink, and cats; however, the infection is generally self-limiting. A related, but genetically distinct, parvovirus has been isolated from raccoons.130 The original CPV-2 isolates produced only systemic and intestinal infections in dogs,274 whereas the newer type 2a and 2b strains may infect felines under experimental167,173,278 and natural171,273 circumstances (see Feline Parvovirus Infection, Chapter 9). In domestic dogs, CPV infection does not necessarily result in apparent disease; many dogs that become naturally infected never develop overt clinical signs, especially in the presence of residual maternally derived antibody (MDA). When the disease occurs, clinical illness is most severe in young, rapidly growing pups that harbor intestinal helminths, protozoa, and certain enteric bacteria such as Clostridium perfringens, Campylobacter spp., and Salmonella spp. In susceptible animals, the incidence of severe disease and death can be very high.


CPV is highly contagious, and most infections occur as a result of contact with contaminated feces in the environment. In addition, humans, instruments (equipment in veterinary facilities or grooming operations), insects, and rodents can serve as vectors. Dogs may carry the virus on their haircoat for extended periods. The incubation period of the original CPV-2 strains in the field was 7 to 14 days; experimentally, the incubation period was 4 to 5 days. With CPV-2a, -2b and -2c strains, the incubation period in the field can be as brief as 4 to 6 days.40,48,258


Acute CPV enteritis can be seen in dogs of any breed, age, or sex. Nevertheless, pups between 6 weeks and 6 months of age and Rottweilers, Doberman pinschers, Labrador retrievers, American Staffordshire terriers, German shepherds, and Alaskan sled dogs seem to have an increased risk.90,101,112 Some outbreaks of severe gastroenteritis and mortality due to CPV-2c infections in adult dogs (more than 6 months old) have been reported.18,43,44














Pathogenesis


CPV spreads rapidly from dog to dog via oronasal exposure to contaminated feces (Web Fig. 8-1). Virus replication begins in lymphoid tissue of the oropharynx, mesenteric lymph nodes, and thymus and is disseminated to the intestinal crypts of the small intestine by means of viremia. Marked plasma viremia is observed 1 to 5 days after infection. Subsequent to the viremia, CPV localizes predominantly in the gastrointestinal (GI) epithelium lining the tongue, oral and esophageal mucosae, and small intestine and lymphoid tissue, such as thymus, lymph nodes, and bone marrow. It can also be isolated from the lungs, spleen, liver, kidney, and myocardium.294
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WEB FIG. 8-1 Sequential pathogenesis of CPV-2 infection.











Normally, intestinal crypt epithelial cells mature in the small intestine and then migrate from the germinal epithelium of the intestinal crypts to the tips of the villi (Fig. 8-2, A). After reaching the villous tips, the intestinal epithelial cells acquire their absorptive capability and aid in assimilating nutrients. Parvovirus infects the germinal epithelium of the intestinal crypts, causing destruction and collapse of the epithelium (see Fig. 8-2, B). As a result, normal cell turnover (usually between 1 and 3 days in the small intestine) is impaired, and the villi become shortened. CPV also destroys mitotically active precursors of circulating leukocytes and lymphoid cells. In severe infections, the results are often neutropenia and lymphopenia. Secondary bacterial infections from gram-negative and anaerobic microflora cause additional complications related to intestinal damage, bacteremia and endotoxemia, and disseminated intravascular coagulation.192,276,277 Active excretion of CPV-2 strains begins on the third or fourth day after exposure, generally before overt clinical signs appear. CPV-2 is shed extensively in the feces for a maximum of 7 to 10 days postinoculation as determined by virus isolation and enzyme-linked immunosorbent assay (ELISA) methods. However, by using nucleic-acid detection assays (real-time polymerase chain reaction [PCR]), the CPV-2 variants (a, b, c) have been detected in the feces for several weeks after infection.40,48 Development of local intestinal antibody is most likely important in the termination of fecal excretion of parvovirus. Serum antibody titers can be detected as early as 3 to 4 days after infection and may remain fairly constant for at least 1 year.
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FIG. 8-2 A, Normal intestinal villus showing cellular differentiation along the villus. B, Parvovirus-infected villus showing collapse and necrosis of intestinal villus. (Art by Dan Beisel and Kip Carter © 2004 University of Georgia Research Foundation Inc.)




















Clinical Findings


CPV infection has been associated with three main tissues—GI tract, bone marrow, and myocardium—but the skin and nervous tissue can also be affected. In addition, other clinical complications of secondary infection or thrombosis can occur. A marked variation is found in the clinical response of dogs to intestinal infection with CPV, ranging from inapparent infection to acute fatal disease. Inapparent, or subclinical, infection occurs in most dogs, mainly in puppies with intermediate MDA titers that can protect from disease but not from infection.








Parvovirus Enteritis


CPV enteritis may progress rapidly, especially with the newer strains (a, b, c) of CPV-2. Vomiting is often severe and is followed by diarrhea, anorexia, and rapid onset of dehydration. The feces appear yellow-gray and are streaked or darkened by blood (Fig. 8-3). Elevated rectal temperature (40° to 41° C [104° to 105° F]) and leukopenia (mainly lymphopenia) may be present, especially in severe cases. Total leukocyte counts may be even within reference ranges because of concomitant virus-induced lymphopenia and neutrophilia consequent to infections by opportunistic bacteria. Those developing systemic inflammatory response syndrome have a greater risk of mortality.125a Death can occur as early as 2 days after the onset of illness and is often associated with gram-negative sepsis or disseminated intravascular coagulation, or both.
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FIG. 8-3 Dog with severe bloody diarrhea characteristic of severe parvovirus enteritis. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)




















Neurologic Disease


Primary neurologic disease may be caused by CPV but more commonly occurs as a result of hemorrhage into the central nervous system (CNS) from disseminated intravascular coagulation or from hypoglycemia during the disease process, sepsis, or acid-base-electrolyte disturbances.2 Concurrent infection with viruses such as canine distemper virus is also possible. Grossly visible cerebellar hypoplasia, common in kittens prenatally or neonatally infected with FPV, has not been frequently associated with CPV infection. CPV DNA was amplified using PCR from brain tissue of two dogs with cerebellar hypoplasia, but time of exposure to CPV was not mentioned.241 CPV was detected by immunohistochemistry and in situ hybridization in CNS lesions of inbred pups with a leukoencephalopathy.241a CPV was identified by immunohistochemistry in many cell types (including neurons) within the CNS of pups with generalized tremors and dysmetric pelvic limb gait.248 Mild to moderate lymphohistiocytic meningitis or leukoencephalitis was found and, in one case, there was cerebellar and cerebral white matter vacuolation. Immunohistochemistry failed to identify CPV-2 antigens in brains of dogs279 with signs of parvovirus enteritis and no clinical CNS manifestations but with mild histopathologic neurodegenerative changes. However, CPV DNA60 and messenger RNA (mRNA)76 were detected even at high titers in the brains of dogs without neurologic signs, indicating active replication of the virus in the nervous tissues. In addition, CPV-2 sequences have been detected in cat brains by the same investigators; however, PCR-negative controls were not included to eliminate the possibility of laboratory contamination of the processed samples and further investigations are warranted (see also Central Nervous System Infection under Feline Parvovirus Infection, Chapter 9).














Cutaneous Disease


Erythema multiforme was diagnosed in a dog with parvovirus enteritis.81 Skin lesions included ulceration of the footpads, pressure points, and mouth and vaginal mucosa. Vesicles in the oral cavity and erythematous patches on the abdomen and perivulvar skin were also present. Parvovirus was confirmed in the affected cells by immunohistochemistry.














Canine Parvovirus-2 Myocarditis


CPV myocarditis can develop from infection in utero or in pups younger than 6 weeks of age. All pups in a litter are usually affected. Pups with CPV myocarditis often die, or they succumb after a short episode of dyspnea, crying, and retching. Signs of cardiac dysfunction can be preceded by the enteric form of the disease or may occur suddenly, without apparent previous illness. The spectrum of myocardial disease in individuals is wide and can include any of the following: acute diarrhea and death, without cardiac signs; diarrhea and apparent recovery followed by death, which occurs weeks or months later as a result of congestive heart failure; or sudden onset of congestive heart failure, which occurs in apparently normal pups at 6 weeks to 6 months of age. Myocardial disease has become progressively less common in parvovirus-infected dogs since the original pandemic spread of CPV-2 in the late 1970s.2 Subsequent to this outbreak, the majority of bitches have been vaccinated or exposed to CPV strains and developed strong humoral immune responses; therefore, the high titer of MDA in nursing pups prevents neonatal infection with virus in the early period of life when myocardial cell replication is occurring. Myocarditis is still occasionally found in pups that do not nurse sufficiently or are born to isolated, unvaccinated bitches.288 Myocarditis, with or without enteritis, has been associated with natural CPV-2a and -2b infections in 6- to 14-week-old dogs from Korea.295 CPV infection appears not to be a common cause of heart disease because PCR analysis at necropsy of 27 dogs with either dilated cardiomyopathy or myocarditis did not detect CPV in any of the samples.159














Thrombosis


Dogs with naturally occurring CPV infections have clinical and laboratory evidence of hypercoagulability.194 These dogs may develop thrombosis or phlebitis with catheters or visceral thrombi.














Bacteriuria


Asymptomatic urinary tract infection has been detected in approximately 25% of pups after CPV enteritis.131 This predisposition was attributed to fecal contamination of the external genitalia in association with neutropenia. Untreated subclinical urinary tract infection may lead to chronic urinary infection as an undesirable consequence.














Intravenous Catheter Infection


Bacteria from GI or environmental origin have been isolated from the intravenous catheters removed from dogs being treated for suspected parvovirus infections.141 Most of these organisms were gram-negative types (Serratia, Acinetobacter, Citrobacter, Klebsiella, and Escherichia). Most organisms were resistant to penicillins, first-generation cephalosporins, and macrolides while being susceptible to aminoglycosides, quinolones, chloramphenicol, potentiated sulfonamides, and clavulanate-potentiated penicillins. Despite the positive culture results of the catheter tips, none of the dogs showed systemic clinical signs of infection, and only one developed local phlebitis.




















Diagnosis


The sudden onset of foul-smelling, bloody diarrhea in a young dog (under 2 years of age) is often considered indicative of CPV infection. However, not all dogs with bloody diarrhea (with or without vomiting) are necessarily infected with CPV, and nonhemorrhagic diarrhea is often caused by CPV. Parasitic or enteropathogenic bacterial infections, alone or in combination, should also be considered64 (see Chapter 37), as well as other viral infections, including enteric and pantropic CCoVs.37 All clinical signs characteristic of CPV infection are seldom present at any one time. Leukopenia, although not found in all dogs, is usually proportional to the severity of illness and the stage of disease at the time the blood is taken. Monitoring of leukocyte changes may yield prognostic information about the likely course of infection.91 Pups dying from the disease generally have total leukocytes equal to or less than 1030 cells/µL and have persistent lymphocytopenia, monocytopenia, and eosinopenia within the first 3 days of hospitalization. Abnormal coagulation test results may include prolongation of the activated partial thromboplastin time, increased thromboelastogram amplitude, and decreased antithrombin III activity.194 In dogs with parvovirus enteritis, serum total cholesterol and high-density lipoprotein cholesterol levels decreased and triglyceride levels were increased, whereas increases in the cholesterol levels were proportional to the severity of illness.299 Similarly, high serum cortisol and low serum thyroxine concentrations 24 and 48 hours after hospitalization were associated with mortality in dogs with parvovirus diarrhea.243 Cardiac troponin I is a plasma marker for myocardial damage. It has been used to detect cardiac damage after traumatic or infectious diseases in dogs. Dogs of 6 months to 4 years of age, suffering from parvovirus infection, did not have elevated levels.73 This suggests the myocardial damage is restricted to very young puppies. Erythrocyte oxidative stress indices were significantly higher in dogs with gastroenteritis and CPV-positive fecal PCR results than in those with negative results.196








Organism Detection


Fecal ELISA antigen tests are available for in-hospital testing for CPV infection (see Web Appendix 6). These tests are specific but poorly sensitive for detecting CPV infection.* Using ELISA, the period of fecal virus shedding is usually brief, corresponding to the first few days of clinical illness. With an incubation period ranging from 4 to 6 days, CPV strains are seldom detectable by ELISA longer than 10 to 12 days after natural infection, and shedding can be intermittent. Therefore, negative results during or after this time period do not eliminate the possibility of CPV infection. False-negative results obtained with the ELISA-based methods have been associated to early appearance of antibodies that may sequester CPV particles in the intestinal lumen, thus preventing subsequent binding to the monoclonal antibody used in the test.69 There is no significant difference in the ability of the ELISA tests to detect the CPV-2 variants, and the recently emerged CPV-2c is detected at same rates as CPV-2a or -2b.46 Negative results on CPV-ELISA testing could be confirmed by PCR methods. Positive results confirm infection or may be found with some of the commercial assay methods after administration of attenuated live CPV vaccines. In contrast to the usual strong positive results after natural infection, vaccine virus may yield a weak false-positive result in dogs 4 to 8 days after vaccination.


A slide agglutination test, using porcine erythrocytes, has also been developed to detect CPV-2 in fecal and intestinal samples.157 Hemagglutination using porcine or feline erythrocytes can be used for CPV-2 detection, but it has been proven to be only slightly more sensitive than ELISA and poorly specific for the possible presence of isoagglutinins in fecal samples or other hemagglutinating viruses (mainly reoviruses). Moreover, this method requires the constant availability of erythrocyte donors.69


Other immunoassay procedures have been used to detect presence of virus in feces or tissues (see Pathologic Findings). CPV typically produces lesions in the jejunum, ileum, mesenteric lymph nodes, and other lymphoid tissues. CPV can be isolated from these tissues or feces using tissue culture systems, if performed early. Later in the course of disease, virions become coated by antibodies and cleared. In most tissues, intranuclear inclusions are observed. In the glossal epithelium, these may appear as being within the cytoplasm, when in fact they originate in the nuclear space.115 Immunochemical methods can also be used, in conjunction with light or electron microscopy (EM), to detect virus in tissue culture, feces or tissues (see Pathologic Findings).


Nucleic acid amplification methods based on viral DNA have greatly increased the sensitivity of viral detection.69 Not only has PCR methodology been a sensitive means of detecting CPV in feces of infected dogs,26,167,173,281 but quantitative assays (real-time PCR) can also provide an estimation of the viral DNA load.52,133a Whereas immunochemical and virus isolation methods generally detect virus in feces for less than 10 days of infection, quantitative PCR results for CPV-2c have peaked at 10 days and have remained positive, albeit at lower levels, for as long as 54 days.48 Whether PCR-detected virus is infectious remains to be determined by transmission studies. PCR also detects vaccine virus in blood and feces for at least 2 weeks after vaccination.244a,285 Quantitative virus was able to distinguish between virus from vaccination versus natural infection by having a higher viral load in the latter instance.285 In addition, real-time PCR assays using minor groove binder probes are now available for specific identification of CPV-2 variants circulating in the field53 and for discrimination between field and vaccinal strains.51,58 These assays are particularly useful to rule out potential reversion to virulence of the vaccine virus or, more frequently, the simultaneous detection of vaccine and field CPV strains in pups displaying acute gastroenteritis shortly after CPV vaccination.49














Antibody Detection


Serology is not the best method to diagnose CPV infection, because most dogs are vaccinated against it or have been previously exposed to the virus. In contrast, serologic tests can be usefully employed to evaluate the MDA titers in pups to be vaccinated. As a general rule, parvoviruses cause hemagglutination of erythrocytes. Inhibition of porcine erythrocyte hemagglutination by CPV, by adding test sera can be used to demonstrate the presence of CPV specific serum antibody.157 The presence of high hemagglutination inhibition (HI) titer in a single serum sample collected after a previously unvaccinated dog has been clinically ill for 3 or more days is diagnostic for CPV infection. Rising titers (seroconversion) can also be demonstrated when acute and 10- to 14-day convalescent serum samples are compared using either canine or feline parvovirus in HI and virus neutralization (VN) tests. ELISA tests are also available that permit distinction between IgG and IgM.235 In-office ELISA test kits are commercially available for semiquantitative IgG and IgM measurements (Immunocomb, Biogal Labs, Megiddo, Israel)289-291 and for determining adequate IgG titers for vaccination (TiterCHEK CPV/CDV Test Kit, Synbiotics, San Diego, CA). See Web Appendix 6 for further information on these products.




















Pathologic Findings


Early lesions are most pronounced in the distal duodenum; later, the jejunum is more severely affected. The intestinal wall is generally thickened and segmentally discolored, with roughening or fibrin adhering on the serosal surfaces; within the lumen there is denudation of intestinal mucosa and the presence of dark, sometimes bloody, watery material within the stomach and intestine (Fig. 8-4). In mild cases, the lesions are not easy to distinguish from those of nonspecific enteritis. Enlargement and edema of thoracic or abdominal lymph nodes have been observed.
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FIG. 8-4 Small intestine at necropsy from a dog that died suddenly of parvovirus enteritis. Note the discoloration of the intestinal wall and fibrin on the serosal surfaces. (Photograph by Department of Veterinary Pathology © 2004 University of Georgia Research Foundation Inc.)








The intestinal lesions are characterized by necrosis of the crypt epithelium in the small intestine.261 Intranuclear viral inclusion bodies may be seen in these epithelial cells and throughout the squamous epithelia of the upper GI tract.158 The pathologic changes may range from mild inflammation to diffuse hemorrhagic enteritis. The villi are shortened or obliterated, owing to lack of epithelial replacement by maturing crypt cells, resulting in collapse of the lamina propria (Fig. 8-5). Necrosis and depletion of the lymphoid tissue (e.g., Peyer's patches; mesenteric lymph nodes, thymus, and spleen) are present. Pulmonary edema or alveolitis may be observed in dogs dying of complicating septicemia.277 Histologic examination is usually definitive; however, specific identification of parvovirus in tissue specimens can be done by immunofluorescence or other immunochemical methods. Using indirect fluorescent antibody testing, antigen in dogs with lethal CPV enteritis can be found in the dorsal side of the tongue (96.3%), pharynx (81%), esophagus (50%), ventral tongue (20.4%), planum nasale (5.6%), small intestinal mucosa (85.2%), bone marrow (81.6%), spleen (79.6%), thymus (66.7%), mesenteric nodes (50.4%), palatine tonsils (58.5%), and myocardium (1.9%).294 In situ hybridization or quantitative PCR methods have been valuable specific tools for virus identification in tissue specimens.76,287 Virus can be detected with greater prevalence in tongue as compared to other tissues when there is autolysis or freezing and thawing before necropsy.162 Quantitative PCR of naturally infected dogs has shown similar tissue distribution among viral strains with highest concentrations of virus in lymphoid tissues, intermediate levels in nervous tissue, and lowest levels in urinary bladder.59
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FIG. 8-5 Photomicrograph of the small intestine of a dog that died of parvovirus enteritis. Villi are collapsed, and crypt lumina are dilated and filled with necrotic debris (H&E stain, ×100). (Photograph by Barry Harmon, © 2004 University of Georgia Research Foundation Inc.)








Parvovirus myocarditis, when present, is recognized grossly as pale streaks in the myocardium (Fig. 8-6). The myocardial lesions consist of a nonsuppurative myocarditis with multifocal infiltration of lymphocytes and plasma cells within the myocardium. Basophilic intranuclear inclusion bodies have been observed in cardiac muscle fibers, and parvo-like virus particles have been demonstrated by EM and by in situ hybridization288 in the inclusion bodies.
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FIG. 8-6 Heart from a dog that died of the myocardial form of CPV-2 infection. Pale streaking of the myocardium is apparent. A similar lesion will be noted with CPV-1 infection in puppies younger than 3 weeks. (Courtesy Pfizer Animal Health, Lincoln, NE.)




















Therapy


The primary goals of symptomatic treatment for CPV enteritis are restoration of fluid and electrolyte balance and preventing secondary bacterial infections. Antimicrobial agents, motility modifiers, and antiemetic agents are given in Table 8-1. Fluid therapy is probably the single most important aspect of clinical management and should be continued for as long as vomiting or diarrhea (or both) persists. Hypoglycemia and hypokalemia are common and should be corrected through additions to the IV fluids. Antimicrobial agents are recommended because the combination of severe disruption of the intestinal epithelium allowing bacteria into the blood and peripheral neutropenia increases the risk of sepsis.232 The most common bacteria appear to be Escherichia coli and C. perfringens.276,277 The best antibacterial spectrum (for gram-negative aerobic and anaerobic bacteria) is provided by combination of a penicillin and an aminoglycoside. Before a nephrotoxic drug such as an aminoglycoside is administered, the patient should be fully hydrated. Should nephrotoxicity of aminoglycosides be a concern, parenteral third-generation penicillins or cephalosporins can be used as sole treatment alternatives to achieve the desired spectrum. Quinolones, which have a good gram-negative aerobic antibacterial spectrum, must be avoided in young growing dogs. Antiemetic drugs are helpful to reduce fluid loss and decrease patient distress and allow for enteral nutrition. Metoclopramide hydrochloride and prochlorperazine have proved helpful in most dogs with persistent vomiting. The serotonin receptor antagonists have been recommended as the most efficacious antiemetics.145,189 Ondansetron and dolasetron have both been used in dogs. The use of antiemetics in this disease is controversial as they do not always curtail the vomiting; furthermore, they can lead to hypotension.149 Drug therapy to alter gut motility is seldom recommended in the treatment of CPV enteritis. If needed, narcotic antispasmodics (e.g., diphenoxylate hydrochloride, loperamide hydrochloride) are preferred when motility modifiers are needed.




TABLE 8-1


Drug Therapy for Canine Viral Enteritis










	Drug

	Dosagea (mg/kg)

	Route

	Interval (hr)

	Duration (days)










	ANTIEMETIC AGENTS






	Chlorpromazine

	0.5

	IM

	8

	prn






	1.0

	Rectally

	8

	prn






	0.2–0.5

	IV

	8

	prn






	Metoclopramide

	0.2–0.4

	SC

	8

	prn






	1–2

	IVb


	24

	prn






	Prochlorperazine

	0.1

	IM

	6–8

	prn






	Ondansetron

	0.1–0.15

	IV

	6–12

	prn






	Dolasetron

	1

	IV, PO

	24

	prn






	ANTIMICROBIAL AGENTS






	Ampicillin

	10–20

	IV, IM, SC

	6–8

	3–5






	Cefazolin

	22

	IV, IM

	8

	3–5






	Ceftiofur

	2.2–4.4

	SC

	12

	3–5






	Gentamicinc


	6–8

	IM, SC, IV

	24

	3–5






	Interferon-ω

	2.5 × 106 units/kg

	IV

	24

	3






	GASTRIC PROTECTANTS






	Cimetidine

	5–10

	IM, IV

	6–8

	prn






	Ranitidine

	2–4

	SC,IV

	6–8

	prn






	MISCELLANEOUS THERAPY






	Whole blood

	10–20 mL/kg

	IVd


	 

	prn






	Plasma

	10–20 mL/kg

	IVd


	 

	prn






	Dexamethasone sodium phosphatec


	2–4

	IV

	 

	Do not repeat






	Flunixin megluminec


	1

	IV

	 

	Do not repeat






	Antiendotoxin serume


	8.8 mL/kg (diluted in equal amount crystalloid fluid)

	IV

	 

	Do not repeat






	Colloid fluidsc,f


	20 mL/kg

	IV

	24

	prn
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IM, Intramuscular; IV, intravenous; PO, by mouth; prn, as needed; SC, subcutaneous.


aDose per administration at specified interval. For additional information on these drugs, see the Drug Formulary in the Appendix.


bSlow infusion can be used for severe vomiting.


cAdministered after correction of dehydration.


dAdministered over 4 hours.


eSEPTI-serum; Immvac Inc., Columbia, MO. (Based on a concentration of >320 mg of IgG/mL.)


fHetastarch or Dextran 70.





Although withholding food and water are general recommendations in treating GI diseases, including parvovirus enteritis, information suggests this is not necessary. When dogs with parvoviral enteritis were fed, beginning on the first day of treatment (via nasoesophageal tube), their recovery time was shortened, and they maintained body weight when compared with dogs that were treated the conventional method of withholding food until signs had ceased for 12 hours.175


During the initial stage of CPV enteritis, recommended adjunctive therapy has included transfusion of specific hyperimmune plasma or administration of antiendotoxin sera72 (see Passive Immunization, Chapter 100, and the Drug Formulary in the Appendix). These adjuncts reportedly decrease mortality and the length of hospitalization72 but are expensive. A recombinant bactericidal-permeability-increasing protein, which counteracts endotoxin, did not alter clinical outcome or survival in dogs naturally infected with CPV.193 This result is despite increases in plasma endotoxin in affected animals.


Recombinant human granulocyte colony-stimulating factor (G-CSF) has been advocated for the treatment of severe neutropenias induced by CPV infection.84 However, supplementing recombinant human G-CSF to neutropenic pups with CPV infection did not change any aspect of their clinical outcome.166,233,234 The lack of efficacy of exogenous G-CSF was thought to be the result of already existent high levels of endogenous G-CSF that are maximally stimulating the production of neutrophils.27 However, in a controlled study using recombinant canine G-CSF, treated dogs had shorter durations of hospitalization and higher neutrophil counts; however, survival times were reduced.73a Therefore, use of G-CSF is not recommended until additional studies are performed.


Use of the influenza virus neuraminidase inhibitor oseltamivir phosphate (Tamiflu, Roche) has been recommended for treating parvovirus-infected dogs. There is no theoretical or actual benefit to its use with parvovirus infection. In one controlled study involving naturally infected dogs, those given placebo versus oseltamivir had significantly greater weight loss and leukopenia; however, there was no other difference in clinical outcome.239a There has been theoretical speculation that the drug may act somehow on intestinal bacteria; however, this is not substantiated. See the Drug Formulary in the Appendix.


Dogs with experimental and natural parvovirus infection have been treated with recombinant feline interferon, IFN-ω, in high intravenous (IV) dosages (2.5 × 106 units/kg) beginning early (4 days or less after infection) in the course of parvovirus infection.66,119,133,155,165 Reduced signs of clinical illness and mortality were observed in treated dogs. See the Drug Formulary in the Appendix, for further information on its availability and use.


Several therapies have been recommended and would seem of empirical benefit, but they have not been examined well enough to indicate that they are efficacious.144 Some puppies are severely anemic, which may be the result of GI loss of blood caused by the parvovirus enteritis, or it might be unrelated to parvovirus, such as blood loss related to parasitism. Transfusion of whole blood might benefit these puppies. Hypoproteinemia is present in some puppies. A whole blood transfusion will help resolve the problem, but if erythrocytes are not needed, a more appropriate therapy is plasma transfusion. Plasma can provide both immune globulins (see later discussion) and colloidal albumin. Ideally, serum albumin concentration should be maintained at 2.0 g/dL or greater. If edema is present as a result of decreased proteins and is not corrected by a plasma transfusion, then synthetic colloid such as hetastarch should be considered. Colloids should not be given until dehydration is corrected. Glucocorticoids and flunixin meglumine may have beneficial effects in treating early sepsis or endotoxemia. These agents should not be used until dehydration is corrected, and repeated doses should not be given.


The use of hyperimmune plasma might be questioned because, at the time of clinical signs, the colonization of the target organs is completed and the levels of antibodies may be increased. However, pups that had a delayed or lower serum antibody response are often more severely affected. Canine lyophilized IgG has been beneficial in treatment of dogs with naturally occurring CPV infection.146 Compared with control dogs, those receiving IgG as adjunctive therapy had reduced severity of disease, reduced cost of treatment, and reduced hospitalization time. Similarly, experimentally infected dogs receiving immunoglobulins against CPV derived from chicken egg yolk were protected from clinical illness when sufficient quantities were given.282 Because commercial immunoglobulin products are not available in all countries, plasma or blood transfusions from dogs with high levels of antibodies to CPV may be the most practical means of providing immediate protection against viremia.


Pups that survive the first 3 to 4 days of CPV enteritis usually make a rapid recovery, generally within 1 week in uncomplicated cases. Severely ill pups that develop secondary sepsis or other complications may require prolonged hospitalization.















Prevention



Immunity After Infection





A puppy that recovers from CPV enteritis is immune to reinfection for at least 20 months and possibly for life. On reexposure to the various strains of CPV-2, protected pups will not have increased serologic titers, show overt signs of illness, or shed virus in the feces. In general, a good correlation exists between serum antibody titer, determined by either HI or VN testing, and resistance to infection. Serum antibody titers remain high for a prolonged period after CPV enteritis, even if reexposure does not occur. If serum antibody titers become low, a localized infection is possible, but viremia and generalized illness are unlikely to develop. Although it may help in protection against entry of CPV, intestinal secretory IgA probably does not play a role in the longevity of protective immunity because intestinally derived antibody titers do not persist for longer than 15 days after infection.212 In addition to the information provided in this section, Chapter 100 should be consulted regarding vaccination for this disease.








Immunization and Duration of Immunity


Inactivated CPV vaccines of sufficient antigenic mass protect dogs against wild-type CPV exposure. If protective immunity is defined as complete resistance to subclinical infection, then that produced by most inactivated CPV vaccines is short-lived. Dogs vaccinated with inactivated CPV vaccine can become subclinically infected as early as 2 weeks after vaccination. If a dog is given sequential doses of inactivated CPV vaccine, however, a rapid secondary immune response is mounted, and the dog is protected for as long as 15 months.


Commercially prepared inactivated CPV vaccines have generally been replaced by attenuated vaccines that provide superior immunity. Attenuated vaccines are safe either alone or in combination with other vaccine components. In the absence of maternal antibody blockade, the onset of protection against CPV infections is as early as 3 days postvaccination. Transient lymphopenia may occur 4 to 6 days after the primary administration of some attenuated CPV vaccines. Most attenuated live CPV vaccine strains replicate in the intestinal tract and are briefly shed in the feces. Although concern has been expressed about the possibility of attenuated CPV vaccine undergoing reversion of virulence and causing apparent disease, experimental studies have shown that these attenuated live virus CPV vaccines are safe.125 The events after administration of attenuated live CPV vaccines parallel those after wild-type CPV infection. On day 2 after subcutaneous administration of vaccine, viremia and systemic distribution occur, with shedding from the GI tract on days 3 to 8. One difference between vaccine-induced and wild-type infections is that lower quantities of virus are shed after vaccination. Humoral immune responses to attenuated live vaccines are similar to those observed with wild-type infection.


Serum antibody is usually detectable 3 days after vaccination, with levels rising rapidly to those observed after subsequent natural infection. Even if reexposure does not occur, protective antibody titers may persist for at least 2 years, and dogs exposed during this time should not become infected. Vaccination with potentiated (high-titer) attenuated CPV vaccine has been shown to protect dogs on subsequent experimental challenge exposure.245 On the basis of serum antibody titers, in a veterinary hospital setting, 27% of the dogs being evaluated for revaccination had titers below the protective level for CPV.161 Although serum antibody titers are not absolute indicators of protection, positive results have a good correlation with protection against CPV infection (see also Canine Parvovirus Enteritis Chapter 100). Even systemic chemotherapy for neoplasia in dogs did not affect serum CPV-2 antibody titers.103 Antibody titer comparisons may be misleading because many dogs with low titers that have been previously boostered against CPV are protected with subsequent challenge. These challenge experiments are considered to be the gold standard for protection. A number of challenge studies have been conducted by major vaccine companies demonstrating a minimum of 3 years duration of immunity for attenuated live canine parvovirus in combination vaccines.1,89,93 Other studies have shown a duration of immunity of at least 7 years for multivalent vaccines containing CPV.244 These results will be available in future product literature and labeling.














Maternal Antibody Interference


The primary causes of failure of vaccines are interfering levels of MDA to CPV164,188,211 and lack of sufficient seroconversion to the CPV vaccine administered. The age at which pups can be successfully immunized is proportional to the antibody titer of the bitch, effectiveness of colostral transfer of MDA within the first 24 hours of life, and immunogenicity and antigen titer of the CPV vaccine. Pups from a bitch with low protective titer of antibody to CPV can be successfully immunized by 6 weeks of age, but in pups from a bitch with a very high titer to CPV, MDA may persist much longer.16,17,40


The age at which a pup should be vaccinated successfully can be predicted through determination of the MDA titers by serologic tests taking into account that the half-life of MDA in pups is about 9 to 10 days. However, this strategy, albeit effective, could be slightly expensive for breeders. Without knowledge of the antibody status of each puppy, recommending a practical vaccination schedule that will protect all of them is difficult. In addition, pups become susceptible to wild-type CPV infection 2 to 3 weeks before they can be immunized. No vaccines are available that completely eliminate this window of susceptibility before pups become immunized.211 For an explanation of potentiated and conventional CPV vaccines, see Chapter 100. With the potentiated vaccines presently available, which are more immunogenic than the original or conventional CPV vaccines, low levels of MDA will not prevent successful response. Pups of unknown immune status can be vaccinated with a high-titer-attenuated live CPV vaccine at 6, 9, and 12 weeks of age and then revaccinated triennially or sooner, if exposure risk is high.110 The overall risk of vaccination failure with potentiated vaccines has been low, although there has been a slight increase beginning in 2006.74 Although 12 weeks or less has been suggested for the last vaccine in the primary series based on manufacturers’ testing and licensing,11,118,254,270 most veterinarians still give the last vaccine in the primary immunization schedule to pups at 12 to 16 weeks of age.4,5,124,268 Maternally derived immunity is likely strong in parvovirus endemic areas, making for prolonged maternal antibody blockade. A check for serum antibody level can be done after a vaccine series to determine adequate seroconversion, or the last vaccination in the primary series should be done no earlier than 15 to 16 weeks of age, especially in breeds that are at increased risk for CPV enteritis.31 Monovalent CPV vaccines administered by the intranasal route have been proved to overcome MDA interference even in the presence of high antibody levels, because the vaccine virus replicating in the nasal mucosa may escape the serum antibodies.150 However, at the moment there are no vaccines available on the market that have been licensed for intranasal administration.














Heterologous Strain Protection


As CPV continues to evolve with its new antigenic types, concerns arise that vaccination failure may be related to strain differences between field and vaccine strains.272 An outbreak of CPV-2c infection with severe clinical signs and mortality was reported in 6-month- to [image: image]-year-old dogs previously vaccinated with high-titer CPV-2 (original strain) vaccine.50 Severe disease caused by CPV-2c was also observed in a 12-year-old dog that received primary vaccination with a high-titer CPV-2 (original strain) product and yearly booster vaccination with a tetravalent formulation.44 Further documentation will be needed to determine whether this immunization failure was due to “heterologous” vaccination or other causes such as poor reactivity to vaccination of such an old dog. However, dogs that were vaccinated or infected with the original CPV-2 strain and its antigenic variants show the highest HI and viral (serum) neutralization titers to the homologous virus to which they were exposed.22,190,219,220 Despite this measurable difference in strain recognition, dogs vaccinated with some of the commercially available CPV-strain (2, 2a, or 2b) vaccines were protected when they were subsequently challenged with virulent CPV-2c 3 to 5 weeks after a primary vaccination series.13,139,252,258 However, studies comparing challenge with those vaccines against challenge with virulent homologous strains compared to CPV-2c in breakthrough of maternal-acquired antibody, at earlier periods, would be important in showing the efficacy of older strain products in heterologous protection against newer variants. Similarly, long (1- to 3-year) duration of protection challenge studies using heterologous CPV-2 strain vaccines have not been done as have those using homologous strain vaccine antigens. Consequently, use of vaccines containing one of the CPV-2 antigenic variants (which are currently circulating in the field) has been suggested.22,94,150,220,301














Reversion to Virulence


Cases of acute gastroenteritis in pups shortly after vaccination with MLV formulations are frequently observed, so that dog owners and even practitioners may suspect a reversion to virulence of the vaccine strain. By using real-time PCR assays with minor groove binder probes able to specifically detect field and vaccine viruses,51,58 most dogs developing parvovirus-like diarrhea after vaccination were found to shed the field virus alone or with the attenuated vaccine virus.49 Therefore, reversion to virulence of vaccine strains is not suspected. See discussion of parvovirus infection in Chapter 100 for additional information on vaccination for this disease.






















Experimental Vaccines


A large number of genetically engineered vaccines have been developed in an attempt to improve the protection afforded by inactivated products while reducing the antigenicity of the potentiated vaccines. A DNA vaccine containing a plasmid encoding the full length of the viral protein 1 region of CPV protected 9-month-old pups from clinical signs and fecal shedding of virus after experimental challenge-infection.123 A vaccine based on a recombinant plant virus expressing the VP2 peptide, coded by a subset of the viral protein1 gene, protected against clinical disease, with limited fecal shedding after challenge.137 Neither of these vaccines produced sterile immunity as follows attenuated CPV vaccination. Intranasal or subcutaneous vaccination of mice with a plant virus expressing a CPV peptide elicited systemic and mucosal antibody responses.183,184 A bicistronic DNA vaccine expressing both rabies virus and CPV proteins produced neutralizing antibody responses to both viruses in mice and dogs.205














Husbandry


The period of shedding of infectious virus appeared to be so short (under 4 to 5 days after the onset of illness) that the environment was the focus of concern in preventing spread. However, with more sensitive PCR data, viral genetic material can be detected in feces of recovered dogs for many weeks. Further research will be required to determine whether the viral genome being shed is infectious and of concern. CPV is one of the most resistant canine viruses and can persist for months to years away from sunlight and disinfectants. As a result, the haircoat and environment of the ill dog become contaminated. CPV is known to persist on inanimate objects, such as clothing, food pans, and cage floors, for 5 months or longer. Most common detergents and disinfectants fail to inactivate CPVs. A noteworthy exception is sodium hypochlorite (1 part common household bleach to 30 parts water), which is an effective and inexpensive disinfectant (see Table 93-1). It is important that exposure to this disinfectant be at least 10 minutes. Diluted bleach solutions should be applied to tolerable surfaces or used as a dip for animals leaving isolation facilities. Bleach should be added to washing of all utensils and bedding. In lieu of bleach, a commercial disinfectant solution, Trifectant (Vetoquinol, Buena, NJ), has shown similar efficacy against parvoviruses on environmental surfaces. Resistance of CPV to disinfection is enhanced in the presence of dried blood or serum; hydration of body fluids or excretions before disinfection increases virucidal activity of hypochlorite or ethanol.266 Parvoviruses are resistant to heat and survive 70° C for 30 minutes.238 Steam cleaning can be used for instantaneous disinfection of surfaces such as metals that do not tolerate hypochlorite. For further information on disinfection, see Chapter 93. For further information on prevention and management of this and other infections in kennels, see Chapter 96.














Public Health Considerations


Studies have failed to find any evidence of human infection by CPV-2, even among kennel workers in heavily contaminated premises, although humans apparently can act as passive transport vehicles for the virus between dogs. Although CPV-2 is not itself a human pathogen, extra care should always be practiced in handling fecal materials from diarrheic animals.





















Canine Parvovirus-1 Infection



Etiology





In 1967, CPV-1 (also referred to as minute virus of canines) was first isolated from the feces of military dogs. Physical and chemical properties of CPV-1 are typical of parvoviruses. CPV-1 is distinctly differentiated from CPV-2 strains by its host cell range, spectra of hemagglutination, genomic properties, and antigenicity.20 Using genetic analysis, it is most closely related to bovine parvovirus.249 The new genus Bocavirus has been created within the family Parvoviridae to include CPV-1, bovine parvovirus, and the recently detected human bocavirus.148,262 CPV-1 can be propagated on the Walter Reed canine cell line. By HI tests, CPV-1 is serologically distinct from parvoviruses of a number of other species.








Epidemiology


The domestic dog is the only proven host, although other Canidae are likely susceptible. Before 1985, CPV-1 was considered a nonpathogenic parvovirus of dogs. Since that time, clinical infections of CPV-1 in neonatal pups have been encountered by practicing veterinarians and diagnostic laboratory personnel. Serologic evidence indicates that its distribution is widespread in the dog population but is usually restricted to causing clinical disease in pups younger than 3 weeks8; however, disease has been reported in pups 5 weeks of age.218 A reasonable assumption is that the spread is similar to that of CPV-2. Although it was first identified in the United States, isolations have been made worldwide,168 and similar to CPV-2, it is likely ubiquitous.














Pathogenesis


The virulence of CPV-1 for dogs is uncertain; however, it has been identified by immunoelectron microscopy in the feces of pups and dogs with mild diarrhea. Between 4 and 6 days after oral exposure, CPV-1 can be recovered from the small intestine, spleen, mesenteric lymph nodes, and thymus. Histologic changes in lymphoid tissue are similar to those observed in pups infected with CPV-2 but less severe. In addition, CPV-1 is capable of crossing the placenta and producing early fetal death and birth defects.20 Experimental oronasal infection of neonatal specific pathogen-free pups with laboratory isolates from pups dying of enteric illness produced only mild respiratory disease.21 Naturally induced disease in young pups has been characterized by enteritis, pneumonia, and myocarditis.123 Naturally infected dogs have been shown to have a reduction in both numbers and killing activity of phagocytes.36














Clinical Findings


CPV-1 has been observed infrequently in field dogs with mild diarrhea and in the feces of clinically healthy animals. Primarily, CPV-1 infection is a cause of enteritis, pneumonitis, myocarditis, and lymphadenitis in pups between 5 and 21 days of age.31 Many of these pups have mild or vague symptoms and eventually die, being classified as “fading pups.” Affected pups usually have diarrhea, vomiting, and dyspnea and are constantly crying. Some puppies have respiratory disease with no enteric signs.218 Sudden death with few premonitory signs has also been observed. Because of transplacental infections, this virus can cause failure to conceive or fetal death or abortion.














Diagnosis


CPV-1 infection should be considered in young (under 8-week-old) pups with mild diarrhea that clinically or histologically resemble pups with CPV-2 disease but are serologically CPV-2 negative, or in unexplained fetal abnormalities, in abortions, or in fading pups. CPV-1 will not cross-react with any of the serologic or fecal detection methods for CPV-2. CPV-1 has been observed using EM on fecal and rectal swab samples from field dogs. Immunoelectron microscopy is necessary to distinguish CPV-1 from CPV-2. Inhibition of hemagglutinating activity in stool suspensions by specific antiserum is also diagnostic for CPV-1. To determine exposure, sera can be tested for specific antibody with VN or HI tests. Because only the Walter Reed canine cell line supports growth of CPV-1, the availability of virus isolation and serum VN tests is limited.














Pathologic Findings


Pathologic changes in nursing pups have included thymic edema and atrophy, enlarged lymph nodes, pasty soft stool in the intestinal tract, and pale gray streaks and irregular areas deep within the myocardium as found with CPV-2 (see Fig. 8-6). Histopathologic lesions are predominantly restricted to large intranuclear epithelial inclusions at the tips of the villi in the duodenum and jejunum. These inclusions are eosinophilic and often fill the nuclei. Other intestinal changes include crypt epithelial hyperplasia and single-cell necrosis of crypt epithelial cells. Lesions seen in other tissue include moderate to marked depletion or necrosis (or both) of lymphoid cells of Peyer's patches and thymus, severe pneumonitis with exudate in airways, and mineralized focal to diffuse areas of myocardial necrosis with cellular infiltration.














Therapy and Prevention


Once a diagnosis has been made, treatment of pups suffering CPV-1 infection is unrewarding because of the rapid progression of the disease. However, mortality may be reduced by ensuring that the environmental temperature of newborn pups is kept warm and by adequate nutrition and hydration. No vaccine is available at present.














Public Health Considerations


No known public health concern exists; however, extra care should always be practiced in handling sick pups and fecal material from diarrheic animals because other enteropathogens may be present.





















Canine Coronavirus Enteritis



Etiology





CCoV is a member of the genus Alphacoronavirus in the virus family Coronaviridae belonging to the order Nidovirales (Fig. 8-7). Different coronaviruses of this family infect a large number of domestic species, including humans, cattle, swine, dogs, cats, horses, poultry, rats, and mice (Table 8-2, Web Fig. 8-2). To date, several enteric strains of CCoV have been isolated from outbreaks of diarrheal disease in dogs. The closely related canine and feline coronaviruses, which are in group 1, are divided into type I (CCoV-I) and type II (CCoV-II) strains.56 The CCoV genotypes are closely related in all genome sequences except the spike protein gene, where CCoV-I displays a higher genetic relatedness to feline coronavirus (FCoV) type I. With respect to CCoV-II, genotype I possesses an additional accessory gene142 and has not been adapted to grow in cell cultures.37 CCoV-II is also strictly related to transmissible gastroenteritis virus of swine (TGEV), likely representing its ancestor.142 Recombinant CCoV-II/TGEV strains have been reported,55,78 thus leading to a further separation of genotype II into two subtypes, CCoV-IIa and CCoV-IIb, that include extant and TGEV-like CCoV-II strains, respectively.55 On the basis of their strict genetic relatedness, CCoVs, FCoVs, TGEV, and its tropism variant porcine respiratory coronavirus have now been proposed as host variants of the same viral species.34 CCoV-II strains may be more virulent than type I strains.10,37 In addition to infection with these enteric strains, a pantropic coronavirus (CB/05) outbreak has been reported,14 as has illness caused by a newly emergent canine respiratory coronavirus strain, a group 2 coronavirus that has presumably arisen as host variant of bovine coronavirus (see Canine Infectious Respiratory Disease, Chapter 6).126,143 The coronavirus virus genome is composed of single-stranded, positive-sense RNA; replication occurs in the cell cytoplasm of the host. Coronaviruses are poorly resistant but can remain infectious for longer periods outdoors at frozen temperatures. The virus loses infectivity in feces after approximately 40 hours at room temperature (20° C) and 60 hours when refrigerated (4° C).263 Virus was stable at 56° C for up to 30 minutes but was rapidly inactivated at 65° C and 75° C in 60 minutes and 30 minutes, respectively.214 Coronaviruses are more stable at pH of 6.0 but are inactivated at progressively higher pH (above 11.0) or lower pH (below 5.0) when temperatures are greater than 25 °C or 37° C, respectively.214 As enveloped viruses, coronaviruses are more susceptible to commercial detergents and disinfectants than are parvoviruses.




TABLE 8-2


Antigenic Groups of Coronaviruses from Humans and Domestic Animals










	Group

	Coronaviruses










	GROUP 1 (GENUS ALPHACORONAVIRUS)






	Subgroup a

	Human coronavirus Strain 229E
Porcine epidemic diarrhea virus
Human coronavirus Strain NL-63






	Subgroup b (Geselavirus)

	Transmissible gastroenteritis virus of swine
Porcine respiratory coronavirus
Type I:
Feline coronavirus Strains: 79-1146, 79-1683
Canine enteric coronavirus Strains: Elmo/02, 23/03
Type II:
Feline coronavirus Strains: Black, KU-2, UCD1
Canine enteric coronavirus subtype IIa Strains: Insavc1, BGF10
Canine enteric coronavirus subtype IIb TGEV-like strains: 341/05, 174/06
Canine pantropic coronavirus biotype Strain CB/05






	GROUP 2 (GENUS BETACORONAVIRUS)






	Subgroup a

	Murine hepatitis virus
Rat coronavirus
Human coronavirus Strain HKU-1
Betacoronavirus 1:
Bovine coronavirus
Human coronavirus Strain OC43
Porcine hemagglutinating encephalomyelitis virus
Canine respiratory coronavirus Strains: T101, 430/07
Equine coronavirus






	Subgroup b (SARSr-coronavirus)

	Human severe acute respiratory distress coronavirus
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FIG. 8-7 Structure of coronavirus. (Art by Kip Carter © 2004 University of Georgia Research Foundation Inc.)
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WEB FIG. 8-2 Phylogenetic tree showing taxonomy of coronaviruses. (From de Groot RJ, Ziebuhr J, Poon LL, et al. Revision of the family Coronaviridae. Taxonomic proposal of the Coronavirus Study Group to the ICTV Executive Committee; 2008 [cited 2009 Oct 20]. Available from http://talk.ictvonline.org/media/p/1230.aspx.)

















Epidemiology


In 1971, a CCoV was isolated from feces of military dogs that were suffering from suspected infectious enteritis. Since then, several outbreaks of contagious enteritis have occurred and a similar coronavirus has been isolated. The true importance of CCoV as a cause of infectious enteritis in dogs is unknown; however, CCoV was genetically detected7 or isolated169 from 16% or 57%, respectively, of dogs with diarrhea in Japan. Serologic testing of Australian dogs showing signs of diarrhea revealed that 85% were positive for CCoV-IgM antibodies, which indicates recent infection.180 Serologic information suggests that CCoV has been present indefinitely in the dog population and is an infrequent cause of infectious enteritis. CCoV is highly contagious and spreads rapidly through groups of susceptible dogs. The highest prevalence rates of infection are found in kenneled dogs, with or without diarrhea.256 Neonatal pups born to seronegative dams are more severely affected than those of weaning age and adult dogs. CCoV is shed in the feces of infected dogs for weeks to months or longer, and fecal contamination of the environment is the primary source for its transmission via ingestion.264 Results of genetic analysis indicate that dogs can be infected with a multiplicity of strains as simultaneous infection with more than one preexisting genotype.61,221,293















Pathogenesis



Enteric Coronavirus Infection





The incubation period is short: 1 to 4 days in the field and only 24 to 48 hours experimentally. CCoV can generally be shed in the feces of infected dogs between 3 and approximately 14 days after infection. However, PCR-based methods have demonstrated that naturally infected dogs shed virus for as long as 6 months after illness.213


After ingestion, CCoV goes to the mature epithelial cells of the villi of the small intestine.264,265 After uptake of CCoV by M cells in the dome epithelium of Peyer's patches, virus and viral antigen are transported to the underlying lymphoid tissue. Uptake in the gut lymphoid tissue suggests that CCoV may persist or become latent in dogs, similar to the situation for feline coronavirus. The virus also rapidly reproduces within epithelial cells and accumulates within cytoplasmic vacuoles. Virions from these vacuoles are released directly into the external environment via the apical plasmalemma or may be released after lysis of the apical cytoplasm of infected cells. After production of mature virus, infected cells develop severe cytoplasmic changes, and the microvilli of the brush border become short, distorted, and lost. The overall result is that infected cells become lost from the villi at an accelerated rate and are replaced by increased replication rate of immature cells in the crypts of the mucosa. Crypt epithelium is not destroyed; on the contrary, hyperplasia develops. Affected villi become covered by low columnar to cuboidal epithelium, show variable levels of villous atrophy and fusion, and become infiltrated by mononuclear cells in the lamina propria. Unlike CPV infection, necrosis of villi and hemorrhage are rare.








Pantropic Coronavirus Infection


Similar to other coronaviruses, CCoV can mutate, resulting in more virulent strains and corresponding increased severity of enteric illness.79,80,181,239 The highly virulent variant CB/05 was found to cause a fatal multisystemic illness in Italy with clinical signs resembling those caused by CPV-2, including hemorrhagic gastroenteritis and lymphopenia.14,43,59 Through genetic mutation of enteric CCoV, the pantropic CCoV acquired its ability to spread internally to other tissues, similar to that of feline infectious peritonitis virus from enteric FCoV (see Chapter 10, Feline Coronavirus Infections). Sequence analysis of the CB/05 genome showed some striking changes, including a truncated form of the ORF3b product and point mutations in the spike protein, mainly at residue 125 where the change from aspartic acid or histidine to asparagine was observed.59 Whether these mutations correlate with the virulence should be demonstrated by reverse genetics. Additional outbreaks of pantropic canine coronavirus infection have been reported in Belgium304 and Greece.35














Co-Infections


Dogs can have CCoV and CPV infections simultaneously, and some studies suggest that CCoV infection enhances the severity of CPV infection.49,57 Conversely, three of four puppies in a litter died from CCoV enteritis 2 weeks after surviving CPV enteritis.229 Concurrent infection with canine adenovirus-1 and CCoV was suspected as the cause of severe enteric disease in an animal shelter.42,220 Similarly, combined infections with canine distemper have greater severity and mortality.39 Other enteropathogens such as C. perfringens, Campylobacter spp., Helicobacter spp., and Salmonella spp. may increase the severity of CCoV illness (see Chapter 37).





















Clinical Findings



Enteric Coronavirus Infection





Differentiating CCoV from other infectious causes of enteritis is difficult. Dogs can also shed CCoV in feces and not show clinical illness.247,259 Therefore, associating the presence of infection with CCoV and GI illness is not absolute proof of causation. The general consensus is that CCoV infection is usually less dramatic than CPV-2 infection. The clinical signs can vary greatly, and dogs of any breed, age, and sex are affected. This finding contrasts with CPV infections in which affected dogs are usually younger than 2 years of age. CCoV-infected dogs usually have a sudden onset of diarrhea preceded sometimes by vomiting. Feces are characteristically orange in color, very malodorous, and infrequently contain blood. Loss of appetite and lethargy are also common signs. Unlike CPV-2 infection, fever is not constant, and leukopenia is not a recognized feature. Signs can be more severe with particularly virulent strains or in very young pups.80


In severe cases, diarrhea can become watery, and dehydration and electrolyte imbalances can follow. Concurrent ocular and nasal discharges have been noted, but their relationship to the primary infection is unknown. Most of the dogs affected recover spontaneously after 8 to 10 days. When secondary complicating factors are present (parasites, bacteria, or other viruses), the disease can be significantly prolonged.








Pantropic Coronavirus Infection


Fever (39.5° C to 40° C [103° F to 104° F]), lethargy, anorexia, vomiting, hemorrhagic diarrhea, leukopenia, and neurologic signs (ataxia, seizures) followed by death within 2 days were characteristic of this severe systemic illness in a natural outbreak.14 These signs would be difficult to distinguish from those of parvovirus infection. Dogs experimentally infected with strain CB/05 displayed clinical signs similar to those observed in the natural outbreak, with leukopenia being a constant finding regardless of the final outcome of the infection.


Dogs recently infected with enteric coronavirus and subsequently challenged with pantropic coronavirus (strain CB/05) had milder clinical signs, leukopenia, and viral shedding indicating only partial heterologous immune protection.37,54 Vaccination-induced cross protection, using currently available enteric strain products, has not been investigated.




















Diagnosis


Making a definitive diagnosis of CCoV-induced disease is difficult. EM can detect CCoV in fresh feces. Approximately 1 × 106 virions are needed in unconcentrated fecal samples for identification of CCoV by EM; thus, false-negative findings are possible. Viral isolation is not applicable to CCoV-I strains that do not grow in tissue or cell culture systems. A highly sensitive reverse transcriptase PCR assay has been developed to detect CCoV in fecal specimens.98,217,228 Quantitative PCR using fluorogenic detection has allowed for sensitive detection of strain and amount of virus62 and for rapid discrimination between the CCoV genotypes.61 Serum VN and ELISA tests for CCoV antibody have been developed.235 Positive CCoV serum titers of affected dogs can only confirm exposure to CCoV, and serum IgG titers have no relationship to protection as do intestinal secretory IgA titers.63















Pathologic Findings



Enteric Coronavirus Infection





Mild infections are grossly unremarkable. In severe cases, the intestinal loops are dilated and filled with thin, watery, green-yellow fecal material. Mesenteric lymph nodes are commonly enlarged and edematous.


Atrophy and fusion of intestinal villi and a deepening of the crypts characterize the intestinal lesions of CCoV. Also present are an increase in cellularity of the lamina propria, flattening of surface epithelial cells, and discharge of goblet cells. With well-preserved tissues, direct fluorescent antibody staining can enable specific detection of virus in the intestinal lesions.








Pantropic Coronavirus Infection


Gross lesions include hemorrhagic enteritis, serosanguineous abdominal effusion, bilateral multifocal pulmonary consolidation, renal infarction and splenic and mesenteric lymph node enlargement (Fig. 8-8, Web Fig. 8-3). Predominant histologic abnormalities of visceral organs were fibropurulent bronchopneumonia, renal cortical infarction, and lymphoid depletion.14,302 Viral antigen can be detected by immunochemical staining within macrophages in inflammatory sites and within arterial walls.




[image: image]


FIG. 8-8 Gross lesions in pups naturally infected with pantropic canine coronavirus. A, Lungs with extensive lobar pneumonia in the cranial and caudal lobes. B, Abdominal cavity with discoloration of the bowel, splenic enlargement, and liver with areas of necrosis and hemorrhages. (From Decaro N, Mari V, Martella V, Buonavoglia C. 2008. I coronavirus del cane: un affascinante labirinto biologico. Obiettivi e Documenti Veterinari 29(4):23-34. With permission.)
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WEB FIG. 8-3 Gross lesions in pups naturally infected with pantropic canine coronavirus. A, Spleen with enlargement and subcapsular hemorrhages. B, Liver necrosis and hemorrhages. C, Kidney with hemorrhagic and infarcted areas in the cortex and medulla. D, Histopathologic lesions of the spleen with diffuse congestion, multifocal hemorrhages and lymphoid depletion (H&E stain ×100). (From Decaro N, Mari V, Martella V, Buonavoglia C. 2008. I coronavirus del cane: un affascinante labirinto biologico. Obiettivi e Documenti Veterinari 29(4):23-34. With permission.)





























Therapy


Deaths associated with diarrheal diseases are uncommon but occur in pups as a result of electrolyte and water loss with subsequent dehydration, acidosis, and shock. Management must emphasize supportive treatment to maintain fluid and electrolyte balance as described for CPV-2 infection. Although rarely indicated, broad-spectrum antimicrobial agents can be given to treat secondary bacterial infections. Good nursing care, including keeping the dogs quiet and warm, is certainly essential.














Prevention


Inactivated and modified live virus (MLV) vaccines are available for protection against CCoV infection.85,197 Two doses, 3 to 4 weeks apart, and annual revaccination are recommended for immunization of dogs regardless of age. These vaccines are relatively safe but provide incomplete protection in that they reduce but do not completely eliminate replication of CCoV in the intestinal tract after challenge.198,199,230 Modified-live vaccines have the potential to break through maternal immunity and to provide sterile immunity, characterized by no replication of virulent virus, after challenge.215,231 Protection against infection is largely dependent on the role of secretory IgA on the surface of the intestinal tract. Highest levels of secretory IgA, and corresponding protection against clinical illness, were seen with after natural or experimental infection with virulent virus.63 Lesser IgA levels, and corresponding protection against clinical illness, were seen in decreasing order using MLV CCoV by the oronasal route, followed by the intramuscular route, and finally inactivated vaccine, respectively.63 Assessing the role of the CCoV vaccines in protection against disease is difficult because CCoV infections are usually inapparent or cause only mild signs of disease. Concerns have been expressed about the ability of currently available vaccines to cross-protect against the emerging pantropic37 CCoV (and TGEV-like CCoV-IIb)55 strains; no field trials have been yet carried out in order to address this issue. However, natural exposure to enteric CCoV did not provide complete protection against infection with the pantropic CB/05 strain.54 For additional information on vaccination, see Canine Coronavirus Infection in Chapter 100.














Public Health Considerations


CCoV is not believed to infect people. Coronaviruses are not strictly host specific; thus the possibility of human infection cannot be excluded. For this reason, extra care should always be practiced in handling sick pups and fecal material from diarrheic animals.





















Canine Rotavirus Infection



Etiology





Group A rotaviruses are recognized as important enteric pathogens in many animal species and in people. Currently, rotaviruses are classified as a distinct genus in the family Reoviridae. The virion is middle sized (70 to 75 nm), icosahedral, triple-layered, and nonenveloped (Fig. 8-9). Rotaviruses have been isolated in tissue cultures or observed by EM of specimens from many avian and mammalian species, including domestic carnivores. The genome consists of 11 segments of double-stranded RNA. The outer protein layer is made up of two proteins, the VP4 and the VP7, both eliciting neutralizing antibodies. The two independent antigens form the basis of a widely accepted binomial classification. In this system, the VP4 is referred to as the P (protease-sensitive) antigen, and the VP7 as the G antigen (glycosylated). Almost all the CRV strains detected thus far are G3P[3],153 whereas feline viruses are either G3P[3] or G3P[9]. Infections with rotaviruses are usually restricted to one host species; however, interspecies transmission or reassortment of viral genome can occur.65
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FIG. 8-9 Structure of rotavirus. (Art by Kip Carter © 2004 University of Georgia Research Foundation Inc.)














Epidemiology


Rotaviruses are transmitted by fecal-oral contamination. The viruses are well adapted for survival outside the host and for passage through the upper GI tract. Serum antibodies to rotavirus have been identified in dogs and cats of all ages.














Pathogenesis


Rotaviruses infect the most mature epithelial cells on the luminal tips of the small intestinal villi, leading to mild-to-moderate villous atrophy. Infected cells swell, degenerate, and desquamate into the intestinal lumen, where they release a large number of virions that become sources of infection for lower intestinal segments and for other animals. Necrosis of rotavirus-infected cells is most pronounced 18 to 48 hours after oral infection. Necrotic cells are rapidly replaced by immature crypt epithelium. Clinical signs result primarily from the villous atrophy, leading to mild-to-moderate maldigestion and malabsorption and osmotic diarrhea.














Clinical Findings


Most clinical rotavirus infections have been demonstrated in the feces of pups younger than 12 weeks, with mild diarrhea. Some cases of severe fatal enteritis associated with CRV have been reported to occur in pups as young as 2 weeks. The clinical signs are usually not as severe as those for the other canine enteric viruses (CPV-2 and CCoV). A watery to mucoid diarrhea is usual, and this lasts for 8 to 10 days. The pups usually remain afebrile. CRV may contribute to enteric disease in mixed viral infections.














Diagnosis


Most pathogenic rotaviruses share common group-specific internal capsid antigens that can be detected by many methods, including commercial fecal ELISA (Xpect Rotavirus, Remel, Lenexa, KS), latex agglutination (Rotalex, Orion Espoo, Helsinki, Finland), and immunochromatographic (Immunocard STAT Rotavirus, Meridian Bioscience, Cincinnati, OH) tests used to diagnose human rotavirus infection (see also Web Appendix 6).235 Such detection kits have been used to diagnose canine infection.127 Rotaviruses can also be identified in fecal specimens by EM, although care must be taken to differentiate rotaviruses from the apparently nonpathogenic reoviruses occasionally present in dog feces. EM improves specificity of the test. Testing for seroconversion is possible but not widely available. Sequence analysis of genes encoding for proteins can be used to type the origin of rotavirus strains for epidemiologic monitoring.














Pathologic Findings


Pathologic changes are limited to the small intestine, consisting of mild to moderate villous blunting. More virulent strains may cause necrosis and mild exfoliation of enterocytes on the tips of the intestinal villi.128 The virus can be detected in frozen sections by fluorescent or peroxidase immune-staining techniques. The strains can be characterized by either multiplex reverse transcriptase PCR assays or sequencing of the VP7 and VP4 genes.88,94














Therapy and Prevention


Most dogs recover naturally from their infection. Treatment, if needed, consists solely of symptomatic therapy as described for CPV-2 enteritis. No vaccines are available for CRV, and current estimates of the frequency and severity of the disease do not appear to justify vaccine development.














Public Health Considerations


Rotaviruses are generally host specific; however, the various strains cannot be easily distinguished without genetic analysis, and the possibility of human infection cannot be eliminated. Canine-like rotaviruses, G3P[3], have been identified repeatedly but sporadically in children with or without enteritis,65 whereas a G3P[8] canine-human reassortant virus has been identified in a child with diarrhea in Mexico.135 By genomic comparison, the canine-like human G3P[3] strains were genetically identical to canine and feline isolates, confirming interspecies transmission.275 Poor sanitation and hygiene, as exist in developing countries, increase the prevalence of infection. Persons handling feces from diarrheic dogs should take routine precautions.






















Calicivirus and Norovirus Infections


Unlike calicivirus infection in cats, caliciviruses are not regarded as major canine pathogens. Calicivirus-like particles have been detected in dogs with at least four circumstances: In the first situation, calicivirus was isolated from dogs with balanoposthitis or vaginitis.32 In the second instance, viruses characterized as feline caliciviruses (FCVs) by genotypic or phenotypic characteristics have been isolated from dogs with diarrhea or glossitis.71,85,120,152,154,216 Results of seroprevalence studies show that antibodies to FCV are widespread in dogs12,217; however, the association between FCV exposure to dogs and its potential role with infections in cats is uncertain. Third, a canine calicivirus, antigenically unrelated to FCV, has been isolated from dogs with diarrhea and nervous system disturbance, but the virus was not analyzed genetically.240 Similarly, another canine calicivirus, genetically and antigenically unrelated to FCV, was isolated in Japan.172 The virus, strain 48, has been classified as a novel member of the Vesivirus genus.237 Antibodies to strain 48 have been detected in 57% of dogs in Japan170 and in 36.5% of dogs in Korea.120 In the last circumstance, a novel calicivirus was isolated from a parvovirus-infected dog having vomiting and diarrhea in Italy.152,151a By sequence analysis, the calicivirus strain was found to resemble a lion norovirus strain, classified as genogroup IV (genotype 2), and to a less extent, human GIV (Alphatron-like) noroviruses (genotype 1) (see Norovirus Infection in Feline Enteric Viral Infections, Chapter 9).














Other Viral Enteritides


A large number of other viruses have been identified in feces of dogs both with and without diarrhea. For the most part, the pathogenicity and importance of these viruses as causes of infectious enteritis remain unknown. Based on work in other species, some viruses may be true enteric pathogens, whereas others are most likely incidental findings.


Astrovirus-like particles have been reported in the stools of clinically healthy and diarrheic dogs. Astroviruses are known to cause enteritis in other species, such as swine, but whether this is either true or common in the dog is unknown. The viruses have also been identified in diarrheic cats (see Chapter 9).


A herpesvirus antigenically related to feline herpesvirus has been isolated from a dog with diarrhea, but Koch's postulates have not been fulfilled.132 Similarly, the importance of serologic reactivity of some dogs to human echoviruses and coxsackieviruses is unclear (see also Enterovirus Infections, Chapter 22). An antigenically distinct parainfluenza virus, isolated from a dog with bloody diarrhea, was believed to be causal (see Chapter 7).


Infections with members of Reoviridae, other than rotavirus, have been described in dogs. A mammalian orthoreovirus (MRV) strain genetically characterized as MRV-3 type was isolated from a pup with fatal diarrhea and concurrent infection with CPV-2.52 MRVs have a wide mammalian host range and may or may not be associated with diarrheal illness, and the MRV isolate in this dog may have been coincidental to the parvovirus infection. Analysis of numerous other dog specimens from this same laboratory detected other reovirus strains in the feces of dogs with diarrhea, but the viral isolates were not characterized at the molecular level.35 Reoviruses have been isolated from dogs with upper respiratory disease or enteritis in the past; however, the association with clinical illness has been uncertain, and genetic characterization has not been done. MRV can be isolated in cell culture or detected by EM methods. Perinuclear intracytoplasmic inclusions, typical of MRV, can be visualized in infected cells. Genetic analysis can be used to identify the isolates and determine their epidemiologic origins.


The study of viral enteritis in dogs is in its infancy. Undoubtedly, there are other viruses that affect the GI tracts of dogs, but they remain to be discovered and characterized.
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Feline Parvovirus Infection



Etiology





Feline panleukopenia is caused by a small, serologically homogeneous parvovirus (feline parvovirus [feline panleukopenia virus, FPV]), with single-stranded DNA. Small differences in the genome have been detected among viral isolates from the same and different hosts7,21,41; however, these appear to be clinically insignificant random mutations. Genetically, structurally, and antigenically, it is closely related to blue fox parvovirus, mink enteritis virus (MEV), and canine parvovirus (CPV) (Web Table 9-1).73 In addition, CPV strains 2a, 2b, and 2c have been isolated from healthy cats75 and from those with signs of feline panleukopenia (see later discussion, Canine Parvoviral Infection in Cats, and Chapter 8).6,7,78,126 In addition to genetic variations reported among FPV isolates, some evidence of genetic recombination between CPV2 and FPV isolates has been observed.77,91 In reported surveys for parvoviral enteritis in cats, the prevalence of FPV infection is over 95% of cases compared to those involving CPV-2a, CPV-2b, or CPV-2c.21,34 In contrast to CPV strains infecting cats, FPV has limited replication (lymphoid tissues) in dogs after experimental inoculation; it does not infect the gut epithelium and, therefore, is not shed.128 A unique FPV strain, closely related to those infecting cats, was isolated from the diarrheic feces of a monkey among Macaca spp. monkeys suffering from a severe hemorrhagic diarrhea outbreak in China.134 It produced characteristic feline panleukopenia in experimentally infected cats. Further studies will be needed to determine if the isolate is pathogenic in monkeys.




WEB TABLE 9-1


Comparison of Parvoviral Isolates










	 

	 

	Hosts

	 

	Monoclonal Antibody Reactivity

	Nucleotide Position vp2 Gene






	Virus

	Year of Origin

	Natural Host

	Experimental Host/Tissue of Replication

	Cell Culture Lines

	A3B10

	B6D5

	B2G11

	B4E1

	A4E3

	C1D1

	B4A2

	P2–215

	239

	246

	259

	279

	308

	699

	871

	889

	899

	913

	967

	1038

	1167

	1276

	1623

	1691

	1703










	FPV/MEV-1

	<1900 1940

	Cat, mink, raccoon

	Dog/only thymus, marrow

	Feline only

	++

	++

	++

	++

	−

	−

	++

	++

	A

	A

	A

	A

	T

	T

	T

	C

	C

	G

	G

	A

	T

	A

	A

	A

	C






	BFPV/MEV-2

	1983

	Blue fox, mink, raccoon

	Feline only

	Feline only

	−

	++

	−

	−

	−

	−

	++

	++

	A

	A

	A

	A

	T

	T

	C

	C

	T

	G

	G

	G

	C

	A

	A

	A

	C






	CPV-2

	1978

	Dog, raccoon dog

	Cat/no replication

	Feline, canine

	++

	++

	+

	++

	++

	−

	++

	−

	G

	G

	A

	C

	C

	C

	C

	C

	C

	G

	A

	G

	C

	A

	A

	G

	G






	CPV-2a

	1981

	Dog, cat

	Cat/lymphoid intestinal

	Feline, canine

	++

	++

	−

	−

	++

	++

	++

	−

	G

	G

	T

	C

	C

	C

	C

	G

	G

	T

	A

	G

	C

	A

	C

	G

	G






	CPV-2b

	1985

	Dog, cat

	Cat/lymphoid intestinal

	Feline, canine

	++

	++

	−

	−

	++

	++

	−

	−

	G

	G

	T

	C

	C

	C

	C

	G

	G

	T

	A

	G

	C

	G

	C

	G

	G






	CPV-2c (a)

	1997

	Leopard cat

	Cat? Dog?

	Feline, canine

	−

	−

	−

	−

	++

	−

	++

	−

	G

	G

	T

	C

	C

	C

	C

	G

	A

	T

	A

	G

	C

	A

	C

	G

	G






	CPV-2c (b)

	1997

	Leopard cat

	Cat? Dog

	Feline, canine

	−

	−

	−

	−

	++

	−

	−

	−

	G

	G

	T

	C

	C

	C

	C

	G

	A

	T

	A

	G

	C

	G

	C

	G

	G
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A, Adenine; BFPV, blue fox parvovirus; C, cytosine; CPV, canine parvovirus; FPV, feline panleukopenia virus; G, guanidine; MAB, monoclonal antibody; MEV, mink enteritis virus-1; T, thymidine; ++, strong; +, weak; −, negative; ?, unknown.








FPV is very stable, able to survive for 1 year at room temperature in organic material on solid fomites. Outdoors, parvoviruses in fecal organic material can survive for 5 to 10 months or more; however, heat and drying in the summer months or removal of organic debris accelerates its inactivation.129 FPV resists heating to 56° C for 30 minutes and remains viable for longer periods at lower temperatures. The virus survives disinfection with 70% alcohol and various dilutions of organic iodines, phenolics, and quaternary ammonium compounds. Parvoviruses such as FPV are inactivated by bleach (5.25% sodium hypochlorite) dilutions (see Chapter 93), 4% formaldehyde, peracetic acid, sodium hydroxide (0.1 M at pH 12.8 or higher), and 1% glutaraldehyde in 10 minutes at room temperature. For heat disinfection of parvoviruses, temperatures of at least 90° C are required for 10 minutes.10








Epidemiology


FPV can cause disease in all members of the family Felidae, and numerous reports of infection or exposure in nondomestic cats exist.26,69,102,132 Some Viverridae, Procyonidae, and Mustelidae, including the binturong, raccoon, coatimundi, ring-tailed cat, and mink, are also susceptible (see Table 100-10). The virus is ubiquitous because of its contagious nature and capacity for persistence in the environment. Virtually all susceptible cats are exposed and infected within the first year of life. Unvaccinated kittens that acquire maternally derived antibody (MDA) through colostrum are usually protected up to 3 months of age (although longer duration of MDA to 20 weeks sufficient to interfere with vaccination has been reported).2 Most infections are subclinical, inasmuch as 75% of unvaccinated, clinically healthy cats have demonstrable antibody titers by 1 year of age. Seasonal variations in the incidence of panleukopenia and disease outbreaks presumably parallel increases in the number of susceptible newborn kittens. Although panleukopenia is regarded as a condition of unvaccinated random-source cats, infection has been reported in kittens born into pedigree breeding cats from well-vaccinated queens.1a,2,15


A perception exists among veterinary practitioners that the prevalence of FPV infection in cats has diminished over the past 2 decades. Reasons for this decrease may be the more widespread vaccination of cats and the use of modified live virus (MLV) vaccines, which may cause viral shedding, thereby immunizing exposed cats. Second, the newly emerging CPV-2 strains infecting cats may offer some cross-protection against FPV infection. FPV may be more adapted to its host; however, other prenatal or neonatally acquired forms of disease such as neurologic or cardiac manifestations are occurring (see later discussion under Pathogenesis).


Because of its short shedding period, but long environmental survival, FPV is most commonly transmitted by indirect contact of susceptible animals with contaminated premises. It is shed from all body secretions during active stages of disease but is most consistently recovered from the intestine and feces. Similar to CPV infection in dogs during the acute intestinal phase of illness, cats infected with virulent virus can shed up to 109 viral particles per gram of feces. Viral shedding usually lasts 1 to 2 days, but cats can shed virus in their urine and feces for a maximum of 6 weeks after recovery.18 FPV is maintained in the population by its environmental persistence rather than by prolonged viral shedding. In utero transmission occurs. The virus has been isolated for a maximum of 1 year from the kidneys of neonatally infected kittens, but urinary shedding does not occur. Owners who lose a kitten to feline panleukopenia should not introduce a new kitten into the household without having it vaccinated prior to entry.


Fomites play a relatively important role in disease transmission because of prolonged survival of the virus on contaminated surfaces. Indoor or isolated cats are at risk from fomite transfer. Vehicles for exposure include contaminated litter trays, clothing, shoes, hands, food dishes, bedding, and infected cages. Transmission also probably occurs via flies and other insect vectors during warm periods.














Pathogenesis


As a parvovirus requiring cellular DNA polymerase, FPV requires rapidly multiplying cells, in the S-phase of division, for successful infection to occur. The distribution of lesions within a prospective feline host occurs in tissues with the greatest rate of mitotic activity (Web Fig. 9-1). Lymphoid tissue, bone marrow, and intestinal mucosal crypts (intestinal glands) are most commonly invaded in adult animals. Late prenatal and early neonatal infections in cats result in some lymphoid and bone marrow lesions, but the central nervous system (CNS), including the cerebrum, the cerebellum, the retina, and optic nerves, can be affected.
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WEB FIG. 9-1 Pathogenesis of feline panleukopenia. DIC, Disseminated intravascular coagulation; SPF, specific pathogen-free.

















Systemic Infections


Experimental infections have been produced in specific-pathogen free (SPF) and germ-free kittens. Clinical severity of infection is milder in these animals compared with that in field cases and in experimentally infected conventional cats, suggesting that copathogenic factors may play a role in the natural disease. The virus undergoes replication in lymphoid tissues of the oropharynx 18 to 24 hours after intranasal (IN) or oral infection. A plasma-phase viremia, occurring between 2 and 7 days, disseminates the virus to all body tissues, although pathologic lesions primarily occur in tissues with the highest mitotic activity. Lymphoid tissue undergoes initial necrosis followed by lymphoid proliferation. Thymic involution and degeneration are found in germ-free and SPF cats infected up to 9 weeks of age. Decreased T-cell responsiveness has been reported in FPV-infected cats, but no interference in humoral immune responses occurs. Lymphoid replication results in functional immunosuppression that is more transient in adult cats as compared to neonates. Prenatal infections can actually result in immunosuppression and immune tolerance to infection such that kittens continue to shed virus long after birth. Cats surviving postnatal infection have a decrease in viremia corresponding to a rapidly rising virus neutralization (VN) serum antibody titer by 7 days postinoculation.


During intestinal infection, the virus selectively damages replicating cells deep in the crypts of the intestinal mucosa. Differentiated absorptive cells on the surface of the villi are nondividing and are not affected. Shortening of the intestinal villi results from damage to the crypt cells, which normally migrate up the villi, replacing absorptive cells. Damage to the intestinal villi results in diarrhea caused by malabsorption and increased permeability (see Fig. 88-6, C).


SPF kittens have more severe intestinal lesions than do germ-free kittens. The proliferation rate of crypt epithelium is faster in SPF kittens as a result of indigenous microflora or their metabolic by-products, which stimulate the turnover rate of intestinal epithelial cells. The extent of damage throughout the intestinal tract parallels the presence of FPV, and lesions are milder in the colon, where epithelial mitotic rates are slower than they are in the small intestine. The jejunum and ileum are more affected than the duodenal segment, which may reflect lower numbers of indigenous microorganisms in the proximal small bowel.


SPF and conventional cats with panleukopenia are also susceptible to secondary bacterial infections with enteric microflora. Gram-negative endotoxemia, with or without bacteremia, is a common complication of systemic FPV infection. Disseminated intravascular coagulation (DIC), a frequent complication of endotoxemia, can also develop with feline panleukopenia.














Co-Infections


Concurrent infections with copathogens can increase the severity of FPV infections in cats, similar to the situation in dogs with CPV-2 infection. Intestinal cell replication increases during insults to the bowel mucosa, which can increase the virulence of parvoviruses that infect rapidly dividing cells. Dual infection with Clostridium piliforme, the causative agent of Tyzzer's disease, was found in kittens (see also Chapter 37).59 Co-infections with salmonellae and FPV have also been described in purebred catteries, with severe mortality.33 FPV may be an immunosuppressive agent in these enteric bacterial co-infections, given that it causes both leukopenia and bowel injury, which allows bacterial proliferation. In contrast, co-infection with a nonenteric pathogen such as cowpox virus caused no increase in severity of either viral infection.107 However, a combined infection of feline calicivirus (FCV) and FPV was associated with a high severity of illness.13














In Utero Infection


Early in utero infection can produce a spectrum of reproductive disorders in the pregnant queen, including early fetal death and resorption with infertility, abortions, or the birth of mummified fetuses. Closer to the end of gestation, infections will result in birth of live kittens with varying degrees of damage to the late-developing neural tissues. FPV produces variable effects on animals from the same litter. Some kittens are apparently unaffected owing to either innate resistance or the acquisition of MDA, but they may harbor virus subclinically for up to 8 to 9 weeks in some cases.18














Central Nervous System Infection


The CNS, optic nerve, and retina are susceptible to injury by virulent or vaccine strains of FPV during prenatal or early neonatal development; of CNS lesions, cerebellar damage has been most commonly reported. This predilection for cerebellar disease can be explained by the fact that in cats the cerebellum develops during late gestation and early neonatal periods. FPV interferes with cerebellar cortical development, resulting in reduced and distorted cell layers. The cerebellum can be affected by infections occurring as late as 9 days of age. Parvovirus can be detected in the CNS of affected cats by immunochemical staining.3 Polymerase chain reaction (PCR) has confirmed that FPV DNA is found in the cerebellums of cats with cerebellar hypoplasia.101,109 Other CNS lesions can be produced by earlier prenatal infections. Lesions of the spinal cord and cerebrum, including hydrocephalus, hydranencephaly, and optic nerve and retinal abnormalities, can occur (see Clinical Findings later in this chapter).14,38,43,98,115 Purkinje's cells of the cerebellum are particularly susceptible to FPV infection, presumably because they express transferrin receptor that is used by parvovirus for cell entry. Although they should not allow viral replication, being postmitotic cells, transcription of viral proteins occurs as viral antigen can be detected in these cells up to 3 weeks after experimental infection of newborn kittens.17 Purkinje's cell degeneration in the cerebellum was described in one adult feral cat with systemic FPV infection.31 Unexpectedly, parvoviruses also appear to be capable of replicating in neurons, which are considered to be terminally differentiated cells. Cats that had died of various diseases including panleukopenia had parvovirus detected histochemically in their brains.130 These cats did not have the clinical signs of cerebellar hypoplasia, nor were they of that susceptible age group. Viral nucleic acid was found by in situ hybridization to be in brain nuclei, especially in the diencephalic areas. Some of the virus appeared to be CPV-2 of the old antigenic type. The clinical significance of this neuronal infection is unknown.














Myocarditis and Cardiomyopathy


Myocarditis in humans and animals can be induced by a large number of viruses. Myocarditis was one of the early recognized features of CPV-2 infections in dogs, and it continues to be a feature of CPV-1 infection in dogs (see Chapter 8). With CPV-2, a lack of maternal immunity, during the early epidemic period of the late 1970s and before the advent of available vaccines, resulted in increased susceptibility of the fetus to infection. FPV likely infects kittens born to queens that were exposed to the virus during pregnancy. Hearts from cats dying of idiopathic hypertrophic, dilated, and restrictive forms of cardiomyopathy were examined by PCR for genomic evidence of FPV, FCV, feline herpesvirus-1, and feline coronavirus.71 Only FPV was identified in a significant number of the hearts. These data suggest that FPV is important in the pathogenesis of this disease in cats.




















Clinical Findings


The frequency with which cats show evidence of clinical disease with FPV is much less than the number of cats infected with the virus. This fact is supported by the high prevalence of FPV antibodies in the cat population. Subclinical cases, more common in older susceptible cats, remain unrecognized. Severe clinical illness is the rule in young unvaccinated kittens; the highest morbidity and mortality occurs between 3 and 5 months of age. Sudden neonatal or adolescent death (fading kittens) has been observed in kittens of 4 weeks to 12 months of age from households of vaccinated pedigree cats.2 In one study in the United Kingdom, FPV was the cause of 25% of kitten mortality.15


The disease has an acute self-limiting course, and other diseases probably cause chronic leukopenia or diarrhea. In the most peracute form, cats may die within 12 hours, as if poisoned, with few or no premonitory signs. They may be found in terminal stages of septic shock, being profoundly dehydrated, hypothermic, and comatose.


The acute form is most common, with fever (40° C to 41.6° C [104° F to 107° F]), depression, and anorexia occurring within 3 to 4 days before presentation. Vomiting, which develops during the illness in most cats, is frequently bile-tinged and occurs unrelated to eating. Extreme dehydration, sometimes exhibited by the cat crouching with its head over the water dish, may occur as a nonspecific feature of this disease (Fig. 9-1). Diarrhea occurs with less frequency. When it is present, the diarrhea usually occurs somewhat later in the course of illness.
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FIG. 9-1 Cat with head hanging over water bowl, a frequent but nonspecific finding in panleukopenia and other acute causes of gastroenteritis. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








On abdominal palpation, the intestinal loops may have a thickened, ropelike consistency, and discomfort is commonly noted. Mesenteric lymphadenomegaly is usually present, whereas peripheral lymph nodes are not enlarged. Oral ulceration, bloody diarrhea, or icterus may be noted in complicated infections. Petechial and ecchymotic hemorrhages may be found in cats with complicating DIC, although cats do not frequently show overt signs of hemorrhage, even with marked thrombocytopenia.


Severe dehydration associated with anorexia, vomiting, and diarrhea can lead to progressive weakness, depression, and semicoma. Cats become hypothermic during the terminal stages of the illness. They can die suddenly from complications associated with secondary bacterial infection, dehydration, and DIC. Animals that survive infection for longer than 5 days without developing fatal complications usually recover, although recovery frequently takes several weeks.


Queens infected or vaccinated during pregnancy may show infertility or abortion of dead or mummified fetuses, but clinical signs are never exhibited in the aborting female. Some kittens in a litter may be born with ataxia, incoordination, tremors, and normal mental status typical of cerebellar disease (Fig. 9-2). They walk with a broad-based stance with hypermetric movements, and they frequently show intention tremors of the head. Tremors and incoordination are absent when kittens are at rest. Not all kittens in a litter are affected or have the same degree of neurologic deficits.115 Signs of forebrain damage from hydranencephaly include seizures, behavioral changes, and relatively normal gait despite postural reaction deficits. Affected kittens with minimal cerebellar dysfunction can compensate to a degree with time and may make suitable pets with subtle residual deficits.
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FIG. 9-2 Kitten with congenital feline panleukopenia and cerebellar hypoplasia showing marked ataxia. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Retinal lesions may be visible on fundic examination of kittens affected with neurologic signs or as an incidental finding in clinically healthy cats.38,98 These areas of retinal degeneration appear as discrete, gray foci with darkened margins, and retinal folding or streaking may be seen (Fig. 9-3).
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FIG. 9-3 Dark foci in the retina from a kitten with hydranencephaly and optic nerve hypoplasia as a result of in utero FPV infection. (Photograph by Charles Martin © 2004 University of Georgia Research Foundation Inc.)





















Diagnosis



Clinical Laboratory Findings





A presumptive diagnosis of systemic feline panleukopenia is usually made based on clinical signs and the presence of leukopenia. Leukocyte counts during the height of severe infection (days 4 to 6 of infection) are usually between 50 and 3000 cells/µL. Less affected animals have counts between 3000 and 7000 cells/µL. Leukopenia, from which the disease derives its name, is not pathognomonic for FPV infection alone and may not occur in all cases. The severity of leukopenia usually parallels that of clinical illness, and leukopenia also develops in infected germ-free and SPF cats. In FPV, neutropenia develops first, as neutrophils exude into the infected gut, then is followed by leukopenia from bone marrow suppression; a resurgence of leukopoiesis characterized by neutrophilia with a left shift follows in cats that recover. As in dogs, CPV infection of cats leads to lymphopenia. Subsequent examination of the leukocyte count in 24 to 48 hours in recovering FPV-infected cats will show a rebound in leukocyte numbers.


Feline salmonellosis with overwhelming septicemia may mimic feline panleukopenia with the presence of leukopenia and acute gastrointestinal illness. Fecal culture can be helpful under these circumstances (see Chapter 37).


A transient decrease in absolute reticulocyte count and a mild (5% to 10%) decrease in hematocrit have been found during the viremic period in experimentally infected kittens. Because of the sudden onset of the disease and relatively long life span of erythrocytes, marked anemia is also less common in panleukopenia unless intestinal blood loss is severe. A persistent, nonregenerative anemia and leukopenia are more suggestive of feline leukemia virus (FeLV) infection (see Diagnosis, Chapter 11).


Thrombocytopenia is a variable feature of feline panleukopenia and may be found with other coagulation abnormalities in cats that develop DIC. Thrombocytopenia, resulting from direct bone marrow injury, can also occur in association with leukopenia early in the course of infection.


Serum biochemical alterations in FPV infections are usually nonspecific. Increases in alanine aminotransferase and aspartate aminotransferase activities or bilirubin concentration can reflect hepatic involvement, but elevations are mild to moderate and icterus is rare. Azotemia is frequently present from prerenal or nonrenal causes such as dehydration, although the virus can produce minimal renal pathologic effects.


Magnetic resonance imaging or computed tomographic scanning can be used to visualize cerebral or cerebellar cortical defects in cats with neurologic signs resulting from in utero infections.115








Serologic Testing


Quantitative procedures are available for the properly equipped diagnostic and research laboratory, although they are rarely indicated for clinical practice. Single sample antibody titers do not distinguish between active infection or past exposure to virulent or vaccine virus. Defined levels of titers can be established that measure protection against natural infection. Serum VN is the most common and reference method employed. Twofold serial dilutions of antisera are performed against precalculated amounts of FPV. Virus and sera are incubated before inoculation of the cell culture. Cultures can be examined for specific cytopathic changes and inclusion bodies produced by the virus. The first sample is taken as soon as possible during the illness, and the second is taken 2 weeks later. A fourfold rise in VN titer is indicative of acute infection. Complement fixation titers also can be performed. Hemagglutination inhibition (HI) and hemagglutination tests can be performed using some strains of FPV, which, as with CPV, will variably agglutinate porcine erythrocytes at 0° C but at pH 6.4 rather than 7.2. The variation is usually related to individual variation among pig erythrocytes in the test. A fourfold rising titer is considered indicative of active infection. VN and HI titers have been used as the reference standards for protection against infection.67,112 Minimum titers (above 10) that correlate with resistance to challenge infection have been determined in these studies. The highest titers are consistent with natural exposure to virus, as few cats mount these titer responses after vaccination. In one study,67 the enzyme-linked immunosorbent assay (ELISA) method was too sensitive in that positive titer results were detected in a low number of unvaccinated cats that were not protected following challenge infection.














Fecal Viral Antigen Testing


Parvoviral antigen can be detected in feces using immunologic methods. ELISA-based tests, commercially marketed for detecting CPV antigen in feces or intestinal contents, are a sensitive and practical indicator of FPV infection in kittens.1,1a,,2,30,87 Commercially available kits are licensed for detection of CPV available for this purpose (see Web Appendix 6). Results using fecal ELISA kits for CPV are usually weaker in intensity than following natural virulent virus infection. Results may remain positive for up to 2 weeks after administration of MLV vaccines.87,97 Accuracy in detecting virulent virus may vary between these commercial assays2 so their preliminary evaluation is advisable. Immunoassays have also been performed on tissue specimens taken at necropsy. These are homogenized, and the supernatant has been applied directly on the test strip.2 However, it must be borne in mind that FPV may be detectable only in the feces by ELISA kits for 24 to 48 hours postinoculation, and that by the time clinical signs occur, the virus may no longer be detectable.














Viral Isolation


Feline cells are required to support viral replication in cell cultures, and frequent mitosis is needed to ensure a continuing infection, although FPV has been shown to replicate in cells in which DNA synthesis has been blocked. Cytopathic effects, required to substantiate the presence of the virus, are more easily demonstrated in young, rapidly multiplying cells. Plaque-detection methods are possible when certain cell types and cell synchronization are used. Virus can be isolated from the urine and feces of kittens surviving experimental in utero inoculation at 3 and 6 weeks after birth, respectively. Using PCR, attenuated FPV has been detected in tissues for at least 19 days after vaccination.19 Direct culture from trypsinized lung and kidney tissues allows improved isolation of the virus for up to 70 days. Virus has been isolated by direct culture for up to 1 year from the lungs and kidneys of prenatally infected kittens, despite a high level of circulating antibody. Virus can be found in the CNS for at least 22 days after neonatal infection and thereafter persists in Purkinje's cells. Direct fluorescent antibody testing can be used to detect virus in cell cultures and from tissues (usually intestine) of infected cats within 2 days after infection. Monoclonal antibodies can be used to distinguish FPV from CPV strains, as can PCR followed by restriction enzyme digestion analysis.2,46,111














Genetic Detection


PCR has been used to identify FPV in whole blood, fecal, intestinal, and tissue samples from cats.* Blood testing is used when cats do not have diarrhea or available feces for testing. Genetic detection methods are especially valuable when viral quantities are low, because these specimens will have negative test results with immunoassay procedures. Because of greater test sensitivity, virus can be identified for longer periods using viral isolation or genetic methods as compared to ELISA methods. Detection of virus by genetic methods may be too sensitive in some cases, and subclinical shedders will be found. MLV vaccination of cats can also produce false-positive results on fecal antigen testing.97 More perplexing was that certain test kits yielded positive results following use of inactivated vaccine, which could have been caused by exposure to MLV shedding of contact cats or inherent false-positive results in the test system.97 Positive test results should always be interpreted with respect to recent MLV vaccination, compatible clinical signs, and hematologic alterations. Genetic detection methods also can be used on formalin-fixed, paraffin-embedded tissues. Because carnivore parvoviruses can cross-infect multiple species, genetic detection permits specific identification of the viral strain.




















Pathologic Findings


Gross pathologic changes in naturally infected cats are usually minimal. Focal ulceration may be found on the surface of the tongue. The intestinal tract is obviously dilated; the bowel loops are firm and may be hyperemic (Fig. 9-4) with petechial and ecchymotic hemorrhages on the serosal surfaces. The feces frequently have a fetid odor when blood is present. Prenatally infected cats may have a small cerebellum, hydrocephalus, or hydranencephaly (Fig. 9-5). Thymic atrophy, present in all infected neonates, is the only gross finding in germ-free kittens.
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FIG. 9-4 Segmental hyperemia of the intestine seen at necropsy of a cat with feline panleukopenia. (Courtesy Diane Addie, University of Glasgow, Glasgow, Scotland.)
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FIG. 9-5 Cerebellar hypoplasia in a brain from a cat with in utero FPV infection. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Histologic abnormalities in the intestine include dilated crypts, with sloughing of epithelial cells and necrotic debris into the lumen (Fig. 9-6). Crypt-lining cells may slough completely in some cases so that only the basement membrane remains. Shortening of villi occurs secondary to the necrosis of crypt cells. The most severe histologic lesions are found in the jejunum and ileum; the duodenum and colon are less severely affected. Focal damage is most prominent around lymphoid follicles in the submucosa of the small intestine. Lymphocytic infiltrations are conspicuously absent from all tissues, and lymphocyte depletion is present in the follicles of lymph nodes, Peyer's patches, and spleen. Lymphoid atrophy is present with concomitant mononuclear phagocyte hyperplasia. FeLV-associated enteritis has been confused with FPV enteritis, being described as a panleukopenia-like syndrome. In cats with FPV infection, mucosal infiltration is mild, caused by the absence of leukocytes, and T cells predominate.60 In contrast, cats with FeLV-associated enteritis have marked mucosal infiltrates associated with mononuclear and T cells.
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FIG. 9-6 Microscopic appearance of the jejunum from a cat with FPV infection. Dilated crypt lumina and collapsed villi are visible in the lower part of the figure; there is sloughing of epithelial cells. Necrotic debris and overlying inflammatory exudate are present in the intestinal lumen in the upper part of the figure (H&E stain, ×100). (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)








Histologic abnormalities in the cerebrum of prenatally or neonatally infected kittens can include hydranencephaly, consisting of dilation of the ventricles and disruption of the ependymal cells with malacia of subcortical white matter. Cerebellar degeneration is marked by disorientation and reduced population of the granular and Purkinje's cell layers. Myelin degeneration can be found predominantly in the lateral funiculi of the spinal cord.


Eosinophilic intranuclear inclusions can be found in FPV infection, although they are transient and are frequently absent with routine formalin fixation. Bouin's or Zenker's fixatives must be used. Electron microscopic (EM) findings indicate that the inclusions correspond with sites of viral replication. As with CPV infection, EM can detect viral particles in intestine and fecal specimens. Immunohistochemical staining or PCR (see the earlier section on Genetic Detection) can be used to detect virus in tissue specimens. Immunochemical methods, which employ fluorescein- or peroxidase-labeled antibody conjugates, can have false-negative results in autolyzed or previously frozen tissues. Use of tongue tissue may improve the sensitivity of the results in these instances.68














Therapy


Mortality caused by FPV infection can be avoided with appropriate symptomatic therapy and nursing care. Cats must usually be hospitalized and place in isolation facilities to avoid transmission of infection. Cats that can be kept alive for several days with supportive measures usually develop adequate immune defense mechanisms to overcome the infection. Parenteral fluid therapy is employed to replace lost electrolytes, counteract dehydration, and replace daily maintenance needs. Oral intake of food and water should be withheld during this time to lessen vomiting and slow the bowel mitotic activity that is necessary for viral replication. Fluid volumes that must be replaced as a result of vomiting and diarrhea can be calculated by evaluating the cat's state of hydration. Additional maintenance needs from insensible losses are administered at a rate of 44 mL/kg/day. Balanced isotonic fluid replacement with lactated Ringer's solution is desirable, and potassium supplementation may be beneficial. Fluids can be administered subcutaneously unless severe dehydration associated with reduced peripheral vascular circulation occurs for which intravenous therapy is required.


Antiemetics may be required to control persistent vomiting (Table 9-1). The use of anticholinergic medications is controversial and is contraindicated because they produce sustained ileus of the bowel. Metoclopramide given parenterally works best. Gastrointestinal protectants such as kaolin-pectin and bismuth subsalicylate have been recommended to coat the bowel but cannot be given to vomiting animals. Bismuth compounds have the added theoretic advantage of reducing increased intestinal secretion and resulting diarrhea. Glucocorticoid therapy should not be selected routinely at anti-inflammatory or higher dosages because of its immunosuppressive effects.




TABLE 9-1


Drug Therapy for Feline Panleukopenia










	Drug

	Dosagea (mg/kg)

	Route

	Interval (hours)

	Duration (days)










	ANTIEMETICS






	Metoclopramide

	0.2–0.4b


	PO, SC

	6–8

	prn






	1–2

	IV

	24c


	prn






	Ondansetron

	0.1–0.22

	slow IV push

	8–12

	prn






	Dolasetron

	0.5–1.0

	IM, SC, IV

	24

	prn






	ANTIMICROBIALS






	Ampicillin

	15–20

	IV, SC, IM

	6–8

	prn






	Cefazolin

	10–30

	IV, IM, SC

	8

	prn






	Gentamicin

	2

	IV, SC, IM

	24

	prnd







	Interferon-ω

	2.5 × 106 units/kg

	IV

	24

	prn
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IM, Intramuscular; IV, intravenous; PO, by mouth; prn, as needed; SC, subcutaneous.


aDose per administration at specified interval. For additional information on these drugs, see the Drug Formulary in the Appendix.


bShould not be given in conjunction with other motility modifiers.


cTotal dose IV not to exceed 1 to 2 mg/kg/day; this dose may be divided as multiple bolus infusions throughout the day.


dRenal function (blood [serum] urea nitrogen, urine casts) should be closely evaluated, and the drug should not be continued for longer than 7 to 10 days at this dosage.





Plasma or blood transfusion therapy may be required in cats that develop severe anemia, hypotension, or hypoproteinemia (plasma protein less than 5.0 g/dL). A platelet count and activated coagulation time should be evaluated before administration of blood products in cases of ongoing DIC. Low-dose subcutaneous (SC) heparin therapy (50 to 100 U/kg given every 8 hours) can be administered simultaneously with transfusion if thrombocytopenia and severe incoagulability are present. Antiserum or high-titer parvoviral antiserum from vaccinated or recovered cats is beneficial if given after exposure and before clinical signs are noted. After signs are observed, it is too late.


Broad-spectrum antibacterials, such as ampicillin or cephalosporin, are administered to control secondary bacterial infection resulting from viral injury to the intestinal mucosa (see Table 9-1). Parenteral therapy is preferred because of continued vomiting. As with canine parvovirus infection, the spectrum of therapy is against gram-negative and anaerobic bacteria. A combination of a penicillin (penicillin or amoxicillin-clavulanate), metronidazole, or clindamycin (for the anaerobic spectrum) with parenteral aminoglycosides (for the gram-negative spectrum) may be required for cats that are septic or moribund. Caution must be taken with aminoglycosides, because of their nephrotoxic potential, and with quinolones (as a substitute), because of cartilaginous toxicity in growing animals and retinal toxicity, especially in cats (see Antibacterial Chemotherapy, Chapter 30 and the Drug Formulary in the Appendix). Single agents, with lower toxicity but higher cost, that are effective against both anaerobes and gram-negative bacteria are the extended penicillins (e.g., piperacillin) and third-generation cephalosporins (cefotaxime, ceftiofur). Although chloramphenicol is equally effective, its myelosuppressive effect in cats (already leukopenic) and potential for human myelotoxicity prohibit its general use. One intent of antibacterial therapy in this disease is to reduce the mitotic activity of the bowel epithelium by decreasing intestinal microflora, because germ-free animals have been shown to have a mild form of disease.


Combination B-vitamin therapy should be given parenterally to all cats with feline panleukopenia because of decreased food intake from anorexia, high requirements for B vitamins, and loss in diuresis to prevent development of thiamine deficiency. Low-dose oral or parenteral (intravenous or intramuscular) diazepam (0.05 to 0.4 mg/kg) can be used intermittently, a few minutes before feeding, to stimulate the appetite of anorectic cats that are not vomiting. Intravenous recombinant feline interferon (IFN-ω) used to treat CPV reduced mortality 6.4-fold,27 and no reason can be found to think that it would not be equally effective in feline parvovirus infections.


IFN-ω has been established and used as a treatment in dogs with CPV infection (see Therapy, Chapter 8). It inhibits FPV replication in cell culture and, being a homologous host, should not have antibody interference with its activity. IFN-ω was administered to cats in a cattery at the onset of an outbreak of feline panleukopenia infection.95 A dose of 1 MU/kg SC once daily for 3 days was given to some of the cats, whereas the remaining control cats were untreated. Although clinical signs and survival were similar for both cat groups, treated cats had lower levels of α-1 globulins and higher mean levels of γ-globulins. Following recovery and subsequent MLV vaccination, treated cats had higher levels of γ-globulin and anti-FPV specific IgG as compared to untreated control cats. Based on these data, IFN-ω may be of benefit if given to queens before vaccination to increase MDA levels for passive transfer, or to kittens before being introduced into contaminated environments.


Response to therapy can be followed by monitoring the total and differential leukocyte counts because a resurgence of leukopoiesis occurs within 24 to 48 hours. Bizarre forms of leukocytes can be detected in the blood and bone marrow.


After the nursing period, the cat can be started on oral alimentation by frequent feedings of small quantities of bland baby food, broth, or blended food. Eventually, the cat may be fed larger quantities of solid foods. Semimoist foods have lower residue and help firm the feces of cats with persistent diarrhea. On rare occasions, cats that refuse to eat after several days should be force-fed by mouth or by pharyngostomy or gastrostomy tube or given diazepam, as indicated previously.














Prevention


Because of the inherent accumulation and persistence of FPV in the environment, premises that have harbored infected cats are of high risk to incoming susceptible cats. Outbreaks of infection will occur despite the best practices of decontamination of the facilities. Even though harsh disinfectants can be used on impervious surfaces, it is not practical to eliminate virus from furnishings, carpets, and nonimpervious surfaces. Environments with high levels of environmental contamination such as breeding catteries and rescue shelters are of high risk. Therefore, immunization procedures should be used in all susceptible cats before their introduction into such facilities. Passive immunization would be used in already exposed kittens that have contacted already ill cats, whereas active immunization should be done under all other circumstances.








Maternal Immunity


MDAs to feline panleukopenia have a half-life of 9.5 days (see Tables 100-3 and 100-4). MLV vaccines and inactivated tissue culture–origin vaccines are both ineffective when MDA VN titers, as measured by some laboratories, are greater than 10. Successful vaccination without MDA interference can be achieved by 12 to 14 weeks of age in most cases (range is 6.8 to 18.8 weeks), depending on the antibody titer in the queen. Kittens from queens living in highly endemic environments such as shelters can have higher MDA titers, which supports the recommendation that the last vaccination of the initial series be given no earlier than 16 weeks of age.123 Kittens with VN titers from: 10 to 30 (HI titers of 40 to 80) cannot be successfully vaccinated but are susceptible to infection with FPV. Similar to pups infected with CPV, kittens can still be infected with FPV before the time they are immunized, although this problem has not been as widely recognized in kittens. Recovery from natural infection with virulent virus probably results in lifelong immunity.














Passive Immunotherapy


Therapeutic passive immunity has been used to prevent panleukopenia. Homologous antisera from cats with a high titer to infection will provide immunity according to the titer of the product and the amount administered. The recommended dose is 2 mL per kitten given SC or intraperitoneally. Because administered immunoglobulins persist for up to 2 to 4 weeks, the neonatal vaccination series must be delayed. Passive administration of antisera is recommended for use only in exposed susceptible (unvaccinated) cats that require immediate protection or in colostrum-deprived kittens, with subsequent vaccinations at 2 to 3 or 4 to 5 weeks of age with inactivated or MLV vaccines, respectively. Newborn kittens are immunologically competent to FPV and can respond with neutralizing antibodies at 7 to 12 days of age.














Active Immunization


Active immunization has been the most important factor in reducing the incidence of the disease. It is recommended in all cats, regardless of life style, because of the seriousness of the illness, its ubiquitous distribution, and the high resistance of the virus to environmental inactivation. Both inactivated and MLV products have been effective in preventing this disease.


Inactivated vaccines for FPV can break through maternal immunity, although generally not as early as MLV vaccines. Unlike MLV products, they have the advantage of being safe in pregnant queens and in kittens younger than 4 weeks. Inactivated vaccines may be given to febrile kittens when an effective immune response is doubtful. No danger exists of postvaccinal viral spread or clinical illness as a result of reversion to virulence, although the suspicion is that inactivated products can contain live virus. The major disadvantage of inactivated products is that, in the absence of MDA, two injections are required to achieve a titer that can be obtained from one injection of MLV product. Furthermore, the immune response in colostrum-deprived SPF kittens was greater following a single parenteral or intranasal MLV as compared to an inactivated vaccine.97 Substantial and extended protection with inactivated vaccines does not consistently begin until 3 to 7 days after the second vaccination. Antibody titers to inactivated vaccine have been adequate for protection by 2 weeks after the first vaccination but have been greatly boosted by the second injection. Cell-mediated immune (CMI) responses to FPV were stimulated as early as 3 days after the second of two doses of adjuvant inactivated FPV vaccine. Long-term duration of immunity studies show protection against challenge infection after 7.5 years in SPF cats that were vaccinated with inactivated vaccine as kittens.114


The inactivating agents used in some of these vaccines are also irritating to cats. With cloning of FPV into bacterial plasmids, developing a more purified subunit vaccine against this infection may be possible. An experimental raccoon poxvirus-vector, recombinant FPV vaccine has protected cats against challenge infection.47 A canine adenovirus-2-vector, recombinant FPV vaccine has been similarly effective.134


Inactivated FPV vaccines are recommended for use in captive nondomestic felines, as inactivated virus poses no risk of reversion to virulence. Polyvalent combination products containing inactivated FPV increased VN titers to FPV and CPV-2 strains, in nondomestic felids.105 However, low titers to CPV-2c strains were observed in lions (Panthera leo) and Siberian tigers (Panthera tigris altaica), suggesting less cross-protection from FPV vaccination in these cats.


MLV vaccines produce more rapid and effective immunity than do inactivated virus vaccines. In 8- to 9-week-old SPF kittens, protection against illness following virulent challenge was present within 7 days after vaccination with parenteral MLV vaccine.56 In the absence of MDAs, one injection of any of the currently available MLV products for panleukopenia will produce a protective titer or HI or serum neutralizing titers greater than 8 to 1067,114 in a previously unvaccinated cat; however, a second vaccination is recommended.


Oral vaccination with MLV vaccine is ineffective, whereas intranasal or aerosol exposure to vaccine produces an active immune response. intranasal vaccination for parvoviral infection has not been as effective as parenterally administered MLV vaccines.108 Parvoviruses cause a lymphoid system replication and subsequent systemic viremia in the host, and circulating antibody has a major role in immunity and clearing the virus from the body. Exposure to these replicating lymphoid cells and subsequent antibody response are not as substantial following intranasal as compared to parenteral vaccination.


During viremia, parvoviruses cause cytolysis and subsequently spread extracellularly and must escape to new dividing cells, thereby becoming exposed to circulating antibody. An outbreak of salmonellosis and panleukopenia was reported in a purebred cattery when intranasal trivalent vaccine was used.33 Reversion to virulence or lack of protection by the intranasal MLV product was suspected. The product was withdrawn from the market and modifications were made before its reintroduction. A single dose of this reformulated intranasal MLV vaccine to colostrum-deprived kittens produced superior serologic response as compared to inactivated vaccine and a comparable response to some parenteral MLV products.97 Theoretically, intranasal vaccination has the potential to “break through” colostrum-derived maternal antibody better than parenteral products.


Parenteral MLV vaccines for cats are recommended at the time of entry to contaminated areas, such as shelters and infected catteries, or in outbreaks to provide faster protection. In a comparison involving 10-week-old previously unvaccinated SPF cats without preexisting serum antibody, subcutaneous MLV vaccine produced a greater percentage, and higher level, of seroconversion after 7 days than did intranasal MLV vaccine.61 MLV vaccines should be avoided in immunosuppressed cats because of the risk of vaccine-induced disease (see Chapter 100).








Initial Vaccination


Colostrum-deprived kittens can be vaccinated regardless of age, but MLV products should be avoided in kittens younger than 4 weeks because of the danger of producing cerebellar degeneration. Colostrum-deprived kittens younger than 4 weeks at first presentation should receive at least two inactivated FPV vaccines 2 to 3 weeks apart. If 4 weeks or older, these kittens can receive one MLV-FPV vaccine with an optional one given 2 to 3 weeks later.


Initial vaccinations for client-owned kittens are generally begun at 8 to 9 weeks of age and are followed by at least one more MLV product or two more inactivated vaccines, depending on which type of antigen is used. MDAs generally decrease sufficiently for effective immunization to begin between 8 and 12 weeks. Subsequent vaccines should be given 2 to 4 weeks thereafter; the last vaccine is generally given at 14 to 16 weeks of age. In situations of apparent vaccine breaks or kitten mortality, prior or subsequent vaccinations in the initial series might be considered.2 Panleukopenia vaccines are usually given subcutaneously. Combined vaccines that contain FPV antigen with those of feline respiratory viruses, rabies virus, and FeLV have been marketed. See Feline Panleukopenia in Chapter 100 and Web Appendix 2 for overall vaccination recommendations and products for prevention of this disease.


Initial vaccines for cats in shelters and communities with a high rate of infection should begin at 4 to 6 weeks of age, regardless of their health status (see Chapter 97). MLV vaccines should be used if active cases are occurring because of the slightly more rapid onset of protection following the first dose. Incoming cats must all receive vaccination and separated from existing cats. Follow-up boosters should be no greater than 3 weeks apart until the kittens reach at least 16 weeks of age.


Initial vaccines for cats older than 14 weeks of age that have an unknown vaccination history generally require at least one MLV vaccine or at least two inactivated vaccines given at 2- to 3-week intervals. In situations such as trap and release programs for feral cats, neutering at the time of vaccination does not interfere with successful immunity.29 In client-owned animals, neutering and exposure to other hospitalized animals should not be done until at least 2 weeks following the last vaccination.














Duration of Immunity


Annual vaccination against panleukopenia was practiced for many years; however, research has shown that immunity endures longer than 1 year following vaccination. Actually, one MLV product or two inactivated vaccines may produce lifelong immunity. Two inactivated vaccines given to SPF kittens isolated in a barrier-maintained research facility at 8 and 12 weeks produced high persistent VN antibody titers for at least 6 years.111,112 In subsequent challenge studies, at 7.5 years postvaccination, all kittens were protected against challenge with virulent FPV.114 Current recommendations are to vaccinate kittens at 9 and 12 weeks of age or a suitably spaced interval depending on the age of initial presentation. After the kitten series, and a first booster 1 year later, triennial vaccination in conjunction with the rabies vaccine offers adequate protection.4,111














Immunocompromised Cats


MLV parvovirus vaccines pose a risk in animals that suffer acquired or congenital immunodeficiencies (see Chapter 94). Acquired deficiencies such as feline immunodeficiency virus infection have resulted in vaccine-induced illness (see Postvaccinal Complications, Chapter 100). Cats with retroviral infection (e.g., FeLV or feline immunodeficiency virus infections) or those that are immunocompromised for other reasons may still respond to inactivated FPV vaccine with minimal risk. Precautions should be taken to reduce the exposure of these animals to other cats. Pregnant or lactating cats should receive only inactivated vaccines, or otherwise their vaccination should be delayed.




















Control of Outbreaks


Proper disinfection procedures are essential to prevent or control an outbreak owing to the high resistance of FPV. Household bleach diluted 1:32 (4 oz/gallon [1750 ppm]) should be used on all cages, feeding dishes, floors, and holding areas, in addition to general cleansing (see Table 93-1). In cat holding facilities, all new cats should be vaccinated on arrival with MLV products and kept in disinfected cages separate from the resident cats for several days (see Chapter 97).


Disease clusters of FPV infection in cats have been described. In some cases, this incidence has been in catteries with currently vaccinated pedigree cats.2,15 Such outbreaks can develop because of inherent immunodeficiency associated with young age, inbreeding, MDA interference, or a highly contaminated environment. Some of the kittens were infected before they could be successfully immunized as a result of MDA blockade, coupled with a highly contaminated environment. An early vaccination of kittens beginning at 6 weeks of age, instead of the conventional 8- to 9-week age period, was shown to induce a response in a significant proportion of kittens by 9 weeks of age. It did not interfere with subsequent response to vaccination at 9 and 12 weeks.24 In kittens from queens with high levels of MDAs, vaccination may not be protective at 12 to 14 weeks, requiring a final vaccine at 16 weeks.19,63 Furthermore, in cases in which outbreaks are noted in older kittens, vaccination should be continued beyond 12 weeks, with an additional dose at 18 to 20 weeks to obtain seroconversion.2 Other outbreaks have occurred in large congregations of cats in humane society or animal control facilities. These outbreaks usually occur in young cats that have been born or brought into these facilities. Use of inactivated vaccines has been one contributing factor to outbreaks in these highly contaminated environments. Protection with inactivated vaccines is generally delayed for 2 to 3 weeks after the second vaccine in naïve kittens. These cats are generally exposed and infected before immunity can develop. In highly endemic shelters, FPV breaks may still occur with MLV-intranasal or inactivated parenteral vaccination; therefore, one MLV parenteral vaccine may be needed immediately as cats enter the facility. MLV vaccines at the time of entry, and before exposure, may help control such outbreaks. In some instances, these outbreaks might relate to infection with CPV-2 variants (see later discussion) because these may infect cats with preexisting immunity to FPV. Generally, infections with these strains are mild, even in naïve cats; however, laboratory challenge studies with CPV-2 strains may not always reflect natural circumstances.



























Canine Parvovirus Infection in Cats



Etiology





Parvoviruses as a group are relatively stable. These viruses isolated for many decades appear to be homogeneous. The basic parvoviral gene sequence has a common ancestral sequence; however, viruses isolated from particular carnivore hosts are very closely related and have only minor differences. This relationship suggests that host adaptations have been constant and evolving with time. FPV was the only type of parvovirus recognized to infect cats until the mid-1940s. An outbreak of enteritis and mortality in mink was ascribed to a virulent, closely related mutant MEV. Both FPV and MEV are closely related and are divided into at least three subtypes; the first two are commonly isolated from mink. The original CPV-2 strain, detected in the mid to late 1970s, was thought to have originated from an FPV or closely related parvoviral strain of mink or other carnivore. CPV-2 differed in two specific epitopes on it cell surface and its ability to cause hemagglutination (HA) of feline erythrocytes at specific pH. The HA specificity is determined by binding of a specific viral epitope to N-glycolylneuraminic acid, a sialic acid present on feline blood group-A erythrocytes, but not on dog erythrocytes. In cell culture, feline and canine parvoviruses replicate in most feline cells; however, only CPV-2 and its variants replicate in dog cells. FPV can replicate in dog thymus and bone marrow cells, but no other canine tissues. Therefore, infections of dogs with FPV are self-limiting and do not spread. The CPV-2 mutation was associated with the ability of this virus to replicate in the canine gut and associated lymphoid tissues, with transmission to other hosts via excreta. The ability to infect and spread in cats was lost.


After its evolution and host adaptation to dogs, CPV-2 spread in domestic and wild dog populations throughout the world between 1974 and 1978. Genetic analysis indicated that alterations in at least four sequences in the viral capsid protein gene (resulting in at least six to seven amino acid substitutions) were responsible for this change in host specificity.42 A high genetic variability in the capsid protein structure is similar to that which has been observed in rapidly evolving RNA viruses.7 Since its evolution to infect dogs, CPV has undergone several changes in the ancestral sequence with the origination of three new variants to date. CPV-2a was recognized as the predominant isolate between 1979 and 1981. It had five to six amino acid differences on the nucleocapsid surface, which can be detected by monoclonal antibody and later by genetic analysis (see Web Table 9-1). CPV-2b was first detected beginning in 1984, and although all three strains coexist, it is currently the predominant worldwide isolate from dogs.103 Unlike CPV-2, CPV-2a and CPV-2b strains readily replicate in feline ileum and lymphoid tissues. CPV-2a has been reported to cause a naturally occurring fatal disease identical to feline panleukopenia in a kitten.19a A new CPV-2c variant having two subtypes (a and b) was isolated from leopard cats in southeast Asia52,53 and from domestic cats worldwide.7,20,21 A nonfatal naturally occurring diarrhea associated with CPV-2c was reported in a kitten that had been vaccinated against FPV.19a


One of the confusions with the parvoviral nomenclature for carnivores is that viruses have been named according to the host from which they were isolated, rather than their genetic relatedness. Because of the close relationship and spread of many of these isolates between hosts, a newer designation must be devised. With the present system, CPV-2a and CPV-2b might be termed as variants of FPV in their behavior, even though they cannot be distinguished from identical isolates made from dogs. Therefore the designated terms as listed in Web Table 9-1 should be used to describe certain genetic, antigenic, and host range differences between various isolates.


The nature of host specificity has been elucidated through genetic analysis and x-ray crystallography. Regions in the capsid structure located around VP2 residues can influence viral binding with specific host cell transferrin receptors and thus the host cell species of infectivity.16,39,40,49,50,94 Mutations in the genes controlling these capsid moieties and selective pressures allow the parvoviruses to evolve and infect new hosts.48 Neutralizing antibodies bind antigenic sites on the viral capsid overlap the binding site of the host cell transferrin receptor, thus reducing viral infectivity.86








Epidemiology


CPV-2 does not replicate in cats, but CPV-2a and CPV-2b do so very efficiently. CPV-2a and CPV-2b have been isolated from between 10% and 20% of domestic cats with naturally occurring parvoviral disease from Germany126 and from 3% of cats in Japan.34 In such areas, FPV is still the major parvovirus infecting cats. In southeast Asia, CPV-2a, CPV-2b, and CPV-2c strains predominated in isolations from large exotic cats.85,120 One supposition is that large felids are more susceptible to CPV than they are to canine distemper virus.120 Another theory is that these large cats were not vaccinated and that the subtypes 2a and 2b can spread more effectively because of the wider reservoir host range. Under these conditions, domestic and exotic cats likely acquire their CPV-2a and CPV-2b infections from an environment that is contaminated by dog feces. Isolations from domestic and exotic cats have varied between these two strains, according to the predominant strain in the local dog population. Levels of CPV-2 strain shedding by cats (0.5 to 2.0 log10) are lower than those found with similar infections in dogs (6 to 9 log10), although they are sufficient to infect susceptible cats. Nevertheless, infected dogs are more likely to disseminate virus in the environment and be reservoirs for feline infection.














Clinical Findings


CPV strains 2a and 2b can induce disease in infected cats with signs similar to those of feline panleukopenia.19,99,72,89,106 The natural infection has often been asymptomatic as have the experimental infections of SPF cats.78,126 However, the development of clinical illness may relate to the general condition of the cats involved at the time of exposure. Laboratory experiments with parvoviruses in SPF animals do not always match corresponding disease in conventional animals or in those animals that acquire infection in nature. Host factors are likely important because infections with CPV-2a, CPV-2b, and CPV-2c have been clinically significant in exotic felids.53,89,120


Given that clinical signs are milder or unapparent in CPV-2a or CPV-2b-infected cats as compared with those with FPV infection, the suspicion was that CPV-2 strains were less virulent. Of the new strains, CPV-2c appears to be relatively the most pathogenic.53 In SPF cats, those inoculated with CPV-2c became clinically ill with leukopenia and diarrhea.89 Correspondingly, more severe signs were noted in FPV-infected cats, whereas signs were milder or absent in CPV-2a-infected cats.














Diagnosis


Pronounced lymphopenia and mild leukopenia have been observed in cats challenged with CPV, similar to the leukocyte alterations with this infection in dogs.19 This condition contrasted to the marked leukopenia and mild lymphopenia observed in corresponding cats challenged with FPV.


Parvovirus infection in cats is diagnosed by serum antibody titers (usually HA or VN), virus isolation, fecal immunoassays for viral antigen, or PCR screening. None of these routine clinical tests can accurately distinguish FPV from CPV-2 variants. Antibody titers in serum to CPV-2a, CPV-2b, and CPV-2c cross-react with those to FPV. Titers would be lower between the heterologous agents; however, this would not be clinically detectable unless multiple viruses were used as antigen simultaneously. Parvo-ELISA test kits intended for detecting CPV-2 strains in dog stool can be used to detect parvoviruses in cat feces; however, the levels of CPV-2 virus in stool using one kit was 2.76 log10 lower than those found with corresponding FPV infection in cats.19 The only accurate means of distinguishing FPV and CPV-2 isolates is in reference laboratories performing HI testing with specific monoclonal antibodies, using sequence analysis of large portions of the VP2 gene or using minor groove binder probes.22


Carnivores that recover from parvoviral infections generally stop shedding virus once high levels of serum antibodies are present. Although they may persist for variable periods, tissues and secretions of recovered animals are cleared of virus. Surprisingly, CPV-2a and CPV-2b strains have been isolated from the peripheral blood mononuclear cells of clinically healthy cats with high VN antibody titers against FPV.52,53,72 Whether these infections are associated with intermittent or chronic virus shedding is uncertain.














Therapy


CPV infections in cats have been reported to be milder than those associated with FPV infection. Treatment would be identical with that for treating feline panleukopenia (see the previous section on Therapy; also see Table 9-1).














Prevention


CPV and FPV viruses cross-react with VN and HI antibody titers. Lower cross-reactivity of these antibodies is observed against CPV strains in cats experimentally inoculated with FPV or vaccinated with inactive FPV vaccines, as compared with cats being challenged with CPV strains.85 Vaccination of large cats in zoos against FPV is recommended to produce immunity against that infection and protect against heterologous infection with CPV-2a and CPV-2b. FPV vaccines may have a short duration and partial protection against CPV-2 strain infections.


Attenuated FPV vaccines have protected domestic cats from clinical illness and viral shedding following challenge with CPV-2b isolates at 2 weeks after vaccination.19 Two doses of a commercial inactivated vaccine given 3 weeks apart protected cats from clinical illness following challenge 11 days after the last vaccine with virulent CPV-2b as compared to similar challenge of unvaccinated control cats.32 Challenge studies with CPV-2 strains are not available for longer than 2 to 3 weeks after vaccination with MLV or inactivated products. The precise duration of immunity of FPV vaccination in cats, against subsequent CPV-strain infections, has not been determined. Cheetahs have been infected with CPV-2 strains despite FPV vaccination.120 In vitro, a cross-neutralization study following inactivated FPV vaccination indicated antibodies developed against FPV and CPV strains -2a, -2b, and -2c.85 However, the antibody titers against the CPV strains were considerably lower. CPV-2c had the lowest degree of cross-reactivity with FPV, which may explain the higher degree of virulence of this CPV-2 strain for cats. Interestingly, cats infected with CPV-2c have had high cross-reactive titers against CPV-2a and CPV-2b. Specific vaccines against CPV-2 strains may be needed to protect domestic and exotic cats in the future. A CPV-2c strain would be a logical candidate for the antigen.





















Feline Astrovirus Infections



Etiology and Epidemiology





Astroviruses were first described in feces from cases of human infantile gastroenteritis. These viruses have since been identified in several other species, including cats. When negatively stained and examined by transmission EM, astroviruses appear as unenveloped, spherical particles approximately 28 to 30 nm in diameter, with a characteristic five- or six-point, star-shaped surface pattern, depending on the orientation (Fig. 9-7).




[image: image]


FIG. 9-7 Negatively stained astrovirus particles. Arrows indicate particles with five- and six-pointed, star-shaped surface patterns. (Courtesy Charles Ashley, Bristol Public Health Laboratory, Bristol, United Kingdom.)








A limited serologic and virologic survey of diarrheic cats from the United Kingdom suggests that the infection is not very common; less than 10% of animals tested have antibody to the Bristol isolate. However, more than one serotype may exist, as in humans, in whom seven serotypes are known.88








Clinical Findings


Only two cases of a natural astrovirus infection in cats have been reported in detail. In both cases, the illness was characterized by persistent green, watery diarrhea; dehydration; and anorexia. No hematologic abnormalities were noted, and the only biochemical abnormalities were mild acidosis and hypokalemia in one of the cats. Other variable signs were gas-distended loops of the small intestine, pyrexia, depression, poor body condition, and vomiting. Vomiting and diarrhea have been reported in another infected cat, although no further clinical details were given.


In an outbreak of diarrhea in a breeding colony, EM revealed astrovirus in the feces of 25% of affected kittens. Initial signs in these kittens were inappetence, depression, and prolapse of the third eyelid. Other litters in the colony previously had developed a similar syndrome, with diarrhea that persisted 4 to 14 days. A significant number of adult cats were also affected. Sera from several of these animals had antibody to astrovirus.


Experimental oral administration of an astroviral isolate to SPF kittens resulted in mild diarrhea 11 to 12 days later. This condition coincided with a period of pyrexia and viral shedding with subsequent seroconversion. The kittens remained otherwise well.














Diagnosis


EM most conveniently diagnoses astrovirus infection of negatively stained preparations of diarrheic stools. Growing some isolates in cell culture is possible, although no cytopathic effect is produced, and virus-infected cells must be located by specific immunofluorescence. Other isolates cannot be grown in cell culture at the present time; therefore this method of diagnosis is not viable. Information on the sequence of the viral RNA is becoming available and should lead to improved methods of diagnosis based on molecular techniques such as PCR.58














Therapy, Prevention, and Public Health Considerations


Treatment of affected animals is probably not necessary other than to replace lost fluids and electrolytes if the diarrhea is severe or prolonged. No vaccine is available.


Human serum can contain antibody to feline astrovirus, but whether this finding reflects zoonotic infection or a serologic relationship between human and feline astroviruses is unknown. Molecular evidence suggests that, in evolutionary history, feline and porcine rotaviruses have become established in the human population.99,100





















Feline Rotavirus Infections



Etiology and Epidemiology





Rotaviruses are classified as a genus within the family Reoviridae and are of worldwide distribution. They can be distinguished from reoviruses and orbiviruses, when viewed by negative-stain EM, by the characteristic morphology of the 70-nm-diameter intact virion. This virion appears as a wheel with the core in the center forming a hub, the inner layer of capsomeres radiating outward as spokes, and the outer layer giving a sharply defined rim.


Rotaviruses are classified into various serogroups (A through G) based on genetic and immunologic similarities. They have been isolated from many species of animals and are the major enteric viral pathogens in humans and the main species in domestic livestock, causing significant economic losses. By contrast, although infection of cats is common, with up to 100% of populations being seropositive, clinical disease is rare.


Analysis of the capsid encoding genes (VP4, VP6, and VP7) by restriction endonuclease assay allows the differentiation among the strains of different origin. The VP7 profiles differentiate strains of animal and human origin more efficiently.104


Nonstructural glycoprotein NSP4 of group A rotaviruses from mice has been identified as a viral enterotoxin. The amino acid sequences of this protein from rotaviruses isolated from diarrheal and asymptomatic kittens were similar; however, no consistent difference was found between these isolates from clinically healthy or ill cats.92 Group C rotaviruses, similar to those from pigs, have been isolated from dogs in Germany.93








Clinical Findings and Diagnosis


Feline rotavirus was first described in 1979 in kittens of 6 weeks and 8 months of age that passed semiformed to liquid stools. The virus isolated from the 6-week-old kitten induced anorexia and diarrhea when given to a 3-day-old, colostrum-deprived kitten. Subsequently, feline rotavirus has been recognized more frequently in the stools of normal cats, and a transmission study using a strain isolated from a diarrheic cat failed to produce disease in adult cats or kittens as young as 10 days.


Rotavirus may be readily demonstrated in feces by negative-stain EM or by polyacrylamide gel electrophoresis and silver staining of RNA extracted directly from feces. The latter method is more suitable for screening large numbers of specimens. A PCR method has been described that is considerably more sensitive than either of the other two methods.133 Other methods, such as ELISA or latex agglutination, have been used, but they have been developed for group A viruses, whereas many feline isolates belong to other groups. Some, but not all, isolates can be grown in cell culture, but this is time consuming.














Pathologic Findings


Histologic findings include swollen intestinal villi with mild infiltration by macrophages and neutrophils. Viral antigen can be detected by fluorescent antibodies, and virions by EM, in epithelial cells.














Therapy, Prevention, and Public Health Considerations


Treatment is symptomatic for diarrhea. Signs are mild and transient, and mucosal integrity is not impaired. Fluid therapy can be given intravenously or subcutaneously, depending on the severity of dehydration. No vaccine is currently available for cats.


Genetic characterization of group G3 canine rotavirus strains in Italy, the United States, and Japan and human and simian rotavirus isolates has shown highly conserved genetic sequences in the VP4 and VP7 genes, suggesting close genetic homogeneity.65,66 Rotaviruses of different hosts can infect other species when inoculated experimentally, but these cross infections generally are asymptomatic. Human rotavirus strain HCR3, which was isolated from a healthy infant in 1984, has close genetic homologies with feline rotavirus strain FRV64 and canine rotavirus strains CU-1 and K9, but not with other rotaviruses more commonly isolated from people.84 Evidence from molecular studies suggests that feline rotaviruses, or recombinant strains with feline rotaviruses, may have infected humans in Japan,76,83,99,127 Hungary,8 and Italy.23 Similarly, in Thailand, a human isolate from an infected infant with diarrhea showed close genetic and phenotypic homologies to other human and feline strains.35




















Norovirus Infection


A novel enteric norovirus (calicivirus) related to human noroviruses, genogroup IV, was isolated from a lion cub (P. leo) that died of hemorrhagic enteritis.64 Using molecular methods, the virus was distinguished from FCV and had the closest genetic relationship to human noroviruses. Although noroviruses are species-adapted, they may infect heterologous species with mild or unapparent infection. Further studies are needed to determine whether this virus is of clinical significance or was an incidental infection.














Torovirus-Like Agent Infection


During the course of a microbiologic survey of cats with the syndrome of protruding nictitating membranes and diarrhea, a novel virus was detected that hemagglutinated rat erythrocytes.80 Conclusive evidence for its role in this syndrome is lacking, because the virus was isolated only from 7 of 50 affected cats and from 4 unaffected cats. HI testing and immune EM suggested that the virus was torovirus-like, but PCR and thin-section EM failed to confirm this finding. The virus could not be grown in cultured cells. Experimental inoculation of SPF kittens induced mild, intermittent diarrhea and pyrexia with hematologic changes (principally neutrophilia, but one kitten also developed lymphocytosis). The agent appears to be ubiquitous, because the majority of cats have antibody against it, but its significance as an enteric pathogen is unclear. In another study, torovirus particles were not detected in the feces of cats with protruding nictitating membranes.117














Feline Reovirus Infection


All mammalian reoviruses belong to three serotypes, and all three of these have been isolated from cats. Feline reoviruses have generally been considered to be minor respiratory or ocular pathogens, although they can readily be isolated from both respiratory and enteric tracts. Experimental inoculation of kittens with serotype-2 isolates, however, has resulted in the development of mild diarrhea.79,81 Feline reoviruses are widespread in nature as judged by serosurveys.














Other Enteric Viral Infections


A large number of other viruses have been detected in the stools of normal and diarrheic cats, but their role as pathogens is unclear. These viruses include parvovirus-like particles (serologically unrelated to FPV), picornavirus-like particles, coronavirus-like particles (morphologically distinct from feline infectious peritonitis viruses and feline enteric coronavirus), “togavirus-like particles,” and “thorn-apple–like particles.”
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Etiology


Feline coronavirus (FCoV) causes a ubiquitous enteric infection of cats that occasionally leads to a highly fatal immune-mediated vasculitis named feline infectious peritonitis (FIP). FCoV is a large, spherical, enveloped, positive-sense single-stranded RNA alphacoronavirus (previously termed “group 1”) belonging to the family Coronaviridae. The Coronaviridae, comprising the genera Coronavirus and Torovirus, is part of the Nidovirales order, which also includes toroviruses, arteriviruses, and roniviruses.60 It is proposed that FCoV, along with the coronaviruses of swine and dogs, become part of a new species, called Geselavirus, in reference to the typical genetic arrangement of these viruses “gene seven last” (gsl).60 Coronaviruses possess the largest RNA viral genome known to date: the FCoV genome is 29 kb, encoding a replicase polyprotein, four structural proteins (spike [S], matrix [M], nucleocapsid [N], and envelope [E]), and several nonstructural proteins (3a, 3b, 3c, 7a, and 7b), whose function is unknown.


Despite the ubiquitous nature of FCoVs and infected cats, few develop FIP (Fig. 10-1). The explanations proposed for this discrepancy have been controversial and revolved around two basic premises: whether both avirulent and virulent viruses are simultaneously circulating, or virulent viruses arise as a result of de novo mutation within each FIP-affected cat. In this latter theory, a novel mutation, deletion, or insertion must occur in the genome of the infecting FCoV or feline enteric coronavirus (FECV) before FIP can occur.45,244,254 Chang et al. found deletions in the 3c gene from systemic virus, but not from virus in the gut, postulating that an intact 3c gene is essential for viral replication in the gut.45 Pedersen also found intact 3c genes in isolates from the gut.244 In contrast, others having found both deletions/mutations and identical genomes in healthy and FIP cats, or from both systemic and enteric viruses, have questioned the internal mutation theory.38,73,186




[image: image]


FIG. 10-1 There are four possible outcomes to FCoV infection, and only in a minority of infections is FIP the outcome. The percentage of cats that will have each outcome is shown. (Modified from Addie DD, Jarrett O. 2001. Vet Rec 148:649–653.)








Although sharing only 30% genetic homology,254 the 3c gene has been likened to the 3a gene of severe acute respiratory syndrome-related (SARSr)-coronavirus (CoV) on the basis of hydrophilic profile similarity.45,223 The SARSr-CoV 3a protein has been implicated in apoptosis; type 1 interferon (IFN) receptor downregulation, and increased fibrinogen expression.190,206,316 Whether or not deletions in the 3c gene are responsible for the development of FIP is unknown—they could simply be a by-product of rapid viral replication, and 3c deletion mutants made successful vaccine candidates.107


RNA viruses are remarkably prone to genetic change, and it would be expected that in a situation where there is considerable viral replication, many variants would be found in the same host. Such variation is found103,168 not only within organs in the body, but also within different cells in the same pyogranuloma.262 Whether that virus variation is the cause of, or the effect of, the disease process is unknown. Laboratory strains of varying virulence exist; there are strains that are exceptionally virulent, causing FIP in almost every cat infected with them (e.g., the notorious 79-1146 strain). Less virulent FCoV strains vary in their ability to replicate in monocytes, and monocytes vary in their permissiveness for FCoV replication. The interplay of these two factors determines whether or not an individual cat develops FIP.64 Consistently, cats challenged with low viral dose, even with virulent virus such as FIP virus (FIPV) 79-1146, can overcome the infection, whereas increasing doses resulted in almost all cats developing FIP.247,286


Results from a comprehensive genetic analysis of FCoV strains indicated distinct genetic differences between viruses isolated from 48 clinically healthy cats and 8 ill cats with FIP.38 These distinct noncontiguous differences existed in membrane, spike, and nonstructural protein 7b genes. Unfortunately, the 3c genes were not examined. The membrane protein is the most abundant structural protein of the coronaviruses and is likely associated with the pathogenesis of infection, because it is involved in viral budding. Significantly, there were five amino acid differences between the membrane proteins of FCoVs from clinically healthy cats and those with FIP. However, three healthy cats had viruses that contained an FIP amino acid signature (YIVAL), raising the possibility that at least one cat eliminated a FCoV strain capable of causing FIP.38 The genotypes correlated with FIP were more compatible with ancestrally derived and not the result of de novo mutations.38 The majority of cats were not co-infected with multiple strains of FCoVs at the same time, but were generally infected with one predominant strain. However, in two instances cats with FIP were infected with two distinct viral isolates, indicating that superinfection can occur.


Another member of the Coronaviridae causes severe acute respiratory syndrome (SARS) in humans. The SARSr-CoV is thought to have originated from the masked palm civet cat (Paguma larvata). Despite its common name, this carnivore is not a feline, but is a member of the mongoose family (Viverridae). Nevertheless, cats may become infected with SARSr-CoV experimentally196 and naturally. A single cat from one household of infected people was found to seroconvert, although it remained clinically healthy. Analysis of data suggest that civet SARSr-CoV is likely a recombinant virus arising from SARSr-CoV strains closely related to the coronaviruses of the horseshoe bat, Rhinolophus sinicus. Frequent recombination coupled with rapid evolution in these animals may have accounted for the cross-species transmission and emergence of SARS.181








Feline Coronavirus Serotypes I and II


There are two types of FCoVs, as classified by their genetic sequence and ability of monoclonal antibodies to recognize them.127,248,316a Type I FCoVs are considered to be unique feline strains. Type II FCoVs have arisen from recombination between type I FCoV and canine coronavirus (CCoV). Although type II FCoVs are mainly type I, they have variable portions of the spike and adjacent genes of CCoV.118,317 Most research has focused on type II because it can be readily propagated in vitro; however, type I is most prevalent worldwide.* Both types can cause FIP. Some investigators126 found a higher prevalence of type II among cats with FIP than among healthy cats in Japan, and others187 found a higher correlation of type II with FIP. However, in other studies the distribution of types I and II in cats with FIP reflected broadly the distribution of the two viral types in asymptomatic FCoV infected cats.31,178 Lin et al. also found a higher genetic diversity among type I FCoVs compared with type II—a feature they attributed to type I FCoV being able to induce persistent infection, whereas type II FCoV probably does not.187 Cats can be simultaneously infected with both types I and II FCoV.187


The type I FCoV receptor is unknown.73,123 The receptor for the type II FCoV is an enzyme, aminopeptidase-N, found in the intestinal brush border.† However, at least in type II FCoV infection of monocytes and macrophages, the receptor is not necessary if there is anti-FCoV antibody present.313




















Epidemiology


FIPV rivals feline panleukopenia virus as a cause of cat death.42 The apparent increase in the prevalence of FIP can be directly related to the changes in feline husbandry over the past 30 years—more cats are kept indoors and in greater numbers, causing exposure to higher doses of pathogens in feces, which would otherwise have been buried outdoors. The popularity and resulting increased breeding of purebred cats has resulted in loss of immune protection associated with genetic diversity and hybrid vigor.188 An increasing number of cats spend part of their lives in shelters. This life style can result in exposure to a higher coronaviral dose (via the litter tray), increased stress to the naturally solitary cat, and concurrent, sometimes immunosuppressive infections, all of which impair a cat's ability to prevent infections. Cats are increasingly being prevented from hunting and are instead being fed unnatural foods, often imbalanced in the ratio of omega 6:3 dietary fatty acids, which likely leads to a chronic proinflammatory state. All of these factors favor the spread and increase of FCoV infections and associated FIP. The predominant risk factors associated with the development of FIP are discussed next.








Age


Although a cat of any age can develop FIP, kittens and cats up to 2 years of age are at greatest risk,215,244,274 with a second peak in age-related risk in cats over 10 years of age.274 More specifically, kittens developed FIP after weaning,42 and most young cats succumb between 3 and 16 months of age.244 That kittens are at greater risk of developing FIP may be due to the higher viral load generally found in kittens compared with adult cats246; due to their immature immune systems; or due to the many stressful events that generally happen to kittens, such as being vaccinated, rehomed, and neutered. In addition, cats are most likely to develop FIP after their first encounter with FCoV, which is most likely to occur in kittenhood.18














Breed


There is little doubt that pedigree cats are more at risk of developing FIP than are nonpurebred cats.* This may be because purebreeding of cats is associated with the loss of genetic diversity188 so that the immune systems of purebred cats may not be as robust as those of outbred cats, indeed a study of the feline leukocyte antigen (FLA, the feline equivalent of the major histocompatibility complex [MHC]) showed that the Burmese breed averaged 2.8 FLA alleles, compared with up to 6 in other breeds.11 Or it may be because cat breeders usually have several cats and they tend to be confined indoors—increasing viral dose to which they are exposed, concurrent stress, and diseases. Cat breeders in the United States344 and 8% of Swedish cat breeders report having had a cat with FIP.304


Results differ between studies—in one study the inheritance of FIP susceptibility was demonstrated in Persian cats.83 In another study Persian, Burmese, exotic shorthair, Manxe, Russian blue, and Siamese cats were not at increased risk of developing FIP, whereas Abyssinian, Bengal, Birman, Himalayan, ragdoll, and rex cats were.259 In a retrospective study of neurologic disorders, Burmese cats were overrepresented as having FIP.36 However, this study was conducted in association with a Burmese cat club, which may have skewed the results for this breed.














Nondomestic Felidae


FCoV infection, disease, and FIP have been reported in a variety of nondomestic felids: European wildcats (Felis silvestris),337 lions (Panthera leo),122,151 tigers (P. tigris), jaguars (P. onca), leopards (P. pardus), sand cats (Felis margarita), mountain lions/panthers (F. concolor),234,273 caracals (Caracal caracal), and servals (Felis serval)143; lynx (Lynx lynx) in Canada,33 but not Eurasian lynx in Sweden282; one bobcat (Lynx rufus)270; and especially cheetahs (Acinonyx jubatus).† As with domestic cats, FCoV is more likely to be a problem in large cats confined indoors or in exhibits than in those allowed to roam outside naturally.‡














Other Pet Species Coronaviruses


Ferrets have two manifestations of coronavirus infection: epizootic catarrhal enteritis342,343 and infectious peritonitis.88,144b,197,258 Although in the same group (1) as FCoV, ferret coronavirus is distinct from FCoV,343 so one would not expect cross-infection between ferrets and cats in the same household; however, RNA viruses are prone to recombination, so it can possibly occur.1


Dogs frequently serve as a source of infection of CCoV. Coronaviruses are frequently transmitted between dogs and cats living in close contact,30,268 giving rise to recombinant variant viruses.118,334 (See Feline Coronavirus Serotypes I and II, discussed earlier.) For more information on CCoV, see Chapter 8.





















Pathogenesis



Virus Shedding





Virus is shed in the feces from 2 days postinfection.246 It is thought that primary viral replication occurs in the epithelial cells of the small intestine,243 but in long-term viral excretion, virus is localized in the ileocecocolic junction.117 A small number of cats are resistant to FCoV infection.10,64,246 It is likely that viral shedding of types I and II is different; laboratory strains, which are typically type II, are shed for only a couple of weeks,303 whereas in natural infection, type I virus is shed by 65% of cats for 2 to 3 months or longer by many cats.10,15 Some cats are co-infected with both types I and II.187 The majority of cats clear the virus after 2 to 3 months of fecal shedding, although in some infected cats (13%) the virus establishes a persistent infection.10,15,246 Experimental infection of specific-pathogen free cats with nonvirulent FCoV resulted in persistent localization of the virus in the colonic epithelium, and to a lesser degree in macrophages of the liver and mesenteric nodes, associated with prolonged fecal shedding.166a A curious feature of lifelong carrier cats is that they shed the same strain of virus continuously in the feces until death15; this is very similar to the situation with chronic carriers of feline calicivirus.52 FCoV carriers rarely develop FIP.15 Chronic carrier cats usually appear to remain in adequate health, though some develop chronic large intestinal diarrhea and fecal incontinence in older age.13 Detection of carrier cats requires positive fecal reverse transcriptase (RT)-polymerase chain reaction (PCR) test results for 9 months.10


Virus is maintained in the cat population by chronic carrier cats and through reinfection of transiently infected cats.10,15,85 The stress of entering a rescue shelter increases viral shedding 101- to 106-fold.256 However, the stress of pregnancy and lactation did not cause infected queens to shed more virus.84 In healthy cats, virus is only shed in the saliva for a very brief period of time (hours).10 Not all (up to 75%) cats with FIP shed virus in the feces,17,45,254 and possibly also in other excretions, such as urine, saliva, and tears. Virus shed in the feces tends to have an intact 3c gene.45,254


Although serologic (antibody to FCoV) testing has limitations (see later discussion), it is clear that cats with seronegative results, as determined by a reliable diagnostic test, do not shed FCoV,7,10,84 whereas approximately one in three cats with seropositive results does shed virus.7 Cats with higher antibody titers are more likely to shed virus,10,84,246 although cats with relatively low indirect fluorescent antibody (FA) titers of 40 to 80 have a 26% to 39% chance of shedding FCoV.11,12,16


Evidence of viral shedding is never a good reason to euthanize a cat because most FCoV shedders stop within a few months, and fewer than 10% develop FIP.8 In addition, if a cat has survived one exposure to FCoV, it may be better to use that animal for breeding rather than introduce new susceptible animals that may not be resistant, because a genetic element may play a role in susceptibility to FCoV infection.244








Transmission


Cats become infected with FCoV orally, usually indirectly by contact with cat litter contaminated with the virus. FCoV is a highly infectious virus, and in a multicat household, over 90% of cats will seroconvert. FCoV can survive for 7 weeks in a dry environment.139 FCoV is readily inactivated by most household detergents and disinfectants; however, bleach is preferred not only because it is efficacious, but also because it is safe for use around cats.13,139


FCoV has been isolated from a 1-day-old kitten, implying that transplacental transmission could be possible. However, the practice of removing kittens from infected queens, even those who died of FIP, protected the kittens from infection, which would not have worked had transplacental transmission occurred.7,139














Monocyte Infection and Vasculitis


Initially, the development of FIP was attributed to properties of the virus, rather than of the host: less virulent laboratory strains have less ability to replicate in monocytes compared with more virulent strains.64 However, monocytes of different cats will support FCoV replication to varying extents64 and some cats’ monocytes will not support viral replication at all, which could be an explanation for the occurrence of FCoV-resistant cats as previously reported.10 Another explanation could be that some cats lack the as yet undetermined receptor for the type I virus. Discoveries regarding the pathogenesis of FIP have been useful in understanding how clinical signs develop and for devising new strategies for therapy.


Using immunohistochemistry, Kipar et al.166 demonstrated FCoV within monocytes adhering to blood vessel walls and extravasating (Web Fig. 10-1)—this is the key event in the development of FIP. FCoV-infected macrophages release interleukin (IL)-6,97 IL-1β matrix metalloproteinase (MMP)-9,166 and tumor necrosis factor (TNF)-α.166,311,312 In early infection, IL-6 stimulates hepatocytes to release acute-phase proteins (such as alpha-1 acid glycoprotein [AGP]) and B lymphocytes to proliferate and differentiate into plasma cells.311 It is likely that high IL-6 levels found in cats with FIP are the cause of hypergammaglobulinemia.
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WEB FIG. 10-1 Cartoon of pathogenesis of FIP pyogranuloma. (Courtesy D. Addie, catvirus.com)











TNF-α is a major contributor to the inflammatory response and pathogenesis of FIP. TNF-α is very likely the cause of the lymphopenia seen in FIP,311 especially in noneffusive FIP. In vitro, apoptosis of lymphocytes (especially CD8+ lymphocytes) that was induced by ascitic fluid, plasma, and culture supernatant of peritoneal exudate cells from cats with FIP was attributed to TNF-α.311 However, in another study, use of anti-TNF-α or TNF-α neutralizing antibodies was unable to block FIP-induced lymphocyte apoptosis.105 TNF-α upregulates fAPN (the receptor for type II FCoVs)312 and, along with granulocyte-macrophage colony-stimulating factor and granulocyte colony-stimulating factor, which are also produced by FCoV-infected monocytes, is a neutrophil survival factor.312 In later infection, TNF production shifts from macrophages to lymphocytes.55 Chronic overproduction of TNF-α also results in cachexia.


IL-1 activates B and T cells, is pyrogenic, and contributes to the inflammatory response. MMPs are zinc-dependent endopeptidases capable of breaking down extracellular matrix proteins. It is probable that MMP-9 is responsible for the leakiness of the blood vessels in effusive FIP.














Immune Response to Feline Coronavirus Infection


In addition to the virulence of the infecting strain of FCoV, reduced immunity can predispose a cat to develop systemic infection. Most cats that develop FIP have a history of stress in the previous few months. Stress likely has two effects that increase the cat's susceptibility to FIP: it decreases the immune system, and increases viral shedding 101- to 106-fold.256 Furthermore, it is hypothesized that the type and strength of immune response determine the outcome of FCoV infection: that a strong cell-mediated immune (CMI) response will prevent FIP, a weak or nonexistent CMI and strong humoral response results in effusive FIP, and an intermediate response results in noneffusive FIP.244 Lesions of noneffusive FIP predominate within the eye and central nervous system (CNS), both sites protected from the immune system.


Evidence from experimental infections showed that cats surviving a challenge mount a greater CMI response than those who succumb.62 However, clearance of natural infections also correlated with the presence of a humoral immune response to the FCoV spike protein,103 and it is known that kittens are protected by maternally derived antibody (MDA).7 Therefore, it is possible that some antibody protection also occurs. Humoral immunity associated with secretory IgA is suspected to be important in preventing initial infection of epithelial cells. However, in exposed cats, seroconversion occurs within 18 to 21 days postinoculation,204 which is long compared to most viral infections where antibodies appear 7 to 10 days postinoculation. Although some viruses continually mutate as a means of evading the host immune response, cats persistently infected with FCoV shed the same strain for years.15 Therefore, FCoVs have developed means to suppress the host immune response. It is also evolutionarily beneficial to the virus to delay the humoral response in some way, so that cats become persistently infected and shed virus for longer. Because cats with FIP die and so no longer shed virus, which is not in the evolutionary interest of the virus, FIP might actually be considered as an “evolutionary accident.” Further evidence for viral-associated immunosuppression and impaired clearing of virus is that FCoV-infected cats that succumb to FIP have much higher systemic viral levels than those that survive the infection.159


The means by which FCoVs suppress the host immune response have not been completely elucidated. As stated previously, one way FCoV affects the host's response is that FCoV-infected cells release a substance that causes apoptosis of lymphocytes,105 and this substance is likely to be TNF-α.311 Once antibodies are present, they cause viral proteins on the surface of the monocyte to be internalized within minutes.50 Perhaps the reason for this is to delay as long as possible the development of anti-S antibodies that are capable of clearing infection.100














Antibody-Dependent Enhancement


Antibody-dependent enhancement (ADE) is a phenomenon that has foiled many attempts to find a successful FIP vaccine and is worrisome to those trying to develop a SARS vaccine.272 In ADE, a greater proportion of cats that had been vaccinated with trial vaccines developed FIP than cats in the unvaccinated control group also exposed to a laboratory strain of FCoV, usually the very virulent 79-1146 type II strain. This strain is not useful because of its extreme virulence. The reason for ADE is not well understood, but one hypothesis is that it is mediated by subneutralizing antibodies that facilitate viral entry into their target cell, the macrophage, via an Fc-receptor-mediated mechanism.* Research shows that addition of antibody to infected macrophages causes rapid internalization of viral proteins from the cell surface.50,65,66,325,326 The significance of this has not yet been fully elucidated, because it is not to evade antibody dependent complement-mediated lysis of infected cells.51


Cats with ADE develop disease in fewer than 12 days, whereas controls take 28 days or more.285 By contrast, field studies have shown that seropositive pet cats that were naturally reinfected by FCoV showed no evidence of ADE.15,18 Indeed, many cats that had become seropositive after natural infection appeared to be resistant to developing FIP (though not to reinfection by the same or another strain of FCoV).15,18 The mortality rate of cats that were in contact at the time of initial FCoV infection was 14%, compared with about 8% at the time of reinfection.18 In practical terms, a seronegative cat introduced into a household in which FCoV is endemic has a 1 in 6 chance of developing FIP, whereas a seropositive cat has a 1 in 12 chance. Cats are at greatest risk of developing FIP in the first 6 to 18 months after infection, and the risk decreases to about 4% by 36 months after infection.18 There is no evidence that the available vaccine against FIP (Primucell, Pfizer) causes ADE (see later discussion). Because ADE has been reported experimentally in cats passively given anti-FCoV antibodies,314 it would be prudent to ensure that blood donors have FCoV seronegative results.





















Clinical Findings



Initial Infection





Most FCoV infections are subclinical. When FCoV first infects cats, they may have a brief episode of upper respiratory tract signs or diarrhea; although these signs are usually not severe enough to warrant veterinary attention, the diarrhea can occasionally be extremely severe.164 Kittens infected with FCoV generally have a history of diarrhea and occasionally of stunted growth and upper respiratory tract signs.7








Coronavirus Enteritis


Experimentally infected specific-pathogen free cats had diarrhea due to FCoV and can manifest during primary infection, in persistently infected (carrier) cats, and where noneffusive FIP has caused lesions within the colon. Diarrhea, and occasionally vomiting, occurs in kittens and some cats at primary FCoV infection, is a small intestinal diarrhea, and is usually self-limiting within a few weeks. However, occasionally the virus can be responsible for a severe acute or chronic course of vomiting or diarrhea with weight loss, which may be unresponsive to treatment, continue for months, and occasionally result in death.164 However, there are many other causes of diarrhea in cats that should be considered before a diagnosis of FCoV diarrhea can be made (e.g., Tritrichomonas foetus, which tends to affect the same group of cats—young cats living in crowded multicat environments).101 FCoV diarrhea most frequently presents in young kittens from 5 weeks of age.


Chronic, large-intestinal diarrhea has been noted in older, otherwise healthy, FCoV carrier cats; it may result in fecal incontinence.3 For details of diarrhea due to FIP, see the later section on Colonic or Intestinal Localization.














Multisystemic Inflammatory Vasculitis Disease


FIP is a misnomer, because many cats do not have peritonitis. Two basic forms of FIP, effusive (wet) and noneffusive (dry), have been characterized. It would be more accurate, however, to think of FIP as a continuum, because they are gradations of the same process, which is basically a pyogranulomatous vasculitis. The clinical and pathologic signs that occur in FIP are direct consequences of the vasculitis and organ damage that result from damage to the blood vessels that supply them. In effusive FIP, many blood vessels are affected, hence the exudation of fluid and plasma proteins into the body cavities. In noneffusive FIP, the clinical presentation depends on which organs are damaged by the FIP pyogranulomata.


Web Fig. 10-2 details the FIP-diagnosis algorithm. In step 1 of the algorithm, cats with FIP tend to be young, from multicat environments (breeding and boarding catteries, rescue shelters, veterinary clinics), and have a history of recent stress; FIP incubation is from weeks to months. Approximately one-half of the cats with FIP are younger than 2 years, but cats of any age can be affected.215,244,274 Evaluation of the history of cats with FIP typically reveals that they lived in a multicat environment within the previous year, usually with a cat breeder or in a rescue shelter. Occasionally, they have been to a boarding cattery, cat show, or veterinary clinic. Nevertheless, FIP, especially the noneffusive form, can incubate for months or even years. Cats with FIP usually have a history of stress in the previous few months. Those with effusive FIP are usually taken to their veterinarians within 4 to 6 weeks of arriving in a new home, elective surgery, or a similar stressful situation, whereas cats with noneffusive FIP develop disease after a greater interval. Cats that have spent several years in a single-cat environment are extremely unlikely to have FIP.
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WEB FIG. 10-2 Algorithm of FIP diagnosis. SC, subcutaneous. (Courtesy D. Addie, catvirus.com)














Effusive Disease


Cats with effusive FIP have ascites, although very few owners notice the abdominal distention (Fig. 10-2), thoracic effusion (Fig. 10-3), or both. The cat may be bright or dull, anorexic, or eating normally. Abdominal swelling with a fluid wave, mild pyrexia (39° C to 39.5° C [102.2° F to 103.1° F]), weight loss, dyspnea, tachypnea, scrotal enlargement, muffled heart sounds, and mucosal pallor or icterus may be noted. In one survey, FIP accounted for 14% of cats with pericardial effusion, second only to congestive heart failure (28%).281 Abdominal masses can be palpated, reflecting omental and visceral adhesion, and the mesenteric lymph node may be enlarged.
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FIG. 10-2 Abdominal distention from FIP effusion. (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)
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FIG. 10-3 Radiograph of a cat with FIP and thoracic effusion.




















Noneffusive Disease


Noneffusive FIP is the more chronic manifestation of the disease, occurring weeks to many months after initial infection and the triggering stress. Signs of noneffusive FIP are usually vague and include mild pyrexia, weight loss, dullness, and depressed appetite. Cats may be icteric. Almost all cats with noneffusive FIP have intraocular lesions. Abdominal palpation usually reveals enlarged mesenteric lymph nodes162 and may also reveal irregular kidneys or nodular irregularities in other viscera. If the lungs are involved, the cat may be dyspneic, and thoracic radiographs may reveal patchy densities in the lungs.322








Ocular Signs


Cats with noneffusive FIP frequently have ocular lesions. The most common ocular sign in FIP is iritis, manifest by color change of the iris. Usually all or part of the iris becomes brown (Fig. 10-4), although occasionally blue eyes appear green. Iritis may also manifest as aqueous flare, with cloudiness of the anterior chamber, which in some cases can be detected only in a darkened room using focal illumination. Large numbers of inflammatory cells in the anterior chamber settle out on the back of the cornea and cause keratic precipitates, which may be hidden by the nictitating membrane (Fig. 10-5). Some cats have hemorrhage into the anterior chamber. If the cat has no sign of iritis, the retina should be checked because FIP can cause cuffing of the retinal vasculature, which appears as fuzzy grayish lines on either side of the blood vessel (Fig. 10-6). Occasionally, pyogranulomata are seen on the retina (see Fig. 10-6); the only other condition likely to produce pyogranulomata on the retina would be mycobacterial infection.68 The vitreous may appear cloudy. Retinal hemorrhage or detachment may also occur306 but is more commonly a sign of hypertension. Similar intraocular signs can also be caused by infections with Toxoplasma organisms, feline immunodeficiency virus (FIV), feline leukemia virus, or systemic fungi (see Chapter 92).306
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FIG. 10-4 In most noneffusive FIP cases it is possible to find intraocular signs, though the signs can be subtle and a thorough examination required to detect them—such as the iritis seen at the top left of this cat's eye. (Courtesy Diane Addie, Feline Institute, Pyrenees, France.)
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FIG. 10-5 Keratic precipitates on the cornea (arrows) in noneffusive FIP. The nictitating membrane (N) has been deflected down to enable visualization of the precipitates. (Courtesy Diane Addie, University of Glasgow, Glasgow, Scotland.)
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FIG. 10-6 The retina of a cat with noneffusive FIP. The photograph is in focus but appears cloudy because of the high-protein exudate into the vitreous. Cuffing of the retinal blood vessels appears as grayish lines on either side (arrowheads). Retinal blood vessels can be seen disappearing into a pyogranuloma (P). (Courtesy John Mould, Herefordshire, UK.)




















Neurologic Signs


In cats with noneffusive FIP, 25% to 33% have neurologic abnormalities.81 The onset of neurological signs is a poor prognostic indicator, and decerebrate posture (opisthotonos, forelimb extension, hindlimb flexion) a hopeless one.172,174,257,293 Clinical signs are variable and reflect the area of CNS involvement; the most common clinical sign is altered mental status, then ataxia followed by nystagmus and then seizures.173 An excellent review of ataxia in the cat was written by Penderis.257 Ataxia due to FIP can be cerebellar, sensory (spinal or general proprioceptive), or central vestibular but is not likely to be peripheral vestibular.257 To differentiate central and peripheral vestibular disease: normal postural reactions, ipsilateral cranial nerve VII deficits and Horner's syndrome, and horizontal nystagmus with fast phase away from the lesion side are present in the peripheral vestibular disease. Central vestibular disease may have these signs; however, any additional deficits make it more likely. Discomfort on opening the mouth is a more common feature of peripheral vestibular disease.257


When FIP causes nonsuppurative granulomatous meningitis, the signs reflect damage to the underlying nervous tissue: unexplained fever, behavioral changes, seizures, paralysis, incoordination, intention tremors, hypermetria, hyperesthesia, and cranial nerve defects. When the FIP lesion is a pyogranuloma on a peripheral nerve or the spinal column, lameness, progressive ataxia, or paresis (tetraparesis, hemiparesis, or paraparesis) may be observed.172,173,214,257 FIP is the most frequent cause of spinal cord lesions in cats up to 2 years of age.194 Cranial nerves may be involved, causing visual deficits and loss of menace response,172,173 depending on which cranial nerve is damaged. An excellent review of diagnosis and treatment of seizures in the cat has been published by Smith Bailey and Dewey.293


Computed tomographic and magnetic resonance imaging (MRI) studies are valuable in the diagnosis of CNS FIP. Occlusion of the aqueduct, causing obstructive hydrocephalus (lateral ventricular width greater than 2 mm) is highly suggestive of a diagnosis of neurologic FIP.81,172,173,257,262 In a study of 24 cats with FIP and neurologic involvement, 75% were found to have hydrocephalus on gross or histologic postmortem examination.173 Other diseases such as cryptococcosis, toxoplasmosis, and lymphoma have not been reported to cause hydrocephalus.173 Isolated fourth ventricle and cervical syringomyelia have also been reported.172,173 After intravenous contrast medium (gadolinium, gadoteridol), enhancement around the third and fourth ventricles, mesencephalic aqueduct, and brainstem on MRI is highly suggestive of FIP (Web Fig. 10-3).81,172,257
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WEB FIG. 10-3 Transverse T1-weighted MRI scan of cat with CNS FIP showing enhancement by contrast medium (arrow) around the dilated third ventricle. (From Penderis J. 2009. Diagnostic and therapeutic approach to generalised ataxia. J Feline Med Surg 11:349–359.)





























Colonic or Intestinal Localization


Occasionally, the primary or only organ affected by FIP granulomas is the intestine. Lesions are most commonly found in the colon or ileocecocolic junction but may also be in the small intestine.110,327 Cats may have various clinical signs as a result of this lesion—usually constipation, chronic diarrhea, or vomiting.110,327 Palpation of the abdomen often reveals a thickened intestine. A hematologic finding may be increased numbers of Heinz bodies.














Cutaneous Lesions


Lesions have been described in the skin, always in association with other clinical signs of FIP.40 These nonpruritic cutaneous lesions have been characterized as slightly raised, well-circumscribed, intradermal papules of approximately 2 mm in diameter over the neck, forelimbs, and lateral thoracic walls.40,56 Skin fragility similar to that associated with Ehlers-Danlos syndrome has also been reported in a cat with FIP.321














Neonatal and Prenatal Kittens


FIP is the second most common infectious cause of mortality in weaned kittens16,42 but causes no deaths from birth to weaning (“fading kittens”). In the 1970s, FCoV was implicated in various reproductive disorders and in fading kitten syndrome,287 but the problem was probably due to taurine deficiency, and FCoV is no longer believed to be involved.16,21 FCoV does not cause infertility.16 However, FCoV infection does result in stunting of kittens (Fig. 10-7) and increased prevalence of diarrhea and upper respiratory signs.7
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FIG. 10-7 Uneven litter sizes and stunting of kittens due to FCoV infection. This is an early warning sign that FCoV is endemic in a breeding cattery.




















Nondomestic Felidae


FCoV can be an important pathogen for domestic and exotic Felidae. Coronavirus infections have produced chronic weight loss, diarrhea, and anorexia. In a survey of captive felids, more than 50% had positive test results for infection based on fecal PCR and serologic testing for type I and type II coronaviruses.150 Mortality from FIP has been observed among captive exotic felids, with cheetahs (A. jubatus) having the highest risk for disease.* Necrotizing colitis caused by FCoV is a major health problem in cheetahs.150



























Diagnosis



Coronavirus Enteritis





No specific tests exist for coronaviral enteritis, and FCoV can only be assumed to be the cause of diarrhea in FCoV-seropositive or RT-PCR fecal result-positive cats in which other infectious, inflammatory, or dietary causes have been eliminated. However, a negative fecal RT-PCR result would tend to eliminate coronavirus enteritis as a diagnostic consideration. Biopsy evaluation with conventional staining methods is of limited use because the histopathologic features of villous tip ulceration, stunting, and fusion are nonspecific. FCoV infection can only be confirmed if immunohistochemical or immunofluorescent staining of gut biopsy samples is available.








Feline Infectious Peritonitis


A definitive diagnosis of FIP can often only be made after death, with histopathologic findings consisting of phlebitis or perivascular pyogranuloma.166,227,229,287a In vivo FIP diagnosis is extremely challenging for even the most competent clinician. Even tru-cut biopsy and fine-needle aspirate (FNA) results of the liver and kidney have only 11% to 38% sensitivity in correctly diagnosing FIP.94


At most stages of the diagnostic process, it is easier to rule out non-FIP conditions than to be absolutely sure that FIP is involved. The following discussion will parallel the algorithm given in Web Fig. 10-2. The first steps to a diagnosis of FIP are to obtain a history of the cat; review the clinical signs that have given rise to the suspicion of FIP (see Web Fig. 10-2, boxes 2a and 2b). The next step involves analysis of the effusion or of the blood; however, if abdominal or thoracic effusion is present, its analysis is more useful and will be discussed first (see Web Fig. 10-2, box 3a).109 Nonspecific abdominal ultrasonographic abnormalities can include: peritoneal effusion and abdominal lymphadenomegaly in many cats, and in some cats, hypoechogenicity in the parenchyma of the liver or spleen.185a








Effusion Analysis


Approximately 50% of cats with effusions have FIP.200 The FIP fluid may be clear, straw colored, and viscous and because of the high protein content may froth when shaken (Web Fig. 10-4). The effusion may clot when refrigerated. If the sample is bloody, pus-filled, chylous, or foul smelling, then FIP is unlikely,275 although in rare cases it can appear pink and chylous.283 The effusion in FIP is classified as a modified transudate in that the protein content is usually very high (greater than 3.5 g/dL), reflecting the composition of the serum, whereas the cellular content approaches that of a transudate (fewer than 5000 nucleated cells/mL). The high protein content of the effusion parallels the increased levels of gamma globulins; thus a low albumin : globulin (A:G) ratio in an effusion is highly predictive of FIP. An A:G ratio of more than 0.8 almost certainly excludes FIP,288 and with values between 0.45 and 0.8, FIP remains a possibility.295 An A:G ratio of less than 0.45296 in an effusion with greater than 3.5 g/dL of total protein and low cellularity, consisting of predominantly neutrophils and macrophages, is highly predictive of effusive FIP.275 The diseases with similar fluid analyses are lymphocytic cholangitis and occasionally tumors, usually of the liver. Cytology of the effusion, as well as radiographic and ultrasonographic findings, may help to differentiate FIP from neoplasia, cardiomyopathy, and liver disease with portal vascular hypertension.121,288
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WEB FIG. 10-4 Body cavity effusion from a cat with FIP. Note froth and opacity from high protein content. (Photograph by Craig Greene © 2004, University of Georgia Research Foundation Inc.)











Additional diagnostic tests can be performed on the fluid to help substantiate a diagnosis of FIP. The Rivalta test is a simple, rapid inexpensive point-of-care test for FIP. One drop of 8% acetic acid is added to 5 mL of distilled water and mixed thoroughly, and a drop of effusion is carefully layered on top. If the drop disappears and the solution remains clear, the test result is negative. If the drop retains its shape, stays attached to the surface, or floats slowly down the tube, then the test result is positive (Fig. 10-8). For the Rivalta test result, the positive predictive value is 0.86, and the negative predictive value is 0.97.284
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FIG. 10-8 Positive Rivalta test: one drop of 98% acetic acid is added to 5 mL of distilled water and mixed thoroughly, and a drop of effusion is carefully layered on top. If it disappears and the solution remains clear, the test is negative. If the drop retains its shape, stays attached to the surface, or floats slowly down the tube, the test is positive. (Courtesy Diane Addie, Feline Institute, Pyrenees, France.)








Positive immunofluorescent staining, indicating FCoV-infected macrophages from an effusion, is definitely diagnostic of FIP, but a negative result does not rule it out (Fig. 10-9).109,233 One difficulty with this test is that often the effusion has few macrophages.
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FIG. 10-9 Direct immunofluorescent staining of abdominal effusion showing intracellular coronavirus in a cat with FIP. (Photograph by Wayne Roberts © 2004 University of Georgia Research Foundation Inc.)




















Hematologic and Biochemical Findings


The typical hematologic change in both effusive and noneffusive FIP is lymphopenia.230 In noneffusive FIP, a nonregenerative anemia (hematocrit [HCT] less than 30%) associated with chronic inflammation is evident (see Web Fig. 10-2). Cats that are constipated from granulomatous colitis have an increase in Heinz bodies in erythrocytes. FIP was the main cause of thrombocytopenia in cats.175 Serum γ- globulin is a more useful predictive test for FIP than total protein or A:G ratio (Web Fig. 10-5).109,284,301 The specificity of the diagnosis increases in parallel with value used as a cutoff for increased γ-globulin levels; however, the corresponding sensitivity decreases.109,284 The serum A:G ratio decreases in FIP because the albumin level remains within reference limits or decreases slightly and globulin levels increase. The total serum protein level is often high. FIP should be suspected when serum protein electrophoresis reveals a polyclonal increase in γ-globulin. Other possibilities for these increases include B-cell lymphosarcoma, multiple myeloma or other plasma cell dyscrasia, or chronic persistent infections such as FIV.173,193 Other biochemical alterations reflect damage to the organs containing FIP lesions and are not specifically useful for diagnosing FIP. However, they may help the clinician determine whether treatment is worthwhile. Hyperbilirubinemia may be observed and frequently is a reflection of hepatic necrosis. Despite this fact, the alkaline phosphatase and alanine aminotransferase activities are often not increased as dramatically as they are with cholestatic disorders, such as cholangiohepatitis and hepatic lipidosis.
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WEB FIG. 10-5 Serum electrophoretic pattern from a cat with FIP hyper-β- and -γ-globulinemia. (Photograph by Harsh Jain © 2004, University of Georgia Research Foundation Inc.)























Cerebrospinal Fluid Examination


Cerebrospinal fluid (CSF) analysis is often the most useful for confirming neurologic FIP, but it may be difficult or impossible to obtain a specimen because of the high viscosity of the fluid as a result of protein and inflammatory cell accumulation.173 The risk of brain herniation is significant in these cases, so care should be taken when performing a CSF tap.215,257 Analysis of CSF from cats with neurologic signs can reveal spectacularly elevated protein levels.81,173,215,257,300 However, in one study, CSF total protein was elevated in only 25% of cats with neurologic FIP.173 Total protein in CSF from healthy cats is less than 0.27 g/L; however, lumbar puncture will give higher total protein levels in CSF than by cisternal puncture.67 Pleocytosis (5 leukocytes/µL or 100 to 10,000 nucleated cells/µL—neutrophils, lymphocytes, and macrophages) is present in 67% of cats with neurologic FIP. *














Feline Coronavirus Antibody Tests


It has been said that more cats have died because of FCoV-antibody test results than of FIP. Serologic testing can be useful if the laboratory is reliable and consistent and the test results have been correlated intelligently with clinical findings. At times, clinicians have mistakenly equated a positive antibody titer result with a diagnosis of FIP, which is partly the fault of commercial laboratories or kit manufacturers who specifically call their tests “FIP tests,” when in fact the tests generally detect only the presence of FCoV itself or FCoV antibodies. False-negative antibody test results can be found if there are numerous virus particles in the sample binding the antibody and rendering it unavailable to the antigen in the test or if the testing is performed too soon after exposure to the virus. Antibodies to FCoV appear 18 to 21 days after infection.204 Antibody presence without infection may be found early in the neonatal period: MDAs disappear by 5 to 6 weeks of age.


Approximately one third of seropositive cats are actively infected and shedding coronavirus.10 FCoV antibody titers correlate fairly well with virus shedding.10,246 However, there are many cats with high titers that do not shed virus, and there are cats with low titers that do shed virus.


Analysis of antibody titers is especially useful when FCoV in a cat population is being controlled by quarantine or when it has been eliminated. When a test is sensitive enough, a seronegative result in a clinically healthy cat means the cat is uninfected. Methodologies and antibody titer results vary among laboratories, but each laboratory should report two titer levels. One is the least significant level of reactivity (or low positive titer value) and another is the high antibody titer value. High titers have been correlated with a greater chance of FCoV shedding or presence of FIP as demonstrated by confirmation with surgical biopsy or necropsy results.10,246 The absolute antibody titers mentioned in this chapter are those established by the author's laboratories and should only be used as relative guidelines. When searching for a reliable laboratory, a sample should be divided, stored at −20° C, and sent, without revealing its purpose, to the laboratory in question and an FCoV-referenced laboratory for comparison. See Web Appendix 5 for a listing of some established laboratories for the immunofluorescent antibody test. A final common misconception about antibody titers should be noted. Increasing antibody titers do not indicate that a cat is going to develop FIP—the majority of cats with rising FCoV antibody titers subsequently eliminate the virus and have seronegative results again.


FCoV antibody tests based on the 7b protein have been commercially marketed based on data indicating that the less virulent strain, laboratory strain FECV 70-1683, lacked the 7b gene, whereas the highly virulent laboratory strain FIPV 79-1146 had an intact 7b gene.332 The finding was later found to be a laboratory artifact because FCoVs in cell culture frequently develop deletions in the 7b gene.119 This gene is not essential for viral replication and seems to be superfluous in the absence of a host. Both cats with FIP and healthy cats have antibodies to the 7b protein.152 One study showed distinct genetic differences in the membrane and nonstructural protein 7b genes between FCoV strains from cats with and without FIP.38 Other investigators have found consistent deletions in the 3c gene within FIPV biotypes.45,254 The protein encoded by the 3c gene has unknown function but appears to be essential for viral replication in the gut.45 Whether these genetic discoveries can be exploited to develop a diagnostic test reliably predictive of FIP remains to be seen.


There are 10 major indications for FCoV antibody testing as outlined in Box 10-1 and Table 10-1. The following discussion considers the various types of antibody tests and their uses.





BOX 10-1   Indications for Performing Feline Coronavirus Antibody Testsa







1. Diagnosis of FIP or coronavirus enteritis


2. Monitoring treatment of a cat with FIP


3. Contact with case of FIP or suspected or known coronavirus excretor


4. Screening a cat before mating


5. Screening a cattery for the presence of FCoV


6. Screening a cat for introduction into a FCoV-free household or cattery


7. Screening a cat before surgery or other stress


8. Screening a cat before giving immunosuppressive drugs





FCoV, Feline coronavirus; FIP, feline infectious peritonitis.





aInterpretation of FCoV serology in these circumstances is given in Table 10-1.







TABLE 10-1


Interpretation of Feline Coronavirus Serology Results










	Reason for Testing

	FCoV Antibody Test Results






	Positive

	Negative










	Diagnosis of FIP or coronavirus enteritis

	The clinical signs may be related to FCoV infection, but because many cats with diseases other than FIP or coronavirus enteritis will also be seropositive, other parameters must be examined and differential diagnoses carefully eliminated.

	Provided the test is sensitive enough, FIP or FCoV are unlikely to be the causes, though occasionally effusive FIPs have so much virus in the effusion that it binds to antibody, rendering it undetectable to some tests.






	Monitoring treatment of a cat with FIP

	Retest in 2–3 months.

	Provided clinical signs and other parameters have returned to normal, it is now safe to discontinue treatment. High doses of glucocorticoids can artificially reduce the FCoV antibody titer.






	Contact with case of FIP or suspected or known coronavirus excretor

	A cat in this situation would be expected to be seropositive. Monitor antibody titers every 2–3 months until the cat becomes seronegative.

	Safe to get another cat






	Screening a cat before mating

	Either delay mating until seronegative (retest 2–3 months), or use a controlled mating and test queen's feces by RT-PCR on 4–6 occasions; if she is shedding virus, early-wean and isolate kittens.

	Safe to proceed with mating






	Screening a cattery for the presence of FCoV

	Institute regular serotesting every 2 months, separating positive and negative cats.120 Also use RT-PCR on feces, if possible.

	If all cats are seronegative, there is no FCoV in the cattery.






	Screening a cat for introduction into a FCoV-free household or cattery

	Delay introduction and retest in 2–3 months.

	Safe to introduce the cat into the FCoV-free household






	Screening a cat before surgery or other stress

	If possible, delay stress until seronegative. Retest 2–3 months.

	Safe to proceed






	Screening a cat before giving immunosuppressive drugs

	Examine feces by RT-PCR to establish whether cat is currently infected. Immunosuppression could precipitate FIP—consider alternatives.

	Safe to proceed
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FCoV, Feline coronavirus; FIP, feline infectious peritonitis; RT-PCR, reverse transcriptase–polymerase chain reaction.











Indirect Immunofluorescence


Indirect FA testing is the gold standard for detection of FCoV antibodies; it is useful because it generates indirect FA titers that correlate well with virus excretion.10,246 It is clear that seronegative cats, as determined by a reliable diagnostic test, do not shed FCoV,7,10,84 whereas approximately one in three FCoV-seropositive cats do shed virus.86 Cats with higher antibody titers are more likely to shed virus,10,84,110,246 although cats with relatively low indirect FA titers of 40 to 80 have a 26% to 39% chance of shedding FCoV.7,8,106


Types I and II FCoV and transmissible gastroenteritis virus of pigs can be used in the test.178 Care must be taken to distinguish fluorescence associated with antibodies to FCoV from nonspecific fluorescence caused, for example, by antinuclear antibodies. These can be present because of other factors such as concurrent infections (e.g., FIV, systemic mycoses), autoimmune disease, recent vaccination, or certain treatments for hyperthyroidism (i.e., thiamazole, felimazole, methimazole). Therefore, inclusion of a negative control of uninfected cells for each serum or plasma is essential.














Enzyme-Linked Immunosorbent Assay


Plate enzyme-linked immunosorbent assays (ELISA) or kinetics-based ELISAs are used in commercial and research laboratories. There are no published refereed veterinary assessments of the sensitivity or specificity of these tests apart from the kinetics-based ELISA.25 See Web Appendix 5 for the commercial availability of this assay.
















Point-of Care Antibody Tests


There are at least two FCoV antibody test kits: an ELISA, the FCoV or FIP Immunocomb (Biogal Galed Laboratories Kibbutz Galed, M.P. Megiddo, Israel), and the rapid immunomigration (Speed F-Corona, Bioveto, France; Web Fig. 10-6). The FCoV Immunocomb compared favorably with the gold standard indirect FA test.12
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WEB FIG. 10-6 Point-of-care, rapid immunomigration test for feline coronavirus antibodies. A drop of serum, plasma, or effusion is added to the well, followed by 5 drops of buffer, and a line is seen 20 minutes later if the test is positive. The second line is the positive control line. (Courtesy Dr. Jérôme Morlet, BVT, France.)























Interpretation of Antibody Titer Results


Despite frequent criticism, serologic tests are very useful for identifying cats with suspected FIP, but clinicians should be aware of the limitations of these tests. First, many healthy cats (especially if they are purebred) and cats with conditions other than FIP can have seropositive results. Second, some cats with effusive FIP appear to have low titers or to have seronegative titers because large amounts of virus in their bodies are binding to antibody, making them unavailable to bind the antigen in the serologic test. Although exceptions have been reported,173,298 cats with noneffusive FIP usually have a high FCoV-antibody titer and rarely have seronegative results; thus, coronavirus serology can usually be used to rule out a diagnosis of FIP in suspected noneffusive cases. The presence of a high FCoV-antibody titer in a sick cat from a low-risk, one- or two-cat household is also unusual; it is a stronger indicator of a diagnosis of FIP than the same antibody titer in a cat from a multicat household in which FCoV is likely to be endemic.


Serologic testing cannot be used alone to diagnose FIP, and the other parameters listed in Web Fig. 10-2 must also be considered. Several popular misconceptions regarding interpretation of antibody titers should be addressed. First, clinically healthy cats with FCoV antibodies do not have noneffusive FIP. Second, cats with neurologic FIP had higher antibody titers but lower FCoV loads than cats with generalized FIP.86 Last, seronegativity in diarrheic cats rules out FCoV as a cause; however, FCoV may or may not be a cause of diarrhea in cats with seropositive results.








Effusion


Serologic tests performed on ascites or thoracic effusions yield the same results as when done on blood samples, provided they have high protein concentrations that approximate blood. High FCoV antibody titers in an effusion are 85% specific and 86% sensitive for predicting FIP.109 As in blood, FIP effusions may appear to have low titers or are seronegative because large amounts of virus in the effusion can bind to antibody, making them unavailable to bind the antigen in the serologic test. One way to resolve this issue is by testing for immune complexes.109 Alternatively, these effusion samples can be examined further for the presence of virus by quantitative RT-PCR. Usually such cats have huge amounts of virus in the effusion.














Cerebrospinal Fluid


In preliminary studies, measurement of antibodies to FCoV in CSF has been reported to assist in the diagnosis of neurologic FIP.81 The ratios of serum protein to CSF protein and serum FCoV antibody to CSF-FCoV antibody were always equal to or greater than 1. None of eight controls cats with nonneurologic FIP had anti-FCoV antibodies in the CSF. Unfortunately, these control cats were experimentally infected and had relatively low serum antibody titers to FCoV. Nonspecific leakage of serum proteins into CSF cannot be eliminated: it should be suspected when increased CSF cellularity suggests nonspecific leakage. Adjustment for leakage can be made by comparing a ratio of the CSF-serum titers to another infectious agent (antibody indexing). In a larger studies of natural infection data, with data from corresponding naturally exposed control cats, detection of anti-coronavirus IgG in CSF had a sensitivity of 60% and specificity of 90%, which is of limited clinical use.34 Because any intracranial hemorrhage in an FCoV-seropositive cat will lead to antibodies in the CSF, FCoV antibodies could be present with conditions other than FIP.




















Serologic Monitoring During Treatment


There is very little information published about cats being reevaluated by serologic monitoring during treatment for FIP. FCoV antibody testing is useful at the time of initial diagnosis, but there is little point in monitoring antibody titers more frequently than once every 1 to 2 months once treatment has begun because antibody titers are slow to change. Glucocorticoid or more commonly cytotoxic treatments may suppress the antibody titer, causing it to be artificially low. However, FCoV antibody testing is useful, along with other tests such as α-1 AGP, globulin, HCT, lymphocyte count, and FCoV RT-PCR, in knowing when to discontinue treatment. If a cat has fully recovered, it will have seronegative results; however, if it is only in remission, the antibody titer will likely still be high.














Monitoring Cats after Contact with Virus


Cats that have contacted other cats excreting FCoVs are very likely to have seropositive results, because FCoV is highly transmissible. However, testing can used to compare an initial antibody titer with that of a sample taken 2 to 3 months later, to determine whether or not the antibody titer is declining. If the cat's follow-up antibody titer result is negative (by a reliable, sensitive test), the cat will not develop FIP, it is not shedding FCoV, and it is safe to introduce another cat. Knowing that a cat has positive results for FCoV antibody can enable owners to avoid or reduce stress on the cat in an attempt to prevent FIP.














Screening a Cat before Mating


If the tom and queen cats have negative FCoV antibody results, it is safe to continue with the mating (see the discussion of controlled matings, under Husbandry Measures). If both cats have seropositive results, then viral transmission between the pair is not a problem (although if one cat must travel to the other, the stress of doing so could precipitate FIP). If one has positive results and the other has negative results, then transmission of infection to the noninfected cat is likely, if the cat with positive titer results is shedding virus. Whenever the queen has seropositive results, risk of infecting the kittens is high if she is shedding virus. Therefore, her feces should be tested for virus by RT-PCR on four to six occasions. If the queen is shedding virus, her kittens should be weaned and isolated by no later than 5 weeks of age (Table 10-2).




TABLE 10-2


Protocol for Prevention of Feline Coronavirus Infection in Kittens










	Step

	Description










	Prepare kitten room.

	



1. Remove all cats and kittens 1 week before introducing new queen.


2. Disinfect room using 1:32 dilution of sodium hypochlorite (bleach).


3. Dedicate separate litter trays and food and water bowls to this room, and disinfect with sodium hypochlorite.


4. Introduce single queen 1–2 weeks before parturition.











	Practice barrier nursing.

	



1. Work in the kitten room before tending other cats.


2. Clean hands with disinfectant before going into kitten room.


3. Have shoes and coveralls dedicated to the kitten room.











	Wean and isolate kittens early.

	



1. Test queen for FCoV antibodies either before or after she gives birth.


2. If queen is seropositive, she should be removed from the kitten room when the kittens are 5–6 weeks old.


3. If the queen is seronegative, she can remain with the kittens until they are older.











	Test kittens.

	



1. Test kittens for FCoV antibodies after 10 weeks of age.
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FCoV, Feline coronavirus.





When only one of the pair has positive results, its feces can be tested by RT-PCR to establish whether the infection is current or the antibodies are a remnant of a past infection. If one cat is infected, the mating can be postponed until that cat has stopped shedding virus, usually within a few months.10 If the breeders are determined to continue, they can do a controlled mating—one in which the cats are put together only for the act of mating. The cats should not be housed together, and most importantly, the uninfected cat should be prevented from contacting the feces of the infected cat by not having access to the litter tray. If the cats are long haired, it can be beneficial to clip the “trousers” to prevent contact with fecal contamination. If the queen is infected, the guidelines on early weaning in Table 10-2 should be followed.














Screening Catteries


It is not necessary to test every cat in a large multicat household, because FCoV is so contagious: In an endemic household, it is expected that 90% of cats would show seropositive results if the virus were present. However, where cats are housed in separate groups, two or three cats from each group should be screened.














Screening a Cat for Introduction into an FCoV-Free Environment


A seronegative cat can be safely introduced. A seropositive cat should not be introduced. It should be quarantined and retested for a titer 2 to 3 months later.














Screening a Cat before Surgery or Other Stress


If the cat is seronegative, it is safe to proceed. However, if the cat is seropositive, it may be at risk of developing FIP. Because only one seropositive cat in three is actively infected, the feces can be examined by RT-PCR to establish whether a cat is currently infected. If the cat is actively infected and it is possible to delay the stress, it should be retested every 2 to 3 months until the cat eliminates the infection. The risk of FIP is greatest in the first 18 months after infection,18 so simply by waiting, the risk of developing FIP can be decreased. However, if the surgery must proceed, measures can be taken to reduce the stress as much as possible (for example, by scheduling the cat to be admitted for surgery when there is nobody in the waiting room, or by using pheromones to help calm the cat during the procedures).














Screening a Cat before Immunosuppressive Therapy


It is believed that CMI prevents FIP from developing in FCoV-infected cats.63 Immunosuppressive drugs such as cyclophosphamide, vincristine, or ciclosporin A will suppress CMI. If the cat is seronegative, it is safe to proceed. However, if the cat is seropositive, it may be at risk of developing FIP. Therefore, immunosuppression could precipitate FIP, and if possible alternative treatments should be considered. Because only one cat in three with seropositive results is actively infected, several fecal samples can be examined at weekly intervals by RT-PCR to establish whether a cat is currently infected.














Screening a Blood Donor Cat


If the cat has seronegative results, it is safe to proceed. If the cat has seropositive results, it would be preferable to choose another cat, unless the recipient was extremely unlikely to encounter FCoV in the near future.




















Reverse Transcriptase–Polymerase Chain Reaction Testing


PCR is a highly sensitive technique for amplifying and detecting small amounts of DNA (see Chapter 1 and Fig. 1-3). Because FCoV is an RNA virus, a DNA copy must first be made using the enzyme RT. False-negative results can also be generated in the laboratory by the presence of enzymes that destroy RNA (ribonucleases). Real-time or quantitative RT-PCR has been introduced that gives more rapid results and enables quantitation of virus. Viral quantitation may be valuable in discriminating systemic from enteric infections, because the viral load would be much higher in those infections where systemic spread predominates. Viral detection is clinically useful to veterinarians in confirming the presence of FCoV in cats that appear to have FIP but are seronegative and in detecting viral shedding for epidemiologic purposes. Differentiation of enteric FECV and systemic FIPV by genetic methods has been elusive. As stated previously, differences in the 7b and 3c genes have been observed.38,45,244 These deletions are different in each isolate, currently requiring sequencing to be detected. In addition, there are large variations in viruses from different geographic areas, further complicating the development of a genetically based test.








Blood


Most cats with FIP have negative RT-PCR results in their blood. Viral detection in blood is not a useful prognostic indicator in the healthy cat because FCoV has been detected in the blood of healthy FCoV-seropositive cats.41,116,291 In addition, the absence of FCoV in the bloodstream does not mean a cat is not going to develop FIP.














Effusions


Viral detection in effusions is useful when it is used concurrently with other diagnostic tests. A positive result is highly suggestive of FIP, but a negative result does not rule it out because many test results on FIP effusions are negative. It could be that centrifuging the cells in an effusion and using them would improve sensitivity.














Cerebrospinal Fluid


FCoV RT-PCR on CSF is not usually useful. Whereas a strongly positive RT-PCR result from a cat with neurologic signs could indicate FIP, the result is often negative in cats with neurologic FIP.81,86 FCoV has been found in the CSF or brains of two FCoV-carrier cats who died of conditions other than FIP and in one living seronegative cat who had no other clinical indication of FIP.3 A negative RT-PCR result on CSF does not rule out neurologic FIP.81,87














Other Fluids or Biopsy Specimens


RT-PCR on aqueous humor has good specificity for FIP in the anterior chamber.35 RT-PCR on saliva is not useful in practice because the test results will usually be negative, even in cats with FIP. A positive result from RT-PCR on a conjunctival or nictitating membrane swab for ocular surface cells and tear fluid would be highly indicative of FIP, but a negative result would not rule out FIP. FCoV was detected by RT-PCR in the conjunctivae of 4 of 48 cases of FIP.187


Viral detection on an FNA from enlarged mesenteric lymph nodes in cats is a very useful method of diagnosing FIP, because histopathology of an enlarged lymph node is often vague, only describing pyogranulomatous inflammation. However, if RT-PCR on FNA or even tru-cut biopsy is performed on the liver or kidney, it is essential to know that the biopsy came from a lesion within these organs. This is often difficult to achieve if these techniques are done percutaneously, where the lesions are often visualized indirectly via ultrasound, in contrast to direct visualization with laparotomy. With percutaneous methods, it is likely that the result will be negative, especially in a cat with noneffusive FIP with few lesions. Another problem is that a few FCoV-infected cats with diseases other than FIP will have circulating FCoV, and so the blood in the organ being biopsied may yield a false-positive test result. However, when quantitative PCR is used, the amount of virus should be higher in a cat with FIP compared with a cat with another disease.159








Feces


Detection or absence of FCoV in the feces is not helpful as a FIP diagnostic or prognostic test, but it is useful in research and in households trying to eliminate FCoV infection. Cats that are chronic FCoV shedders are not at special risk of developing FIP,15 but the constant source of virus makes it difficult to contain infections in a cattery. However, lifelong FCoV shedders can only be identified by nine consecutive monthly positive RT-PCR fecal tests.10 RT-PCR cannot measure the viability of the detected organism; therefore, the infectivity of the virus cannot be absolutely ascertained. However, a correlation between strong RT-PCR results and infectivity has been made.84 There is no need to transport feces to the laboratory on ice. FCoV was still detectable by quantitative RT-PCR in a fecal sample after a month at room temperature and in spite of a fungal growth having appeared on it.13




















RT-PCR for Messenger RNA


A PCR has been developed that detects replicating coronavirus by targeting the messenger RNA (mRNA).291 Detection of mRNA in circulating monocytes is evidence that virus is infecting cats systemically and it is replicating. The first developed mRNA RT-PCR yielded positive results in 94% of 49 confirmed cases of FIP and in none of 12 cats with histologically confirmed non-FIP disease.291 However, in that study, 6% of 326 clinically healthy cats had positive test results. In a second study, 54% of healthy cats had positive test results.41 The primers for this test detect human DNA, which increases the possibility of obtaining false-positive results. The use of gloves by the veterinary clinician when a blood sample is taken and the use of DNases in the collection media can reduce this risk of false-positive results. One commercially available quantitative FCoV mRNA RT-PCR is available in the United States; however, the methodology and results concerning this procedure have not been published. It is essential to obtain the special transport medium to obtain optimum sensitivity results (see Web Appendix 5).




















Antigen Detection in Tissues


Viral detection by direct FA and immunohistochemistry can be applied to effusion, cytologic, or biopsy specimens, but these methodologies must be done by a specialized laboratory.


Immunohistochemical staining, used to demonstrate the presence of virus in the lesions, is the absolute gold standard in FIP diagnosis and is the confirmatory test in cases in which the histologic findings are not typical of FIP.315,337 However, it is essential that the correct controls be in place (i.e., that a non-FCoV antibody be used as a control because feline tissue is sticky and will often nonspecifically bind irrelevant antibody, such as the conjugated antibody being used to detect the antibody detecting the coronavirus—see Web Fig. 10-7). Lack of these controls will result in false-positive diagnoses of FIP, and laboratories should be consulted to ensure that they are used. Immunohistochemical staining of tissues to detect infected macrophages is a commercially available test (see Web Appendix 6).
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WEB FIG. 10-7 For direct staining for virus in a tissue (in the example shown here, kidney), a section is taken of the tissue, anti-coronavirus antibody is applied, and a conjugated antibody with a color indicator, such as peroxidase, can be seen by light microscopy. Controls are needed to eliminate the possibility of nonspecific antibody binding. FCoV, Feline coronavirus.











In one study of experimentally induced FIP, viral RNA was found in 76% of visceral tissues examined (mediastinal lymph node, spleen, mesenteric lymph node), as compared to 27% of peripheral tissues (popliteal lymph node, cervical lymph node, femoral bone marrow).55


FCoV antigen has been detected in swabs made from the nictitating membranes of cats with FIP132; however, these results have not been confirmed by other laboratories.315














Alpha-1 Acid Glycoprotein and Other Acute-Phase Proteins


In FIP, IL-6 stimulates hepatocytes to release acute-phase proteins. The acute-phase proteins that have so far been examined in FIP are AGP, serum amyloid A, and haptoglobin. Serum amyloid A and haptoglobin are not routinely used in the diagnosis of FIP. High AGP levels are extremely useful to aid diagnosis of FIP70,226 and for monitoring FIP treatment, because AGP levels decrease rapidly if the treatment is working. The reference range AGP level is 0.1 to 0.48 g/L.70 A rise in AGP levels was found not only in cats who develop FIP, but also transiently in healthy FCoV-infected cats in contact with the sick cat,92,228 leading to speculation that the early AGP response could, in fact, be protective against FIP development.1 Subsequent investigation showed that AGP in cats with FIP was less sialylated than AGP in survivors of FCoV infection.44 Total sialic acid may help reduce the burden of FCoV in the blood, but the measurement of total sialic acid is not useful in FIP diagnosis.278


In using AGP levels to diagnose FIP, it must always be borne in mind that other inflammatory processes, for example an exploratory laparotomy or other neutering surgery,146 and other infections, such as abscesses or pyothorax or fat necrosis,224 will increase AGP levels. In conclusion, raised AGP levels cannot be used alone in the diagnosis of FIP but must be used concurrently with other parameters and with consideration of the cat's history and clinical signs.


























Pathologic Findings


The essential lesion of FIP is the pyogranuloma. In effusive FIP, all the surfaces of the abdominal or thoracic contents, or both, can be covered in small (1- to 2-mm) white plaques (Web Fig. 10-8, Figs. 10-10 and 10-11). Few other diseases have similar lesions, although occasionally miliary tumors or systemic mycoses can have similar appearance. In noneffusive FIP, gross pathologic lesions can be much more variable; however, the kidney is frequently affected and should be examined carefully for pyogranulomata in the cortex (Fig. 10-12). In colonic FIP the colon may be thickened and have a gross appearance that is similar to alimentary lymphosarcoma. In some cats, abnormalities are minimal, and a diagnosis can be made only by histologic examination. In the meninges, gross changes are often minimal or consist of hyperemia of the surfaces; however, histologic lesions are characterized by diffuse meningeal infiltration with pyogranulomatous inflammation (Fig. 10-13).
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FIG. 10-10 Omentum of a cat with effusive FIP. Note gelatinous appearance and small, white perivascular pyogranulomata (arrows) typical of effusive FIP on gross postmortem examination.
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FIG. 10-11 Post mortem of a cat with thoracic effusive FIP, showing a clear, amber effusion (arrow), fibrin on the pleura, and pyogranulomata within the lung. (Courtesy Richard Irvine, University of Glasgow, UK.)
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FIG. 10-12 Bisected kidney of a cat with noneffusive FIP showing pyogranulomata (arrows).
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FIG. 10-13 Histopathologic section of surface of cerebellar cortex from a cat with meningeal inflammation from dry FIP (H&E stain, ×100). (Photograph by Craig Greene © 2004 University of Georgia Research Foundation Inc.)
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WEB FIG. 10-8 Abdominal cavity of a cat with effusive FIP at necropsy. Note multifocal granulomas on the serosal surfaces of many organs.











Vasculitis must be demonstrated to diagnose FIP with reasonable certainty. The lesion consists of an arteriole or venule bordered by a central area of necrosis that is surrounded by a perivascular infiltration of mononuclear cells, proliferating macrophages and lymphocytes, plasma cells, and neutrophils. Immunohistochemistry used to demonstrate the presence of virus in the lesions (see earlier discussion) is the confirmatory pathologic test for suspected lesions (see Web Fig. 10-7).


In cats with coronaviral diarrhea, FCoV can infect the mature columnar epithelium of the tips of the villi of the alimentary tract, resulting in sloughing of the villous tips. FCoV can be demonstrated in the epithelial cells by immunohistochemical staining9 or immunofluorescence. Mild to moderate villous atrophy may be seen, and villi may be fused.















Therapy



Healthy Feline Coronavirus–Seropositive Cat





There are three possible reasons for considering treatment of a clinically healthy cat with FCoV-seropositive results. In the first case, the cat may be incorrectly diagnosed as having noneffusive FIP because of a false-positive “FIP test” result. Before any treatment is instituted, further testing as outlined previously should be done for confirmation. In the second circumstance, treatment might be considered to prevent FIP from developing in a cat that has been in contact with an infected cat. There is no evidence that treatment of a clinically healthy cat with seropositive results could prevent development of FIP. Although it is possible that polyprenyl immunostimulant will prove preventative,184 more studies are required. Because stress is a common factor in the development of FIP in infected cats,275 avoiding unnecessary stress such as rehoming, elective surgery, or placement in a boarding cattery may be beneficial. Immunosuppressive drugs such as glucocorticoids should not be given because immunosuppression might precipitate onset of clinical FIP. In the third instance, treatment might be considered to stop a healthy FCoV-infected cat from shedding virus. However, no treatment is available that can stop this viral shedding. Various drugs work well against FCoV in vitro, such as ribavirin; however, these drugs do not work in vivo, or else they are toxic to cats.244


Ammonium chloride is a frequent constituent of veterinary diets aiming to alter urinary pH. It is also a lysosomotropic agent, inhibiting macrophage invasion by FIPV in vitro.313 Whether or not a diet containing ammonium chloride would have a protective effect in regard to FIP development is unknown.








Coronavirus Enteritis


There are three manifestations of diarrhea in cats due to FCoV: during primary infection; in persistently infected (carrier) cats; or when noneffusive FIP has caused lesions within the colon. The diarrhea that occurs in some cats with primary FCoV infection is a small intestinal diarrhea that is usually self-limiting within a few weeks. Other causes of diarrhea, such as that caused by Tritrichomonas foetus, which is large-intestinal in nature, should be eliminated before FCoV infection is considered responsible. Typically the FCoV-induced diarrhea involving young cats living in crowded multicat environments that have seropositive results for FCoV antibody, or in which FCoV has been detected in the feces, can only be treated supportively. FCoV diarrhea in the persistently infected cat is large intestinal, sometimes leading to fecal incontinence. Use of fluid-electrolyte replacement and restricted caloric oral diet with living natural yogurt or with probiotics may be appropriate. No specific antiviral treatment has yet been demonstrated to cure this condition. Some persistently infected carrier cats with diarrhea respond to low doses of prednisolone (0.5 to 1 mg/day).














Clinical Feline Infectious Peritonitis


In general, FIP was deemed incurable, and a diagnosis has resulted in the decision to euthanize. Advances in the understanding of FIP pathogenesis and novel diagnostic tests enable earlier and more accurate diagnosis of FIP, enabling the start of treatment earlier in the disease process, when there is more chance of reversing its course.


FIP is caused not by cytotoxicity of the virus, but by the cat's inflammatory and immune-mediated response to FCoV. Therefore, therapy is aimed at suppressing the inflammatory and immune-mediated responses, often with glucocorticoids. One problem with glucocorticoid therapy is that it affects the immune response nonselectively by suppressing both Th1 and Th2 immune responses. Ideally, treatment should support the Th1 response while suppressing the Th2 response, because there is a hypothesis that a CMI response is beneficial, whereas a humoral immune response is detrimental.244


A list of some FIP treatments attempted in the past and possible novel treatments is given next. Although effusive and noneffusive FIP are not distinct diseases, but rather are gradations of the same process, they tend to be differentiated for treatment because the immune reaction is slightly different. See Table 10-3 for suggested therapeutic protocols for each of these conditions. Unfortunately, not all the licensed products are available worldwide. This may affect the choice of regimen.




TABLE 10-3


Treatment Protocols For Effusive and Noneffusive Feline Infectious Peritonitis










	Effusive FIP

	Noneffusive FIP










	



Glucocorticoids:




Dexamethasone: 1 mg/kg intrathoracic or intraperitoneal injection once only, AND:


Prednisolone sliding dose: 4 mg/kg/day, PO, for 10–14 days reducing to 2 mg/kg/day for 10–14 days, then 1 mg/kg/day for 10–14 days, then 0.5 mg/kg/day for 10–14 days, then 0.25 mg/kg/day for 10–14 days, then 0.25 mg/kg/e.o.d. and so on, ceasing after complete remission of clinical signs. If, at any point, the cat's condition regresses, go back to the previous dose.





Feline interferon-ω: 1 MU/kg into the site of the effusion—the abdominal or thoracic cavity or (if not possible) SC, every other day, reducing frequency of treatment to once weekly if remission occurs.


Polyprenyl immunostimulant: Not advised.






	



Polyprenyl immunostimulant: 3 mg/kg every other day


If Polyprenyl immunostimulant is not available: Glucocorticoids:




Prednisolone sliding dose: As for effusive FIP. In addition, for FIP-related uveitis, topical glucocorticoids will be used.





Feline interferon-ω: 50,000 U per cat PO q 24 hr until AGP, globulins, HCT, lymphocyte count, and clinical signs return to normal.


Diluting feline interferon ω: Feline interferon ω (Virbagen Omega, Virbac) comes in vials of 10 million units (MU). It is reconstituted with 1 mL of diluent. Ten aliquots of 0.1 mL (1 MU per syringe) are prepared in insulin syringes. Nine of the 10 syringes are placed in the freezer (can be stored up to 6 months). The 10th syringe is diluted with 9.9 mL of sterile 0.9% saline solution to obtain 10 mL of a solution containing a total of 1 MU (100,000 U/mL) of feline interferon-ω. This syringe is stored in the refrigerator at +4°C where it will last up to 3 weeks3a (do not freeze diluted interferon-ω; it is unstable). Dose: 0.5–1 mL of this diluted solution (containing 50,000–100,000 units) orally daily, using the syringe without the needle.
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AGP, Alpha-1 acid glycoprotein; E.O.D, every other day; FIP, feline infectious peritonitis; HCT, hematocrit; MU, million units; PO, by mouth; SC, subcutaneous.











Glucocorticoids


Glucocorticoids are universally available and inexpensive. Prednisolone is the main immunosuppressant used in the treatment of FIP. They are relatively safe at anti-inflammatory to immunosuppressive dosages and tend to make the cat feel better and stimulate its appetite. Prednisolone suppresses the humoral and CMI response. One cat with noneffusive FIP treated with prednisolone alone survived for 10 months. Prednisolone has the advantage of also being the treatment for lymphocytic cholangitis, which can be mistaken for FIP. When the diagnosis is in doubt and prednisolone is given, a cat with lymphocytic cholangitis has a good chance of recovery, whereas a cat with FIP will not recover.


Prednisolone should never be used in cats with septic peritonitis or pleuritis. Cytologic evaluation of the effusion is important to distinguish FIP fluid from that caused by bacterial or fungal infection. The septic effusion has many more leukocytes, and an attentive cytologist can detect the bacteria or fungi. The dosage is 2 to 4 mg/kg/day given orally, with a gradually reducing dose every 10 to 14 days until the optimal dosage for the cat is determined by continued response to treatment. Cats on immunosuppressive drugs should also be given broad-spectrum antibiotics if secondary bacterial infections arise and possibly given l-lysine (see Chapters 2, 14 and 92) to prevent recrudescence of latent herpesvirus.














Polyprenyl Immunostimulant


Polyprenyl immunostimulant (Sass & Sass, Inc, Oak Ridge, TN) is a mixture of phosphorylated, linear isoprenols that upregulate biosynthesis of Th-1 cytokine mRNAs.184 It was used successfully in three cats with noneffusive FIP, with survival times of 14, over 26, and 27 months, but it had no beneficial effect on cats with effusive FIP.184 The dose of 3 mg/kg orally is given two or three times a week until cure (see the Drug Formulary in the Appendix).














Interferon


A good IFN-γ response is thought to confer resistance to FIP.171 Unfortunately, however, IFN-γ is not available for treating cats, and so treatment must be attempted with recombinant human IFN-α and feline IFN-ω. See Chapter 2 and the Drug Formulary in the Appendix, for further information on these cytokines.








Human Interferon-α


IFNs are species specific. Recombinant human (alpha) IFN (rHuIFN-α) does have some activity in cats,340 and high doses (106 U/kg of body weight) temporarily suppressed disease signs and extended survival in cats with experimentally induced FIP.340 However, if the cat is still alive after 6 to 7 weeks of this treatment, IFN no longer works because the cat will produce antibodies against it.














Feline Interferon-ω


IFN-ω is a monomeric glycoprotein related to IFN-α and IFN-β but not IFN-γ. It is secreted by virus-infected leukocytes and has antiviral and anti-inflammatory properties. IFN-ω stimulates natural killer cell activity and enhances expression of MHC class I but not class II antigens. MHC in the cat is known as FLA; class I is associated with cellular immunity, whereas class II antigen expression is associated with humoral immunity. IFN-ω is not cross-reactive with IFN-α, so cats that have been treated with and have made antibodies against IFN-α will not neutralize IFN-ω. IFN-ω is acid resistant, so it can be given orally. As with any IFN, it is most effective at the site of the infection.


In the first published report of recombinant feline IFN-ω (rFeIFN-ω, Virbagen Omega, Virbac, France) and prednisolone treatment of FIP, 4 cats of 12 completely recovered and 2 survived 4 and 5 months.142 However, a later placebo-controlled study involving 37 cats showed no benefit from IFN-ω.271 The beneficial effect of IFN-ω in treatment of FIP is in question. Although effusive and noneffusive FIP are not distinct diseases, but rather are gradations of the same process, there are two suggested protocols for FIP treatment using IFN-ω (see Table 10-3).




















Other Possible Treatments


Thalidomide has anti-inflammatory properties and pushes immune response from Th2 to Th1, so it is theoretically preferable to glucocorticoids in FIP treatment. Thalidomide is not toxic to cats, although its fetotoxicity in pregnant human females has been a concern. Unfortunately, its availability is limited to certain countries. It should not be used in pregnant cats. The dosage is 50 to 100 mg once a day in the evening.


TNF-α inhibitors are used to control TNF-α levels that are raised in FIP and contribute to the inflammatory response. Chronic overproduction of TNF-α results in cachexia; therefore it is possible that TNF-α inhibitors could be used to treat noneffusive and effusive FIP. However, one TNF-α inhibitor, pentoxyfilline, is reported not to be effective.244 Monoclonal antibodies directed against TNF-α (infliximab) are used in humans with rheumatoid arthritis and Crohn's disease. None have so far been tried in the cat.


Thromboxane synthetase inhibitors (ozagrel hydrochloride, used in humans with asthma), with prednisolone, cured one cat and gave remission for 8 months in a second with effusive FIP.336 However, this result was unable to be reproduced.308


MMP-9 inhibitor (salvianolic acid B) is excreted by monocytes in FIP.166 MMP-9 inhibitors are zinc-dependent endopeptidases capable of breaking down extracellular matrix proteins. MMP-9 is likely responsible for the leakiness of the blood vessels in effusive FIP. MMP-9 inhibitors may be useful in early effusive FIP but are unlikely to be useful in noneffusive FIP. Although these compounds have not yet been used in cats with FIP, the suggested dose is 10 mg/kg once daily.


5-Hydroxytryptamine receptor antagonist (tropisetron) reduces levels of TNF, IL-1β, IL-6, and prostaglandins.212 Although this therapy has not yet been used in cats with FIP, the suggested dose is 300 µg/kg once a day.


Compounds with antiviral properties against coronaviruses have been evaluated extensively since the advent of SARS. Results of in vitro screening have indicated antiviral activity in a number of compounds, including some antibiotics and plant lectins.23,156,324 The plant lectins Galanthus nivalis agglutinin, Hippeastrum hybrid agglutinin, and Urtica dioica agglutinin and the nonpeptidic mannose-binding antibiotic pradimicin A show promise in vitro.324 The antiviral protein griffithsin specifically binds to the SARSr-CoV spike glycoprotein and inhibits viral entry and has a positive effect on morbidity and mortality in a lethal infection model using a mouse-adapted SARSr-CoV, and also specifically inhibits deleterious aspects of the host immunologic response to SARS infection in mammals.218 However, there are no successful clinical studies of any of these drugs in cats. See Chapter 2 for an extensive review of antiviral and immunomodulatory drugs.




















The Role of Nutrition


It has been recognized that the modern diet of humans, with its omega 6:3 ratio of about 16:1, is hugely different from the 1:1 ratio with which humans likely evolved.292 It is likely that present-day cats, consuming hugely processed foods containing grain-derived protein that has too much omega 6, have similarly high ratios. Certainly the increase in prevalence of obesity and diabetes mellitus in both people and cats would suggest a similarly disparate nutrition. A high omega 6:3 ratio enhanced proinflammatory cytokine release from monocytes and an increased tendency for monocytes to adhere to endothelium and migrate.199 Decreasing total polyunsaturated fat content and omega 6:3 ratio in the diet of rats decreased extravasation.195 Although it has not been tested in controlled studies, giving FIP-cats a high omega 3 supplement might be beneficial. It might also help to prevent the development of FIP in in-contact cats.


Ammonium chloride in vitro reduced FCoV production.313 Ammonium chloride has been added to feline diets to acidify urine; whether or not such diets would help cure or prevent FIP in cats has not yet been investigated.














Monitoring Treatment and Prognosis


Regardless of which treatment is chosen, it is important to monitor the cat's progress. Regular checks every 7 to 14 days of HCT, globulins, A:G, AGP, lymphocyte count, and the cat's weight serve as indicators of the cat's progress during the first month. Future examinations could be performed at monthly intervals if the cat is improving. It is not worthwhile to measure the FCoV-antibody titer more often than monthly or greater because no discernible difference can be detected within a shorter period. The AGP levels should be the first to decrease if treatment is having a positive effect because AGP is a measure of inflammation. Positive signs also include resolution of effusion; decreasing globulin levels; increasing A:G ratio, HCT, and lymphocytes; the appearance of reticulocytes in blood smears; and weight gain, whereas the opposite changes connote a negative response. If the HCT becomes less than 20% and the anemia is nonregenerative (i.e., no reticulocytes are seen on blood smear examination), the cat should probably be humanely euthanized if its quality of life is impaired. Clearly, if the cat is distressed at any point in the treatment, euthanasia should be considered. Cats with effusive FIP usually survive for only a few days to weeks at best. Cats with noneffusive FIP can survive many weeks or months,184 although after neurologic signs begin, death usually ensues fairly rapidly.





















Prevention



Vaccination against FIP





There have been many failed experimental attempts at development of a vaccine against FIP.244 There is one available vaccine against FIP (Primucell, Pfizer Animal Health, New York) incorporating a temperature-sensitive mutant of the FCoV strain DF2-FIPV, which replicates in the cool lining of the upper respiratory tract but not at the higher internal body temperature.22,44,45,46 This vaccine, administered intranasally, produces local immunity at the site where FCoV first enters the body—the oropharynx—and also induces a long-lasting CMI response. The vaccine has been available in the United States since 1991 and has been introduced in some European countries. The two concerns about this vaccine are its safety and efficacy.


The safety concern is whether the vaccine can cause ADE. Although some experimental vaccine trials have recorded ADE on challenge, the overwhelming evidence from field studies is that Primucell is safe. None of 582 cats vaccinated with the vaccine and followed for a mean of 541 days showed any ill effects.266 In two double-blind trials (one with 609 cats79 and one with 500 cats264), the animals were vaccinated with either Primucell or a placebo, and in both trials, fewer FIP-associated deaths occurred in the Primucell-vaccinated group than the placebo group. Clearly, the vaccine afforded protection from FIP and did not cause ADE. Furthermore, immediate side effects from vaccination such as sneezing, vomiting, or diarrhea were not statistically different between the vaccinated group and the placebo group.


Primucell vaccination causes seroconversion, and although it may be at a lower level than that caused by natural infection, it can still cause low positive antibody titers. Cats shed vaccine virus oronasally for up to 4 days. The recommendation for vaccination is to give cats two doses 3 weeks apart from the age of 16 weeks onward. In spite of this recommendation, the vaccine has also been administered to 9-week-old kittens and found to be safe.141 In these kittens the vaccine did not prevent infection; however, the amount of FCoV isolated from the gut and mesenteric lymph nodes was significantly reduced. The vaccine seems to be safe to administer to pregnant cats and does not affect kitten mortality or reproductive capability in breeding colonies. The vaccine is also safe to administer simultaneously with other vaccines or to cats infected with feline leukemia virus. Annual boosters are recommended. Because mucosal immunity is involved, the duration of immediate IgA protection after natural exposure or vaccination is short in most cats after virus is cleared, and reinfection is possible. Vaccine must be given periodically to maintain this immunity.


The efficacy has been questioned because the vaccine strain is a serotype II coronavirus, and the serotype I coronavirus is more prevalent in field isolates. A double-blind trial with 609 16- to 53-week-old vaccinated pet cats was conducted in Switzerland.79,191 At the start of the trial, 358 cats were seropositive. Up to 150 days after vaccination, the number of cats that developed FIP was not significantly different. However, after 150 days, only one FIP-associated death in the vaccinated group of cats (0.4%) occurred, compared with seven FIP deaths in the placebo group (2.7%).79 RT-PCR of blood from all of the vaccinated cats that developed FIP showed that virus was present in the cats before the vaccine was administered.80 Thus, many of the cats in which Primucell appeared ineffective had been incubating FIP before they were vaccinated. Because the vaccine works partly by stimulating local immunity, it is less effective if virus has already crossed the mucous membranes. Obviously, it follows that Primucell is more efficacious in cats that have not been exposed to FCoV (or are seronegative) than in seropositive cats. Clearly, an attempt must be made to prevent kittens from becoming infected with FCoV before they are vaccinated.


The efficacy of Primucell based on preventable fraction (see Duration of Immunity and Antibody Measurement, Chapter 100) has been reported to be 50% to 75%. In a survey of 138 cats from 15 cat breeders, in which virtually all of the cats were seropositive, no difference in FIP-associated deaths was found between the vaccinated group and the placebo group.79 The manufacturers do not specify that FCoV antibody testing should precede vaccination. However, because the vaccine does not work in a cat that is incubating the disease, FCoV antibody testing is beneficial. In addition, the vaccine causes seroconversion and low antibody titers; therefore, testing before vaccination is advisable. Primucell is designated noncore by the American Association of Feline Practitioners (AAFP) and the Advisory Board on Cat Diseases (ABCD).4,269 Although vaccination is unlikely to prevent FIP in purebred kittens unless they have been vaccinated before exposure, the vaccine is the only option to reduce the prevalence of FIP in cats entering endemically infected shelters or boarding catteries.


The next generation of FIP vaccines could involve genetically modified FCoV. Experimental vaccines in which accessory genes 3abc and 7ab were deleted protected cats against challenge in the laboratory.107 Curiously, deleting 3abc gave good protection, and deleting 7ab gave some protection, but deleting all of the genes failed to protect.








Feline Infectious Peritonitis Prevention for Cat Breeders


Purebred cats are at greater risk of developing FIP than are nonpurebred cats.83,259,274,297,344 Even in breeding catteries where FIP has not occurred, problems will arise in the kittens, such as diarrhea and upper respiratory signs.7 Stunting and uneven litter sizes (see Fig. 10-7) at time of vaccination are excellent warnings that FCoV is endemic and indicate that intervention is needed before disaster strikes.


The elimination of FCoV from purebred cats could be hampered by what has been termed the “ostrich syndrome” among cat breeders. This syndrome is a preference not to know the FCoV status of their cats.344 However, elimination of FIP from purebred cats should be a goal of conscientious breeders. Good hygiene and cattery design are essential for minimizing the level and spread of FCoV. A protocol for use in catteries is presented in Table 10-4.




TABLE 10-4


Protocol for Minimizing Feline Coronavirus Introduction or Spread in a Cattery










	Protocol

	Description










	Reducing fecal contamination of the environment

	Have adequate numbers of litter trays (one tray for every one or two cats).






	Use a nontracking cat litter with some antiviral properties (Addie manuscript in preparation). Declump litter trays at least daily.






	Remove all litter, and disinfect litter trays at least weekly.






	Keep litter trays away from the food area. Vacuum around litter trays regularly.






	Clip fur of hindquarters of longhaired cats.






	Cat numbers

	Ordinary households should have no more than 8–10 cats.






	Cats should be kept in stable groups of up to three or four.






	In rescue facilities, each cat should be kept in single quarters and not commingling with other cats.






	In a FCoV eradication program, cats should be kept in small groups according to their antibody or virus shedding status: seronegative or nonshedding cats together and seropositive or virus-shedding cats together.






	Antibody or virus testing

	Incumbent cats should be tested before introducing new cats or breeding.






	Only seronegative or virus-negative cats should be introduced into FCoV-free catteries.






	It is safer to introduce seropositive cats than seronegative cats into infected households, but the newcomer and the incumbent cats are still at risk for developing FIP.






	Isolation and early weaning

	Cat breeders and rescuers of pregnant cats should follow the protocol outlined in Table 10-1.






	Vaccination with Primucell

	If new cats must be introduced into a household with endemic infection, they should be vaccinated with Primucell (Pfizer Animal Health, New York) before introduction.
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FCoV, Feline coronavirus; FIP, feline infectious peritonitis.

















Husbandry Measures


Uninfected cats should be separated from FCoV-infected cats, and new cats should be quarantined before being allowed to mix with existing cats. FCoV infection is maintained in a household or cattery by continual cycles of infection and reinfection.15,84,85 There are now commonly available RT-PCR tests that can detect FCoV in feces, so that it is possible to establish which cats are shedding FCoV and to separate them from cats that are not shedding FCoV. Virus shedding usually continues for 2 to 3 months or longer,10 so testing feces once a month is adequate. Cats that shed FCoV for 9 months or more are likely to be lifelong carriers of the virus, although one cat known to the author (DA) ceased shedding virus after 5 years. By repeat testing and separation of shedding and nonshedding cats, it is possible to eliminate FCoV from a multicat pet or breeding household.120 Quarantine and testing of new arrival cats will prevent FCoV from being introduced into such a household.


Controlled matings can be used when one cat is infected with FCoV and the other cat is uninfected, because direct transmission of FCoV is not a problem between healthy infected cats.3 In controlled matings, the cats are put together only to mate; they do not share a litter tray (see the earlier discussion of screening a cat before mating, under Diagnosis).


Early weaning and isolation of kittens, more than any other factor, determines whether they become infected with FCoV.6,7 Kittens of FCoV-shedding queens should be protected from infection by MDA until they are at least 5 to 6 weeks old. A protocol for the prevention of FCoV infection in kittens is presented in Table 10-2. When reliable serologic tests are available, kittens should be tested when older than 10 weeks to ensure that isolation and early weaning have been effective. Infected kittens younger than 10 weeks may not yet have seroconverted.7 Some feel that preventing infection of kittens is too difficult,244 yet it was done successfully by breeders of 12 litters in ordinary houses, with no special facilities.7 Even isolating each litter with its respective queen considerably reduced their chances of becoming infected compared with allowing the kittens free access to the whole household.6,7














Feline Infectious Peritonitis Prevention in Rescue Shelters


A combination of vaccinating cats with Primucell before they enter shelters or as soon as they enter,264 excellent hygiene, barrier nursing practices, and stress reduction is necessary to prevent FIP in shelter situations. Cats should be kept away from dogs not only to reduce stress, but also to prevent contact with CCoVs.268




















Public Health Considerations


Humans cannot become infected with FCoV or develop FIP. Human coronaviruses 229E and OC43, which are widely prevalent in the human population, cause the “common cold,” and do not pose a risk to cats. SARSr-CoV has been experimentally inoculated into cats in the laboratory and caused inflammation of the tracheobronchial tissues and associated lymph nodes.323 Natural infections with the SARSr virus have been reported in the civet cat, which is a nonfeline carnivorous species.
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Chapter 11


Feline Leukemia Virus Infection


Katrin Hartmann







Feline leukemia virus (FeLV) infection occurs worldwide.62,93 For many years after its discovery, FeLV was considered to (1) be the principal scourge in cats, (2) account for most disease-related deaths in pet cats, and (3) be responsible for more clinical syndromes than any other single agent.375


FeLV was first described in 1964 by William Jarrett and co-workers, when virus particles were seen budding from the membrane of malignant lymphoblasts from a cat with naturally occurring lymphoma (Figs. 11-1 and 11-2).218,219 The virus was shown to produce a similar tumor when experimentally injected into healthy cats and thus was proven to be capable of transmitting neoplasia. Although clusters of lymphoma cases occurring in households had always been observed, it was not until the discovery of FeLV that an infectious etiology was finally proven. After this discovery, it was assumed for many years that all hematopoietic tumors in cats were caused by FeLV, independent of whether the cats were found to be FeLV-positive.146 Later, it had been estimated that at least approximately one third of all cancer deaths in cats were caused by FeLV, and an even greater number of infected cats died of anemia and infectious diseases caused by suppressive effects of FeLV on bone marrow and immune system.62 However, today these assumptions are being reconsidered because the prevalence and importance of FeLV as a pathogen in cats are decreasing, primarily because of testing and eradication programs and routine use of FeLV vaccines. It is currently accepted that tumor-causing factors other than FeLV play more important roles, specifically in older cats.279
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FIG. 11-1 Production and release of virus from a feline malignant cell. Viral envelope antigens can have a spike or knob shape. Host histocompatibility antigens may appear on the virus as the virus buds from the cell membrane. Viral structural proteins may appear on the host cell. Virus replication can also occur in nonmalignant cells. FOCMA, Feline oncornavirus cell membrane antigen. (Art by Dan Beisel © 2004, University of Georgia Research Foundation Inc.)
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FIG. 11-2 Ultrastructural view of FeLV budding from cell surface (arrow). (Courtesy SmithKline Beecham Animal Health, Exton, PA.)














Etiology


FeLV, a γ-retrovirus of domestic cats, is a member of the Oncornavirus subfamily of retroviruses. It contains a protein core with single-stranded RNA protected by an envelope. FeLV is an exogenous agent that replicates within many tissues, including bone marrow, salivary glands, and respiratory epithelium. If the immune response does not intervene after initial infection, FeLV spreads to the bone marrow and infects hematopoietic precursor cells. All retroviruses, including FeLV, rely on a DNA intermediate for replication. The single-stranded RNA genome is reversely transcribed into DNA, which is randomly integrated into the host's cell genome (the integrated DNA is called “provirus”) with the help of an integrase (Fig. 11-3). After reverse transcription, synthesis of viral proteins occurs with assembly of the virions near the cell membrane and budding from the cell (see Fig. 11-1). Infection of a cell by a retrovirus does not usually lead to cell death. Once the provirus is integrated, cell division results in daughter cells that also contain viral DNA. The ability of the virus to become part of the host's own DNA is crucial for the lifelong persistence of the virus after bone marrow infection. Consequently, every infected cell has to be recognized and destroyed to “cure” an infection. Once the pool of hematologic and immune stem cells becomes infected, true elimination of the virus becomes impossible.48,187,257
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FIG. 11-3 Formation of FeLV and integration into cells. RT, Reverse transcriptase.














Virus Origin


Both exogenous (foreign, “pathogenic”) and endogenous (inherited, “nonpathogenic”) retroviruses occur in cats.347a Pathogenic exogenous viruses that can be transmitted horizontally from cat to cat include FeLV, feline immunodeficiency virus (FIV, see Chapter 12), and feline foamy virus (also known as syncytium-forming virus, see Chapter 15), which is widespread but has a low pathogenicity.


On the basis of similarities in nucleotide sequences, it is likely that FeLV evolved from a virus in an ancestor of the rat. It is likely that this event took place in the late Pleistocene up to 10 million years ago in the North African desert. Ancestral rats and cats roamed freely, and the virus was transmitted to cats through ingestion or a rat bite. The initial spread of FeLV among cats might have been inhibited by the aridity of the North African desert.29


FeLV is divided into several subgroups (based on the genetic map), but only subgroup FeLV-A is infectious and transmitted from cat to cat. The other subgroups (e.g., FeLV-B and FeLV-C) are not transmitted from cat to cat under natural circumstances but can be generated de novo in a FeLV-A-infected cat by mutation and recombination of the FeLV-A genome with cellular genes or genes from endogenous retroviruses in the cat's genome. The feline sarcoma virus (FeSV) also is a recombination of the FeLV-A genome with tumor-associated cellular genes (proto-oncogenes) and likewise is generated de novo in a FeLV-A-infected cat.


Certain endogenous, nonpathogenic retroviruses (e.g., enFeLV, RD-114 virus, MAC-1 virus) are normally present in the genome of the cat population and inherited by transmission from mother to kitten through germline. These endogenous fractions of proviral DNA (also called “proviral sin”) cannot produce infectious virus particles themselves. They are present in every feline cell but not replicating. Their main relevance relies on the fact that these DNA fractions can potentially recombine with FeLV-A DNA in cats with FeLV-A infection and thus increase the pathogenicity of FeLV-A. EnFeLV is thought to have originated hundreds of thousands of years ago from cats that had eaten mice viremic with a murine leukemia virus (MuLV) that was able to incorporate its genome into the germline cells of the predator. This MuLV was then inherited by all the feline offspring. The enFeLV genome is not complete and, therefore, is not competent to replicate by its own.409 The amount of enFeLV varies between different breeds of cats, including the wild cat (Felis silvestris), suggesting that this exposure to MuLVs is a continuing phenomenon,347a,426 and an association between enFeLV loads and FeLV-A replication but not with outcome of FeLV-A infection was demonstrated.425


RD-114 is of primate origin and is most closely related to an endogenous baboon retrovirus and only distantly related to FeLV. It is thought to have originated hundreds of thousands of years ago from an ancestor cat that had preyed on an early primate infected with this RD-114 virus.23 RD-114 is replication competent. Although no evidence shows pathogenicity of or any immune response to RD-114 virus in cats, it may play some role in normal fetal differentiation.58,62,434 It also appears important to monitor RD-114 virus production in feline cell lines used for biological products as substrates, and assays to screen for RD-114 infection in cell culture have been developed.383














Feline Leukemia Virus Subgroups


FeLV exists in several subgroups that are mainly defined by host cell spectrum, on the basis of their ability to replicate in nonfeline tissues, interference testing, and virus neutralization (Table 11-1). The three most important FeLV subgroups are FeLV-A, FeLV-B, and FeLV-C, all immunologically closely related. Other less important subgroups have been described, including subgroup T, which is highly cytolytic for T lymphocytes and causes severe immunosuppression.24,250,251 A particular “FeLV feline acquired immunodeficiency syndrome” (FAIDS) is composed of FeLV-A virus and highly immunopathogenic variants that infect CD4+ and CD8+ lymphocytes and B lymphocytes in blood, lymph nodes, and myeloid cells.354 This widespread proliferation greatly impairs the immune response.




TABLE 11-1


Feline Leukemia Virus Subgroupa










	Viral Subgroups

	Frequency of Isolation in FeLV-Positive Cats

	Associated Disease

	Comparison by Species of in Vitro Replication










	A

	100% in infected cats, mildly pathogenic but highly contagious, mildly cytopathogenic

	Immunosuppression and other FeLV-associated diseases, replicating and contagious

	Cat, rabbit, pig, mink, human






	B

	Occurs with subgroup A in 50% or more of cats with neoplastic disease (lymphoma)

	Hematopoietic neoplasia, nonreplicating and noncontagious, virulent in recombination with subgroup A

	Cat, dog, cow, hamster, pig, human






	C

	Rarely isolated, mainly in cats with nonregenerative anemia

	Nonregenerative anemia and erythremic myelosis, nonreplicating and noncontagious, virulent in recombination with subgroup A

	Cat, dog, guinea pig, human
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Modified from Jarrett O. 1990. Feline leukemia virus subgroups, pp 473-479. In Hardy WD, Essex M, McCleland AJ (eds), Feline leukemia virus. Elsevier, New York; Nakata R, Miyazawa T, Shin YS, et al. 2003. Reevaluation of host ranges of felline leukemia virus subgroups. Microbes Infect 5:947-950.





Only FeLV-A is contagious and passed horizontally from cat to cat in nature. The other subgroups evolve de novo in a FeLV-A-infected cat by mutation and recombination between FeLV-A and cellular or endogenous retroviral sequences contained in normal feline DNA. Subgroup B originates from recombination of FeLV-A with enFeLV. Subgroup C is less common and is the result of mutations in the env gene. It has been suggested that FeLV-C arises in FeLV-A-infected cats through intermediates that are multitropic in their receptor use.392 Replication of FeLV-B and FeLV-C is only possible with the help of FeLV-A, because important genomic sequences are replaced in these recombinant viruses. Proposed FeLV-A helper functions include enhanced replication efficiency, immune evasion, and replication rescue for defective FeLV-B and FeLV-C virions. However, in certain experiments, it was possible to induce replication without FeLV-A. In newborn specific-pathogen free kittens, experimental FeLV-B or FeLV-C infection has been established without presence of FeLV-A.27,387 Nevertheless, all naturally infected cats carry FeLV-A either alone or in combination with FeLV-B, FeLV-C, or both. Thus, if antibodies against subgroup A are produced, the cat is protected against any FeLV infection.


Pathogenicity of FeLV-B and FeLV-C, in combination with FeLV-A, is higher than that of FeLV-A alone.374 However, in one experiment, infection of FeLV-A in combination with FeLV-B under experimental conditions was associated with an attenuated infection compared to infection with FeLV-A alone when inoculation of different subgroups was performed simultaneously.344 Different properties of the envelope proteins in the various subgroups have been shown to be the major pathogenic determinant, but the mechanisms by which envelope differences influence pathogenesis are not well understood.317 FeLV-B is commonly associated with malignancies; FeLV-C is mainly associated with nonregenerative anemia. In experimental infections, a FeLV-B strain (Rickard strain) caused lymphoma in nearly 100% of kittens by 1 year of infection, whereas FeLV-C isolates repeatedly produced fatal nonregenerative anemia.338 FeLV-B has been associated with a majority of cats with thymic lymphomas.4
















Feline Leukemia Virus Genome and Proteins


FeLV is a typical retrovirus, containing single-stranded RNA that is transcribed by the enzyme reverse transcriptase (RT) into DNA, the so-called provirus that is subsequently integrated into the cellular genome. The gene sequence contains long terminal repeats (LTRs), which are repeated sequences that have regulatory function and control expression of the other viral genes but generally do not code for a protein product. From the 5′ to the 3′ end, the gene order is LTR-gag-pol-env-LTR. LTR regions play a critical role in tissue tropism and pathogenic potential of the viruses. Within the LTRs, recurrent enhancer sequences or upstream region enhancers (UREs) are frequently found in cats with myeloid leukemias and thought to play some role in oncogenesis.298,325 Of the UREs, the U3-LTR of FeLV upregulates specific cellular genes in an integration-independent way. The U3-LTR region does not encode a protein but instead makes a specific RNA transcript. It was demonstrated that FeLV U3-LTR upregulates the NFκB signaling pathway via activation of Ras-Raf-IκB kinase and degradation of IκB, providing new explanations of LTR-mediated cellular gene transactivation that might play a role in oncogenesis.2 The gag (group-associated antigen) gene encodes the internal structural proteins, including p15c, p12, p27, and p10 (Table 11-2). The gag protein p27, which is routinely used for diagnosis of FeLV infection, is produced in virus-infected cells in amounts exceeding what is necessary for assembly of new virus particles. Thus, p27 is abundant in the cytoplasm of individual infected cells and also in the blood of infected cats, which is why most available immunochromatographic tests, such as the enzyme-linked immunosorbent assay (ELISA) and immunofluorescence assays, are designed to detect this protein, in blood or intracellularly, respectively. Free p27 not only circulates in blood but is shed in tears and saliva, where it also can be detected. The pol (polymerase) gene specifies the viral enzyme RT, which is responsible for synthesis of DNA on the RNA template. The env (envelope) gene encodes the envelope components gp70 and p15e. The env protein gp70 defines the virus subgroup and appears to be important for inducing immunity. Antibodies to gp70 are subgroup-specific and result in neutralization of the virus and immunity to reinfection. Thus, gp70 is important in natural resistance and, therefore, as a target for vaccine production. The transmembrane protein p15e is thought to interfere with host cell immune responses, thus facilitating viral persistence.




TABLE 11-2


Summary of Genetic Map and Function of FeLV Proteinsa










	Gene

	Location

	Type

	Function










	gag

	Core

	 

	Basis for antigen tests (ELISA/ICGA and IFA), role in immune complex disease, and cytotoxic effects






	 

	 

	p15c

	Matrix protein






	 

	 

	p12

	Unknown






	 

	 

	p27

	Capsid protein used for antigen testing






	 

	 

	p10

	Nucleocapsid protein






	pol

	Core

	RT

	Enzyme copying viral RNA into complementary DNA strand (“reverse transcription”)






	env

	Envelope

	gp70

	External surface unit; type-specific antigens FeLV-A, FeLV-B, FeLV-C; responsible for neutralizing or protective antibody production






	 

	 

	p15e

	Transmembrane protein; role in immunosuppression
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ELISA, Enzyme-linked immunosorbent assay; env, envelope; FeLV, feline leukemia virus; gag, group-associated antigen; gp, glycoprotein; ICGA, immunochromatography assay; IFA, immunofluorescent antibody; P, protein (number is molecular weight in kilodaltons); pol, polymerase; RT, reverse transcriptase.


aAs listed in chart, genes are located from the 5′ to the 3′ end with long terminal repeat (LTR) sequences at each end.























Epidemiology


In nature, FeLV has been reported to mainly infect domestic cats. There is evidence, however, that some wild felids are susceptible, and many studies have focused on the presence of FeLV in wildlife species.








Host Range


In vitro, FeLV can replicate also in nonfelid cell lines (see Table 11-1). For example, FeLV-B replicates in cells derived from cats, dogs, cows, pigs, hamsters, monkeys, and humans; FeLV-C replicates in cells of cats, dogs, guinea pigs, and human beings.214,217,386 It was thought that FeLV-A only replicates in cat cells in vitro, and that infection in vivo that always requires FeLV-A, therefore, cannot occur in nonfelids. However, it has been found that two independent FeLV-A isolates from United Kingdom and United States also have infected various nonfeline cell lines including cells from human beings, rabbits, pigs, and minks.322 Although malignant transformations do not occur in nonfelid cell cultures,272 experimental FeLV infection with development of lymphomas could be induced in young dogs and marmosets.367 In experimental infections with FeSV, fibrosarcomas also could be produced in nonfelids in vivo.8 However, no reports have been made on natural transmission of FeLV to nonfelids.


Documentation of FeLV in nondomestic felids, however, becomes more and more common, and FeLV appears to be enzootic in some wild felids. Introduction of FeLV into free-living and captive nondomestic felid populations has serious consequences for their health and survival. FeLV infects small wildcats including F. silvestris71,460 and European and Iberian lynxes.278,306 FeLV also has been detected in the Florida panthers (Puma concolor coryi) and causes severe problems in this species, in which vaccination programs now have been instituted.37,70 A multicentric T-cell lymphoma associated with FeLV infection was found in a captive Namibian cheetah (Acinonyx jubatus).297 FeLV was also detected in an 11-month-old captive-bred male neutered bobcat (Felis rufus) showing signs of lethargy, anorexia, neutropenia, lymphopenia, and nonregenerative anemia.405 Although in one study, FeLV was not found in 12 ocelots (Leopardus pardalis) in Barro Colorado Island,116 FeLV proviral DNA was detected in one male captive ocelot and one female little spotted cat (Leopardus tigrinus) in a wildlife center in southern Brazil.139 There is no evidence of FeLV infection in African lions (Panthera leo) or Asian lions (P. leo persica).90,156a,358,359














Prevalence


FeLV infection exists in domestic cats worldwide. Prevalence studies have focused on the detection of FeLV mainly in third-world countries or on remote islands, where the prevalence of virus infections in cats was unknown. In these studies, FeLV has been detected almost everywhere.31,54,72,284,307 Only cats on Grenada Island, West Indies, and Isabela Island, Galapagos, were free of FeLV infection.91,261 In contrast to FIV infection, in which the prevalence varies significantly, the FeLV infection rate of free-roaming cats is similar throughout the world, ranging from 1% to 8% in healthy cats.20,126,264,269,410 Prevalence is as high as 38%, if only sick cats are included in the surveys.15,157,257 Originally, certain diseases, such as lymphoma, were associated with very high rates (up to 75%) of FeLV infection. Cats that have positive test results for FeLV have become less common because the overall prevalence of FeLV infection has decreased, presumably as a result of control measures.


A number of reports document that the overall rate of FeLV infection is decreasing. For example, the Tufts Veterinary Diagnostic Laboratory, where approximately 2000 serum samples are tested yearly for FeLV antigen, reported a decrease from 8% in 1989 to 4% in 1995.61 In Germany, a steady decrease in FeLV prevalence from 6% to 1% was observed when investigating the FeLV infection rate from 1993 to 2002.126 Studies report a prevalence of 2.3% to 3.3% in North America, 0% to 2.9% in Asia, and 1.0% to 15.6% in Europe.* There are a number of possible explanations for the decrease in prevalence. It is most likely the result of test and removal programs at breeding facilities, the practice of testing cats at animal shelters before adoption, and the widespread use of vaccination. None of the available vaccines have been shown to provide 100% protection against progressive infection, but the common practice of vaccination likely has had an impact on the prevalence of FeLV. Although vaccination contributes to the decrease, epidemiologic studies suggest that testing and removal practice is more effective than vaccination.380 The first vaccine was introduced in 1985, but the observed decline in the overall infection rate began before this time.257


Many deterministic models have been constructed to predict the dynamics of FeLV in cat populations. These models predicted that FeLV dynamics depend on the size of the host population and the relationship between host density and the pattern of contacts of individual cats. They found no threshold population size for virus persistence in large populations, but the possibility of FeLV extinction in small populations.118 Models take into account that cat populations can be connected to each other by dispersal of individuals, which favors roaming of cats and spread of disease.117 These models explain the geographic discrepancies of FeLV prevalence. Although the absolute number of pet cats is remarkably higher in Northern European countries (e.g., 10 million in the United Kingdom, 8 million in Germany, 10 million in France) than in southern European countries (e.g., 4 million in Spain), living conditions differ considerably. Hence, the higher number of free-roaming cats in southern Europe increases the contact rate in these countries, which, as a consequence, increases the overall prevalence of FeLV infection.117 Additionally, discrepant results in FeLV prevalence are based on the health status of the cats under consideration.269 Whenever only clinically healthy cats are included, the prevalence is noticeably lower than in surveys of sick cats.15,201,441


Certain risk factors contribute to a higher prevalence. Prevalence of FeLV is higher in cats that are allowed to roam outside,126,264 because direct contact is required for transmission. In a study in the United States, antibody prevalence (which predicts exposure) was clearly related to the time spent outdoors and the degree of exposure to other cats. Of cats in a study in Boston and Detroit, of which many were allowed to roam outside, 63% and 47% had positive serum FeLV antibody test results, respectively, whereas only 5% of New York cats that were primarily confined to high-rise apartments had FeLV-specific antibodies.338 One study looked into risk of disasters on FeLV infection rates among cats exported from the 2005 Gulf Coast hurricane disaster area, but could not demonstrate an increase in infection rates in this situation.262 Risk groups for FIV and FeLV infections are only slightly different. Although fighting, free-roaming, intact male cats are still considered mainly at risk for acquiring FIV infection, the same risk factors also facilitate FeLV infection. FeLV can no longer be considered primarily an infection of “social cats,” although FeLV is easily spread through social contacts. In earlier studies, FeLV infection rate was found to be almost equal in male and female cats. In one older study, 733 feral free-roaming cats in Raleigh, North Carolina, and 1143 feral free-roaming cats in Gainesville, Florida, were tested for FIV and FeLV infection, and prevalence of FeLV infection was not significantly different between males (4.9%) and females (3.8%).252 However, two more contemporary studies, in the United States and Germany, found a significantly higher risk of FeLV infection among male cats.126,264 Although FeLV transmission commonly occurs between infected queens and kittens and among cats living in prolonged close contact, it seems that aggressive behavior, a common male attitude, plays a greater role than previously reported.129 Thus, the common opinion that FeLV was a disease of “friendly” cats should be reconsidered. This is also supported by the findings that cats exhibiting aggressive behavior have a higher risk of FeLV infection,127 and more than 8% of cats examined by veterinarians for fighting injuries were FeLV antigen-positive, a prevalence considerably higher than in the clinically healthy cat population.129 Although no breeds are predisposed to being infected with FeLV, infection is less commonly found in purebred cats, mainly because they are commonly kept indoors. In addition, awareness in the cat-breeder community leads to frequent testing. In older studies, young age also was considered to be a risk factor for FeLV infection, but this statement has to be reconsidered, too. In a study in the United States, in which 18,038 cats at 345 veterinary clinics and 145 animal shelters were tested, adults cats were more likely to be FeLV-infected than juveniles,264 and in another study, the median age of FeLV-infected cats was not significantly lower than that of non-FeLV-infected cats,127 at least in countries with good veterinary care. This is unexpected because the susceptibility of cats to FeLV is age-dependent,194,201 but because of the increasing awareness, more cats are tested for FeLV, FeLV infection is recognized earlier, and medical care is provided during the initial stage of disease. In addition, awareness among cat breeders and animal shelters has led to routine testing of new pets entering the household or shelter. Moreover, euthanasia of infected asymptomatic cats is less common.


As demonstrated earlier, there is a significant decrease in prevalence of infection in many countries. However, with few exceptions, FeLV prevalence studies are uniquely based on detection of FeLV p27 antigen in blood using ELISA or similar immunochromatographic assays. But the pathogenesis of FeLV infection is complex, and free antigen can only be detected in the blood of cats with productive viremia, because those with regressive infections only harbor provirus in their bone marrow cells after overcoming antigenemia.377 Thus, antigen testing may underestimate the true prevalence of infection. In a study in Switzerland it was shown that in addition to 7% of cats with both viral p27 antigen and provirus in blood, 10% of cats had negative results for p27 antigen and positive results for proviral DNA in blood.189 This result is surprisingly high and raises the question whether the same situation occurs in other countries.














Transmission


FeLV is contagious and spreads through close contact between virus-shedding cats and susceptible cats. Transmission of FeLV occurs primarily via saliva, where the concentration of virus is higher than in blood. Viremic cats constantly shed millions of virus particles in saliva, and shedding through saliva occurs relatively consistently in FeLV-viremic cats.131,132 The concentration of virus in saliva and blood of healthy viremic cats is as high as it is in those with signs of illness. FeLV is passed effectively horizontally among communal cats that have prolonged close contact. Fighting and biting behavior,127,129 as well as social behavior, such as sharing food and water dishes, mutual grooming, and using common litter areas, are the most effective means of transmission. Although the virus may enter many tissues, body fluids, and secretions, it is less likely to spread via urine and feces, and urine and feces were not considered an important source of infection. However, it was shown that antigenemic cats shed FeLV RNA and DNA in feces and urine, and infectious virus was isolated from feces and urine.50,130 It was even shown that naïve cats exposed to virus-containing feces developed anti-FeLV antibodies, showing that infection through feces without direct cat-to-cat contact took place, but these cats remained negative for FeLV antigen and provirus in blood. These results suggest that fecal shedding of FeLV may play a role in transmission, but is probably of minor importance under natural circumstances. Nevertheless, sharing of litter pans by susceptible and viremic cats could increase the environmental infectious pressure.130 Fleas have been considered a potential source of transmission because FeLV RNA has been detected in fleas and their feces,448,449 but flea transmission does not seem to play a major role in nature. Iatrogenic transmission can occur via contaminated needles, instruments, fomites, or blood transfusions.279


The viral envelope is lipid-soluble and susceptible to disinfectants, soaps, heating, and drying. FeLV is readily inactivated in the environment within minutes. Therefore, close contact among cats is usually required for spread of infection, and indirect transmission (e.g., via feces-contaminated humans) is hardly possible. Single cats kept strictly indoors are not at risk for acquiring infection. It is only because of latency (in regressively infected cats) and potential reactivation that viremia is occasionally detected in middle-aged to old cats that have lived alone indoors since they were adopted as kittens. Because of the viral lability, a waiting period is not needed before introducing a new cat into a household after removal of an infected cat. FeLV is not a hazard in a veterinary hospital or boarding kennel as long as cats are housed in separate cages and routine cage disinfection and hand washing are performed between handling cats. FeLV is maintained in nature because infected cats may live and shed virus for many years.


Vertical transmission from mother to kittens occurs commonly in FeLV-viremic cats. Neonatal kittens can be infected transplacentally or when the queen licks and nurses them. Transmission also can occur in queens that are regressively infected (and therefore, have a negative result on routine tests) because latent infection may be reactivated during pregnancy. In addition, isolated FeLV transmission via milk to offspring, from queens with antigen-negative test results, has been described. If in utero infection occurs, reproductive failure in the form of fetal resorption, abortion, and neonatal death is common, although up to 20% of vertically infected kittens may survive the neonatal period to become persistently infected adults.257 It is possible to observe that newborn kittens from infected queens have negative FeLV antigen test results at the time of birth but may have positive test results over the following weeks to months once the virus starts replicating. Thus, if the queen or any kitten in her litter is infected, the entire family should be treated as if infected and should be isolated from uninfected cats.


Susceptibility to becoming persistently FeLV viremic is highest in young kittens. Studies in a household with many FeLV-infected cats showed that 7 of 10 kittens placed there at 3 months of age became viremic within 5 months, whereas only 3 of 17 adults in the same household became viremic over 7 years.58,59 Experimental infection is difficult if not impossible in healthy adult cats. Depending on the FeLV strains used, experimental infection can even be difficult to achieve in kittens older than 16 weeks of age.194 Age resistance to FeLV also exists in nature. Prevalence of anti-FeLV antibodies increases steadily over time, indicating an increased exposure to the virus throughout life, and although exposure to FeLV accumulates with age, susceptibility to develop persistent viremia after infection simultaneously decreases. The described age resistance is independent of immunity from previous contact or vaccination. An explanation for the age resistance is that the number of cellular receptors necessary for FeLV-A to enter target cells seems to decrease in older cats, and thus, establishment of infection becomes more difficult. Age resistance also may be related to maturation of macrophage function.191 However, age-related resistance is not absolute and depends on the infection pressure. Risk of developing persistent viremia increases in kittens but also to a certain extent in adult cats when they are housed together with FeLV-shedding cats. This is shown by the increased rate of viremic cats in households with endemic FeLV infection and by natural exposure studies in which a certain percentage of cats becomes FeLV-positive over years when they are housed together with infected cats. However, the risk of an adult cat becoming persistently viremic after one short contact with a FeLV-shedding cat is certainly very low and probably lower than the risk of developing vaccine-associated sarcomas after FeLV vaccination. Therefore, use of FeLV vaccination should be considered carefully in adult cats.


The cellular receptors of FeLV are not fully identified despite intensive ongoing research. FeLV subgroups use different receptors,40,308,364,402 and strain-dependent differences seem to exist. A binding receptor for FeLV-A has been detected that seems to be identical with the feline thiamine transport protein 1 (THTR1) receptor.308 FeLV-C uses the host receptor known as FLVCR1, but binding of FeLV-C to FLVCR1 seems to involve interaction of two receptor-binding domains (including the carboxy terminal C domain) with the host receptor FLVCR1.364 FeLV-B uses a cellular protein (phosphate transporter 1, Pit-1) as receptor.40,402 FeLV-T also can use Pit-1 as a receptor but the host ranges of FeLV-B and FeLV-T are not exactly the same, suggesting a different Pit-1 use at the postbinding level.402 FeLV-T cannot infect cells unless a classic multiple membrane-spanning receptor molecule and a second co-receptor or entry factor are present. This cellular protein can function as either a transmembrane protein or a soluble component to facilitate infection.10




















Pathogenesis


The outcome of FeLV infection is very different in each cat. Although outcome mainly depends on immune status and age of the cat, it is also affected by pathogenicity of the virus, infection pressure, and virus concentration.161 Outcome of FeLV infection also reflects genetic variation both in the virus and the naturally outbreeding host population. Mutational changes identified in FeLV strains were shown not to alter receptor usage, but to significantly increase the efficiency of receptor binding. Longitudinal studies of infected animals showed that certain mutations resulted in a significantly more rapid disease onset, whereas other substitutions in certain genes changed the disease outcome entirely, suggesting that the distinctive LTR and surface unit (SU) genes mediate a rapid pathogenesis with distinctive clinical features and oncogenic mechanisms.257








Stages of Feline Leukemia Virus Infection


Discussions of FeLV infection, which has different courses, outcomes, and classifications (Figs. 11-4 and 11-5 and Table 11-3) are controversial. Diagnostic tools, including very sensitive polymerase chain reaction (PCR) methods, have provided new data that question the traditional understanding of FeLV pathogenesis. Previously, most FeLV pathogenesis studies were conducted assaying parameters such as virus isolation and antigen detection. Accordingly, infection was characterized by undetectable, transient, or persistent viremia. Using real-time PCR, the spectrum of host response categories to FeLV infection was refined by investigating proviral DNA and viral RNA loads. Cats believed to be immune to FeLV infection were found to have positive provirus test results. FeLV provirus was found to persist for years; recurrence of viremia and disease development was observed in some cats. Thus, cats with negative antigen and positive provirus test results are FeLV carriers and, after reactivation, may act as an infection source. However, integrated viral DNA may also be essential for solid protection and long-lasting maintenance of protective immunity.187 Therefore, the potential courses of FeLV infection have been reclassified, and the stages of FeLV infection are described as (1) abortive infection (comparable to the former “regressor cats”), (2) regressive infection (comparable to the former “transient viremia” followed by “latent infection”), (3) progressive infection (comparable to the former “persistent viremia”), and (4) focal or atypical infection (see Table 11-3).186,187,436




TABLE 11-3


Characteristics of Stages of Feline Leukemia Virus Infection










	Outcome of FeLV Infection

	FeLV p27 Antigen in Blood

	Virus Blood Culture

	Viral RNA in Blood

	Viral DNA in Blood

	Viral Tissue Culture

	Viral Shedding

	FeLV-Associated Disease










	Progressive

	Positive

	Positive

	Positive

	Positive

	Positive

	Positive

	Likely






	Regressive

	Negative

	Negative

	Negative

	Positive

	Negative

	Negative

	Unlikely






	Abortive

	Negative

	Negative

	Negative

	Negative

	Negative

	Negative

	Unlikely






	Focal

	Negative

	Negative

	Not tested

	Not tested

	Positive

	Variable

	Unlikely
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Progressive = persistent viremia; Regressive = transient viremia followed by latent infection; Abortive = complete elimination.


From Ref. 260.
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FIG. 11-4 A, Time course of FeLV infection. B, Components of FeLV from part A. ELISA, Enzyme-linked immunosorbent assay; FA, fluorescent antibody; FeLV, feline leukemia virus; PCR, polymerase chain reaction. (Art by Brad Gilleland © 2004, University of Georgia Research Foundation Inc.)
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FIG. 11-5 Interactions of feline leukemia virus (FeLV) with host cells and immune system leading to various clinical problems in cats with ineffective immune responses.








In the past, approximately one-third of cats were believed to become persistently viremic and up to two thirds of cats eventually clear the infection.191 Newer research suggests that most cats remain infected for life after exposure but may revert to an aviremic state (regressive infection) in which no antigen or culturable virus is present in the blood but in which FeLV proviral DNA can be detected in the blood by sensitive PCR methods.189,343,436 The clinical relevance of cats with antigen-negative and provirus-positive results is not yet clear. The provirus is integrated into the cat's genome, so it is unlikely to be cleared over time.49 Although these cats are unlikely to shed infectious virus in saliva, proviral DNA might be infectious via blood transfusion.52 The continuous presence of provirus might explain the long persistence of virus-neutralizing antibodies in “recovered” (recovered from viremia, but not from latent infection) cats. Before the development of PCR, a status of “latent infection” was described in which the absence of antigenemia was accompanied by persistence of culturable virus in bone marrow or other tissues but not in blood.* The “latent infection” is now considered a phase through which cats pass during regressive infection.33 FeLV provirus and plasma viral RNA are usually detectable by PCR within 1 week of FeLV exposure, even if FeLV antigen is not. All cats with progressive and regressive infection seem to undergo this phase and to develop similar proviral and plasma viral RNA loads in the peripheral blood during early infection.187 After FeLV exposure, FeLV infection has four possible outcomes, described next (see Table 11-3).














Abortive Infection


After initial infection, which most commonly occurs via oronasal routes, virus replicates in the local lymphoid tissue in the oropharyngeal area. In some immunocompetent cats, viral replication may be stopped by an effective humoral and cell-mediated immune (CMI) response; these cats never become viremic. This abortive exposure has been observed infrequently after experimental FeLV inoculation and is characterized by negative test results for culturable virus, antigen, viral RNA, and proviral DNA.436 These cats were formerly called “regressor cats.” They have high levels of neutralizing antibody, but neither FeLV antigen nor viral RNA or proviral RNA can be detected in the blood at any stage. In these cats, virus never spreads systemically, and infection usually remains undetected. Abortive infection likely is caused by low-dose exposure to FeLV, as shown in an experimental study in which, after exposure to low doses of FeLV, cats only developed antibodies as the sole parameter of infection.292 It is currently unknown how often this situation truly occurs in nature, because newer studies using very sensitive PCR methods have found that in many of the formerly considered “regressor cats,” virus actually can be retrieved later on, and it appears likely that no cat or only very few can completely clear FeLV infection from all cells. This might explain why virus-neutralizing antibodies persist in recovered cats for many years (or even lifelong) in the absence of overt infection or exposure to viremic cats. If this is the case, the risk of such persistence leading to potential reexcretion of virus or the development of FeLV-associated disease must be extremely low, because recovered cats appear to have the same life expectancy as cats that have never been exposed to FeLV.279 This explains why the majority of cats in a population show evidence of exposure by the presence of anti-FeLV antibodies after contact with FeLV, but only a small proportion actually become viremic. These cats build a very effective immunity and are protected against new viral challenges, probably for several years if not lifelong. Protective immunity is partly humoral and partly cellular, and antibody production is not necessarily required for protection; about 2% are effectively protected without detectable antibodies.














Regressive Infection


Regressive infection is accompanied by an effective immune response, and virus replication and viremia are contained before or shortly after the time of bone marrow infection. After initial infection, replicating FeLV spreads systemically within mononuclear cells (lymphocytes and monocytes). During this first viremic episode, free FeLV-p27 antigen is detectable, and cats have positive results on tests that detect free antigen in plasma (e.g., ELISA) and can shed the virus during that period. The initial viremia may be characterized by malaise, fever, or lymphadenomegaly resulting from lymphocytic hyperplasia. The virus spreads to target tissue including thymus, spleen, lymph nodes, and salivary glands. In cats with regressive infection, this viremia is terminated within weeks or months (formerly called “transient viremia”). In most cats, the viremia lasts only 3 to 6 weeks (with a maximum of 16 weeks). During this time, cats shed virus and are infectious. Many cats are able to clear viremia very early before bone marrow becomes infected. It was thought that these cats not only terminate the viremia, but also completely eliminate the virus from the body. However, studies question the fact that virus can be completely cleared and that virus may be found in these cats at a later time. These cats also develop a very effective immunity and are protected against new exposures to virus. They have a low risk of developing FeLV-associated diseases, although FeLV is integrated into their genome (and thus, FeLV can be detected by PCR). After virus replication is contained, viral shedding does not occur.109,110,282


In some cats, viremia may persist longer than 3 weeks. After this time period, bone marrow cells may become infected, and affected hematopoietic precursor cells produce infected granulocytes and platelets that circulate in the body. In this circumstance, a high level of viremia develops, and lymphoid organs and salivary glands become infected with up to 1 × 106 viruses/mL of saliva. From this time point on, viral antigen is also detectable intracellularly in platelets and granulocytes by tests such as direct fluorescent antibody (FA) assays that can only detect large quantities of intracellular antigen. In contrast to antigen tests (e.g., ELISAs) that can detect lower quantities of free p27 antigen and become positive during the first viremia, direct FA test results become positive later and only after infection is established in bone marrow. This explains discordant ELISA-positive and direct FA-negative results. Even if bone marrow becomes infected, a certain percentage of cats can clear viremia (and therefore develop regressive infection); however, the longer the viremia lasts, the less likely it is that these cats will clear their infection. Once bone marrow cells develop an established infection (after 3 weeks of viremia), cats cannot eliminate the virus from the body and from the bone marrow even if they terminate viremia because the information for virus replication (its proviral DNA) is present in bone marrow stem cells. This stage has been called “latent infection” (now considered a stage of regressive infection). Although proviral DNA remains, no virus is actively produced, and cats with regressive infection have negative results from routine tests (ELISA and FA) that detect FeLV antigen. Regressive infection can only be diagnosed by in vitro culture of bone marrow samples or using PCR to detect provirus. Growth can be facilitated by adding glucocorticoids to the cell culture. Productive viral infection can be reactivated in vivo, spontaneously or in response to immune suppression, and latently infected cats can become viremic and show positive results again in antigen tests. This usually occurs after stress and can be experimentally induced in cats by administration of high doses of glucocorticoids.377


Regressive infections may reactivate in pregnancy as a result of immunosuppression from endogenous progesterone, which also may explain the reemergence of FeLV infection in kittens. Mammary glands of regressively infected queens may begin to produce infectious viral particles during the induction of lactation.334


Regressive infection and the latent state are unique features in FeLV infection. The molecular basis of latency is the integration of a copy of the viral genome (provirus) into cellular chromosomal DNA. During the replication cycle, the enzyme RT produces a DNA copy using the viral RNA as a template. The copy is integrated into the cellular chromosomal DNA and maintained as a provirus for the life span of the cell. During cell division, proviral DNA is replicated and the information given to the daughter cells. Thus, complete cell lineages may contain FeLV proviral DNA. However, the proviral DNA is not translated into proteins, and no infectious virus particles are produced. Therefore, regressively latently infected cats do not shed FeLV and are not infectious to other cats. Although latency is a sequel to FeLV infection, the majority of cats completely eliminate the viral genes from their cells by 9 to 16 months after infection, and all but 10% have done so after 30 months.334 Virus can remain integrated in a small number of cells for a long time, while being kept in check by a partial immune response. As antibody concentration increases, virus production decreases. No harmful virus is produced during regressive infections, and clinical signs (with few exceptions such as neoplasia or myelosuppressive syndromes) do not occur. In a study in Switzerland, where 7% of cats had both positive p27 antigen and positive proviral test results, 10% of the cat population had negative p27 antigen results and positive proviral test results in blood, which indicates latent infection.189


Regressive infection can be reactivated because the genetic information for producing complete viral particles is present and can potentially be reinduced when antibody production decreases (e.g., after immune suppression). Reactivation is more likely the earlier the stress factor occurs after the viremic phase. In the first weeks after viremia, viral replication can be experimentally reactivated in most cats. As the time passes, regressive infections become more difficult to reactivate, even with high doses of glucocorticoids. Although possible by 1 year after infection, reactivation is considered unlikely and is very difficult after 2 years. This may be explained by genetic code-reading mistakes that may occur if the information is frequently reproduced in these fast-dividing cells. Thus, information to produce infectious viral particles gets lost, and reactivation becomes more and more unlikely over time. The proportion of experimentally infected cats that had regressive FeLV infections in their bone marrow decreased with time after disappearance of viremia.340 In the first 3 months after recovery from viremia, integrated virus could be isolated from the bone marrow of approximately 50% of experimentally infected cats. A pronounced decrease in the incidence of regressive infections occurred by 190 days after the viremia.334,340 More than 1 year later, only 5 of 19 previously challenge-exposed cats that had negative FeLV ELISA test results still had FeLV detectable in several tissues (e.g., bone marrow, spleen, lymph node, small intestine).174 At 3 years postviremia, only about 8% of cats still harbored latent infections in bone marrow, myelomonocytic cells, and stromal fibroblast cells.189,290,334,340,377 Regressive infection is probably a stage in the elimination process of the virus.


Most regressive infections are not clinically significant because viral reactivation is unusual under natural circumstances. As long as the infection remains confined, the cats are not contagious. However, viral latency explains relapsing viremias, protracted incubation periods, and persistent high titers of antibodies. A question always arises regarding whether regressive FeLV infection can be responsible for clinical signs. However, for the majority of pathogenic mechanisms by which FeLV causes clinical signs, active virus replication is necessary; but this is not the case in regressive FeLV infections, in which the virus is harbored in a “dormant” and nonproductive form. Regressive, as compared to productive, FeLV infection has been found to occur most commonly in older cats that originated from animal shelters and, rather than lymphoma, was more commonly associated with anemia, panleukopenia and purulent inflammatory processes.419a Regressive infections help to explain how myelosuppression or hematopoietic malignancy could be FeLV-related in cats with negative FeLV antigen test results. In one study, 2 of 37 cats (5%) with nonregenerative cytopenias and negative FeLV antigen test had positive results with bone marrow PCR, suggesting that regressive FeLV infection can cause myelosuppression.419 Some studies also detected FeLV provirus in lymphomas of cats that had negative results on blood testing for FeLV antigen.122,204 FeLV provirus can be inserted at many different sites in the host's genome, carrying potent regulatory signals. In the development of myelosuppressive disorders or tumors, integrated FeLV provirus may interrupt or inactivate cellular genes in the infected cells, or regulatory features of viral DNA may alter expression of neighboring genes. In addition, because bone marrow microenvironment cells (e.g., myelomonocytic progenitor cells and stromal fibroblasts) provide a reservoir for regressive FeLV infections, it seems possible that the integrated provirus may alter cellular functions and contribute to the pathogenesis of myelosuppressive disorders. Finally, FeLV not only contributes its genes to the host, it also has been shown to appropriate cellular genes. Several such transducted genes that are also present in regressively infected cells have been implicated in viral oncogenesis.365,373,395 In one SPF cat, experimentally infected with FIV and FeLV, regressive infection occurred and the cat became aviremic for 8.5 years. A genetically altered FeLV variant of this virus reappeared in the blood, in conjunction with the development of multicentric lymphosarcoma.175a














Progressive Infection


In cats with progressive FeLV infection, virus is not contained early in the infection, and extensive replication occurs, first in the lymphoid tissues and then in the bone marrow and in mucosal and glandular epithelial tissues in most infected cats.376 Mucosal and glandular infection is associated with excretion of infectious virus. In progressive infections, the immune response is not strong enough; thus, viremia persists longer than 16 weeks, and cats remain persistently viremic and infectious to other cats for the remainder of their lives. This condition was called “persistent viremia” and is now designated as progressive infection. Progressive infection is characterized by insufficient FeLV-specific immunity. Progressively infected cats have low levels of detectable neutralizing antibody, and virus persistently replicates in bone marrow, spleen, lymph nodes, and salivary glands. These cats develop FeLV-associated diseases, and most of them die of an FeLV-related disease within 3 years.


The risk for the development of a fatal progressive infection primarily depends on immune status and age of the cat, but also on the infection pressure. Young and immunosuppressed cats are at higher risk for developing progressive infection. In a cat with a first-time single contact with an FeLV-shedding cat, the risk of developing progressive infection averages only 3%. However, if an FeLV-shedding cat is introduced into a naïve group of cats, and the cats are housed together for an extended period, the risk for a cat to develop progressive infection increases to an average of 30%.19


Regressive and progressive infections can be distinguished by repeated testing for viral antigen in peripheral blood.436 Many infected cats initially develop positive antigen test results within 2 to 3 weeks after virus exposure. In case of regressive infection a cat develops a negative viral antigen test result 2 to 8 weeks later or, in rare cases, even after months. Both progressive and regressive infections are almost always accompanied by persistent FeLV proviral DNA in blood. However, FeLV proviral and viral RNA loads in leukocyte subsets, as analyzed by quantitative PCR, indicate that FeLV progressive infection is associated with secondary viremia of bone marrow origin, whereas regressive cats sustain only a nonproductive viral infection in low numbers of lymphocytes.47 During acute infection, blood proviral and viral RNA loads of cats with progressive and regressive infections are not significantly different. Only subsequently, the infection outcome is associated with different FeLV loads, and it is not the overall loads but rather those of specific leukocyte subsets that may influence the infection outcome.343














Focal or Atypical Infection


Focal infections or atypical infections have been reported in early studies in up to 10% of infected cats under experimental conditions. Focal or atypical infections may also rarely be observed in natural infections, consisting of persistent atypical local viral replication (e.g., in mammary glands, bladder, and eyes).191 They also occur in cats with FeLV infection restricted to certain tissues, such as the spleen, lymph nodes, small intestine, or mammary glands.175,335 This can lead to intermittent or low-grade production of p27 antigen. Therefore, these cats may have weakly positive or discordant results in antigen tests, or positive and negative results may alternate. Queens with atypical infection of their mammary glands may transmit the virus to their kittens via milk in the phase of negative antigen test results.














Immunity


Experimentally, susceptible kittens can be protected from FeLV infection after passive immunization with sera containing high antibody concentrations against FeLV.196 However, once persistent viremia has become established, treatment with virus-neutralizing monoclonal antibodies (MABs) to FeLV is ineffective.452


Most cats that overcome FeLV viremia exhibit high antibody titers against the virus.283,381 Antibodies are directed against all components of the virus.283 In most but not all cats that overcame viremia, virus-neutralizing antibodies can be detected.109 Because not all immune cats develop high antibody levels, it was concluded that cytotoxic T lymphocytes (CTLs) are also important in FeLV immunity.283 CTLs specific for FeLV appear before virus-neutralizing antibodies and the virus load in FeLV-progressively infected cats could be lowered, after passive transfer of FeLV specific CTLs stimulated in vitro, consistent with an important role for CTLs in FeLV immunity.109




















Clinical Findings


FeLV can cause variable clinical signs. The prevalence of hematopoietic malignancy, myelosuppression, and infectious diseases is higher in FeLV-infected multicat households than in the general population. The death rate of progressively infected cats in multicat households has been considered approximately 50% in 2 years and 80% in 3 years.62,257 However, survival rates for progressively infected cats kept indoors in single-cat households with good veterinary care today are significantly higher. In contrast, FeLV infection has the greatest impact on mortality in closed households with endemic feline coronavirus, FeLV, FIV, or all of these infections.3 A large study in the United States compared the survival of more than 1000 FeLV-infected cats to more than 8000 age- and sex-matched uninfected control cats263 and found that in FeLV-infected cats, median survival was 2.4 years compared to 6 years for control cats.


Although the virus was named after the contagious malignancy that first garnered its attention, most infected cats are presented to the veterinarian not for tumors but for anemia or immunosuppression. Of 8642 FeLV-infected cats examined at North American veterinary teaching hospitals, various co-infections (including FIP, FIV infection, upper respiratory infection, hemotropic mycoplasmosis, and stomatitis) were the most frequent findings (15%), followed by anemia (11%), lymphoma (6%), leukopenia or thrombocytopenia (5%), and leukemia or myeloproliferative disease (4%).59


The exact mechanisms for the different clinical responses of progressively infected cats are poorly understood. It is clear that the clinical course is determined by a combination of viral and host factors. Some of these differences can be traced to properties of the virus itself, such as the subgroup that determines differences in the clinical picture (e.g., FeLV-B is primarily associated with tumors, FeLV-C is primarily associated with nonregenerative anemia). A study tried to define dominant host immune effector mechanisms responsible for the outcome of infection by using longitudinal changes in FeLV-specific CTLs. As mentioned previously, high levels of circulating FeLV-specific effector CTLs appear before virus-neutralizing antibodies in cats that have recovered from exposure to FeLV. In contrast, progressive infection with persistent viremia has been associated with a silencing of virus-specific humoral and CMI host effector mechanisms.109 Probably the most important host factor that determines the clinical outcome of cats infected with FeLV is the age of the cat at the time of infection.194 Neonatal kittens develop marked thymic atrophy after infection (“fading kitten syndrome”), resulting in severe immunosuppression, wasting, and early death. As cats mature, they acquire a progressive resistance. When older cats become infected, they tend to have abortive or regressive infections or, if developing progressive infection, at least milder signs and a more protracted period of apparent good health.257 Clinical signs that are associated with FeLV infection can be classified as tumors induced by FeLV, hematologic disorders, immunosuppression, immune-mediated diseases, and other syndromes (including reproductive disorders, fading kitten syndrome, and neuropathy).








Tumors


FeLV causes various tumors in cats, most commonly malignant lymphoma and leukemia and less commonly other hematopoietic tumors. Lymphomas also occur in the absence of detectable FeLV.451 In addition, other tumors, including osteochondromas, olfactory neuroblastoma, and cutaneous horns, have been described in FeLV-infected cats.


The mechanism by which FeLV causes malignancy may be explained by insertion of the FeLV genome into the cellular genome near a cellular oncogene (most commonly myc), resulting in activation and overexpression of that gene. These effects lead to uncontrolled proliferation of that cell (clone). A malignancy results in absence of an appropriate immune response. FeLV-A may also incorporate the oncogene to form a recombinant virus (e.g., FeLV-B, FeSV) containing cellular oncogene sequences that are then rearranged and activated. When they enter a cell, these recombinant viruses are oncogenic. In a study of 119 cats with lymphomas, transduction or insertion of the myc locus had occurred in 38 cats (32%).439 Thus, FeLV-induced neoplasms are caused, at least in part, by somatically acquired insertional mutagenesis in which the integrated provirus may activate a proto-oncogene or disrupt a tumor suppressor gene. The U3-LTR region of FeLV transactivates cancer-related signaling pathways through production of a noncoding 104 base RNA transcript that activates NFκB.112 Common integration sites for FeLV associated with lymphoma development have been identified in six loci: c-myc, flvi-1, flvi-2 (contains bmi-1), fit-1, pim-1, and flit-1. Oncogenic association of the loci includes that c-myc is known as a proto-oncogene; bmi-1 and pim-1 have been recognized as myc-collaborators; fit-1 appears to be closely linked to myb; and flit-1 insertion was shown to be associated with overexpression of cellular genes, such as activin-A receptor type II-like 1 (ACVRL1).120 Flit-1 seems to have an important role in the development of thymic lymphomas and appears to represent a novel FeLV proviral common integration domain that may influence lymphomagenesis as insertional mutagenesis. Among 35 FeLV-related tumors, 5 of 25 thymic lymphomas demonstrated proviral insertion within the flit-1 locus, whereas none of 4 alimentary and 5 multicentric lymphomas and 1 T-lymphoid leukemia examined had rearrangement in this region. Expression of ACVRL1 messenger RNA (mRNA) was detected in the 2 thymic lymphomas with flit-1 rearrangement, whereas normal thymuses and 7 lymphoid tumors without flit-1 rearrangement had no detectable ACVRL1 mRNA expression.119


Feline oncornavirus cell membrane antigen (FOCMA), an antigen present on the surface of transformed cells, was detected in 1973 but remains a subject of discussion and confusion among researchers. Its value as clinical tool (either diagnostic or preventative) is certainly limited. FOCMA was first detected on the surface of cultured lymphoma cells incubated with serum of cats that did not develop tumors, although they were infected with FeSV, a recombinant of FeLV with an oncogenic potential.102,407 FOCMA can be found on the surface of feline lymphoma cells and FeSV-induced fibrosarcomas but not on the surface of normal feline lymphocytes.154,447 FOCMA was first considered to be a cellular antigen that is expressed after FeLV infection or tumor transformation.100,154,407 It has also been proposed that FOCMA is a viral antigen of FeLV-C.447 However, in other studies it was shown that FOCMA and FeLV-C-gp70 are similar but not completely homologous.408 Some authors believed that development of large amounts of antibodies against FOCMA could protect against the development of FeLV-induced lymphomas by complement-dependent lysis of tumor cells.63,98,133 Evidence for this was provided when experimentally FeLV-infected kittens did not develop neoplasia if they produced or passively received sufficient amounts of antibodies against FOCMA.99,102 Many cats with FeLV in cluster households have antibodies against FOCMA. Those with the highest titers are most likely to remain free of malignancies. However, some cats that were initially viremic with a high FOCMA antibody titer developed lymphoma or leukemia months or years later after the titer declined.62 Opinions about identity and importance of FOCMA are still diverse. FOCMA can be considered a nonhomogenous group of viral antigens that may, although not always, be present on the surface of FeLV-infected cells. At the least, FOCMA antibodies indicate exposure to FeLV but may not mean more than this. Alternatively, FOCMA antibodies may provide a protective mechanism against tumor development.








Lymphoma and Leukemia


In the 1960s, studies found that the most common primary feline malignancies are hematopoietic tumors, of which about 90% are lymphomas. Lymphomas and leukemias account for about 30% of all feline tumors, which is the highest proportion recorded in any animal species.66,87,88,145,146 The estimated incidence of feline lymphoma and leukemia in the 1960s was 200 cases per 100,000 cats per year.62 Feline lymphomas are most commonly high grade with an immunoblastic or a lymphoblastic morphology, but they may be mixed lymphoblastic and lymphocytic or occasionally low-grade lymphocytic.444,445


The association between FeLV and lymphomas has been clearly established in several ways. First, these malignancies could be induced in kittens by experimental FeLV infection.150,215,368 Second, cats naturally infected with FeLV had a higher risk of developing lymphoma than uninfected cats.98,150 Third, most cats with lymphoma had positive FeLV results on tests that detected infectious virus or FeLV antigens. Previously, up to 80% of feline lymphomas and leukemias were reported to be FeLV related*; however, this is no longer considered to be the case. Since the 1980s a dramatic reduction in the prevalence of viremia has been noted in cats with lymphoma.167,299,314 The decrease in prevalence of FeLV infection in cats with lymphoma or leukemia also indicates a shift in tumor causation. Whereas 59% of all cats with lymphoma or leukemia had positive FeLV antigen tests in one German study from 1980 to 1995, only 20% of the cats had positive FeLV antigen tests in the years 1996 to 1999 in the same institution.167 In 1975 a survey of 74 Boston-area cats with lymphoma or leukemia showed that 70% of cats had positive FeLV antigen test results, but only three cats had the alimentary form.58 Between 1988 and 1994, 72% of all feline lymphomas treated at the Animal Medical Center in New York were of the alimentary form, and only 8% of affected cats had positive FeLV antigen test results.62 In a study in the Netherlands, only 4 of 71 cats with lymphoma had positive FeLV antigen test results, although 22 of these cats had mediastinal lymphoma, which was previously highly associated with FeLV infection.430 A greater prevalence of lymphoma in older cats has been observed. One major reason for the decreasing association of FeLV with lymphoma seems to be the decreased prevalence of FeLV infection in the overall cat population as a result of FeLV vaccination as well as testing and elimination programs.


Overall, the proportion of cats with lymphomas that have negative test results for the FeLV antigen (versus cats with lymphomas that have positive results) has increased significantly during the past 20 years. However, prevalence of lymphomas caused by FeLV may be higher than indicated by conventional antigen testing of blood. Cats from FeLV-cluster households had a 40-fold higher rate of development of FeLV-negative lymphoma than did those from the general population. FeLV-negative lymphomas have also occurred in laboratory cats known to have been infected previously with FeLV.373 FeLV proviral DNA was detected in lymphomas of older cats that had positive test results for FeLV antigen, also suggesting that the virus may be associated with a larger proportion of lymphomas than previously thought. PCR detected proviral DNA in formalin-fixed, paraffin-embedded tumor tissue in 7 of 11 cats with negative FeLV antigen test results with lymphoma.204 However, other groups found evidence of provirus in only 1 of 22395 and in none of 50 FeLV antigen test result–negative lymphomas.167 FeLV antigen test result–negative lymphomas induced by FeLV can be explained in various ways. First, regressive FeLV infection without viremia may be responsible for the tumor development. Second, FeLV could be responsible for the development of the tumor, inducing a malignant cell clone, but not be persistently integrated into the genome of the neoplastic cell and, therefore, be eliminated while the tumor grows to a detectable size. Third, FeLV infection could be present in other cells (and not detectable) and induce oncogenesis via mechanisms such as cytokine release or chronic immune stimulation.


The FeLV status of cats with lymphomas varies depending on the types and locations of tumors. FeLV-associated lymphomas are mainly of a T-cell origin; FeLV test result–negative lymphomas are mainly of a B-cell origin.113,146,154,323 A potential reason may be that FeLV transforms mature T cells and immature or prothymocytes, null cells, and possibly monocytes. Transformation of mature B cells does not seem to occur, because feline lymphoma cell lines and primary tumors lack surface immunoglobulin expression.379 The rare feline large granular lymphocyte lymphoma, a morphologically distinct variant of feline lymphoma with grave prognosis, does not seem to be commonly associated with FeLV. In a study of 45 cats with large granular lymphocyte lymphoma, none of the cats had positive results for FeLV antigen testing.240 Similarly, low-grade lymphomas are usually not associated with FeLV; in a study of 41 low-grade lymphocytic lymphomas, none of the cats had positive results for FeLV antigen testing.233 Lymphomas also can be classified according to their anatomic location, as mediastinal (thymic) lymphoma, alimentary (intestinal) lymphoma, multicentric lymphomas, extranodal (miscellaneous/atypical/solitary organ) lymphoma including renal, nasal, and ocular lymphoma, and leukemia.


Mediastinal lymphoma or thymic lymphoma, frequently associated with FeLV infection and seen mainly in cats younger than 3 years of age, was previously the most prevalent form of lymphoma in cats but is now seen less frequently. Of cats with mediastinal lymphoma, 80% to 90% have been reported as FeLV antigen test result-positive,61 but this rate is also decreasing according to other studies,430 and non-FeLV-associated mediastinal lymphoma even in young cats are observed.390 In a study in Germany, none of 23 cats in the study were found to have positive FeLV antigen test results, although 4 of the cats had mediastinal lymphoma.404 The tumor arises in the area of the thymus and eventually causes pleural effusion (Figs. 11-6 and 11-7). The fluid nucleated cell count is usually greater than 8000/µL; the majority are large, immature lymphocytes. The most common clinical sign is dyspnea, but occasionally regurgitation from pressure on the esophagus or Horner's syndrome from pressure on sympathetic nerves within the thorax is present.62
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FIG. 11-6 Lateral thoracic radiograph of a cat with severe pleural effusion and mediastinal mass. The trachea is displaced dorsally, and the cardiac shadow is not shown.
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FIG. 11-7 Examination of thoracic fluid aspirated from a cat showing a pleomorphic lymphoid population composed of blasts, a mitotic figure, and a small lymphocyte. Diagnosis of lymphoma was made (Wright stain, ×1000). (Photograph by Ken Latimerl © 2004, University of Georgia Research Foundation Inc.)








Alimentary lymphoma or intestinal lymphoma occurs primarily in older cats that have negative FeLV test results. Clinical signs of alimentary lymphoma include vomiting or diarrhea, but many cats have anorexia and weight loss only.291 Tumors of the stomach and intestines may be focal or diffuse, and mesenteric lymph nodes are usually involved. Estimates of the prevalence of FeLV antigenemia in cats with alimentary lymphomas have ranged from 25% to 30%.62 However, in another study, only 6% of cats with alimentary lymphomas had positive FeLV antigen test results, which is only about twice the FeLV prevalence of the general population in that area.167 These data suggest that other stimuli (such as food antigens or components and/or inflammatory bowel disease) in the gastrointestinal (GI) tracts of older cats may be more important predisposing factors for tumor development.


Multicentric lymphoma is a tumor with major involvement of several sites. About half of cats with multicentric lymphoma have positive FeLV antigen test results. The bone marrow is involved in about 70% of these cats, even though complete blood cell counts (CBC) may be within reference limits.


Extranodal lymphomas, miscellaneous lymphomas or atypical lymphomas or solitary organ lymphomas, unassociated with FeLV, have been observed with increased relative frequency over the past 20 years because of the decreased prevalence of FeLV and its associated lymphoreticular lymphomas. Extranodal lymphomas refer to disease confined to locations other than alimentary, mediastinal, nodal or multicentric sites and include renal, nasal/paranasal, central nervous system (CNS), ocular, laryngeal, and cutaneous lymphoma. As such, these atypical forms now make up approximately 20% of cases.277 Of 149 cats with extranodal lymphoma, only 4 had positive FeLV antigen test results (3 nasal, 1 CNS lymphoma).429 In another study, 5 of 51 cats with nasal lymphoma had positive FeLV antigen test results.142 Renal lymphoma is sometimes associated with FeLV. It occurs usually bilaterally and does not cause signs of illness until the kidneys are so extensively infiltrated that renal failure occurs. In these cases, kidneys are enlarged and usually irregular. Epidural lymphoma may cause sudden or gradual onset of posterior paralysis (Fig. 11-8).297,413
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FIG. 11-8 Postmortem dissection of spinal canal reveals a cream-color gelatinous mass (arrow) in the epidural space. Histologic findings were diagnostic of lymphoma. (Photograph by Craig Greene © 2004, University of Georgia Research Foundation Inc.)








Leukemia may involve lymphoid cells (most common) but also all other hematopoietic cell lines. More than half of the cats with nonlymphoid leukemia have positive FeLV antigen test results. All hematopoietic cell lines are susceptible to transformation by FeLV, resulting in myeloproliferative disease or myelodysplastic syndrome (MDS; Figs. 11-9 and 11-10). Thus, lymphoid and myeloid (including granulocytic, erythroid, and megakaryocytic) types occur. The prognosis for cats with myeloproliferative diseases in general is poor. In acute leukemia or MDS of any type, the bone marrow is filled with blast cells, and normal hematopoiesis is suppressed.184 Clinical signs with acute leukemia are related to the loss of normal hematopoietic cells and include lethargy from anemia, signs of sepsis with neutropenia, and bleeding with thrombocytopenia. Hepatomegaly with icterus and splenomegaly are frequently present because of malignant infiltration or extramedullary hematopoiesis. Diagnosis of acute leukemia is made by CBC and bone marrow examination. Cytologic abnormalities of bone marrow include increased cellularity, megaloblastic maturation, increased myelofibrosis, and immature blast cells.397 In cats with large numbers of circulating blast cells, the CBC may in itself be diagnostic. Although classifications have been proposed for the acute leukemias, the predominant cell type may be difficult to identify even with histochemical stains. Transformation, especially for the nonlymphoid leukemias, usually occurs at or very close to the stem-cell level, so more than one cell line may be affected. In some cats with acute leukemia, FeLV infection is found; a cat with a rare form of acute myelomonocytic leukemia and FeLV infection320 and a cat with acute monoblastic leukemia and FeLV infection have been described.353 A study focusing on acute myelocytic leukemia (AML) found that certain changes of the LTR of the FeLV in these cats may differ from the LTRs of other known FeLV strains in that it has three tandem direct 47-bp repeats in URE, and that FeLV variants that bear URE repeats in their LTR strongly associate with the induction of both MDS and AML in cats. The researchers injected cats with FeLV clone33 (originating from a cat with AML) and found that 41% of the cats developed MDS characterized by peripheral blood cytopenias and dysplastic changes in the bone marrow, and that some of the cats with MDS eventually developed AML. The bone marrow of the majority of cats with FeLV clone33-induced MDS produced fewer erythroid and myeloid colonies on being cultured with erythropoietin or granulocyte-macrophage colony-stimulating factor than bone marrow from normal control cats. Furthermore, the bone marrow of some of the cats expressed high levels of the apoptosis-related genes tumor necrosis factor (TNF)-α and survivin. Analysis of the proviral sequences obtained from 13 cats with naturally occurring MDS also found the characteristic URE repeats.182 Chronic leukemias are rare in cats and rarely associated with FeLV. They include well differentiated chronic lymphocytic leukemia, chronic myelogenous leukemia, polycythemia vera, and thrombocythemia. In erythremic myelosis, proliferation of erythrocyte precursors is usually associated with FeLV-C, and most have positive test results for FeLV. Cats with this disorder have low hematocrit (HCT) levels (12% to 15%) with normal neutrophil counts and variable thrombocytopenia. The anemia is usually nonregenerative or poorly regenerative, and with time the HCT level does not increase. Despite the lack of regeneration, the mean corpuscular volume (MCV) and numbers of nucleated erythrocytes are usually high. Abnormal erythrocyte stages are found in bone marrow and often in peripheral blood. MDS may result as a clonal proliferation of hematopoietic cells that is a preleukemic state of acute myeloid leukemia.183,400 Eosinophilic leukemia may be a subtype of chronic myelogenous leukemia and has been described in association with FeLV. A cat with chronic eosinophilic leukemia associated with FeLV infection has been published.123 The differentiation between hypereosinophilic syndrome (severe reactive eosinophilia) and malignancy is difficult because both have been associated with large numbers of morphologically normal eosinophils in the marrow, peripheral blood, and other organs.62,169
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FIG. 11-9 Peripheral blood film of a cat with erythroleukemia. Cat had severe anemia without reticulocytosis. More than 95% of circulating nucleated cells were erythroid precursors of varying degrees of maturity. Severe granulocytopenia was noted (Wright stain, ×1000). (Photograph by Ken Latimer © 2004, University of Georgia Research Foundation Inc.)
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FIG. 11-10 Origin of cell lines in myeloproliferative disease. (Modified from Ref. 316; with permission.)




















Fibrosarcoma


Fibrosarcomas that are associated with FeLV are caused by FeSV, a recombinant virus that develops de novo in FeLV-A-infected cats by recombination of the FeLV-A genome with cellular oncogenes. Through a process of genetic recombination, FeSV acquires one of several oncogenes such as fes, fms, or fgr. As a result, FeSV is an acutely transforming (tumor-causing) virus, causing a polyclonal malignancy with multifocal tumors arising simultaneously after a short incubation period. With the decrease in FeLV prevalence, FeSV also has become less common. FeSV-induced fibrosarcomas are multicentric and usually occur in young cats. Several strains of FeSV that have been identified from naturally occurring tumors are defective. They are unable to replicate without the presence of FeLV-A as a helper virus that supplies proteins (such as those coded by the env gene) to FeSV. The host range for FeSV depends on the helper FeLV-A. By manipulation of the helper virus in the laboratory, FeSV can enter cells of species not naturally susceptible to infection. Experimental inoculation of FeSV has produced tumors in cats, rabbits, dogs, sheep, rats, and nonhuman primates.431 Many of these tumors regress spontaneously, even after reaching a large size.62 Fibrosarcoma cells express FOCMA just as lymphoma cells do. Experimental infection with FeSV causes tumors that progress in some cats and regress in others. Those in which the tumors regress have high FOCMA antibody titers.


Fibrosarcomas caused by various strains of FeSV tend to grow rapidly, often with multiple cutaneous or subcutaneous nodules that are locally invasive and metastasize to the lung and other sites. Solitary fibrosarcomas in old cats are not caused by FeSV. These tumors are slower growing, locally invasive, slower metastasizing, and occasionally curable by excision combined with radiation and/or gene therapy. These injection site–associated sarcomas are caused by the granulomatous inflammatory reaction at the injection site after inoculation of adjuvant-containing vaccines. It has been demonstrated that neither FeSV nor FeLV play any role in injection site–associated sarcomas.94


In addition to fibrosarcomas, FeSV has experimentally caused melanomas, showing that FeSV can transform cells of ectodermal and of mesodermal origin.58 Intradermal or intraocular inoculation of FeSV into kittens produced melanomas in the skin or anterior chamber of the eye.62 However, FeSV has not been associated with naturally occurring melanomas of cats.














Other Tumors


A number of other tumors have been found in FeLV-infected cats; some of them may have an association with FeLV, and some have been observed by chance simultaneously in an infected cat. Iris melanomas, for example, are not associated with FeLV infections as once was believed as a result of one study, in which 3 of 18 eyes had positive test results for FeLV-FeSV proviral DNA.416 In a later study, however, immunohistochemical staining and PCR did not reveal FeLV or FeSV in the ocular tissues of any cats with this disorder.67


Multiple osteochondromas (cartilaginous exostoses on flat bones) have been described with increased prevalence in FeLV-infected cats. Although histologically benign, they may cause significant morbidity if they occur in an area such as a vertebra and put pressure on the spinal cord or nerve roots. The pathogenesis of these tumors is unknown.276,350


Spontaneous feline olfactory neuroblastomas are aggressive, histologically inhomogenous tumors of the tasting and smelling epithelium of nose and pharynx and have high metastasis rates. Budding FeLV particles were found in the tumors and lymph-node metastases, and FeLV DNA was found in tumor tissue.389 Two of three cats described had positive FeLV antigen test results. The exact role of FeLV in the genesis of these tumors is uncertain.


Cutaneous horns are a benign hyperplasia of keratinocytes that have been described in FeLV-infected cats.339 The exact role of FeLV in the pathogenesis is unclear.




















Hematologic Disorders


Hematopoietic disorders, particularly cytopenias caused by bone marrow suppression, are a common finding in cats infected with FeLV (Table 11-4). Hematopoietic neoplasia (“myeloproliferative disorders”), including leukemia, may cause bone marrow suppression syndromes. In addition, a high percentage of infected cats develop nonneoplastic hematologic dysfunction. MDS, characterized by peripheral blood cytopenias and dysplastic changes in the bone marrow, is a pre-stage of AML. It was found that changes in the LTR of FeLV (presence of three tandem direct 47-bp repeats in the URE) are strongly associated with the induction of MDS.182 Myelofibrosis, another cause of bone marrow suppression, is a condition characterized by abnormal proliferation of fibroblasts resulting from chronic stimulation of the bone marrow, such as chronic bone marrow activity from hyperplastic or neoplastic regeneration caused by FeLV. In severe cases, the entire endosteum within the medullary cavity can be obliterated. To diagnose this condition, a bone marrow core biopsy instead of needle aspiration is usually necessary.




TABLE 11-4


Hematologic Disorders Related to Feline Leukemia Virus (FeLV) Infection










	Causes

	Mechanism

	Hematologic Findings and Treatment










	ANEMIA






	Hemolytic anemia caused by secondary infections (regenerative)

	Virus-induced immunosuppression that allows hemotropic Mycoplasma species to replicate and cause disease

	
Findings: Regenerative anemia, variable icterus and hemoglobinemia, Mycoplasma spp. detected in blood smears or by or polymerase chain reaction (PCR)
Treatment: Doxycycline






	Immune-mediated hemolytic anemia (regenerative)

	Virus-induced expression of foreign antigens on erythrocyte surface

	
Findings: Regenerative anemia (macrocytosis and reticulocytosis), variable icterus and hemoglobinemia, positive Coombs’ test result
Treatment: Immunosuppression (e.g., glucocorticoids)






	Anemia of blood loss (regenerative)

	Virus-induced suppression of platelet production by bone marrow or FeLV-associated platelet functional defects

	
Findings: Regenerative anemia, thrombocytopenia (<50,000 platelets/µL), low serum protein level
Treatment: Blood transfusion and treatment of cause of thrombocytopenia






	Pure red cell apalasia (PRCA) (nonregenerative)

	Commonly FeLV-C infection; interaction of FeLV-C with cell surface receptors, blocking differentiation of erythroid progenitors between burst-forming units and colony-forming units by interfering with signal transduction pathways

	
Findings: Nonregenerative anemia with macrocytosis (high mean corpuscular volume [MCV]), other cell lines usually within reference ranges
Treatment: Blood transfusion, may be responsive to immunosuppression






	Anemia of chronic disease or anemia of chronic inflammation (nonregenerative)

	Virus or secondary bacterial or neoplastic stimulation of inflammatory cytokines that sequester iron

	
Findings: Nonregenerative anemia
Treatment: Removal or treatment of coexisting inflammatory disease or tumor; no response to erythropoietin






	Anemia caused by crowding out (nonregenerative)

	Lymphoma or leukemia as well as secondary infectious diseases, such as systemic mycosis or mycobacteriosis, leading to infiltration of the bone marrow and to “crowding out” bone marrow cells

	
Findings: Nonregenerative anemia
Treatment: Removal or treatment of coexisting secondary infection or tumor






	PURE PLATELET ABNORMALITIES






	Thrombocytopenia

	Virus-induced immune-mediated thrombocytopenia or decreased platelet production from FeLV-induced bone marrow suppression or leukemic infiltration

	
Findings: Pure thrombocytopenia
Treatment: In case of immune-mediated destruction immunosuppression (e.g., glucocorticoids) or treatment of the underlying disease (e.g., antitumor treatment)






	Thrombocytopathy

	FeLV replication in platelets leading to function deficits and shortened platelet life span, sometimes virus-induced neoplastic proliferation of megakaryocytes leading to thrombocytosis

	
Findings: Platelet function deficits (e.g., prolonged mucosal bleeding time), in case of neoplasia marked thrombocytosis (>600,000 platelets/µL)
Treatment: In case of neoplasia, poor response to antitumor chemotherapy






	PURE LEUKOCYTE ABNORMALITIES






	Lymphopenia

	Destruction of lymphocytes through direct replication of the virus in lymphocytes

	
Findings: Pure lymphopenia
Treatment: Antiviral chemotherapy






	Neutropenia

	Most likely virus-induced immune-mediated persistent or cyclic neutropenia, often after stressful episode

	
Findings: Pure neutropenia, may occur with or without a left shift; normal findings with all other cell lines
Treatment: Immunosuppression (e.g., glucocorticoids)






	Feline panleukopenia-like syndrome (FPLS), also called FeLV-associated enteritis (FAE), or myeloblastopenia

	Likely caused by secondary feline panleukopenia virus (FPV) infection

	
Findings: Severe leukopenia (<3000 cells/µL) with enteritis and destruction of intestinal crypt epithelium with vomiting, diarrhea that mimics feline panleukopenia
Treatment: Symptomatic treatment (see chapter 10) and treatment of overwhelming sepsis






	PANCYTOPENIA






	Aplastic anemia or severe pancytopenia (nonregenerative)

	Virus-induced (commonly FeLV-C) alteration of hematopoietic gene expression that affects early marrow precursor; affects multiple cell lines (near stem cell level)

	
Findings: Nonregenerative anemia, thrombocytopenia, leukopenia
Treatment: Poor response to bone marrow stimulants or immunosuppressive therapy or bone marrow transplantation






	Leukemia

	Virus-induced neoplastic process involving leukocytes of myeloid or lymphoid cell lines

	
Findings: Nonregenerative anemia; commonly also neutropenia and thrombocytopenia, with large increase in lymphocytes or granulocyte precursors in peripheral blood
Treatment: Poor response to antitumor chemotherapy






	Myeloproliferative disease (erythroleukemia/erythremic myelosis, reticuloendotheliosis, various granulocytic leukemias)

	Virus-induced neoplastic transformation of erythrocyte precursors, granulocyte, or platelet precursors or stem cells, or all of these

	
Findings: Nonregenerative anemia, often with macrocytosis and variable numbers and types of nucleated erythrocytes, neoplastic cells in blood smears
Treatment: Poor response to antitumor chemotherapy






	Myelofibrosis

	Abnormal proliferation of fibroblasts resulting from chronic stimulation of bone marrow, such as chronic bone marrow activity from hyperplastic or neoplastic regeneration caused by FeLV

	
Findings: Severe pancytopenia, entire endosteum within the medullary cavity obliterated, changes usually not diagnostic on bone marrow needle aspiration, core biopsy necessary
Treatment: Poor prognosis, treatment of underlying condition
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Hematologic disorders described in association with FeLV include anemia (nonregenerative or regenerative); persistent, transient, or cyclic neutropenia; panleukopenia-like syndrome; platelet abnormalities (thrombocytopenia and platelet function abnormalities); and aplastic anemia (pancytopenia). For the majority of pathogenic mechanisms in which FeLV causes bone marrow suppression, active virus replication is required. However, it has been demonstrated that in some cats with negative antigen test results, regressive FeLV infection without viremia may be responsible for bone marrow suppression. In a study including 37 cats with myelosuppression that have positive FeLV antigen test results in peripheral blood, 2 cats (5%) were found regressively infected with FeLV by bone marrow PCR (both had nonregenerative anemia).419 In these cats, FeLV provirus may interrupt or inactivate cellular genes in the infected cells, or regulatory features of viral DNA may alter expression of neighboring genes. Additionally, cell function of provirus-containing myelomonocytic progenitor and stromal fibroblasts that provide bone marrow microenvironment may be altered. Alternatively, FeLV provirus may cause bone marrow disorders by inducing the expression of antigens on the cell surface, resulting in an immune-mediated destruction of the cell.








Anemia


Anemia is a major nonneoplastic complication that occurs in a majority of symptomatic FeLV-infected cats.126 In turn, it has been stated in the older literature that more than two thirds of all nonregenerative anemias in cats are the result of FeLV infection. As is the case with all FeLV-associated syndromes, this is clearly overestimated because of the decrease in overall FeLV prevalence. In a study investigating 79 anemic cats, FeLV was found in only 2 of 79 cats (both of them had hemolytic anemia).243 Anemia in FeLV-infected cats may have various causes (see Table 11-4). Approximately 10% of FeLV-associated anemias are regenerative, indicated by a high reticulocyte count, high MCV, and presence of anisocytosis, nucleated erythrocytes, and polychromasia.397 Regardless of the cause, regenerative FeLV-associated anemias usually have a favorable response to treatment. Most FeLV-associated anemias, however, are nonregenerative and caused by the bone marrow suppressive effect of the virus resulting from primary infection of hematopoietic stem cells and infection of stroma cells that constitute the supporting environment for hematopoietic cells. In vitro exposure of normal feline bone marrow to some strains of FeLV causes suppression of erythrogenesis.62 In addition to the direct effect of the virus on erythropoiesis, other factors can cause nonregenerative anemia in FeLV-infected cats.


Hemolytic anemia caused by secondary infections (regenerative) may occur in FeLV-infected immunosuppressed cats. Clinical signs associated with hemolytic anemia are lethargy, anorexia, depression, pale mucous membranes, icterus, dehydration, and splenomegaly. The most common secondary infections responsible for hemolytic anemia in FeLV-infected cats are hemotropic Mycoplasma spp. infections (see Chapter 31). These organisms are not always found on peripheral blood smears; however, diagnosis is possible with PCR techniques.124,157


FeLV-induced immune-mediated hemolytic anemia (IMHA; regenerative) also has been described. It is suspected that FeLV can induce an immune-mediated response leading to secondary IMHA with positive Coombs’ test result, autoagglutination, and spherocytosis. IMHA occurs less frequently in cats than in dogs, but FeLV infection is a potential trigger. In a study on IMHA in cats, 2 of 19 cats had positive FeLV antigen test results.237 However, in a more extensive study, Coombs’ positive results in cats with anemia were not statistically associated with retrovirus or hemoplasma infection.427a


Anemia of blood loss (regenerative) may be present in a few cats with FeLV infection. It is usually seen in cats that have hemorrhage due to FeLV-associated thrombocytopenia or platelet functional defects.


Pure red cell aplasia (PRCA) (nonregenerative) is a severe isolated nonregenerative anemia (HCT below 15%) without regeneration. It can be caused by infection with FeLV-C through interactions of FeLV-C with cell surface receptors.356,423 The cell surface receptor interactions block the differentiation of erythroid progenitors between burst-forming units and colony-forming units by interfering with signal transduction pathways essential for erythropoiesis.355,397,463 Bone marrow examination shows an almost complete lack of erythroid precursors (at least late forms) with normal myeloid and megakaryocytic precursors and an increased myeloid-erythroid ratio.62,257 These cats have typically have macrocytosis (rarely normocytosis) without evidence of reticulocyte response. Whenever macrocytic anemia (MCV greater than 60 fL) occurs in a cat in absence of reticulocytosis, FeLV infection should be suspected. Macrocytosis is caused through the FeLV-induced defect by skipped mitoses in cell division during erythropoiesis. These cats do not have folate or vitamin B12 deficiencies. Iron is present in macrophages but not erythrocyte precursors; however, iron kinetics are normal. Serum erythropoietin levels are markedly increased, indicating that anemia is not caused by an erythropoietin deficiency.257 FeLV-associated PRCA is not a neoplastic or immune-mediated process because it is resistant to therapy. Treatment with immunosuppressive drugs (glucocorticoids and cyclophosphamide or ciclosporin) resulted in resolution of anemia within 3 to 5 weeks; however, relapse occurred when treatment was discontinued.418


Anemia of chronic disease or anemia of chronic inflammation (nonregenerative) is caused by excessive inflammatory cytokine production in FeLV-infected cats. It is characterized by a mild anemia (HCT of 20% to 30%). The HCT often increases spontaneously if the underlying problem is treated successfully, even if the cat continues to have positive test results for FeLV.


Anemia caused by crowding out (nonregenerative) is caused when infectious agents or neoplastic cells infiltrate the bone marrow and replace erythrocyte precursor cells. Lymphoma or leukemia as well as secondary infectious diseases, such as systemic mycosis or mycobacteriosis, may cause severe anemia by “crowding out” bone marrow cells.


Aplastic anemia or severe pancytopenia (nonregenerative) may be present in FeLV-infected cats and involves all cell lines. Bone marrow cytology is usually hypocellular or may show necrosis.401 Cats with pancytopenia often had positive test results for FeLV antigen in earlier times, but in a study of 13 cats with aplastic anemia from 1996 to 2004, only 2 of 13 were found to be have positive FeLV antigen test results.456 In this condition, the virus probably affects precursors near the stem cell level. In some cats, cyclic hematopoiesis with periodic fluctuation in reticulocytes, granulocytes, and platelets may be noted. Alteration of accessory cells within the bone marrow microenvironment providing the structural framework, cytoadhesive molecules, and growth-regulatory cytokines necessary for normal hematopoiesis may be the cause. FeLV can affect bone marrow accessory cell viability, growth, production, or all of these of hematopoietic progenitor growth-regulating substances by altering cytokine mRNA levels in general and strain-specific patterns.266–268 In bone marrow cytology, few if any precursors may be found, and core biopsy specimens may be needed. The aplastic marrow may represent a more advanced stage of myelosuppression than PRCA. Bone marrow transplantation or immunosuppression has not been successful in these cats.














Platelet Abnormalities


FeLV infection can cause decreased platelet counts. It also may be responsible for platelet function deficits.


Thrombocytopenia may occur secondary to decreased platelet production from FeLV-induced bone marrow suppression or leukemic infiltration. The life span of platelets is shortened in some FeLV-infected cats. Platelets harbor FeLV proteins as a result of infection. In addition, megakaryocytes, the marrow precursors of blood platelets, are frequent targets of progressive FeLV infection. Immune-mediated thrombocytopenia, which rarely occurs as a single disease entity in cats, often accompanies IMHA in cats with underlying FeLV infection. Thrombocytopenia may result in bleeding tendencies.


Thrombocytopathy in FeLV-infected cats involves platelet changes not only in quantity, but also in size, shape, and function. FeLV replicates in platelets and may alter platelet function. The life span of platelets is shortened in some FeLV-infected cats. Giant platelets and thrombocytosis have been observed in some progressively infected cats.397














Leukocyte Abnormalities


FeLV-infected cats may have decreased neutrophil or lymphocyte counts or impaired function. In addition, a so-called feline panleukopenia-like syndrome (FPLS) has been described in FeLV-infected cats.


Lymphopenia is primarily a result of direct replication of the virus in lymphocytes. Affected cats may develop thymic atrophy and depletion of lymph node paracortical zones after infection. In some cats, lymphopenia may be characterized by preferential loss of CD4+ helper T cells, resulting in an inverted CD4/CD8 ratio.355 More commonly, substantial losses of helper cells and cytotoxic suppressor cells (CD8+ cells) occur.185


Neutropenia is common in FeLV-infected cats38 and generally occurs alone or in conjunction with other cytopenias. In some cases, myeloid hypoplasia of all granulocytic stages is observed, suggesting direct cytopathic infection on neutrophil precursors by FeLV. In some neutropenic FeLV-infected cats, an arrest in bone marrow maturation may occur at the myelocyte and metamyelocyte stages. It has been hypothesized that an immune-mediated mechanism is responsible in cases in which neutrophil counts recover with glucocorticoid treatment (“glucocorticoid-responsive neutropenia”). Cyclic neutropenia also has been reported in cats with FeLV infection and usually is effectively treated with glucocorticoids, suggesting that immune-mediated mechanisms are also likely in this syndrome. The cycles are usually regular, ranging from 8 to 14 days. Bone marrow cytology during the neutropenic phase may indicate either granulocytic hyperplasia or hypoplasia, with a disproportionate number of cells in the promyelocytic stage. Similar bone marrow findings could result from inflammatory or immune-mediated diseases, myelodysplasia, or granulocytic leukemia. Cats with neutropenia usually have recurrent fever or persistent bacterial infections. Some cats show persistent gingivitis, occasionally without the usual signs of inflammation such as hyperemia and purulent exudate because granulocytes are necessary for the inflammatory response.62 In addition to problems associated with low neutrophil counts, neutrophils of progressively infected cats may have decreased chemotactic and phagocytic function.


FPLS, also known as FeLV-associated enteritis (FAE) or myeloblastopenia, consists of severe leukopenia (fewer than 3000 cells/µL) with enteritis and destruction of intestinal crypt epithelium that mimics feline panleukopenia caused by feline panleukopenia virus (FPV) infection (see Chapter 9). FPV antigen has been demonstrated by immunofluorescence in intestinal sections of cats that died from this syndrome after being experimentally infected with FeLV.280 FPV was also demonstrated by electron microscopy despite negative FPV antigen tests. It appears that this syndrome may actually not be caused by FeLV itself, as previously thought, but by co-infection with FPV. The syndrome also has been referred to as FAE in cats with progressive FeLV infection because the clinical signs observed are usually GI, including hemorrhagic diarrhea, vomiting, oral ulceration or gingivitis, anorexia, and weight loss.230,231 It is still unclear whether all theses syndromes are simply caused by co-infection with FPV (and even modified live FPV vaccines have been discussed) or if they are caused by FeLV itself.280 In experimental studies, a similar syndrome could be induced, leading to enteritis with proliferation of FeLV antigen within the enterocytes, when cats had been experimentally infected with FeLV-FAIDS variants of FeLV. FeLV FAIDS infection begins with a prodromal period of lymphoid hyperplasia associated with viral replication in lymphoid follicles, followed by lymphoid depletion associated with extinction of viral replication. Cats develop enterocolitis with crypt necrosis and villous atrophy.193 Intractable diarrhea and weight loss are associated with immunodeficiency characterized by lymphopenia, suppressed lymphocyte stimulation, impaired cutaneous allograft rejection, hypogammaglobulinemia, and opportunistic infections such as respiratory disease or stomatitis. These observations suggest that the development of FPLS and/or FAE may be FeLV strain-dependent.




















Immunosuppression


Diseases secondary to immunosuppression account for a large portion of the morbidity and mortality of FeLV-infected cats.84,330,337 Progressively FeLV-infected cats are predisposed to secondary infections primarily because of immunosuppression similar to that in human patients infected with human immunodeficiency virus (HIV), but immunosuppression is more severe than the one caused by FIV infection. Evaluation of the true immune status of FeLV-infected cats is hampered by the lack of well-characterized tests. Thus, clinicians primarily depend on CBC and clinical presentation for diagnosing immune dysfunction. Some commercial laboratories offer selective counts of CD4+ and CD8+ cells, but the value of these parameters rarely has been evaluated in naturally infected cats.185


The exact mechanisms by which the virus damages the immune system are poorly understood, as is why different animals have such varying degrees of immunosuppression in response to the same virus. Immunosuppression is occasionally associated with unintegrated viral DNA from replication-defective viral variants.333 These pathogenic immunosuppressive variants, such as FeLV-T, require a membrane-spanning receptor molecule (Pit1) and a second co-receptor protein (FeLIX) to infect T lymphocytes.251 The latter protein is an endogenously expressed protein encoded by an endogenous provirus arising from FeLV-A, which is similar to the FeLV receptor-binding protein of FeLV-B.24 Affected cats may develop thymic atrophy and depletion of lymph node paracortical zones after infection. Lymphopenia and neutropenia are common. In addition, neutrophils of viremic cats have decreased chemotactic and phagocytic function compared with those of normal cats. This abnormality persists for an unknown period, even if viremia is transient. In some cats, lymphopenia may be characterized by preferential loss of CD4+ helper T cells, resulting in an inverted CD4/CD8 ratio (which is more typical of FIV infection).185,355 More commonly, substantial losses of helper cells and cytotoxic suppressor cells (CD8+ cells) occur.185 Many immune function tests of naturally FeLV-infected cats have been reported to be abnormal, including poor response to T-cell mitogens, prolonged allograft reaction, reduced immunoglobulin production, depressed neutrophil function, and complement depletion. Interleukin (IL)-2 and IL-4 are decreased in some cats.257,267 However, studies disagree on whether interferon (IFN)-γ is deficient or increased. FeLV does not appear to suppress (IL-1 production from infected macrophages. Increased TNF-α has been observed in serum of infected cats and infected cells in culture. Although each cytokine plays a vital role in the generation of a healthy immune response, the excess production of certain cytokines such as TNF-α can also cause illness.


Primary and secondary humoral antibody responses to specific antigens are delayed and decreased in FeLV-infected cats. In vaccination studies, FeLV-infected cats have not been consistently able to mount an adequate immune response to vaccines such as rabies. Therefore, protection in a FeLV-infected cat after vaccination is not comparable to that in a healthy cat, and more frequent vaccinations (e.g., every 6 months) have to be considered. T cells of FeLV-infected cats produce significantly lower levels of B-cell stimulatory factors than do those of normal cats.84 This defect becomes progressively more severe over time. However, when B cells of FeLV-infected cats are stimulated in vitro by uninfected T cells, their function remains normal. Although humoral immunity to specific stimulation decreases, nonspecific increases of IgG and IgM have been noted.














Immune-Mediated Diseases


In addition to immunosuppression, FeLV-infected cats are subject to various immune-mediated diseases caused by an overactive or dysregulated immune response to the virus. FeLV-associated immune-mediated diseases including autoimmune hemolytic anemia,237 glomerulonephritis,9 uveitis with immune complex deposition in iris and ciliary body,35 and polyarthritis.339 Chronic progressive polyarthritis can be triggered by FeLV; in about 20% of cats with polyarthritis, FeLV seems to be an associated agent.339 A similar syndrome can also be caused by feline foamy virus and concurrent FIV infection may occur in either instance (see Chapter 15).326a


The loss of T-suppressor cell activity and the formation of antigen-antibody complexes contribute to these immune-mediated diseases.338 Measurement of FeLV antigens has shown that cats with glomerulonephritis have more circulating viral proteins that do other FeLV-infected cats, although in a study, FeLV-infected cats in general did not show significantly more commonly hypergammaglobulinemia in plasma electrophoretogram in contrast to FIV-infected cats,309 and hyperproteinemia is not a common problem in FeLV-infected cats (different from FIV infection).127 Antigens that can lead to antigen-antibody complex formation include not only whole virus particles but also free gp70, p27, or p15E proteins.76,440 Circulating immune complexes (CICs) have also been observed after experimental treatment of persistent viremia with MABs to gp70 and in studies of inoculation of complement-depleting factors.














Other Syndromes


Other syndromes directly caused by FeLV infection include reproductive disorders, fading kitten syndrome, and FeLV-associated neuropathy. Beside those syndromes, other clinical signs observed are likely the result of secondary infections, and from a clinical standpoint, it is important to realize that many of these secondary diseases are treatable. Many reports have been made of FeLV-infected cats having concurrent bacterial, viral, protozoal, and fungal infections, but few studies exist proving that these cats have a higher rate of infection than do FeLV-negative cats or that they have a less favorable response to therapy. Thus, although FeLV is well known to suppress immune function, it should not be assumed that all concurrent infections are a result of FeLV infection. Secondary infections that may be associated with FeLV include FIP, coccidiosis, and upper respiratory infections.257,361,362 Studies have focused on the role and the influence of FeLV infection on hemotropic Mycoplasma spp. infection with controversial results, because in some studies, Mycoplasma infection was associated with FeLV infection,26,422 whereas in others it was not.244,284,459 No association was found with leishmaniasis in cats.295 Chronic ulcerative stomatitis also was not associated with FeLV infection in two studies.28,357 Cats that were naturally infected with FeLV were more likely to develop and not eliminate Bartonella henselae infection; however, the course and clinical outcome of bartonellosis was not different in cats that were not co-infected with FeLV.38a


Other diseases also can be indirectly influenced by FeLV, such as a hepatopathy described in FeLV-infected cats with icterus and various inflammatory and degenerative liver diseases.361,362 Hepatic lipidosis is a major complicating factor that can explain some of these cases; however, unexplained focal liver necrosis was also observed. Skin disease has been described in some FeLV-infected cats. FeLV-infected cats have a greater diversity of cutaneous and mucosal microflora compared with uninfected cats,403 and infections associated with dermatologic conditions are usually caused by the immunosuppression.347 Traumatic injuries are complicated by secondary bacterial infections or abscesses. Otitis externa and miliary dermatitis may develop from ectoparasites or allergies but persist because of secondary bacterial infections.








Reproductive Disorders


FeLV-infected queens can transmit the virus transplacentally. Reproductive failure in the form of fetal resorption, abortion, and neonatal death is common if in utero FeLV infection occurs. The apparent infertility might actually be early resorption of fetuses. Abortions usually occur late in gestation, with expulsion of normal-appearing fetuses. Bacterial endometritis may accompany these abortions, particularly in cats with neutropenia.62














Fading Kitten Syndrome


Kittens born to infected queens may become exposed to FeLV transplacentally, but heavy exposure also occurs at birth and throughout the nursing period. Some kittens become immune, but most become progressively infected and die at an early age of the so-called fading kitten syndrome, characterized by failure to nurse, dehydration, hypothermia, thymic atrophy, and death within the first 2 weeks of life.257














Neuropathy


Neurologic dysfunction has been described in FeLV-infected cats. Although most neurologic signs seen in FeLV-infected cats are caused by lymphoma and lymphocytic infiltrations in brain or spinal cord leading to compression, in some cases no tumor is detectable with diagnostic imaging methods or at necropsy. Anisocoria, mydriasis, central blindness, or Horner's syndrome have been described in FeLV-infected cats without morphologic changes. In some regions (such as the southeastern United States), urinary incontinence caused by neuropathies in FeLV-infected cats has been described.44 Direct neurotoxic effects of FeLV have been discussed as pathogenetic mechanisms. Envelope glycoproteins of retroviruses may be able to produce increased intracellular free calcium leading to neuronal death, as observed in HIV-infected humans. A polypeptide of the FeLV envelope was found to cause dose-dependent neurotoxicity associated with alterations in intracellular calcium ion concentration, neuronal survival, and neurite outgrowth. The polypeptide from an FeLV-C strain was significantly more neurotoxic than the same peptide derived from an FeLV-A strain.104,310


Clinical signs in 16 cats with progressive FeLV infection and neurologic signs consisted of abnormal vocalization, hyperesthesia, and paresis progressing to paralysis. Some cats developed anisocoria or urinary incontinence during the course of their illness. Others had concurrent FeLV-related problems such as myelodysplastic disease. The clinical course of affected cats involved gradually progressive neurologic dysfunction. Microscopically, white-matter degeneration with dilation of myelin sheaths and swollen axons was identified in the spinal cords and brainstems of affected animals.44 Immunohistochemical staining of affected tissues revealed consistent expression of FeLV p27 antigens in neurons, endothelial cells, and glial cells, and proviral DNA was amplified from multiple sections of spinal cord.44 These findings suggest that in some FeLV-infected cats, the virus may directly affect CNS cells cytopathically.


























Diagnosis


Testing for FeLV and consequently preventing exposure of healthy cats to FeLV-infected cats is the most effective way to prevent the spread of infection. Testing to identify infected cats is the mainstay of preventing transmission, and FeLV vaccination should not be considered a substitute for testing. The American Association of Feline Practitioners (AAFP) has established guidelines for testing cats for FeLV.260 According to these guidelines, the FeLV status of all cats should be known, because infection has serious health consequences that influence patient management, both in illness and for wellness care. Accurate diagnosis of infection is important for both uninfected and infected cats. Identification and segregation of infected cats is considered to be the most effective method for preventing new infections in other cats. Failure to identify infected cats may lead to inadvertent exposure and transmission to uninfected cats. Misdiagnosis of infection in uninfected cats may lead to inappropriate changes in lifestyle or even euthanasia.260 To completely eliminate any risk to an established household when bringing in a new cat, a follow-up test should be performed at least 90 days after the initial test or after a possible exposure to FeLV because cats may be in the early stage of infection at the time of the first test; the test should be performed before bringing the cat into the home.255


Cats can be tested at any age. Because the screening tests detect antigen and not antibodies, neither maternal antibodies nor antibodies from vaccination or previous viral exposure interfere with testing. It has to be realized, however, that kittens infected by some form of maternal transmission may not test positive for weeks to months after birth.259 Vaccination against FeLV does not generally compromise testing, because FeLV tests detect antigen and not antibodies. However, blood collected immediately after vaccination may contain detectable FeLV antigens from the vaccine itself, so diagnostic samples should be collected before FeLV vaccine administration.260 It is not known how long this test interference persists. Cats may require retrovirus testing at different times in their lives; for example, cats that meet certain criteria (Box 11-1) should be tested for FeLV infection.260





BOX 11-1   Criteria for Testing Cats for FeLV Infectiona







Sick cats (even if they have tested negative in the past).


Newly acquired cats and kittens.


Even cats that do not live with other cats should be tested for several reasons. Their FeLV status may influence their health, other cats may join the household in the future, or cats confined indoors may escape and expose other cats.


Tests should be performed at adoption, and cats with negative results should be retested in a minimum of 28 days.


Cats with known recent exposure to a FeLV-infected cat or to a cat with unknown status, such as via a bite wound.


Testing should be carried out immediately, and if negative should be repeated in a minimum of 28 days.


Cats living in households with other cats infected with FeLV should be tested on an annual basis unless they are isolated.


Cats with high-risk lifestyles should be tested on a regular basis (e.g., cats that have access to outdoors in cat-dense neighborhoods and cats with evidence of fighting such as bite wounds and abscesses).


Cats should be tested before initial vaccination against FeLV.


Cats used for blood or tissue donation should have negative screening test results for FeLV in addition to negative real-time PCR test results.


Intermittent retesting is not necessary for cats with confirmed negative infection status unless they have an opportunity for exposure to infected cats or if they become ill.








aFrom Ref. 260, with permission.











Direct Detection of the Virus


For the diagnosis of FeLV infection, usually direct methods of virus detection are preferred because routine tests are available that detect free FeLV p27 antigen (produced abundantly by virus infected cells) in blood. Direct FeLV detection methods include detection of free (by ELISA or other immunochromatographic methods) or cell-bound (by direct FA) FeLV antigen, detection of viral nucleic acid by PCR including detection of provirus (DNA) or virus (RNA), and virus isolation.








Detection of FeLV Antigens


Routine screening for FeLV became available with the development of immunofluorescence assays testing for virus in 1973.150 In 1979, the first commercial ELISA was licensed. It was very sensitive in detecting low concentrations of antigen in serum of infected cats,274 but it was not very specific. Lutz and others282 developed an ELISA containing MABs against three different epitopes of p27 antigen that did not cross-react with proteins of other retroviruses; thus, the resulting test was more specific. Several ELISAs and other immunochromatographic assays (ICGAs) or rapid immunomigration assays are used. The membrane-fixed ICGAs and rapid immunomigration assays are based on a principle similar to ELISA in which color is generated as a result of an immunologic reaction, but the assays have a slightly different design than ELISA. All ELISA-based methods are available for use as rapid point-of-care tests.371


The colorimetric point-of-care ELISA-based assays are the mainstay of clinical testing today, but direct FA testing for viral antigen is still in use.153 Direct FA and ELISA-based methods both detect FeLV core protein p27, which is produced abundantly in most infected cats; however, ELISA-based methods are more sensitive and detect lower levels of free soluble FeLV p27 in plasma or serum, whereas direct FA only detects larger quantities of p27 antigen within the cytoplasm of infected blood cells. Both ELISA-based methods and direct FA are useful clinically. Cats that only have positive ELISA-based test results are more likely to later regress to negative results than are cats with positive results on both ELISA-based and direct FA tests. To distinguish between regressive and progressive infection, cats should be retested with ELISA-based methods 6 weeks after the first positive test result. If a cat still has a positive result, it should be retested after another 10 weeks. If at this time the cat still has a positive result, it is most likely progressively infected and will have positive results for the rest of its life. Another method without the retesting delay is to immediately test a cat with a positive ELISA-based method results with direct FA. If the direct FA result is positive, the likelihood of a transient viremia (regressive infection) is small. Only 3% to 9% of cats with positive direct FA results have a transient viremia.146,153,212,216,282 A small number of cats with discordant test results that develop persistently positive results with ELISA-based methods, and negative results with direct FA methods, may have focal or atypical infections that are kept localized by their immune systems.216 A negative ELISA-based method result but positive direct FA method result is always a false result, either a false-negative ELISA result (which is very unlikely), or more likely, a false-positive direct FA result.


ELISA-based methods detect free soluble FeLV p27 and are the recommended screening tests for FeLV infection. A positive whole-blood, serum, or plasma ELISA-based method means that the cat is viremic. These tests become positive early, in the first phase of viremia within the first weeks after infection, before the bone marrow is affected. Thus, positive results may be reflective of transient viremia (in regressively infected cats) or persistent viremia (in progressively infected cats).25 In experimental settings, most cats have positive results within 28 days after exposure.212 Even the improved ELISA-based methods can have false-positive results for numerous reasons. Although they can be performed on serum, plasma, or whole blood, in some studies, higher rates of false-positive results were recorded when whole-blood samples were used, particularly when the samples were hemolyzed. Thus, standard ELISA methods should only be performed with plasma or serum. However, the ICGA-based tests contain a filtering membrane, so whole blood and serum and plasma do not produce different results.170 False-positive results were also a problem in some test systems that used murine-derived reagents in cats that had naturally occurring anti-mouse antibodies,274 which are present in about 1% to 2% of all cats. Improved tests have solved that problem by including additional control steps. Technical and user errors contribute to false-positive results as well.153,285 These errors are most likely to occur during the washing steps of kits using microwell or plate formats. Membrane-based tests eliminate separate washing steps and include positive and negative controls for each test sample. Comparative studies have been performed on many ELISA-based tests since they began to be marketed, especially in Europe.168,170,345,384 In the majority of these studies, sensitivities and specificities were comparable. Positive predictive values of most tests were about 80%,168,170 whereas negative predictive values were close to 100%.136,170 The reliability of a test (its predictive values) depends on the rate of infection within a cat population. False-positive results are more important today because the decreasing prevalence of FeLV is leading to lower positive predictive values of the available tests. Thus, because FeLV is present in most cats with thymic lymphoma, a positive test result is likely to be accurate in this situation, whereas in a lower-risk population, such as a closed cattery known to be free of FeLV, a positive test should be viewed with more suspicion, and confirmatory tests should be performed.257 Therefore, negative test results are highly reliable because of the low FeLV prevalence in most populations, but positive results have to be interpreted carefully, and confirmatory tests have to be considered after a positive result. If confirmatory tests (e.g., virus isolation, PCR) are not available or are too expensive to perform, at the very least a second ELISA-based test should be performed to rule out a false-positive result. If the second test is positive, this significantly increases the predictive value.170 Retesting should be performed immediately and has nothing to do with the different stages of viremia; it is only used to compensate for the weaknesses of the test systems. Some ELISAs have been developed for tear and saliva samples in place of blood.171 In general, these tests are not as accurate as blood testing because antigen shedding is intermittent and the tests are subject to more technical errors18,171; they are not recommended because the consequences for false-negative and false-positive results can be disastrous for individual cats or multiple-cat populations.29,171,172,281


Direct FA testing on smears from blood or bone marrow detects cell-associated p27 antigen within infected blood cells, primarily in neutrophils and platelets. The earliest the test becomes positive after infection of the bone marrow is after at least 3 weeks of viremia (secondary viremia). Positive test results are likely to reflect persistent viremia (progressive infection)147,149,257; therefore, direct FA testing is not recommended as a screening test because cats that are in the first weeks of viremia, but already infectious to others, are not detected. Direct FA testing can be used for prognostic reasons or to confirm positive and suspicious results. Direct FA methods require special processing and fluorescent microscopy and must be performed by a qualified reference laboratory. Refer to Web Appendix 5 for a list of qualified labs performing these tests. Generally, two or more quality blood smears should be air dried and mailed, unfixed, to the laboratory. As antigen is present at highest concentrations in neutrophils and platelets, false-negative results may occur when these two cell lines are deficient. False-positive results occur when smears are too thick, background fluorescence is high, or the test is prepared and interpreted by inexperienced personnel. Using anticoagulated blood rather than fresh blood for making smears can also cause errors.209,454 Variations in quality control among facilities have been reported, and careful attention should be paid to the selection of the reference laboratory.257














Nucleic Acid Detection


PCR differs from direct FA and ELISA-based methods in that it does not detect viral antigen (protein) but viral nucleic acid sequences (viral RNA or proviral [cell-associated] DNA). It can be performed on blood, bone marrow, and tissues. PCR is a very sensitive method because the process involves amplification of FeLV gene sequences to enhance detection. PCR testing is offered by a number of commercial laboratories (see Web Appendix 5). When performed under optimal conditions, PCR can be the most sensitive test methodology for FeLV diagnosis and can help resolve cases with discordant antigen test results. However, PCR must be performed by well-equipped and well-trained laboratories because minor alterations in sample handling can destroy the delicate nucleic acid material or introduce minute amounts of cross-contamination, leading to either false-negative or false-positive results, respectively. Technical errors can reduce sensitivity and specificity of PCR results significantly. There are no comparative studies of the diagnostic accuracy of various commercial laboratories offering FeLV PCR. In addition, PCR is highly strain specific. As a retrovirus, FeLV mutates naturally, and minor strain variations may prevent binding of the primers, a step necessary to amplify the viral genome. Cats infected with mutated FeLV may have negative test reactions with a specific PCR. Thus, a negative result does not necessarily mean that a cat is uninfected. PCR is most accurate if it reveals a positive result and if it is performed by a reputable laboratory so that contamination can be excluded. With this in mind, PCR has greatly enhanced the possibilities of detecting FeLV infection in blood, cultures, solid tissue, and fixed specimens.


The main indication for PCR is the suspicion of a regressive (latent) infection in cats with lymphomas, bone marrow-suppressive syndromes, or chronically inflamed oral gingival lesions.174,204,419,442 In regressive infection, no or minimal replication virus is present; thus, tests such as ELISA/ICGA that detect viral antigen are negative. In addition, real-time PCR is used to quantify provirus and virus loads.14,48,49,346,437 Using quantitative (real-time) PCR, it has been shown that viral loads in experimentally infected cats with negative ELISA test results (i.e., that were regressively infected) that mount an effective immune response were much lower (300-fold less) than viral loads in cats with positive antigen test results (i.e., that were progressively infected).189 If quantitative PCR is used to investigate proviral and viral RNA loads in leukocyte subsets, it also might allow differentiation of regressive and progressive FeLV infection.47 Furthermore, studies using real-time PCR found that 5% to 10% of cats with negative antigen tests were positive for FeLV provirus by PCR.131,189 Although the clinical significance of antigen-negative, provirus-positive status is still unknown, it appears that most of these cats remain aviremic, do not shed virus, and are unlikely to ever develop FeLV-associated diseases. PCR of bone marrow samples in cats with myelosuppression419 and of tumor tissue samples from cats with lymphoma have demonstrated regressive FeLV infection in FeLV antigen-negative cats.167,204,206 Rates of detection are greater in bone marrow than in blood from regressively infected cats that have negative antigen test results.419 Thus, ideally samples should be taken from bone marrow, lymph node aspirates, or neoplasms rather than blood.


It is also possible to detect virus shedding in saliva using sensitive PCR methods. A study of the shedding pattern of FeLV RNA in saliva found that active shedding was a consistent feature in progressively infected cats, whereas regressively infected cats with a low proviral load did not shed viral nucleic acid in saliva. FeLV RNA and DNA were stable for more than 64 days in saliva samples stored at room temperature, and in naturally infected cats, a high sensitivity and specificity of tests on saliva was found when compared to tests for antigen in blood.131,132 The authors suggested that detection of salivary viral RNA by PCR could become a reliable noninvasive tool for the diagnosis of FeLV infection. In another study,97 field cats were identified that had positive FeLV antigen test results in blood but negative DNA and RNA PCR test results using saliva. These results suggest that some PCR methods on saliva may not be sufficiently sensitive to replace blood testing, at least in the near future.














Virus Isolation


Virus isolation was originally developed to identify FeLV-infected cats.82,213 It is not practicable for routine diagnosis because it is difficult and time-consuming to perform and requires special facilities. It may still be used for the confirmation of positive test results and suspicious samples.




















Antibody Detection Methods


Detection of antibodies is not useful to diagnose FeLV infection, because many cats immune to FeLV have antibodies, whereas progressively infected cats have no detectable antibodies. Antibodies and immunity will follow vaccination or regressive or abortive infection. Some of these immune cats indeed will have FeLV infection (e.g., regressive infection), but others will not (e.g., vaccinated cats), and antibody testing systems do not distinguish between antibodies caused by vaccination and by natural infection. Moreover, many cats may be vaccinated and regressively infected simultaneously, because a study has shown that vaccination does not prevent infection.187 Experimentally it has been shown that FeLV low-dose exposure can result in antibody production during an abortive infection, with cats having anti-FeLV antibodies, but no FeLV antigen or nucleic acid detectable.292


On the other hand, antibody testing may predict immunity against FeLV infection, and thus, cats with antibodies against FeLV are unlikely to benefit from FeLV vaccination. The connection between presence of antibodies and immunity, however, is not absolute, because many vaccinated cats will not develop antibodies,97 and there will be cats that are protected against FeLV despite the presence of detectable antibodies.248,412 Antibody testing may help to reveal the FeLV status of a population. In a study assessing the status of FeLV infection in the cat population of southern Germany, many cats were found to have FeLV antibodies despite having negative antigen and PCR test results.97






























Therapy


Despite the fact that persistent FeLV viremia is associated with a decreased life expectancy, many owners elect to provide treatment for the myriad clinical syndromes that accompany infection. Some older studies suggested that FeLV-infected cats live only a maximum of 3 years after diagnosis, but these studies involved group-housed cats in multiple-cat, FeLV-endemic environments. With proper care, FeLV-infected cats may live much longer than 3 years and, in fact, may die at an older age from causes completely unrelated to their retroviral infection.160 Thus, decisions about treatment or euthanasia should never be based solely on the presence of FeLV infection. It is important to realize that FeLV-infected cats are subject to the same diseases that befall uninfected cats, and the mere presence of an FeLV-related disease may or may not be caused by FeLV.162,260








Management of Feline Leukemia Virus-Infected Cats


Special management has to be considered when owning a FeLV-infected cats. These management protocols must include the housemates of the FeLV-infected cat.








Feline Leukemia Virus–Infected Households


In a household with an FeLV-infected cat, all cats should be tested so that their status is known. If one or more cats with negative FeLV antigen test results are identified in a household with FeLV-infected cats, the owners must be informed of the potential danger to the uninfected cats in the house. They should be told that the best method of preventing the spread of infection is to isolate the infected individuals in other rooms to keep the infected cats from interacting with uninfected housemates. Shedding of virus generally occurs through salivary glands, and cat-to-cat transmission can occur by allogrooming, sharing of food and water bowls and litter boxes, and fighting and biting behavior. The risk of transmission is not very high because the cats that have lived together with FeLV-shedding cats have already been exposed or infected and are more likely to be immune to new infection. However, studies in cluster households have shown that virus neutralization is not lifelong; therefore, a previously immune cat can become viremic, which may reflect reactivation of a regressive infection. However, truly new infections (although unlikely) cannot totally be ruled out.162 The risk that an adult cat previously having a negative FeLV antigen test result will develop a positive test result is approximately 10% to 15% if the cat has lived with a shedding cat for more than several months.59 If owners refuse to separate housemates, the uninfected cats should receive FeLV vaccination in an attempt to enhance their natural level of immunity in this environment of high viral exposure. However, vaccination does not provide good protection under these circumstances. If the household is closed to new cats, the cats with negative FeLV antigen test results will tend to outlive the progressively infected cats; thus, after months or years all remaining cats will be immune.














Individual Feline Leukemia Virus-Infected Cats


FeLV-infected cats should be confined indoors, not only to prevent spread to other cats in the neighborhood but also to protect the vulnerable immunosuppressed cats from other infectious agents carried by other animals. Good nutrition and husbandry are essential to maintain good health. FeLV-infected cats should be fed a high-quality commercial feline diet. Raw meat, eggs, and unpasteurized milk should be avoided because of the risk of acquiring foodborne bacterial or parasitic infections.255


Wellness visits to the veterinarian should occur at least semiannually to promptly detect changes in health status. Visits should include a detailed history, a thorough physical examination with special attention to palpation of lymph nodes, examinations of the oral cavity to detect dental and gum diseases and the skin to detect external parasite infestation or fungal disease, an ophthalmic examination to investigate the anterior and posterior segments of both eyes, and an accurate measurement and recording of the body weight as marker for the cat's general condition. In addition, a CBC should be performed at each visit, and a biochemistry profile, urinalysis (including a bacterial culture), and fecal examinations (in cats with possible exposure or a history of GI problems) at least yearly. Intact males and females should be neutered to reduce stress associated with estrus and mating behavior and to decrease the desire to roam outside. Surgery is generally well tolerated by asymptomatic FeLV-infected cats. Perioperative antibiotic administration should be used during surgeries and dental procedures.255,260


Vaccination with core vaccines (against FPV, feline herpesvirus, and feline calicivirus) should be performed regularly, even if the cat is kept strictly indoors. If an owner cannot be convinced to keep a FeLV-infected cat inside, a rabies vaccination should be given (in accordance with state and local regulations). FeLV-infected cats may not be able to mount an adequate immune response to administered vaccines, which has been observed for rabies vaccines but is likely for other vaccines as well. Therefore, protection in a FeLV-infected cat after vaccination is not as complete and long-lasting as in a noninfected cat, and more frequent vaccinations (e.g., every 6 months) have to be considered in FeLV-infected cats,279 especially if the cat is allowed to go outside. MLV vaccines should be avoided in FeLV-infected cats, if possible, because attenuated agents may regain their pathogenicity in an immunosuppressed animal. FeLV vaccines are not recommended in cats with known progressive or regressive FeLV infections because these vaccines have no effect on the viremia, carrier state or elimination, or clinical FeLV disease in already infected cats.




















Treatment of Feline Leukemia Virus-Associated Diseases


In most cases, secondary diseases in FeLV-infected cats are treated in the same way as they are treated in uninfected cats. However, more intensive diagnostic testing and treatment should proceed as soon as an infected cat has been identified. The owner should be forewarned that the response to treatment may take longer than expected. Secondary infectious conditions may require more intensive and prolonged therapy in FeLV-infected cats. FeLV itself does not cause fever, so a search for a concurrent infection must be made in febrile cats. Fevers of unknown origin that are unresponsive to antibiotics may be caused by a co-infecting virus, protozoan, or fungus.


Glucocorticoids and other immune-suppressive drugs should be avoided whenever possible in FeLV-infected cats, unless clearly indicated for a specific problem. These drugs interfere with granulocyte chemotaxis, phagocytosis, and the killing of bacteria, thus compounding the risk of infection.62 Cats with negative FeLV antigen test results, living in a household with FeLV-shedding cats, should not receive glucocorticoid treatment because it increases the risk of reactivation of a regressive infection. All myelosuppressive drugs should be avoided in FeLV-infected cats because they potentiate the myelosuppressive syndromes caused by FeLV.








Tumors


Although the prognosis is worse when tumors are associated with FeLV,103,241,430,443 antitumor therapy should be considered in FeLV-infected cats because some patients greatly benefit from it.


Lymphoma and leukemia are usually fatal within 1 to 2 months; however, they can be treated successfully in many cats with chemotherapy, and a few will have remissions that may last several years. Before treatment is considered, a diagnosis of lymphoma must be confirmed by cytology or histology, the condition of the cat should be evaluated to determine its prognosis, and staging of the lymphoma should be assessed. Cats with alimentary lymphoma generally have a poorer prognosis than cats with lymphoma at other sites because anorexia and debilitation are often present. However, cats with a resectable intestinal mass or a mass with well-differentiated histologic features may have extended survival times after treatment. Cats with mediastinal lymphoma have a generally favorable response to chemotherapy.293,430 Nasal lymphoma seems to remain localized longer than lymphomas in other sites, and radiation in combination with chemotherapy has significantly prolonged survival times. Combinations of chemotherapeutic drugs offer the best chance for complete remission. Single-agent glucocorticoids are minimally effective and should only be considered for palliation if clients have rejected the option of combination chemotherapy. The drugs most frequently administered in combination include cyclophosphamide, vincristine, and prednisone, a protocol called COP. Although an old protocol, the COP combination is still used frequently and successfully. In comparison with results reported with other combination chemotherapy protocols, the COP protocol yields the highest percentage remission and the longest survival rates for cats with lymphoma.430 The COP combination has been effective in achieving complete remission rates of up to 75%.430 In an older report of 38 cats (of which most cats were FeLV-infected, and the most frequent tumor site was the mediastinum) treated with COP, 75% achieved complete remission with a median remission duration of 150 days and a 1-year remission rate of 20%.57 In a later report, cats from the same geographic area were treated with the same protocol and had a complete remission rate of only 47%, with a median remission duration of 86 days.314 In this group, few cats were FeLV-infected, and the alimentary form was the most frequent.314 Therefore, FeLV infection should not prevent lymphoma treatment in a cat.


Other oncologists use the University of Wisconsin–Madison (UWM) doxorubicin-containing multiagent protocol. However, in a study, response rate for 66 cats treated with COP was 92% with 73% achieving complete remission, whereas of cats receiving the UWM protocol, only 72% responded, and of these, 64% achieved complete remission. Thus, cats treated with UWM protocol were significantly less likely to respond to treatment than cats treated with the COP protocol.429 Less commonly, l-asparaginase, cytosine arabinoside, and methotrexate are included in FeLV-treatment protocols.


Cats with acute leukemia are difficult to treat because the bone marrow becomes filled with neoplastic blast cells, which must be cleared before the normal hematopoietic precursors can repopulate. This process may take 3 to 4 weeks; therefore, neutropenia and anemia may not be immediately reversible. The remission rate for cats with acute lymphatic leukemia treated initially with vincristine and prednisone is approximately 25%, whereas the rate for cats with AML treated with doxorubicin or cytosine arabinoside) is close to zero.62 The reason for the extremely poor response may be that a very early stem cell is involved, and nearly total ablation of the bone marrow is necessary to clear the malignant clone.62 A cat with suspected FeLV-associated chronic lymphocytic leukemia was successfully treated with a combination of prednisone, chlorambucil, cyclophosphamide, doxorubicin, and lomustine.242


All these chemotherapeutic drugs are immunosuppressive and some are myelosuppressive, so they can increase the risk of FeLV-associated diseases. Owners must be advised to watch for signs of illness. Infections must be treated quickly and aggressively, especially if they occur at the time of the granulocyte nadir. Although prophylactic antibiotics are not given routinely in the treatment of feline leukemia or lymphoma, broad-spectrum bactericidal antibiotics should be given to FeLV-infected cats, especially if fever or other signs of secondary infection occur. The point at which chemotherapy may safely be discontinued is controversial, but the trend is toward shorter treatment times for cats in continuous complete remission. Previously, most protocols continued for a year or more; now many stop after 6 months of continuous complete remission.


Virally induced feline sarcomas should be treated early, with wide and deep surgical excision. If no metastases are present, but microscopic tumors remain after surgery, radiation can be successful in delaying recurrence. Experimentally FeSV-induced fibrosarcomas in kittens occasionally regressed after treatment with anti-FOCMA serum, but this is unlikely to translate into clinical efficacy.62














Hematologic Disorders


Although hematologic disorders are mostly irreversible in FeLV-infected cats, there might a cyclic course and/or some improvement with time. Thus, treatment with blood transfusions (for temporal life support) or bone marrow-stimulation cytokines may be considered.


Anemia can be life-threatening in FeLV-infected cats, and in some cats, blood transfusion is a very important part of the treatment, especially if the anemia is nonregenerative. Most cats respond after the first transfusion. Of 29 anemic (HCT less than 20%) FeLV-infected cats treated with blood transfusions (over 2 weeks), the HCT returned to reference ranges in 8 cats. This may be explained by the cyclic cytopenias that are occasionally seen in FeLV-infected cats. Prednisone may increase the life span of erythrocytes if any component of the anemia is immune mediated, but it should be used only if there is proof of an immune-mediated reaction (e.g., positive Coombs’ test result). Occasionally secondary infections (e.g., hemotropic Mycoplasma infections) are responsible for the anemia. This type of anemia (which is regenerative) has the best prognosis, and therefore, the possibility of such infectious diseases should always be examined. Deficiencies of iron, folate, or vitamin B12 are rare; therefore, replacement therapy is not likely to be helpful.62 Even though erythropoietin concentrations are often elevated in cats with FeLV-related anemia, treatment with recombinant human erythropoietin (rHuEPO) may be helpful. rHuEPO treatment not only increases erythrocyte counts but also increases platelet and megakaryocyte numbers in animals and humans with clinical disease.328 In one study, rHuEPO also increased leukocyte counts in cats.13 No study has been performed involving FeLV-infected cats, but in a study in FIV-infected cats, all treated cats had a gradual increase in erythrocyte counts, hemoglobin concentrations, and HCT and increased leukocyte counts consisting of increased numbers of neutrophils, lymphocytes, or a combination.13 The recommended dosage is 100 IU/kg given subcutaneously (SC) every 48 hours until the desired HCT (usually 30%) is reached and then as needed to maintain the HCT at 30%. A response may not be seen for 3 to 4 weeks, and if it does not occur, iron supplementation may be required. Iron should not be given to cats that have received transfusions because whole blood contains 0.5 mg/mL of iron, and hemosiderosis may occur in the liver. Anti-erythropoietin antibodies may develop in 25% to 30% of treated animals after 6 to 12 months. Binding of these antibodies to the rHuEPO and the native erythropoietin nullifies their physiologic actions on erythroid progenitor cells, causing bone marrow failure and refractory anemia. However, anti-erythropoietin antibodies dissipate after discontinuation of treatment. Some FeLV-infected cats do not respond to rHuEPO treatment. Reasons for resistance to erythropoietin, other than development of anti-erythropoietin antibodies and iron deficiency, include FeLV infection of bone marrow stromal cells or even concurrent infections with other infectious agents in the bone marrow. In some nonresponsive cats, repeated blood transfusions may be the only treatment possible.


Neutropenia may lead to severe immunosuppression, and antibiotics may be necessary in some cats to prevent secondary bacterial translocation and development of sepsis. Treatment with filgrastim, a granulocyte colony-stimulating factor (G-CSF) that is marketed as recombinant human product (rHuG-CSF) for treatment of neutropenia in humans, has caused transient responses. Filgrastim is used in cats at 5 µg/kg SC every 24 hours for up to 21 days. Potential side effects include bone discomfort, splenomegaly, allergic reactions, and fever.13,134 Short-term increases in neutrophil counts may be followed by neutropenia with continued use of filgrastim because of development of dose-dependent neutralizing antibodies to this heterologous product after 10 days to 7 weeks. Thus, treatment should not be used for more than 3 weeks.13,134 Another potential risk is the development of persistent antibodies against endogenous feline G-CSF (at higher dosages), resulting in rebound neutropenia. One study suggests that filgrastim is contraindicated in FIV-infected cats because it led to an increased viral load,13 but data on the use of filgrastim in FeLV infection are limited. In one study, a small number of naturally FeLV-infected cats were treated with filgrastim; however, treatment did not result in significant changes in neutrophil counts.239 Other authors reported that it has been used in FeLV-infected cats with cyclic neutropenia with some success.257 In some FeLV-infected cats with neutropenia, an immune-mediated mechanism is suspected to lead to a maturation arrest in the bone marrow at myelocyte and metamyelocyte stages. Neutrophil counts can be corrected in some of these cats by immune-suppressive doses of glucocorticoids. In animals with myeloid hypoplasia and in the absence of myeloid precursors, direct effects of FeLV are suspected, and glucocorticoids should not be used.
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Bordetell Gramnegative | Can exitin respiatory ract as either commensalor pahogen; acivaion of vindence fctors can elicitinjury o | Parenieral and IN
bronchisptica | coccobacillus|  respiratory mucosa signs develop acutely, may include cough, bronchits, or preumoria, varisble fever vacines are

depending on severity of infction and presence of other pahogens; nfection and acrosol shedking may available.
persist for weeks; bacieremia does notoceur.

‘Canive nfloenza | Type A, FONS | Most clinical cases are mild, shortlived (10-14 days), and resolve spontancorsly; peracute death associaed | Parenteral vaceines.
vins (CIV) infivenza with pulmorary hemorhage can oceu; clinicalsigns include acuie-onset cough, tchyprea,lethargy, and | ae available.

vins fever (may be high); sprea by aerosolized microctoplets; CIV s highly coniagious; shedking ceases by 7-
8 days postiniection.

Canive Single-stranded | Transmitted by acrosol, CPAV s highly contagious o other dogs, especialy in highdersity populations; Parerteral and N
porsinfivenza | RNA vinus replicates primarily i upper respiratory tract, raches, and bronchi; signs are mild, ypically imited to cough | vaceines are
vins (CPV) lasting from2 o 8 cays; appetit ustally ormal fever absent or slight swelling of vocal fokds may resultin | availble

highpitched, “honking” cough asily elicited on trahea manipulation.

Canive Doublestranded | Transmited ater oronasal contact with nfectious secretions; liness typically limited o respiralory tract Parerteral and N
adenovins DNAvins | resulting inshortlived cough astng less than weeks; viral shedding ceases by day 9 posinfection; vacines are
type2 (CAV- enteriis and neurologic signs reported. available and
2 provide cross

protection
against CAV-2.

‘Canive distemper | Singletranded | Respitatory signs characterized by cough, nasakocular discharge, lethargy, and ever; however, infectionnot | ModifecHive and
vins(CDV) | RNAvins | choacterisically limited o respiratory tract systemic signs associaied with rapd progression involving recombinant

pervous system, skin, eyes, and bones; a serous complicating factor, especially among young dogs co- CDV vaccines
infected with oher respiraory pathogers.* are availble
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Dolphin morbillvinus (DMV) 1990 | Staiped dolphin Meditermanean

Porpoise mosbillivirus (PMV) | Late 19805 | Harbour porpoise | Northwestem Europe|

Phocine disterper virus (PDV) | Late 19805 | Harbour seal, gray seal | Nothwestem Europe|

‘Canine distemper vins (CDV) | Late 19805 | Baikal seal Sibera
200 | Caspianseal Caspian Sea
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Drug. Dosage” (mg/kg) Route Interval (houss) Duration (days)

“ANTIEMETICS
Metoclopamice| 0204 PO,5C o5 [pm
2 |V 2 |pm
Ondarsetron 01022 [dowNpsh| 512 [pm
Dolsetron 0510 |Mscm 2 [pm
ANTIMICROBIALS
Ampicilln 50 [vscm 65 |pm
Cofazolin 0% |V,MsC 5 |pm
Gentamicin 2 ,5C M 2 |pm
Inerferona | 25 % 10° it/ kg | IV % |pm
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Gene Location Type Function

g | Core Basis or antigen tess (ELSA/ICGA and FA), ole in imne complex disease, and cyoloxic efecs

pi5c | Matrix protein
P12 | Unknown

127 | Capsid protein used for antigen testing

P10 | Nucleacapsid protein

ol | Core | T | Enzyme copying viral RNA info complementary DNA strand (‘reverse franseription’)

ens | Envelope | gp70 [ Extemal surace uni ty pe specific anigens FeLV-A, FeL V-8, FeLV-C; responsible for neuiralizing or protective antbody production|

pise | Transmembrane protein; role in immunosuppression
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| Clnicat tngiey Test Level of Interpretation

s the dog inkecied wil CPV? ELBA for anigen Nesimo

When was e dog exposed? 1eM serology Ti0dys

s the CPV a new sainor varant? Vins isolton, neutmlizaion with monaclonal anibody | Stais 2, 20,25, 2¢, 24

"Are other nfctious agens present? EM vins olation, [CR Rotavins, coronavin, caivin, stovins
Bacteriology Salmonela sp, Campylobacte sp, Eschericia ol
Parsiology Girdia p.

s the dog protecied? 16G serology, Hiserology 2100 (5G) or 280 (H)

s the dog shedking subxlincally low levels of vins?__| Noclic acidhbosed (PCR) assays Yesimo

Whatare the risks o infection insuscepible dogs and at?| IgG serology, risk analysis 2100 (56)

Wht are the risks of disease in susceptble dogs and cats?

I5G serology, concumrent CCV infection, risk analysis | 2100 (15G)






OEBPS/images/B9781416061304000033_f003-007-9781416061304.jpg





OEBPS/images/B9781416061304000069_t0010.png
[Organisms Addtioral Chapter Coverage
VIRUSES

‘Cavire pocsinfiverza vins 7
‘Cavire adenovins 2 [
Carire dstemper vins 3
Covire erpesvins 5
‘Cavire reavins -
Cavire respiatory coronavins —
Partzopic stcain of canine coronavins s
Cavire ifioerza vins 2
BACTERIA

Bordetils ronchispria 57
Mycoplasmas (Mycoplasna, Urenplasna, Acholelasma)| 32,57
Stptococcusoqu subsp. ooeidemicus 3,57

Miscellneots bacteria

57
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Discase (Virus Abbreviation)

Natural Hosts

Experimental Infection

Caine distemper (CDV)

Seal (previously FDV-2)
Canidbe .5, dog, ox, wolf, coyote)
Mustelce e.5, weasel, mink, skunk, bodger, ferret)
Procyonidae (e.g. kinksjou, coat red panda, raccoon)
Felidae (e.3. cat lion, eopard, tiger)
Tayassuidae (peceary)
Nonhuman primates

Dog, mouse, s, hamster, mink, pig, cal, nonhuman
primae, frret

Measles (MV) Domestc: human Macague, marmoset, mouse, hamster, @t
Wid: norbuman pritmoe
Rinderpest (RPV) Domestic: catle, pig, goat, sheep. Rabbit, mouse, hamster, dog, ferret, rat, suslik

Wild: bufflo, eland, girafe, kudu, warthog, wildebeest, banteng, black buck,
o, i, sambloe

Peste des petits ruminans (PPRV)

Domestic: goat, sheep.
Wild: gazelle, bex gemsbok

Goat, catte, pig, deer

Phocine disiemper (PDV) Seal Dog, mink, seal
Dolphin mobillvins (DMV) | Dolphin Catle, sheep goat, dog
Porpoise morbillivins (PMV) | Porpoise Catle, sheep goat, dog
Equine morbillvies (EMV; Domestic: horse, human Cx

Hondra vins) Wild: Plrops bat
Porcine morbillvinus (Menangle | Domestc: pig, human Nodta

vins)

Wild: Peropus bot
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[Components ~ Abbreviation Molecular Weight (kDa) Function
ENVELOPE

Hemvgglainin | 7% Structral: vial tochiment
M potein_| M B Structral eretraon
Fusion 1 protein F, w0 Structral eretraion
Fusion 2 protein] ¥, 202 Structral peretcaion
NUCLEAR

Lorge potein._| L 150200 Functional: olymerase compler]
Polymerse | P & Functional: polymerase complex]
Nockocapsid | N 58 Siructunl profecs genome
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[Causes.

"Hematologic Findings and Treatment

ANEMIA

Hemoly tic anemia cased by
secandary infections
(regercrative)

Virus induced immunosuppression that allows hemotropic Mycopiaama,
species to replicate and carse disease

Findings: Regenerative anermi, variabe ieterus and
‘hemoglobinermia, Mycopiasma spp. detected inblood
smears or by or polymerase chain reaction (PCR)
Treatment: Doxyeycline

[T ————
(regercrative)

Vinusinduced expression of foreign anfigers on ery throcy e surfee

Findings: Regenerative anermia (mocrocytosis and
retculocytosis), varisble ictens and
hemoglobinemia, positive Coombs’ testresult
Treatment. Imenunosuppression (e.g, glucocorticoids)

Ancmia of blood loss (regenerative)

Vinusinduced suppression of plelet production by bone marrow or
FeLV-assaciaed platelet fuctional defects

Findings: Regenerative anemia, thrombocy toperia
(<50,000 pltelets/L), low serum protein level
Trentment:Blood transfusion and treament o cause of
thrombocytoperia

Pure red cell spasia (PRCA)
(vomvegererative)

‘Commonly FeLV-C infection; interaction of FeLV-C with cell surfce.
receptors, blocking diferentiation of ery throid progenitors betsveen
burstorming unis and colony.-forming unis by interfering with sigral
ransdhuction pathways

Findings: Norvegenerative ancmia with mocrocy osis
(bigh mean corpuscular volume [MCV]), tber cell
lines ususlly within reference rnges
Tratment: Blood transusion, may be resporsive to
immunosuppression

‘Ancmia of chroric disease or anemia
of chroric inflamemion
(vomvegererative)

Virus or secandary bacterial or neo plstic smulation of inflmmitory.
eytokines that sequester ron

Findings: Norregenerative ancmia
Treatment: Removal o treatment of coexisting
inflamenstory disease of umor; no fesponse to
erythropoietin

‘Arcmia cased by cronding aut
(vomvegererative)

Lymphoma orleukemmia as well 2 secondary infectious diseases, such s
Systemic mycsis or mycobacteriosis, leading to iniraion ofthe
bone martow and o “crowing out” bone marrow cells

Findings: Norregenerative ancmia
Treatment: Removal o treatment of coexisting
secondary infection or umor

PURE PLATELET ABNORMALITIES

Thrombocy operia Vinusinduced immune-medisted thromboey topenia or decreased platelet | Findings: Pure thrombocy toperia
production from FeLV-indiced bone murrow suppression or leukerric | Treatent In case of immune-medisted destnction
infiraion immunosuppression (e, glucocorticoids) or

treatment of the underlying disease (.., antitumor
reatmens)

Thrombocy opathy. FeLV replication n plaelets leading to function deficits and shortened | Findings: Platlet function deficis (e.g., prolonged

plaelet lfe span, sometimes vins induced neoplsti proliferaion of
megakaryocytes leading to thrombocy fosis

mucosal bleeding time), in case of neoplasia marked
thrombocytosis (>600,000 pltelets/uL)

Treatment: In case of neoplasia, poor resporse fo
anitumor chemotherapy

PURE LEUKOCYTE ABNORMALITH

ES

Lymphoperia

Destruction of lymphocy tes throug h direct replication of the vins in

lymphocytes

Findings: Pure ly mphopenia
Treatment: Antviral chemotherapy

Neutroperia

Most likely virus-induced immune-medited persistentor cyclic
neutropenia, ofien after stressfl episode

Findings: Pure neutropenia, may occur with or withouta
lefthif; normal indings with al oher cell lines:
Treatment. Imenunosuppression (e.g, glucocorticoids)

Feline parleukopenialike syndrome.
(FPLS), also called FeLV-
assacited enterits (FAE), or

Likely caused by secondry feline panlekopenia vins (FPV) infection

Findings: Severe leukopenia (<3000 cells/L) with
enterits and destrcton of ntestinal cry p epithelium
with vomitng, diarthea tha mimics feline

myeloblastopenia parleukopenia
Treatment: Sy mptomatic treatment (see chapier 10) and|
reatment of overwhelming sepsis

PANCYTOPENIA

‘Aplstic anermia or severe
pancytopenia (ponvegenerative)

Vinusinduced (commonly FeLV-C) alteration of hematopoietic gene
expression thatafects early marrow precursor; afects muliple cell
lines (near stemcell level)

Findings: Norregenerative ancrmia, thrombocy toperia,
leukoperia
Treatment: Poor response to bone marmovw stimulanis
orimmunosuppressive therapy or bone martow
ransplantation

Levkenia

Vinusinduced neaplastic process involving leukoeytes of myeloid or
Iymphoid cell lines

Findings: Norregenerative anermis commonly aso
neutropenia and thrombocy topenia, with large
increase inlymphocytes or grandoey e precursors in
peripheral blood
Treatment: Poor response o antitumor chemotherapy

Mycloproliraive dsese
(erythvolewkemizerythvemic
myelosis, etculoendothelosis,
various granuocytic eukemia)

Vinusindiced neaplstic transiormation of ery hrocy e precursors,
granacyte, or pltelet precursors or stemcells, or al of these

Findings: Norregeneraive ancinia, often with
moacrocytosis and variable numbers and types of
nueleated erythrocytes, neaplasic cells inblood
Treatment: Poor response o antitumor chemotherapy

Myelofibrosis

‘Abrormal prolferaion of fbroblsts resulting from chronic stimlation of
bone martow, such as chroric bone marrow activiy from hy perplastc
or neoplastc regeneration caused by FeLV.

Findings: Severe poncytopenia, enfre endosteum within
the medullary cavity obliterated, changes sally not
diagnostic on bone martow needle aspiration, core
biopsy necessary
Treatment: Poor prognosis, treatment of underlying

condifon
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[Outcome of FeLv FelV 27 Antigenin  VinsBlood  VialRNAin  VimlDNAin  Vinal Tissue Vinl FeLV-Associated

nfection Blood Culture Blood Blood Culture Shedding  Disease
Progressive Tosiive Tosiive Tosiive Tosiive Tosiive Tosiive | Likely

Regressive Negatve Negatve Negaive Tosiive Negatve Negative | Unlikely
‘Abortive Negaive Negaive Negaive Negatve Negaive Negative | Unlikely
Focal Negatve Negatve Nottesied Not esed Posiive Varable | Unlikely
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Group

Coronaviruses

‘GROUP 1 (GENUS ALPHACORONAVIRUS)

Subgroupa

Fuman coronavin Stain 229E
Porcine epidemic diahea vins
Human coronavins Strain NLG3

‘Subgroup b (Geslavirus)

Trarsmissible gastroenteris vins of swine
Porcine respiratory coronaving.
Typel:
Feline coronavinus Strais: 79-1146, 79-1683
Caine erteric coronavins Strains: Elmo/02, 23/03
Typed:
Feline coronavinus Strsins: Black, KU2, UCDL
Canine erteric coronavinus subtype Tl Strains: Isavel, BGFI0
Caine erteric coronavinus subtype b TGEV-like stains: 341/05, 174/06
Canine pantropic coronavins bioty pe Strain CB/05.

‘GROUP 2 (GENUS BETACORONAVIRUS)

Subgroupa

Murine hepaits vins.
Ratcoronavinis
Human coronavins Stain HKU1
Betacoronavirus
Bovine coronavinis
Human coronavin Stain OC43.
Porcine hemagglutinating encephalomyelif virus
Caine respiratory coronavius Stains: TI01, 430/07
Equine coronavins

Subgroup b (SARSr-coron

virs)

Human severe acue respiratory disress coronavins

GROUP 3 (GENUS Gammacoronavirus)

Infectious bronchits vins.

Turkey coronavins.
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Clincal Signs Observed

[Route Administered cavar cava
[r— Fever Fever
Ureitis (20%) Mild respiratory disease
Urinary shedding Tonsils
ntzorasal None Mild respiratory disease
Intzaocular (aterior chamber) | Useits (100%) Uveits (100%)
Intramuscular or subeutaneous | Uveitis rare (0.49%), urinary shedding (some strains) | None
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[Reason for Testing

FCoV Antibody Test Restits

Positive

Negative

Disgnosis of FIP or
erteitis

“The clinical sigrs may be related to FCoV infection, but becase many cats|
with diseases other than FIP or coronavius enteritis wil akso be
Serapositive, other parameters mustbe examined and differentiol
diagnoses careully eliminated.

Provided the testissensiive enough, FIP or FCOV are unlkely 1 be
the causes, though aceasionally effsive FIPs have so much vins
inthe cfsion that it binds o antbody, rerering it undetectable to
some kst

Monitoring reatment
ofacatwith FIP

Retestin2-3 monts.

Provided clinical sigrs and other parameters have retumed to normal,
itis now safe o discontinue treament. High doses of
glicacorticoids can artiicialy reduce the FCoV antibody ter.

Contact with case of
FIP orsuspected or
known coronavinus
excretor

A catin this situation would be expected fo be seroposiive. Monitor
antibody iters every 2-3 montbs undl the cat becomes seronegatve.

Safe o getanother cat

Sereering acat before
moting

Either delay mating until seronegative (retest2-3 months), or se a
controlled matng and test queens feces by RT-PCR on 4-6 occasions; if
she s shedding virs, early-twean and isolae kiters.

Safe o proceed with mting,

Sereering acatiry for
the presence of
FCoV

Instiute regula serotesting every 2 monihs, seprating posiive and
negative cats.* Also use RT-PCR on feces, if possibl.

fall cats are seronegative, there is no FCOV in the catery.

Sereering acatfor
introduction into a
FCoV-free
household o
catery

Delay itroduction and retest in2-3 o,

‘Safe o inroduce the cat into the FCoV-free hotsehold

Screening acat before
surgery or other
stress

1f possible, delay siress untl seronegative. Retest2-3 monhs,

Safe o proceed

Screening acat before
giving
immunosuppressive
drugs

Examine feces by RI-PCR to establish whether ca i currenty infected.
Immunosuppression could precipiae FIP —consider altematives.

Safe o proceed
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step Description
Prepore kiten room. 1. Remove allcats and Kitiers 1 week be fore introdueing new queen.
2. Disinfect room sing 1:32 diluon of sodium hy pochlorite (bleach)
3. Dedlicate seprate lier rays and food and water bowls fo this roorm, and disifect with sodium hy pochlorite,
4. Introduee single queen 1-2 weeks before partuiton.

Practce barrer rursing,

Work in the kitien room before tending other cats,
Clean hands with disinfectant before going into kitien room.
Have shoes and coverals dedicated o the kiten room

Wean and solate Kiters early.

Testqueen for FCoV antibodies either before or afier she gives birth,
lfqueen s seropositive, she should be removed fromthe Kiten room when the Kities are 5-6 weeks old.
lfthe queen is seranegative, she can re main with the kiters unil they are older

Test kiters.

‘Test kittens for FCoV antibodies after 10 weeks of age,
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Days following infection

Virus.
Location

Aerosol
Tonsis, bronchial lymph nodes

Also thymus, spleen, marrow
retropharyngeal lymph nodos

Muliplication in lymphoid system, also
intestinal lamina propria, Kuppfer's cels

Mononuclear cels in blood

— (Viremia) !

Inadequate host immunity | | Adequate host immunity
(POOR antibody response) | | (GOOD antibody response)

Widespread invasion of all Virus may enter CNS
‘opihelil tissues & CNS.

Noantbody ~ Low antibody Good antibody
response response response
I | I
Sovere multl- Mild or Inapparent
systemic inapparent iliness.
¥ ¥ v

Virus persists  Virus cleared (may _ Low prevalence
intissues  remain in lungs, skmy"l e!CNSS\gl\s

Recover (may shed
e i Virus up to 60 days)

L id e

Virus enters body

Virus mutipication in
lymphoid system

Viral spread

Increased Suppression

antiviral of cll-

antibody medated
immunity

Clinial finess

Iniil fover
(eukopeni)

Conjuncivts
Fever

Anorexia
Vomiting
Diarthea
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Drug. Dosage” (mg/ke) Route Intenal () Duration (days)

“ANTIEMETIC AGENTS.

Chlorpromazine 05 ™ s o

0 Recully |8 o

0205 [ s pm
Metoclopramide 0204 sC s pm

12 [ 2 pm
Prochlorperazine 01 ™ o8 pm
Ondansetron 01015 v 12 pm
Dolasetron 1 w0 |24 pm
ANTIMICROBIAL AGENTS
Anmicillin 10-20 v, M, 5C] 68 35
Cefazolin ) VM |s 35
Cettofur 2244 sC 12 35
Gentamicirr = ™, s¢, V] 24 35
Inerferonc 25 10" wis/kg v u 3
GASTRIC PROTECTANTS|
Cimetidine 510 MmN [ pm
Ranitcine 24 scv_ |68 pm
MISCELLANEOUS THERAPY
Whole blood 10-20 kg v pm
Plasma 10-20 kg v pm
Dexamethusone sodium phosphate [ 24 v Do ot repeat
Fluniin megluine: 1 v Do ot repeat
Antiendotoin serunt 8.8 ml/kg (diluted in equal amount ry stalloid uic)| IV Do ot repeat
Colloid uids: 20 mifkg v 2 pm
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2-7days
(optic nerve atrophy, L{Y"‘;thd necrods Viremia, all
retinopathy, T body —a
ARl Up 109 wks)
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(SPF & more conventional ~ Leukapenia
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Etfusive FIP

Noneffusive FIP

Glucocortcoids:
Dexamethasone: 1 kg inrahoracic o
intraperitoneal ijection once only, AND:
Predisolane stiding dose: 4 mg/kg/day, PO, for
10-14 days redieing o 2 me/keday for 10-14
days, then 1 meyke/day for 10-14 days, then
0.5 mg/kg/day for 10-14 days, then
025 mg/kg/chay for 10-14 days, then
025 mg/kg/e.o.d. and so on, ceasing after
complete remission of clinical signs. I atany
point the caf's coniion regesses, go back o
the previous dose.

Feline interferona: 1 MU/kg inio the sie of the
effusion—the abdominal or horacic cavity or (if ot
possible) SC, every other day, reduxing frequency
of reatment 0 once weekly if emission oceurs.

Polyprenyt immunostimulant: Not advised.

Polyprenyl immunostimulant: 3 me/ kg every other day

1 Polyprenyl immunostimelant is not available: Glucocortcoids:

Prednisolone liding dose: As for ffsive FIP. In adifion, for FIPelaed uveits, opical glucocortcoids will
bewed.

Feline inkerferon-a 50,000 U per cat PO q 24 he uiil AGP, globulins, HCT, lymphocyte count, and clinical
signs retum o pormal.

Diluting eline iterferon o Feline infereron w (Virbagen Omega, Virbac) comes in vials of 10 millon units
(MU). It reconstited with 1 mL. of dilent. Ten aliquots 0.1 mi. (1 MU per sringe) are preparediin
insulinsyringes. Nine of the 10 syringes are placed i the freezer (can be stored up o 6 monihs). The 10t
syringe i diuted with 9.9 mL of sterile 0.9% saline solution fo obiain 10 mL of asoluion contining a tofal of
MU (100,000 UL offelie infereronw. This syringe is stored i the refrigerator at ~4C where it will kst
upto 3 weeks” (do not freeze dilued infereronus itis unsiable). Dose: 0.5-1 mL of thisdiuted solution
(conaining 50,000-100,000 unit) oraly caly, sing the syringe without the neede.
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[Protocal

Description

Reducing fecal contanination,
ofthe environment

Have adequate numbers of lite trays (one tray for every one or two cais).

Use a nontracking cat litte with some antviral properties (Addie manuscript in preparaion). Declump littr trays atleastday.

Remove alllter, and disinfect iter trays atleast weekly.

Keep liter trays away from the food area. V acuum around liter trays regulrly.

Clipfur of hindquerters of longhaired cat.

Catrumbers

Ordinary households should have no more than 510 cats

Cats should be keptin sable groups of up o three o four.

I reseue facliies, each catshould be kept insingle quarters and not commingling with other cats

InaFCoV eradication program cats should be kept in small groups according o theie anibody or virus shedding staus: seronegative o
nonshedkling cats together and seropositive or virus shecking cats together.

Antbody or vins testing

Incumbent cats should be tested before introdueing new cais or breeding.

Only seronegative or vins negative cats should be inroduced ito FCoV-free catiries

Itis safer o iniroduce seropositve cafs than seronegative cats into infected households, butthe newcomer and the incumbert cats are stll ot
tisk for developing FIP.

olation and early weaning

Cat breeders and rescuers of pregrunt cas should ollow the protocol otined in Table 10-1

Vaceination with Primucell

Tinew cats must be inroduced ino a house hold with endemic infection, they should be vaccinated with Primucell (Pézer Animal Health,

New York) before infroduction.
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anti-FCoV antibody.

I Conjugatedantibodyto detect
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NUCLEOSIDE ANALOGUE REVERSE TRANSCRIPTASE INHIBITORS
Zdovaatine (AZD) | IV Yes Yes Yes Effective insome cas (e.5, wit stomits, neurologic disorders) [
RV |yes ves o Notvery cfiective [
Stavudine (1) | FIV yes o nd Tossibly ffective 4
RV [nd o nd Possily cffecive [
Didanosine (&) | FIV ves yes yes Effctive inone experimental stidy but newologic sice cfects 2
RLV_ | yes o nd Possily cffctive 4
Zicabine (ddC) | FIV ves o nd Possibly effective 4
RLV_ | yes ves o Not very cfiective 2
Lanivuadine (GTC) | AV ves ves o Not very elfetive, txic inhigh dosages 2
RV |m o nd Possily effective 4
NONNUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS
Suramin " o o nd Possiby effecive, but oo toxic 4
RV |m o nd Possiby effecive, but oo foxic 2
NUCLEOSIDE ANALOGUE DNA/RNA SYNTHESIS INHIBITORS
Acyclovie(ACV) [ VL [yes ves o Not very efecive 1
v [nd o nd Likely aso not very cfiective [
Vabeyclovie | FHVA__|yes ves o Not very effective, e n high dosages. 2
VA Taw [ed o nd Likely aso not very effetive, aso toxi in dogs 4
Cidafovic PV | yes ves ves Effective in opical tse 2
v [nd o nd Possiy cffective 4
Perciclovic | FHVA__ | yes o nd Likely cfectve, ifsed opically 4
S v [nd o nd Possiby cffective 4
Ganciclovie | PV | yes o nd Likely cfectve, ifused opically 4
cv v [nd o nd Possiby cffective 4
Vidiabine (A | V1| yes o nd Tovic if given systemically; likely efective, if used opically 4
» v [nd o nd Effoctive ina case seres 3
WPV |yes o nd Likely incfiective 4
Wowndie (DU | V1| yes yes ) Toxic andnotefiectve when given sysiemcall; kel eflectve, 2
used opicaly
v [nd ves o ncfictive when given systemicaly; Hkely effecive f wed topically 2
Teuidive (TF) | FEVA | yes o nd Toxic i givensysemicall; kel effectve, f wsed topcally (best 3
effcacy in vito)
v |nd o nd Likely efectve, ifsed opically 3
NUCLEOTIDE SYNTHESIS INHIBITORS
Foscamet (PFA) | FIV ves o nd Effective invito, bt 100 toxic 4
RV |yes o nd Effective in vitro, but o oxic [
PV | yes o nd “Tovic f given systemically; and not very efective for topical e [
v [nd o nd “Tovic and likely notefiective [
Ribavidn " ves o nd Possiby effective, but foxie incas [
RV |yes o nd Possiby effecive, but foxie incats [
PV | yes o nd Possibly effetive, poretially useful o crosol [
= Yo Ve o Notetfective and toic f given sysiemically, possiby effecive a 2
crosol
WV |yes ves o Noteffective and toxe f givensysiemically 2
BV |yes o nd Likely not effective and tovic f given systemically [
v [nd o nd Possibly effecive a acrosol [
N yes o nd Possibly effecive s crosol [
"RECEPTOR HOMOLOGUES/ANTAGONISTS
Plerbaior nv ves ves ves Some efectina sty in privately owned cas 1
RV |nd o nd Very likely incfiective [
NEURAMINIDASE INHIBITORS
Osclamivir HPAN | nd o nd Possily cffecive i
HBNL
v [nd o nd Possily cffecive [
R e o nd Possily cffective [

ION CHANNEL BLOCKERS
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[Types of nfectious Disease Panels Examples

Caine respiratory. Canine aderovins2
Caine distemper vins.

Canine parainfivenza vins
Carine infloerza vins.

Caine berpesvins.

Canine respiratory coronavinus
Bordetla bronchisptica

Feline respiratory. Feline herpesvins1
Feline calicivins.
Chiamydophila ol
Mycoplasma feis
Bordetla bronchisptica

Carine enteric ‘Canine parvovinus 2 strins.
Canine coronavins.
Campylobacer spp.
Clostrdiun difficile
Lawsonia intracellularis
Sabmonella spp.
Cryptosporidiun
Ginrdin

Feline eneric Feline parieukopenia vinus
Toxopiasma

Feline enieric coronavinuses

Campylobacter

Closrdiun spp.

Cryptoporidiun

Ginrdin

Sabmonella spp.

Tritrichomonas spp.

Caine tickborme. Anapiasna platys
Boreia burgdorer
Ricketia spp.
Enrichia spp.
Francisla ularensis

Feline bloodbome Feline leukemia vins.
Feline immunodeficiency vinus
Feline infectiots peritonits vins |
Mycoplasma haemofelis

Yersiia pestic
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Minimm A ge at First

Vaccine' Volume/Route" o, Intial Series
B. bronchiseptica (illed- | 1 L, porenteral Sweeks 2 doses, 24 weeks apart
extracted cellular (SConly)
antigens)
B. bronchiseptica (avinslent | 1 L, porenteral Notstipulated 2 doses, 24 weeks apart Dogs vaccinated before the age of 4 months should
live culture) (SCorM) (8 weeks receive asingle dose on reaching 4 months of age.
PLLS recommended)
CPIV (MLY)
PLLS
CAV2 (MLV;
combined with CDV)
B. bronchisetica (avirulent | 04 or L0 mL. 20r3 weeks, 1 dose (Note: some munufacturers sipulate a second dose at 6 weeks of age in
live culture) (depending on manufocturer), | depending on puppes that receive the first dose betsveen 3 and 6 weeks of age.)
PLLS topical monucturer
CPIV (MLY) (Nonly)
B. bronchisetica (avinlent | 04 or L0 mL (depending on | 3 0r8 weeks, 1dose
live culture) manubcturer), opical (N depending on
PLLS only) monucturer
CPIV (MLV)
PLLS
CAV2 (ML)
CIV (killed) 1.0 i parenteral 8 weeks 2 doses, 24 weeks apurt
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