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Preface


Compared with traditional specialties, exotic pet medicine is a vibrant and progressive branch of veterinary medicine that has few ties to a dogmatic past. Yet it has a long tradition based on cumulative knowledge from surprisingly different disciplines in veterinary medicine. From food, fur, and fancy, we have the writings of Oskar Seifried (1937) and Gustave Lesbouyries (1963) on diseases of food rabbits; Helmut Kraft (1959) on diseases of fur chinchillas; and Hans Otto Raebiger (1923) on diseases of fancy guinea pigs. From zoological and laboratory animal medicine, we have ground-breaking authors such as Frederic Frye (1973) on diseases of reptiles; and John Harkness (1977) on diseases of laboratory rabbits and rodents. Such books and numerous pathology and husbandry references over the past 80 years have given our specialty a good foundation in evidence-based medicine.


We have attempted to build on this rich tradition by providing a fresh approach to the management of diseases in the exotic pet. Our emphasis in this book has been on clinical decision making and treatment of individual animals using a template-based format with illustrations. Consequently, the book is organized into six major sections of exotic pet practice: diseases and disorders, procedures and techniques, differential diagnoses, laboratory tests, algorithm-based decision making, and zoonoses.


The first section is Diseases and Disorders. We have presented what information is available as a set of central clinical issues that incorporate clinical findings, etiology, disease manifestations, differential diagnosis, diagnostic tests, prognosis, therapy, and prevention. Selected references allow practitioner self-improvement. Information follows the progression of a case: background information is given first, followed by the reason underlying the veterinary visit (chief complaint) and important or typical elements of the history as it relates to the disorder. After physical examination findings, diagnostic testing is organized into two parts. The initial database contains diagnostic tests that are routinely performed in most general practices. Then we list advanced or confirmatory tests. These cover more specific evaluations that can be done in some general practices or require referral to a university hospital or specialty center. This staged approach reflects the process that we so commonly use with our patients. Treatment is described likewise as initial, acute treatment, and then separately as chronic or long-term treatment for disorders requiring ongoing care. Drug dosages and routes of administration are included directly as we find nothing more frustrating than leafing through a drug formulary for a medication dose and often not finding one for an exotic pet species. The end of each topic in Diseases and Disorders includes a segment for clinical pearls—pieces of valuable information derived from the experience of the author and the editor. These might be given as a counterintuitive point, an easily made mistake to avoid, a concern about the nature of the disease or process, or as other facts that provide medical hints which often escape the written word.


Procedures and Techniques, the second section, illustrates more than 60 diagnostic and therapeutic procedures identifiable in exotic pet practice. The breadth of this material is wide, ranging from the use of E-collars or sexing young exotic small mammals, to reptile, avian, and fish injection techniques, including venipuncture. Specialists who routinely perform these procedures describe the material in a simplified and structured way. Our intent is to allow the reader to feel prepared to perform these procedures if training and skills are adequate, or to realize what is involved in a procedure when referring a patient to another institution to have it performed.


The third section, Differential Diagnosis, regroups tables that list the causes of more than 40 of the most common abnormalities encountered in exotic pet practice. This section is most useful for students and young veterinarians, or for any veterinarian who wishes to review the extent of potential etiologies for a particular disorder.


The fourth section, Laboratory Tests, has been designed to combine the clinical pathologist’s expertise with the needs of the general practitioner who sees exotic pets. This section summarizes approximately 40 commonly used laboratory tests. As in other parts of the book, information for each topic is arranged in an intuitive and user-friendly manner. First, we provide basic information (definition, normal range of results for different species of exotic pets). This is followed by causes of abnormal levels, the next test or diagnostic step to consider, and, finally, a listing of artifacts, specimen-handling instructions, and clinical pearls.


Section Five, Clinical Algorithms, approaches the management of some of the more common or challenging disorders in exotic pet practice using the “decision tree” format. Younger veterinarians and those veterinarians looking for information in an unfamiliar part of exotic pet practice may find this section most helpful because it represents a starting point for locating information that is devoid of nuances and caveats. This streamlined approach delivers an initial framework for addressing a particular disorder, from which individual variations can radiate.


Finally, the sixth section, Zoonoses, encompasses 16 of the most important zoonotic diseases seen in exotic pet practice. Veterinarians are often more aware than our medical colleagues of the likelihood of infectious disease transmission from a pet, and our goal is to encourage good liaison between the client’s doctor and the exotic pet’s doctor. Information is depicted to track the development of a zoonotic case: definition of the disease and infectious agent(s) is first, followed by epidemiology of the zoonosis, including host or carrier exotic pet species, modes of transmission, and clinical presentation of an exotic pet with a zoonotic disease. Often there is no apparent disease in the pet. We then provide a clinical picture of the zoonotic disease in humans. This includes incidence, disease forms, history and primary complaint, physical examination findings, and incubation period. Diagnosis comprises the often wide range of differential diagnoses, as well as diagnostic testing. The initial database includes diagnostic tests that are implemented first in most doctors’ offices, followed by advanced or confirmatory tests that require referral to a hospital. Treatment focuses primarily on the affected or carrier pet, but also includes a brief description of medications and therapies used in humans. It includes prevention of zoonosis transmission. Moreover, this segment contains information on whether the disease is notifiable and requires reporting by veterinarians to local or federal official agencies. Next is a brief piece on controversy—for example, should immunosuppressed individuals keep certain exotic pets, or what pets should parents of small children allow to be in the home. The end of each topic in Zoonoses includes a section on client education that offers information for a veterinarian to use when instructing owners on the human health risks of keeping certain exotic pets.


There is a great need in the practice of veterinary medicine to educate clients. It is important that they understand disease processes and to have enough knowledge to monitor their pets’ conditions at home. To encourage clients’ follow-through on the care we provide to their pets we have created client education sheets. The goal of these sheets is to provide a reference that owners can consult when we have asked them to do something specific to help their companion. Variations and modifications to suit individual patients are inevitable, and these information sheets are written to provide a general summary that practitioners can use as a base for this type of information. We believe these client education sheets will improve client comprehension and understanding.


One of the dominant features of the Advisor is the solid link between the print and electronic versions of the book. Since it is only possible to obtain both together (neither website access nor the print book is sold individually), the universal access of the web book and the hands-on gratification of opening the print book are literally bound together. We believe you will enjoy the added value of having the print book in your office or at home, while having the ability to access the book’s contents on your PC, laptop, or mobile device.


The companion website includes a digital version of the printed textbook. The online book is fully searchable, which allows quick identification of any topic and its related information in the six different sections. The online book also includes all of the book’s images with many in full color. Nearly ninety client education sheets are offered in both English and Spanish to give your clients clear, useful information they can use at home.


Throughout this textbook, information is included on the basis of its clinical importance. Some topics such as dental disease in rabbits are discussed in greater detail than others. To realize our goal, we recruited as contributors some of the best clinicians in their respective fields. In addition, to achieve comprehensive coverage of significant diseases, we actively sought authors from all over the globe. Although the format of the book has been kept as short and precise as possible, we want to ensure that the reader does not regard this book as a “quick reference” on how to manage diseases and problems. Our aim has been to bring together an overview of conditions commonly seen in general practice and to offer a standardized approach on how to evaluate and deal with each clinical scenario.


We hope that in using this book, the reader will be granted the highest rewards and satisfaction of treating exotic pets and their often equally exotic owners. To quote one of the earliest exponents of exotic pet medicine with whom we share a similar belief,





I have therefore ventur’d first to launch forth into this new Science, not being insensible that I shall leave much Room for others to make great Improvements, if any shall hereafter think it worth their while to follow that Track which I have only pointed out to them; and I hope the learned World know how to make Allowances for a first Attempt in the Advancement of any kind of Knowledge.


—John Moore in the Preface to His Columbarium: Or, the Pigeon-House


(London, 1735), Page XIII
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Section I


Diseases and Disorders








Invertebrates









Abscesses/Granulomas






Basic Information [image: image]







Definition


An abscess/granuloma occurs as a result of a host mounting an inflammatory response to foreign antigens. These antigens can be associated with living organisms, such as bacteria or fungi, or with inanimate objects, such as plant material (e.g., foreign body).









Epidemiology






Species, Age, Sex


Abscesses/granulomas have been documented in both crustaceans and insects, and no apparent age or sex predilections are associated with their formation.









Risk Factors







• Abscess/granuloma formation in invertebrates primarily occurs as a result of less-than-optimal captive care conditions.


• Poor hygiene (e.g., poor water quality, dirty environment), inadequate environmental conditions (e.g., low or excessive temperature and humidity), inadequate nutrition, and trauma may predispose invertebrates to abscess formation.












Contagion and Zoonosis







• The most common pathogens isolated from invertebrate abscesses/granulomas are opportunistic bacteria.




[image: image] Many of these organisms are Gram-negative (e.g., Pseudomonas spp., Proteus spp., Serratia spp., Vibrio spp.), although Gram-positive organisms (e.g., Clostridium spp.) can also cause disease.





• Fungal pathogens (e.g., Mucor spp., Paeciliomyces spp.) have been associated with abscess formation in invertebrates and are most commonly associated with arachnids and crustaceans.


• Most of the pathogens isolated from invertebrates are opportunistic organisms from the host’s environment. In collections, it is generally only a single animal that will be found to have disease, although with more virulent organisms, dissemination of the disease into other conspecifics may occur.


• Most of the organisms associated with abscess formation in invertebrates have zoonotic potential.


• Individuals working with these animals should wash their hands and disinfect any equipment used to handle or sample the animals immediately after completing the examination.















Clinical Presentation






Disease Forms/Subtypes







• Granulomas in gills of crustaceans


• Granulomas in arachnids


• Septicemia in insects












History, Chief Complaint







• Anorexia


• Color change (red or black)


• Lethargy


• Depression


• Death (often acute)












Physical Exam Findings







• Focal swelling noted on abdomen or possibly cephalothorax


• Discharge noted from one or more orifices


• Poor body condition


• Dehydration (see Dehydration)


• Inactive: appendages positioned under body segments


• Limited or no response to stimuli


• Gill and/or other tissue necrosis (crustaceans)















Etiology and Pathophysiology







• Most of the abscesses found in invertebrates are associated with opportunistic and ubiquitous bacteria and fungi.


• Invertebrates have a simple immune system that relies mostly on cell-mediated immunity.


• Hemocytes (e.g., archeocytes, plasmacytes, coagulocytes) found in the hemolymph phagocytize pathogens (e.g., bacteria, fungi) and foreign material. Under normal conditions, this material is processed and expelled. Abscesses occur when the response is overwhelming.


• Some invertebrate species may have indigenous bacteria that have an antimicrobial effect on pathogenic bacteria.















Diagnosis [image: image]







Differential Diagnosis







• Normal tissue


• Neoplasia












Initial Database







• The affected site should be sampled using fine-needle aspiration or biopsy. Samples should be reviewed using a light microscope. Material collected from the sample should be placed on a microscope slide and stained using a general cell stain (e.g., Diff-Quik) and a Gram stain. Based on the findings, a bacterial and/or fungal culture should be submitted.


• A gill biopsy can be collected and processed using the techniques described previously.












Advanced or Confirmatory Testing







• Bacterial and fungal cultures from invertebrates may need to be processed at room temperature. Placing bacterial cultures at 25°C (75°F) and 37°C (98.7°F) may provide the best results. Fungal cultures can be processed at 25°C (75°F).


• Discuss the samples with the laboratory before the time of submission. If certain pathogens are suspected, specialized media may be needed.


• Histopathologic samples should be submitted to a pathologist with experience processing and interpreting invertebrate tissues.















Treatment [image: image]







Therapeutic Goals







• Treatment generally has limited success but can be pursued on the basis of culture and sensitivity results. Review the mechanism of action of the drug before starting a therapeutic regimen to ensure that you will not injure the host.


• Therapy should be aimed at improving husbandry and preventing disease in conspecifics.












Acute General Treatment







• Supportive care should be focused on improving husbandry conditions.


• Animals that are dehydrated should be provided appropriate fluid therapy.


• Antibacterial and antifungal therapies can be given, but the client should be reminded that all treatments are off-label.












Chronic Treatment







• Correct environmental deficiencies.


• Minimize stress (e.g., minimize animal densities, provide environmental enrichment/shelter).


• Use routine and appropriate disinfection protocols.















Prognosis and Outcome [image: image]



The prognosis for these cases is guarded to grave because many invertebrates become septicemic as a result of the infection.









Pearls & Considerations [image: image]







Comments







• Clinical medicine of invertebrates is a relatively new facet of the veterinary profession.


• Diagnosis of disease conditions can be frustrating but should be pursued nonetheless.












Prevention







• Hygiene and proper husbandry


• Strict quarantine measures for incoming animals














Suggested Readings





 Berzins, IK, Smolowitz, R. Diagnostic techniques and sample handling. In: Lewbart GA, ed. Invertebrate medicine. Ames, IA: Blackwell Publishing; 2006:263–274.


 Cooper, EL. Comparative immunology. Integr Comp Biol. 2003; 43:278–280.


 Cooper, JE. Insects. In: Lewbart GA, ed. Invertebrate medicine. Ames, IA: Blackwell Publishing; 2006:205–219.


 Noga, EJ, et al. Crustaceans. In: Lewbart GA, ed. Invertebrate medicine. Ames, IA: Blackwell Publishing; 2006:179–193.


 Pizzi, R. Spiders. In: Lewbart GA, ed. Invertebrate medicine. Ames, include IA: Blackwell Publishing; 2006:143–168.
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Alopecia
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Definition


Deficiency in hair cover caused by failure to grow or loss after growth









Synonyms


Hair loss, baldness









Epidemiology






Species, Age, Sex


Tarantulas (Theraphosidae), any age, both genders









Risk Factors


Common in tarantulas in public display enclosures









Associated Conditions and Disorders


May be associated with excessive web spinning on enclosure glass and stress-induced anorexia












Clinical Presentation






Disease Forms/Subtypes


Progressive









History, Chief Complaint


Hair loss and appearance of a well-demarcated, bald area on the caudodorsal opisthosoma (abdomen) of individual tarantula









Physical Exam Findings







• When the body surface is examined under magnification, the hairs are seen to be missing, not broken.


• The underlying cuticle is normal.















Etiology and Pathophysiology







• This condition is most commonly seen in terrestrial New World species such as the commonly kept Chilean rose tarantula (Grammostola rosea) and Mexican redknee tarantula (Brachypelma smithi).


• In these species, defense against predators is obtained by kicking off urticating (irritant) hairs from this specific region of the opisthosoma into the face of predators.


• A slightly worn, or moth-eaten, appearance of the opisthosoma hairs may be evident when an adult tarantula is approaching ecdysis (moulting) and is normal.


• The underlying cuticle will usually be dark in individuals close to ecdysis owing to the underlying new hairs and cuticle.















Diagnosis [image: image]







Differential Diagnosis







• Abrasion or hair damage through rough handling or transportation


• Dysecdysis (abnormal shedding of cuticle) (see Dysecdysis)


• Ectoparasite infections (parasitic or saprophytic mites)


• Endoparasite infections (Acroceridae larvae)












Initial Database







• Full history


• Examination of affected area under magnification
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Therapeutic Goal


Prevent recurrence after ecdysis by limiting environmental stress









Acute General Treatment


No specific treatment












Prognosis and Outcome [image: image]



This condition is not life threatening or particularly serious, but it can be an indication of environmental stress (people repeatedly banging on the enclosure glass, prodding spider to induce movement, or overly frequent attempts at handling).









Pearls & Considerations [image: image]







Comments







• Do not be tempted to perform cuticle or hair scrapes. The opisthosoma cuticle is thin, friable, and easily ruptured, which may result in death of the tarantula from hemolymph loss. The thin-walled heart lies right, beneath the area of typical hair loss.


• Sticky-tape preparations are not recommended. Parasitic and saprophytic mites are easily visible under magnification and are most commonly seen at the base of the legs (see Mites [Acarii]).


• Gloves and safety glasses are advisable when dealing with New World tarantula species; if irritant hairs become embedded in the cornea it can cause serious chronic keratitis.












Client Education







• Stress reduction will help prevent this from occurring.


• Tarantulas are photophobic and should be provided with dark retreats.


• Excessive handling should be avoided, and individuals should not be poked to encourage them to move.


• Visitors should be discouraged from taping on the glass of the enclosure.


• The problem will not resolve until the next ecdysis.














Suggested Readings





 Foelix, RF. Biology of spiders. Cambridge: Harvard University Press; 1996.


 Pizzi, R. Spiders. In: Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:143–168.


 Schultz, SA, Schultz, MJ. The Tarantula keepers’ guide. Hauppage: Barron’s Educational Series, Inc; 1998.
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A goliath bird eater (Theraphosa blondi), with a large patch of alopecia on the dorsal opisthosoma. Due to defensive kicking of urticating (irritant) hairs, this is common in nervous species, or those under stress from recurrent disturbance. A common source is tapping on the enclosure glass by viewers to try and entice the spider to move. The opisthosoma cuticle is a normal pale pink. If a moult (edysis) was approaching, this would become dark, due to the underlying new cuticle and new hairs.
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A goliath bird eater (Theraphosa blondi), with a large patch of alopecia on the dorsal opisthosoma. Due to defensive kicking of urticating (irritant) hairs, this is common in nervous species, or those under stress from recurrent disturbance. A common source is tapping on the enclosure glass by viewers to try and entice the spider to move. The opisthosoma cuticle is a normal pale pink. If a moult (edysis) was approaching, this would become dark, due to the underlying new cuticle and new hairs.
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Dorsal opisthosoma alopecia in a Mexican red-leg tarantula (Brachypelma Emilia).
















Bacterial Diseases
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Definition


Bacteria are prokaryotic, unicellular microorganisms that are ubiquitous in natural environments.









Epidemiology






Species, Age, Sex


Most exotic pet species in which important bacterial diseases are recognized belong to the phylum Arthropoda. This excludes many well-recognized diseases of invertebrate species used in aquaculture and agriculture.









Risk Factors


Poor hygiene, inadequate husbandry (e.g., malnutrition, improper temperature and humidity), and integumental defects (e.g., trauma).









Contagion and Zoonosis


Some bacteria that affect invertebrates as opportunistic pathogens (e.g., Clostridium spp., Pseudomonas spp., Proteus spp., Serratia spp., Vibrio spp.) can also affect humans. Personal protective equipment and personnel safety should always be considered during any disease investigation.









Associated Conditions and Disorders


See Risk Factors.












Clinical Presentation






Disease Forms/Subtypes







• Cyanobacteria (Oscillatoria and Beggiatoa spp.) in horseshoe crabs (Limulus polyphemus)


• Septicemia in arachnids (i.e., spiders and scorpions)


• Septicemia in crustaceans


• Paenibacillus larvae (American foulbrood, or AFB) in honey bees (Apis mellifera)


• Melissococcus pluton (European foulbrood, or EFB) in honey bees












History, Chief Complaint







• Anorexia


• Lethargy


• Depression


• Death (often acute)












Physical Exam Findings







• Cyanobacteria in horseshoe crabs




[image: image] Swollen or ruptured gill leaflets


[image: image] Gill and/or other tissue necrosis





• Septicemia in arachnids




[image: image] Possible discharge from one or more orifices


[image: image] Dehydration (manifested as impaired mobility and/or opisthosomal shrinking and deformation)


[image: image] Classic “death pose” (appendages curled ventral to body segments)





• Bacterial septicemia in crustaceans




[image: image] Color changes


[image: image] Lack of response to stimuli


[image: image] Poor muscle tone (manifested as drooping tail or appendages)


[image: image] Postural abnormalities (e.g., lateral or dorsal recumbency)





• AFB in honey bees




[image: image] Sealed cap over affected larval honeycomb cells is dark, moist, sunken, and/or perforated.


[image: image] Dead larva dries into a hard “scale” adhered to the side of the cell after 1 month.


[image: image] Outbreaks can destroy whole colonies.





• EFB in honey bees




[image: image] Affected larva becomes flaccid and shifts to one side of the honeycomb cell.


[image: image] Dead larva turns brown when decomposing.


[image: image] Spontaneous recovery of colonies usually occurs after outbreaks.





• Septicemia in insects




[image: image] Color changes


[image: image] Loose feces


[image: image] Dehydration


[image: image] Liquefaction of internal organs


















Etiology and Pathophysiology







• Normal external and internal bacterial florae of most invertebrates have not been described, and it is often difficult to determine whether isolated bacteria from diseased animals are the causative agents.


• Most bacterial disease is caused by opportunistic infection.


• Bacillus spp. can cause outbreaks in captive arachnid colonies.


• Bacillus thuringiensis causes natural outbreaks of morbidity and mortality in insects, and it has been used extensively by humans for biological control.















Diagnosis [image: image]







Differential Diagnosis







• Normal behavior (e.g., preecdysis anorexia in arachnids)


• Debilitation due to inadequate or improper husbandry


• Other infectious diseases (e.g., fungal, viral, parasitic)


• Intoxication (e.g., pesticides)












Initial Database







• Culture, cytology, and Gram staining of material from lesions or body cavities


• Hemolymph collection for bacterial culture and determination of biochemistry parameters, color, and clarity


• Appearance of affected honeycomb cells is pathognomonic for AFB of honey bees.


• Introduction of the end of a wooden applicator stick into a cell affected by AFB will produce a viscous thread of material when withdrawn.


• Dissection of honey bee larvae affected by EFB will reveal white clumps in the midgut.












Advanced or Confirmatory Testing







• Specialized culture media may be needed for bacteria that are not typically cultured from vertebrate species (e.g., AFB and EFB of honey bees).


• Incubation temperatures for invertebrate bacterial pathogens may need to be adjusted to account for the hosts’ poikilothermic status (e.g., many bacteria will grow at 25°C [77°F]).


• Polymerase chain reaction analysis is available for both AFB and EFB.


• Biopsy or necropsy and histopathology are important for diagnosis and identification of predisposing or concurrent conditions.


• Specialized fixation techniques may be needed for histopathology.















Treatment [image: image]







Therapeutic Goals







• Treatment of bacterial disease in invertebrate species is often unrewarding.


• Main goals should be containment and prevention of disease.












Acute General Treatment







• Depopulation and destruction of entire colonies may be necessary (e.g., AFB of honey bees).


• Culling and/or isolation of affected individuals in colonies


• Supportive care of individuals (e.g., fluid therapy)


• Empirical antimicrobial therapy may be employed, but almost no data on efficacy and safety are available.















Prognosis and Outcome [image: image]



Most bacterial infections in invertebrate species have a poor to grave prognosis.









Pearls & Considerations [image: image]







Comments







• Clinical medicine of invertebrates is a relatively new facet of the veterinary profession.


• Diagnosis of disease conditions can be frustrating but should be pursued nonetheless.


• AFB and EFB of honey bees are on the Reportable Diseases of Invertebrates List of the Office International des Epizooties (OIE).












Prevention







• Strict quarantine measures for incoming animals


• See Chronic Treatment.












Client Education







• Quarantine for all new animal acquisitions


• Annual examinations for invertebrates


• Proper husbandry practices














Suggested Readings
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 Cooper, JE. Insects. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:205–219.


 Noga, EJ, et al. Crustaceans. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:179–193.


 Pizzi, R. Spiders. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:143–168.


 Smith, SA. Horseshoe crabs. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:133–142.


 Williams, DL. A veterinary approach to the European honey bee (Apis mellifera). Vet J. 2000; 160:61–73.


 Williams, DL, Studies in arachnid disease LondonCooper JE, et al, eds. Arachnida: proceedings of a symposium on spiders and their allies. Chiron Publications Ltd:, 1992:116–125.
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Dehydration
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Definition


Negative fluid balance where the body loses more fluid than it takes in.









Synonyms


Desiccation, estivation









Epidemiology






Species, Age, Sex







• All species


• Insects, tarantulas, and snails are particularly prone.












Risk Factors







• Abrasive substrates such as sand


• Dry enclosures


• Trauma (see Trauma)












Contagion and Zoonosis







• Not contagious


• Not a zoonotic disease












Geography and Seasonality


More common in warm dry months, but also in winter owing to reduced activity












Clinical Presentation






History, Chief Complaint







• Anorexia


• Inactivity












Physical Exam Findings







• Tarantulas typically will have difficulty ambulating or will be unable to move, with their legs held flexed beneath the body. This is a result of having only limb flexor muscles. Limb extension is totally dependent on adequate hemolymph pressure.


• Snails will become inactive and will retract deep into their shell. They may secrete a dried-out mucoid plug to prevent further dehydration.















Etiology and Pathophysiology







• Most arthropods have a water-proof layer in the cuticle to prevent evaporative fluid loss.


• Abrasive substrates may damage this layer but with no macroscopically visible signs.


• Trauma such as dropping an animal and cracking the cuticle and hemolymph leakage can rapidly result in dehydration.


• Estivation is a normal response in snails, with individuals retracting deep into their shells and secreting a plug to prevent further fluid loss.


• Severe or prolonged dehydration will result in death.















Diagnosis [image: image]







Differential Diagnosis







• Intoxication (see Intoxication)


• Bacterial infection (see Bacterial Diseases)


• Fungal infection (see Fungal Infections, Superficial and Systemic)


• Panagrolaimidae nematode infection of tarantulas (see Panagrolaimidae Oral Nematodes in Tarantulas)












Initial Database







• Incoordination due to causes such as intoxication; should be differentiated from an inability to ambulate due to dehydration


• Response to provision of water or fluid administration


• Examination for any underlying trauma and ongoing hemolymph hemorrhage












Advanced or Confirmatory Testing


It can be difficult to assess whether snails deeply retracted into their shells are alive but severely dehydrated, or whether they are simply dead. Placement of a Doppler ultrasound probe with copious gel on the retracted foot will allow one to hear the slow but clearly audible heartbeat in live snails.












Treatment [image: image]







Therapeutic Goals







• Return normal fluid balance


• Reduce fluid loss


• Increase fluid intake by offering water or high water content food


• Prevent integument damage that may precipitate fluid loss (abrasive substrates)












Acute General Treatment







• In less severe cases, provision of fresh green vegetables to herbivorous insects and a very shallow water dish may suffice.


• In very small species, misting surfaces and vegetation in enclosures with a spray is advisable.


• In moderate dehydration cases, arthropods may be placed with their mouthparts in a very shallow container of water.


• Care should be taken to not place the abdomen of insects (spiracles) or the opisthosoma of spiders (booklungs) in the water tray to prevent asphyxiation or drowning.


• In severe cases, lactated Ringer’s, Hartmann’s solution, or physiologic saline (0.9% NaCl) may be injected into the hemocoel of arthropods.


• In large individuals, this is best administered with a 27-gauge insulin needle through the thin membranes between segments at the bases of the legs (coxa and trochanter).


• In tarantulas, fluid may be injected into the dorsal midline of the opisthosoma, where the heart is situated.




[image: image] This route is not suitable in insects because unlike tarantulas, insects have a tracheolar respiratory system that may be penetrated, and the insect may drown.





• Injection sites should be sealed with cyanoacrylate tissue adhesive or household superglue; otherwise the inelastic membranes often continue to leak fluid and hemolymph afterward.


• Individuals should be kept in a small enclosure on paper towels to monitor for any ongoing hemorrhage of hemolymph.


• In snails, fluid should not be injected.


• Dehydrated snails are best bathed in shallow dishes of lukewarm water twice daily until they exit estivation.












Recommended Monitoring


Keep affected individuals after treatment in a small enclosure with paper towels used as a substrate to allow detection of any ongoing hemolymph hemorrhage from an unidentified trauma site.












Prognosis and Outcome [image: image]



Prognosis is dependent on the degree of dehydration (just as in other species), any underlying trauma, and prevention of ongoing hemolymph hemorrhage. Mild to moderate cases have a good prognosis.









Pearls & Considerations [image: image]







Comments







• Water dishes should not be so deep that individuals risk drowning; 2-3 mm is a sufficient depth (see figure).


• In very small species, misting surfaces and vegetation in enclosures with a spray is advisable instead of providing a water container in which they may drown.


• Address any underlying husbandry problems predisposing to dehydration or trauma.












Prevention







• Provide fresh water or high water content foods.


• Eliminate abrasive substrates that could result in cuticle damage and fluid loss.














Suggested Readings





 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.


 Pizzi, R. Spiders. In: Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:143–168.


 Williams, DL. Invertebrates. In: Meredith A, Redrobe S, eds. BSAVA manual of exotic pets. ed 4. Gloucester: BSAVA; 2003:280–287.
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Dehydration A tarantula drinking from a dish; this sign of dehydration is common after shipping or purchase. (Photo courtesy Jörg Mayer, The University of Georgia, Athens.)
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Use of a Doppler ultrasound probe to auscultate the heart rate in a Giant East African land snail (Achitina fulica). The technique can be similarly used to evaluate if a dehydrated aestivating snail is dead.
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An aestivating Giant East African land snail (Achitina fulica) sealed into its shell with a dried mucous plug (epiphragm). A sign of dehydration due to overly dry captive environmental conditions.
















Dysecdysis
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Definition


Abnormal shedding, or difficulty in shedding (ecdysis)









Synonyms


Abnormal moult, retained moult, retained shed, stuck-in cast, cuticle retention









Epidemiology






Species, Age, Sex







• All arthropods


• All ages, but groups of juveniles particularly affected in large collections with environmental problems owing to more frequent ecdysis


• Both genders equally affected












Geography and Seasonality


More common in warmer months in arthropods not kept in heated enclosures year round












Clinical Presentation






History, Chief Complaint







• Individual stuck in moulted cuticle


• Missing appendages from dysecdysis


• Dismembered arthropod from attempts at assisting ecdysis












Physical Exam Findings







• Retained sections of cuticle


• Limbs most commonly affected


• In severe cases, most of the old cuticle may still be retained.


• Abnormal posture


• Unable to move normally


• Distorted legs and anatomy once cuticle has hardened (sclerotized)















Etiology and Pathophysiology







• Shedding of the old cuticle is facilitated by a very thin layer of moisture between old and new cuticles during ecdysis. Dehydration can affect this, so ensure that individuals always have water, and that herbivorous species have fresh food.




[image: image]


Dysecdysis This stick insect died during shedding; a common cause for dysecdysis is dehydration. (Photo courtesy Jörg Mayer, The University of Georgia, Athens.)





• The new underlying cuticle is soft and friable during the process of ecdysis because it needs to expand after ecdysis; the old shed cuticle is dry, rigid, and strong. Intervention should always be left until after the new cuticle has hardened (24-72 hours) to prevent the risk of dismembering the animal. In some species of arthropods, this will be obvious because of a color change and darkening of the cuticle.















Diagnosis [image: image]







Differential Diagnosis







• Dehydration (see Dehydration)


• Alopecia (see Alopecia)












Initial Database







• Examination under magnification or low-power stereomicroscopy to determine where cuticle is retained, and whether markedly distorted limbs are present that require autotomy or amputation


• Examination of affected individual and enclosures for signs of mites that may also predispose to dysecdysis (see Mites [Acarii])















Treatment [image: image]







Therapeutic Goals







• Remove retained cuticle ONLY once the new cuticle has hardened (sclerotized) after 48-72 hours


• Perform autotomy or amputation of disfigured limbs if needed


• Provide supportive care of disfigured individuals until next ecdysis


• Prevent recurrence at next ecdysis period












Acute General Treatment







• Do NOT try to assist during the actual process of ecdysis. The new cuticle is very soft and friable before it is sclerotized, but the old cuticle is rigid; attempts at removal at this stage will simply result in the arthropod being dismembered.


• If the new underlying cuticle is soft, the only assistance provided should be the application of a lukewarm solution of a household detergent. This will soften the old shed cuticle and will lower the surface tension of the fluid interface between old and new friable cuticles.


• Do NOT try to pull retained cuticle off.


• Application with a fine-tipped artist’s brush, or soaking with mild detergent solution even many days after ecdysis, will soften the old retained cuticle but will not affect the new underlying cuticle and will make removal easier and safer.




[image: image] Care should be taken to avoid wetting booklungs and spiracles to prevent drowning.


[image: image] Retained cuticle can be carefully trimmed off with iris scissors.





• Three or more days after dysecdysis, and once the new cuticle has hardened, severely distorted limbs that interfere with locomotion may be amputated or autotomized. Amputation should always be performed through a joint with a thin membrane, rather than attempting to amputate through a rigid section of limb cuticle.




[image: image] The wound must be sealed with several layers of cyanoacrylate tissue adhesive or household “superglue” to prevent hemolymph hemorrhage.





• Autotomy may be performed in tarantulas. This is a conscious process, and individuals should NOT be anesthetized.




[image: image] The femur component of the limb is firmly grasped and is pulled dorsally, while the body is secured on a surface.


[image: image] A natural fracture plane is present in the supporting apodeme of the coxofemoral joint; the joint membrane tears at this point.


[image: image] Although this is a natural process and hemolymph loss may be negligible at the time, the wound should always be sealed with several layers of tissue adhesive to prevent risks of later hemorrhage and death.















Chronic Treatment


Supportive care of severely affected individuals, or those in which several limbs have needed autotomy or amputation, until the next episode of ecdysis












Prognosis and Outcome [image: image]



Prognosis is guarded depending on the severity of the retained cuticle. Individuals dismembered through attempts at assistance during ecdysis carry a hopeless prognosis, although attempts can be made to treat as for trauma (see Trauma).









Pearls & Considerations [image: image]







Comments







• It is always safest to wait at least 24-48 hours to allow the new cuticle to harden (sclerotize) before trying to trim or remove retained cuticle.


• During ecdysis, application of a lukewarm weak detergent solution with an artist’s paintbrush is the only intervention with a chance of success without causing severe damage to the affected animal.


• Application or soaking with mild detergent solution even many days after ecdysis will soften the old retained cuticle but will not affect the new underlying cuticle and will make removal easier and safer.












Client Education







• Keepers are always convinced that an environment that is insufficiently moist is to blame, and that misting during the approach to ecdysis will help. This is likely an erroneous assumption. The cuticle is water resistant, and misting is unlikely to contribute meaningfully to ecdysis.


• Clients should understand the need to resist the temptation to try to remove the old cuticle during ecdysis.


• In some species of tarantulas, normal ecdysis can take several hours; this does not indicate dysecdysis.














Suggested Readings





 Frye, FL. Captive invertebrates: a guide to their biology and husbandry. Malabar: Krieger; 1992.


 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.
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[image: image]


A Mexican red-knee tarantula (Brachypelma smithi) that has become stuck during its moult (dysecdysis). Attempts to free the tranatula at initial presentation invariably result in dismembering, as the new cuticle is soft and tears. The spider should be initially left until the new cutuicle hardens (sclerosis).



















Fungal Infections, Superficial and Systemic






Basic Information [image: image]







Definition


Systemic or surface infections caused by fungi









Synonym


Mycoses









Epidemiology






Species, Age, Sex







• Most common in arthropods, particularly insects and spiders


• Some systemic infections more common in adults












Genetics and Breed Predisposition







• Adult Fregate Island giant tenebrionid beetles (Polposipus herculeanus) are particularly sensitive to systemic infection with Metarhizium anisopliae, as are many other beetles.


• Silkworm and other caterpillars are susceptible to Beauveria bassiana (muscardine).


• Labyrinthomyxa marina is the most important fungal pathogen of oysters.












Risk Factors







• High-humidity enclosures


• Natural substrates in enclosures


• Infrequently cleaned enclosures and buildup of organic debris


• Previous fungal disease in collection












Contagion and Zoonosis







• Entomopathogenic systemic mycoses are very contagious after the appearance of external fruiting bodies, which only occurs after the death of an infected arthropod


• Superficial (opportunistic) mycoses normally not contagious


• Not a zoonosis












Associated Conditions and Disorders







• Concomitant mite infestation may indicate poor environmental hygiene.


• Any time of the year


• Heated humid invertebrate enclosures and those with poor ventilation are more likely to be affected.


• May occur as a secondary infection of cuticular wounds















Clinical Presentation






Disease Forms/Subtypes







• Peracute: Deaths without any external visible fungal growth antemortem (entomopathogenic systemic fungi). Fungal elements are only seen after death (if cadavers are not immediately removed).


• Chronic: Individuals with obvious external fungal growth that otherwise are behaving clinically normally (opportunistic Saprophytes).












History, Chief Complaint







• Reduced appetite and loss of coordination


• Abnormal behavior: Subterranean species rise to the surface, and many species move to high places.


• Many show no clinical signs before death.


• Obvious fungal growth evident on live or dead invertebrates in a collection


• Color changes of the body antemortem or postmortem (also caused by bacterial infection)


• Mummification of adult insects after death. Exceptions are butterfly and moth larvae that may become flaccid with watery contents and may disintegrate if infected with Entomophthorales.


• Small quantities of chalky fungal elements may be evident at the joints, the cloaca, and mouthparts.












Physical Exam Findings


Most cases where external fungal growth is evident antemortem are due to poor environmental hygiene and to opportunistic Saprophytes.












Etiology and Pathophysiology







• Entomopathogenic fungi will invade via body openings such as the respiratory spiracles or through the oral cavity with ingestion, or they may invade by penetrating the integument, as with chitinolytic fungi such as Cordyceps and Gibellula species.


• Death is due to nutritional deficiencies, invasion and destruction of tissues, or toxin production.


• Different fungal pathogens may cause peracute death or chronic infection.




[image: image] Some will cause changes in behavior, leading affected individuals to seek out high places to ensure better spore dispersal after death.





• After death, the fungi usually completely invade the hemocoel before producing external fruiting bodies.















Diagnosis [image: image]







Differential Diagnosis







• Systemic entomopathogenic fungi


• Opportunistic saprophytic surface fungal growth


• Postmortem fungal invasion (Hyphomycetes)


• Dysecdysis (see Dysecdysis)


• Bacterial infection (see Bacterial Diseases)


• Dried excretory wastes (urates, allantoin, or guanine in spiders)


• Alopecia due to environmental stress in tarantulas (see Alopecia)












Initial Database







• Surface cytologic examination (cellotape preparations), light microscopy to confirm fungal elements


• Examination of enclosure substrate and environment for saprophytic fungal growth


• Post mortem to evaluate systemic (hemocoel) fungal invasion












Advanced or Confirmatory Testing







• Lactophenol cotton blue staining of fungal elements to aid taxonomic identification


• Fungal culture of many entomopathogenic fungi (Entomophthorales) not possible on standard culture media


• Culture of postmortem material may yield only postmortem invaders that grow on standard media (Hyphomycetes).















Treatment [image: image]







Therapeutic Goals







• In opportunistic surface infection, eliminate surface fungal growth and remove fungal environmental contamination


• In entomopathogenic fungal disease outbreaks, eliminate infection from the population












Acute General Treatment


Topical treatment with povidone-iodine once daily (applied with a cotton tip) or antifungal agents such as clotrimazole









Chronic Treatment


In entomopathogenic fungal disease outbreaks, quarantine, destocking, fumigation of the rooms while eggs are in a dormant state, or surface antifungal treatment of eggs may be considered dependent on the agent and the host life cycle. Elimination from the premises can be very difficult.









Recommended Monitoring







• Postmortem examination in collections to evaluate the presence of systemic fungal disease


• The coelom may be replaced with firm chalky, white, pink, or green fungal material, confirmed as fungal in nature by microscopy.















Prognosis and Outcome [image: image]








• Cases of opportunistic external growth of saprophytic fungi seen antemortem respond well to topical treatment and improved environmental hygiene.


• Outbreaks of entomopathogenic fungal deaths can be very difficult to control in collections. Taxonomic identification is essential to determine the mode of infection (penetration of the integument or via body openings) and to formulate an effective elimination plan.












Pearls & Considerations [image: image]







Comments


External fungal growth on pet invertebrates is one of the easiest invertebrate conditions to treat successfully in practice. Entomopathogenic fungal outbreaks in collection are conversely extremely difficult to control.









Prevention







• Good enclosure hygiene and timely removal of food remains an organic debris


• Prevention of excessive enclosure humidity and damp substrates














Suggested Readings





 Humber, RA. Fungi: identification. In: Lacey L, ed. Manual of techniques in insect pathology. London: Academic Press; 1997:153–185.


 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.


 Tanada, Y, Kaya, HK. Insect pathology. San Diego: Academic Press; 1993.


 Williams, DL. Invertebrates. In: Meredith A, Redrobe S, eds. BSAVA manual of exotic pets. ed 4. Gloucester: BSAVA; 2003:280–287.
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Infectious Diseases of Acroporid Corals
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Definition


Bacteria are prokaryotic, unicellular microorganisms that are ubiquitous in natural environments.









Epidemiology






Species, Age, Sex


Corals of the family Acroporidae are found in waters of the Atlantic and Pacific Oceans, where they are found in shallow reef systems. Common species are the staghorn coral (Acropora cervicornis) and the elkhorn coral (A. palmata).









Risk Factors


Poor hygiene, inadequate husbandry (e.g., malnutrition, improper temperature and humidity), and traumatic insults









Contagion and Zoonosis


Some bacteria that affect acroporid corals as opportunistic pathogens (e.g., Clostridium spp., Serratia spp., Vibrio spp.) can also affect humans. Personal protective equipment and personnel safety should always be considered during any disease investigation.









Associated Conditions and Disorders


See Risk Factors.












Clinical Presentation






Disease Forms/Subtypes







• Black band disease


• White band disease


• White pox (a.k.a. white patch disease)


• Rapid tissue degeneration (a.k.a. rapid tissue necrosis or shutdown reaction)












History, Chief Complaint







• Color changes


• Death (i.e., living tissue lost and only “skeleton” remains)












Physical Exam Findings







• Black band disease




[image: image] Black mat that advances over coral tissue by millimeters per day


[image: image] Leading edge of the mat advances fastest during the day, and the back edge of the mat advances fastest during the night.





• White band disease




[image: image] White band begins at coral base and advances toward branch tips.


[image: image] Two described types




[image: image] Type I: white band of necrosis advances over coral tissue by millimeters per day; tissue sloughs in small masses


[image: image] Type II: similar to type I, but spreading occurs at a faster rate








• White pox




[image: image] Seasonal disease associated with elevated water temperatures


[image: image] Scattered white blotches of tissue loss


[image: image] Rapid expansion of up to 2.5 cm2 per day





• Rapid tissue degeneration




[image: image] Frequently begins at coral base and advances toward branch tips


[image: image] Increased or decreased production of mucus


[image: image] Prolonged retraction of polyps


[image: image] Tissue sloughing occurs with zooxanthellae intact (no bleaching)


















Etiology and Pathophysiology







• Koch’s postulates have not been fulfilled for any bacterial disease of acroporid corals.


• Most diseases are likely multifactorial.


• Black band disease




[image: image] The cyanobacterium Phormidium corallyticum dominates the microbial community of the band.


[image: image] Other possible pathogens for which evidence has been found include Beggiatoa spp., Desulfovibrio spp., Campylobacter spp., Arcobacter spp., Cytophaga spp., Clostridium spp., Trichodesmium tenue.





• White band disease




[image: image] Type I has been associated with Gram-negative bacilli.


[image: image] Type II has been associated with Vibrio charcharia.





• White pox




[image: image] Serratia marcescens has tentatively been linked to this disease.





• Rapid tissue degeneration




[image: image] Vibrio vulnificus has tentatively been linked to this disease.


















Diagnosis [image: image]







Differential Diagnosis







• Normal behavior (e.g., acroporids may produce mucus capture webs)


• Debilitation due to inadequate or improper husbandry


• Other infectious diseases (e.g., fungal, viral, parasitic)


• Intoxication (e.g., heavy metals, irritants)












Initial Database


Culture, cytology, and Gram staining of material from lesions









Advanced or Confirmatory Testing







• Specialized culture media may be needed for bacteria that are not typically cultured from terrestrial species.


• Incubation temperatures for acroporid bacterial pathogens may have to be adjusted to account for the hosts’ poikilothermic status.


• Biopsy or necropsy and histopathology are important for diagnosis and identification of predisposing or concurrent conditions.


• Specialized fixation techniques, including decalcification, may be needed for histopathology.















Treatment [image: image]







Therapeutic Goals







• Successful treatment of bacterial disease in acroporid species is highly variable.


• Main goals should be containment and prevention of disease.












Acute General Treatment







• Débridement of affected tissues with margins extending into healthy tissue using sharp dissection


• Defects can be filled with a number of different compounds (e.g., plaster of Paris, hydraulic cement, methacrylates, cyanoacrylates, underwater epoxies).


• Empirical antimicrobial therapy may be employed, but almost no data on efficacy and safety are available.












Chronic Treatment







• Optimization of environmental conditions (especially water quality and light conditions)


• Adequate hygiene















Prognosis and Outcome [image: image]



Most bacterial infections in acroporid species have a poor to grave prognosis.









Pearls & Considerations [image: image]







Comments







• Clinical medicine of invertebrates is a relatively new facet of the veterinary profession.


• Diagnosis of disease conditions can be frustrating but should be pursued nonetheless.












Prevention







• Strict quarantine measures for incoming animals


• See Chronic Treatment.












Client Education







• Quarantine for all new animal acquisitions


• Annual examinations for invertebrates


• Proper husbandry practices














Suggested Readings





 Berzins, IK, Smolowitz, R. Diagnostic techniques and sample handling. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:263–274.


 Stoskopf, MK. Coelenterates. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:19–51.
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Intoxication






Basic Information [image: image]







Definition


Poisoning, the state of being poisoned









Synonyms


Poisoning, toxicity, pesticide exposure









Epidemiology






Species, Age, Sex


All invertebrate species, ages, and genders









Risk Factors







• Pesticide use in vicinity (adjacent rooms, garden, or in some cases even neighbor’s house)


• Enclosures serviced or invertebrates handled by keepers having contact with other animals such as dogs and cats


• Use of topical parasiticides (particularly fipronil) on other animals in vicinity


• Some aerosols, cleaning agents, and aromatic solvents


• Recent painting and building work in building (solvents and sealants)












Contagion and Zoonosis







• Not contagious


• Not infectious


• Epidemiology in a group can resemble an infectious disease.


• Not a zoonotic disease















Clinical Presentation






Disease Forms/Subtypes







• Acute: Most cases of intoxication, particularly with pesticides, will show an acute progression of clinical signs followed by death.


• Chronic: A small number of cases demonstrate chronic and subtle clinical signs such as anorexia and lethargy over several weeks. These cases are difficult to diagnose and are commonly associated with less overtly toxic compounds such as household aerosols and solvents. However, they respond well to timely diagnosis and prevention of further exposure.


• Exposure in a group can sometimes be confused with an infectious disease.












History, Chief Complaint







• History of suspected exposure


• Death


• Abnormal behavior












Physical Exam Findings







• Anorexia


• Lethargy


• Paralysis


• Twitching or incoordination


• Poor reproduction (reduced egg hatching)


• The most common sign is simply the finding of dead invertebrates.















Etiology and Pathophysiology







• Fipronil (Frontline) is a common cause of inadvertent captive/pet invertebrate intoxication.




[image: image] It is a widely used agent for the control of ticks and fleas in pet dogs and cats.


[image: image] It is also used for the control of Ophionyssus mites in reptiles.


[image: image] Many invertebrate keepers also keep reptiles and may reuse reptile tanks previously treated with fipronil to house invertebrates.


[image: image] The agent appears to be environmentally persistent, and enclosures treated with fipronil for Ophionyssus snake mite infestations have consistently killed adult tarantulas placed in the enclosures several months later, despite frequent washing.





• Many unproven cases of intoxication are suspected to be the result of handling of treated dogs and cats by personnel handling invertebrates or servicing invertebrate enclosures.















Diagnosis [image: image]







Differential Diagnosis







• Dehydration (see Dehydration)


• Infectious disease












Initial Database







• History of exposure or suspected exposure to parasiticide or other chemical compound


• History of pesticide use on other animals in household or collection


• History of fumigation of neighboring house or building


• History of pesticide use in garden in vicinity


• History of crop spraying in area


• History of painting work in building (solvents)


• History of recent invertebrate handling


• History of recent cleaning of invertebrate enclosure












Advanced or Confirmatory Testing


Toxicologic testing is rarely practical and often is not economically viable.












Treatment [image: image]







Therapeutic Goals







• Provide supportive care of particularly valuable affected individuals


• Prevent further exposure to toxic compounds












Acute General Treatment







• Some cases may respond to supportive care.


• Maintain supportive heating and humidity in enclosures.


• Moribund individuals may be syringed small quantities of water or may be placed with their oral parts in shallow water containers.


• Booklungs and spiracles must not be submerged, or paralyzed individuals will drown.


• Snails may be bathed twice daily in shallow trays of warm water.


• Affected valuable tarantulas have been syringe-fed liquid (aspirated) prey invertebrate species viscera to help with longer-term recovery, although provision of food is of lower priority than administration of fluid.















Prognosis and Outcome [image: image]








• The prognosis is guarded to poor in most cases.


• After exposure to toxic chemicals, aerosols, and solvents, individuals who show clinical signs before death may respond to supportive care and prevention of further exposure.












Pearls & Considerations [image: image]







Comments







• Fipronil (Frontline) is one of the most common causes of inadvertent captive/pet invertebrate intoxication.


• Many unproven cases of intoxication are suspected to be the result of handling of treated dogs and cats by personnel handling invertebrates or servicing invertebrate enclosures.


• Some delicate species such as phasmids may be sensitive to paint and solvent use in the vicinity.












Prevention







• Unnecessary handling of pet invertebrates, especially by visitors, who may have dogs or cats, should be discouraged.


• Alternatives to fipronil-based products may be used for the control of fleas in other pets in the household.


• Avoid the use of cleaning products and disinfectants in invertebrate tanks and water dishes.












Client Education


Clients should discuss their animals with neighbors, so they can be notified well in advance of any household fumigations or pesticide treatments of gardens and can plan accordingly. Some sealants and caulks used in bathrooms and kitchens contain insecticides. These must be avoided if building homemade enclosures for invertebrates.











Suggested Reading





 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.
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Mites (Acarii)


[image: image]






Basic Information [image: image]







Definition


Small free-living (saprophytic) or parasitic arthropods of the order Acarina, excluding ticks









Synonym


Ectoparasites









Epidemiology






Species, Age, Sex


Any species, age, or gender









Genetics and Breed Predisposition


Most commonly encountered on Arthropods (Crustacea, Myriapoda, Insecta, and Arachnida) and Molluscs (mainly gastropods).









Risk Factors







• Infrequently cleaned enclosures


• High stocking densities


• Mixing of animals from different sources


• Natural substrates in enclosures


• High humidity












Contagion and Zoonosis


Parasitic species are contagious and appear to be able to affect a wide variety of species. Most species do not appear to be zoonotic, but there is a paucity of specific data.









Associated Conditions and Disorders







• Abnormal behavior of host invertebrate species


• Increased activity of some host species


• Anorexia in severe parasitic infections


• Poor growth and reproduction in colony-kept species


• Spread of pathogens and fungal spores between enclosures


• Occlusion of spiracles or booklung surfaces by large numbers of mites















Clinical Presentation






History, Chief Complaint


Mites seen on individual animals or in enclosures by keeper









Physical Exam Findings







• Small, motile white, black, or red mites evident on specimen under magnification or on microscopic examination


• Parasitic mites commonly found in leg joints of arthropods


• Mites found at the mouthparts or on the vent are more likely to be saprophytic.















Etiology and Pathophysiology







• Parasitic mites generally feed on hemolymph, which they access with piercing mouthparts at joints and the thinner part of the cuticle.


• Parasitic mites may have a role in dysecdysis of arthropods (see Dysecdysis).


• Saprophytic mites may be present in very large numbers in larger collections or enclosures, where food residues accumulate or where cleaning is not regularly performed. Saprophytic mites may act as vectors for fungal spores.















Diagnosis [image: image]







Differential Diagnosis







• Alopecia due to environmental stress in tarantulas (see Alopecia)


• Parasitic mites


• Saprophytic mites


• Ants (these can kill captive invertebrates in severe cases)


• Phoridae humpback flies (very small fruit flies that may also act as a vector for Panagrolaimidae nematode infections; see Panagrolaimidae Oral Nematodes in Tarantulas)


• These mechanical methods of mite removal are time consuming. In some cases anesthesia is helpful in performing mite removal with a brush or cotton tip and water based lubricant to trap the mites. Anesthesia will also slow the mites’ movements, making them easier to remove.












Initial Database







• Examination of the body surface, joints, mouthparts, and vent with magnification for the presence of mites


• Examination of the enclosure or substrate for mites under magnification












Advanced or Confirmatory Testing







• Microscopy to examine the mouthpart morphology


• Parasitic mites are more likely to have piercing-type mouthparts for feeding on hemolymph.


• Saprophytic mites may have chewing or piercing mouthparts.


• Mite species identification at an agricultural research institution in economically important collections. Specimens should be preserved in 70% to 90% ethanol.















Treatment [image: image]







Therapeutic Goals







• Eliminate parasitic mites


• Control saprophytic mite population












Acute General Treatment







• Removal of substrate and cleaning of enclosures


• Regular cleaning and removal of food residues


• Control of excessive enclosure humidity and substrate moisture


• Place double-sided sticky tape on surfaces surrounding enclosures to limit spread between individual enclosures.


• Parasitic mites may be removed from the joints of valuable individuals with careful use of sticky tape in sturdy arthropods, or in more delicate specimens with a fine-tipped artist’s paintbrush and a water-based lubricant such as ultrasound gel or, less preferably, petroleum jelly (this will leave hydrophobic residues).


• Acaricides are generally toxic to the host.


• Ivermectin and an equal quantity of propylene glycol diluted 1 : 100 with water have been used on cloths to wipe down enclosures walls and have been applied with cotton tips to remove mites directly from limb joints in large tarantulas and arthropods without adverse effects (anecdotal reports only).












Chronic Treatment







• Commercially available predatory mites such as Hypoaspis miles (Laelapidae) sold to control fungus gnats (Scaridae) and pest thrips (Thripidae) may be used to control parasitic mites in large collections. They appear to not irritate the host invertebrates. Predatory mites will die out once all parasitic and saprophytic mites are gone, and in the event of a new mite outbreak, more predatory mites may be required.


• Isopods (wood lice) have reportedly been used in some collections of tarantulas to minimize food residues that otherwise may encourage mite proliferation.


• Hobbyists routinely microwave substrates, but care must be taken that these are nonflammable.


• Place double-sided sticky tape on surfaces surrounding enclosures to detect mites and limit spread between enclosures.












Recommended Monitoring


Monitoring of enclosure water dishes and sections of double-sided sticky tape placed around enclosures will help detect whether mites are still present in lower numbers.












Prognosis and Outcome [image: image]








• Saprophytic mites are of little significance once numbers are reduced with good environmental hygiene.


• Elimination of parasitic mites from individual pet invertebrates is achievable but time-consuming.


• Control can be difficult in large collections, mixed herpetology collections, and old buildings, even with the use of predatory mites.












Pearls & Considerations [image: image]







Comments


Quarantine new invertebrate arrivals for at least 1 month in collections, and examine specimens with magnification. Surround quarantine tanks with double-sided sticky tape, and change this regularly. Check water dishes for evidence of drowned mites.









Client Education


Clients should be made to realize that in individual pet invertebrates, saprophytic mites are common, not zoonotic, and are easily controlled with improved enclosure hygiene.











Suggested Readings





 Breene, RG. The ATS arthropod medical manual: diagnosis and treatment. Carlsbad: American Tarantula Society; 1998.


 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.


 Schultz, SA, Schultz, MJ. The tarantula keeper’s guide. Hauppauge: Barron’s Educational Series; 1998.


 West, RC. Mighty mites. Journal of the British Tarantula Society. 1995; 10:86–88.
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Mites (Acarii) A honey bee with three Varroa mites (arrows on the body). Heavy infestation can cause a colony collapse.
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Large parasitic mites sucking haemolymph from the membranous joints surrounding the mouth parts in this wild origin African dung beetle (Scarabaeidae).









[image: image]


Small parasitic mites at the leg bases of a Millipede (Archispirostreptus spp).
















Oral Nematodes (Panagrolaimidae)






Basic Information [image: image]







Definition


Fatal infection of the external mouthparts and oral cavity and pharynx with entomopathogenic Rhabditida nematodes









Synonym


Worms









Epidemiology






Species, Age, Sex


Tarantulas (Theraphosidae), spiders









Genetics and Breed Predisposition







• Reported in numerous species from Americas, Africa, and Asia


• Reported in terrestrial and arboreal species












Risk Factors


Most common after introduction of new tarantulas from other collections









Contagion and Zoonosis







• Transmission is so far unclear.


• Infection has been known to spread between isolated enclosures in collections.


• It has been postulated that Phoridae fungus gnats may act as mechanical vectors spreading the infection between individual spiders in separate enclosures.


• Recent work suggests that mealworm beetles (Tenebrior mollitor) contaminating cricket cultures could bring the parasite into tarantula collections.


• Unclear whether this is a zoonotic disease


• Closely related nematodes have been reported in difficult to treat deep or anaerobic wounds of humans and mammals.


• Caution is advised given that a bite from an infected tarantula could potentially result in a human infection.












Geography and Seasonality


Reported in both the United States and Europe












Clinical Presentation






Disease Forms/Subtypes


Chronic









History, Chief Complaint







• Anorexia


• Lethargy


• Abnormal posture


• Oral discharge












Physical Exam Findings







• Viscous white oral discharge between the fangs and on the chelicerae


• Spiders may have a huddled posture or may stand on “tip-toes.”


• The nematodes are not usually visible with the naked eye.















Etiology and Pathophysiology







• The mode of transmission and details of the life cycle are currently unknown.


• It has been postulated that Phoridae flies and mealworm beetles may act as mechanical vectors.


• Rhabditida nematode infections are often associated with symbiotic bacterial infections.


• These symbiotic bacteria may cause tissue necrosis, aiding the feeding of the nematodes.















Diagnosis [image: image]







Differential Diagnosis







• Bacterial oral infection (see Bacterial Diseases)


• Anorexia before approaching ecdysis (normal moult) (see Dysecdysis)












Initial Database







• Light microscopy of the oral discharge, taken by flushing and aspirating the mouth with physiologic saline. Numerous small motile nematodes are easily visible under low-power magnification.


• Bacterial culture is usually unrewarding. Mixed bacterial growth, with overgrowth of Proteus on the media, is common.















Treatment [image: image]







Therapeutic Goals







• Prevent spread of infection in a collection of tarantulas


• Eliminate any zoonotic risk


• Provide humane euthanasia for the affected individual












Acute General Treatment







• Numerous treatment trials with varying dosages of benzimidazoles, avermectins, and antibiotics have proved unsuccessful in eliminating infection or prolonging survival.


• Euthanasia is strongly recommended.












Recommended Monitoring


Remaining spiders and their consumption of prey should be monitored for 3 months following an infection in a collection.












Prognosis and Outcome [image: image]








• Prognosis is hopeless and affected spiders should be euthanized.


• Numerous treatment attempts with varying dosages of benzimidazoles, avermectins, and antibiotics have proved unsuccessful.












Pearls & Considerations [image: image]







Comments







• Microscopy is essential with any oral discharge in a tarantula; the most common error is the presumption that this is a bacterial infection, and that only swabbing of the discharge for culture is necessary.


• What constitutes humane euthanasia in tarantulas is controversial.




• Keepers will most commonly freeze animals.


• Alternatives include injection of pentobarbital into the heart in the dorsal midline of the opisthosome, isoflurane anesthesia (5% to 8%) given in an induction chamber, and isoflurane administered on a cotton ball in a sealed plastic container, followed by immersion in 95% ethanol or surgical spirits (for histology) or freezing.


• Simple immersion in ethanol is not humane, and spiders show long periods of motility after immersion.















Prevention


New tarantulas should be quarantined in a separate room from the main collection until confirmed as consuming prey. Avoid feeding mealworms using cricket cultures contaminated with mealworm beetles during an outbreak.









Client Education







• Owner should be encouraged to quarantine new tarantulas.


• Control of humidity and ventilation discourages movement of Phoridae flies between enclosures.


• Owners should be made aware of the possible zoonotic risk of this infection, euthanasia recommended, and owners discouraged from treatment attempts.














Suggested Readings





 Pizzi, R. Disease management in ex-situ invertebrate conservation programs. In: Fowler ME, Miller RE, eds. Zoo and wild animal medicine: current therapy 6. St Louis: Saunders Elsevier; 2008:88–96.


 Pizzi, R. Spiders. In: Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:143–168.


 Pizzi, R, Carta, L, George, S. Oral nematode infection of tarantulas. Vet Rec. 2003; 152:695.
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Trauma






Basic Information [image: image]







Definition


A wound or injury, damage caused by external force









Synonyms


Wound, injury









Epidemiology






Species, Age, Sex







• Any, but most common in




[image: image] Large terrestrial tarantula species


[image: image] Land snails















Risk Factors







• Frequent handling


• Terrestrial species (particularly tarantulas) in high-sided enclosures


• High stocking density or calcium deficiency of land snails


• Interference during ecdysis (moulting) or dysecdysis















Clinical Presentation






History, Chief Complaint


Reported trauma or visible injury









Physical Exam Findings







• Lethargy


• Dehydration (see Dehydration)


• Wounds


• Hemorrhage of hemolymph















Etiology and Pathophysiology







• Owners and vets should not try to “help” invertebrates during ecdysis (moulting). The new cuticle is not sclerotized (hardened) to allow its expansion after ecdysis, and so it is very easily damaged, resulting in a dismembered animal (see Dysecdysis).


• Terrestrial invertebrates may climb high-sided enclosures, especially if inadequate retreats are present.


• A 30-cm fall is sufficient to kill a large terrestrial tarantula because the opisthosome has a thin cuticle that is easily ruptured.


• The hooks on the feet of tarantulas may get caught on mesh tank lids; this can cause damage to the legs of large tarantulas hanging by their feet if caught.















Diagnosis [image: image]







Initial Database


Clinical examination with magnification or under stereomicroscope to evaluate injuries












Treatment [image: image]







Therapeutic Goals







• Provide treatment dehydration for hemolymph hemorrhage (see Dehydration)


• Seal wounds and prevent further hemolymph hemorrhage


• Perform autotomy or amputation of severely damaged limbs












Acute General Treatment







• Dehydration due to hemolymph hemorrhage should be treated (see Dehydration).


• Wounds on insects and spiders should be sealed with surgical tissue adhesive, or with household superglue (both consist of cyanoacrylate) if the surgical adhesive is not available.




• The adhesive should be allowed to dry and numerous layers applied.


• Superglue gels, liquid skin, and spray-on permeable dressing are not sufficiently strong.


• Sutures have no holding power in the cuticles of tarantulas, scorpions, and insects, and attempts at suturing wounds only result in increased trauma and larger wounds.





• If amputation of a limb is required in an insect, the limb should be removed by cutting through the thin joint membranes, not the cuticle of a proximal joint. The stump should be sealed with several layers of tissue adhesive.


• If a leg, a pedipalp, or chelicera needs to be removed in a tarantula because of uncontrollable hemolymph hemorrhage or a crushing injury, the limb may be autotomized.




• The autotomized limb will regrow at the next ecdysis (moult) and will be normal sized within three ecdysis periods.


• Regrowth will not occur in adult male tarantulas because they are terminal instars with no further ecdysis occurring.


• Autotomy is a voluntary action; unlike a reptile, the tarantula should not be anesthetized.





• The femur segment of the limb is firmly grasped and is snapped briskly dorsally. The limb always separates between the coxa and the trochanter. Coxal apodeme fractures and joint membranes rupture under tension. Muscles inserting on the joint capsule scleritis contract, closing the joint capsule edges and limiting hemolymph hemorrhage. Several layers of tissue adhesive or superglue should always be applied to the stump to prevent later hemolymph hemorrhage.


• In nontheraphosid spiders, a second autotomy site is present between the patella and tibial segments of the limb.












Recommended Monitoring


Keep affected individuals on paper towels in a small enclosure after treatment so you can determine whether cyanoacrylate tissue adhesive or superglue has sealed wounds sufficiently, or if hemolymph hemorrhage is ongoing from an unidentified trauma site.












Prognosis and Outcome [image: image]








• Prognosis depends on the severity of the trauma, the degree of dehydration, and the rapidity of treatment.


• Severe cases have a poor prognosis.












Pearls & Considerations [image: image]







Comments


Tissue adhesive or household superglue (cyanoacrylate) is essential in sealing injuries and preventing hemolymph hemorrhage. Owners with particularly valuable individuals or large collections and those in situations where invertebrates are often handled should keep this on site for first aid.









Prevention







• Handle invertebrates over a table to limit the height from which they may be dropped or may jump.


• A 30-cm fall may be sufficient to kill a tarantula.


• Owners and vets should not try to “help” invertebrates during ecdysis (moulting). The new cuticle is not sclerotized (hardened) and is easily torn, resulting in a dismembered animal requiring euthanasia (see Dysecdysis).












Client Education


Discourage excessive or unnecessary handling of invertebrates.











Suggested Readings





 Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing, 2006.


 Pizzi, R. Spiders. In: Lewbart G, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:143–168.


 Pizzi, R, Ezendam, T. So much for sutures. Forum Mag American Tarantula Society. 2002; 11:122–123.


 Williams, DL. Invertebrates. In: Meredith A, Redrobe S, eds. BSAVA manual of exotic pets. ed 4. Gloucester: BSAVA; 2003:280–287.
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Viral Diseases






Basic Information [image: image]







Definition


Viruses are submicroscopic organisms that contain genetic material surrounded by a protein coat. They require living cells for growth and replication and are thus considered infectious agents.









Epidemiology






Species, Age, Sex


Most exotic pet species in which important viral diseases are recognized belong to the phylum Arthropoda. This excludes many well-recognized diseases of invertebrate species used in aquaculture and agriculture.









Risk Factors


Exposure to infected conspecifics or a contaminated environment









Contagion and Zoonosis


Viral diseases of invertebrates are not known to infect or cause disease in humans.












Clinical Presentation






Disease Forms/Subtypes







• A large number of different viruses have been isolated from invertebrates. Some selected pathogens of species encountered by veterinarians are mentioned here.


• A baculovirus in the nursery web spider (Pisaura mirabilis)


• An icosahedral virus in the common yellow scorpion (Buthus occitanus)


• Chronic bee paralysis (CBP) in honey bees (Apis mellifera)


• Nuclear polyhedrosis viruses (NPVs) in lepidopterans (i.e., butterflies and moths)


• Cytoplasmic polyhedrosis viruses (CPVs) in lepidopterans












History, Chief Complaint







• Anorexia


• Lethargy


• Depression


• Failure to thrive


• Death












Physical Exam Findings







• Baculovirus in the nursery web spider




[image: image] None described





• Icosahedral virus in the common yellow scorpion




[image: image] None described





• CBP in honey bees:




[image: image] Two syndromes possible




[image: image] “Bloated abdomen” syndrome: ascites, excessive gastrointestinal fluid excretion (dysentery), death within several days


[image: image] “Black robber” syndrome: black and iridescent-like coloration, alopecia, not recognized by fellow colony bees, attacked and killed by conspecifics








• NPV in lepidopterans




[image: image] Liquefaction of internal organs in larvae


[image: image] Larvae hang head downward until skin ruptures





• CPV in lepidopterans




[image: image] Progressive gastrointestinal failure leading to starvation in larvae


[image: image] Regurgitation in larvae


[image: image] Wing malformations due to dysecdysis in adults


















Etiology and Pathophysiology







• Baculovirus in the nursery web spider




[image: image] Attacked the hepatopancreas





• Icosahedral virus in the common yellow scorpion




[image: image] Isolated virus could not be further described.


[image: image] Caused destruction of the hepatopancreas





• CBP in honey bees




[image: image] Single-stranded RNA virus





• NPV and CPV in lepidopterans




[image: image] Baculoviruses


[image: image] NPVs replicate in nuclei of the fat body, hypodermis, and ovarian tissues


[image: image] NPVs are highly host specific


[image: image] CPVs replicate in the cytoplasm of gastrointestinal cells.


















Diagnosis [image: image]







Differential Diagnosis







• Debilitation due to inadequate or improper husbandry


• Other infectious diseases (e.g., fungal, viral, parasitic)


• Intoxication (e.g., insecticides)












Advanced or Confirmatory Testing







• Light microscopy of Giemsa-stained hemolymph smears will reveal NPV (nonstaining) and CPV (deeply staining) protein crystals of 0.5-15 µm.


• Electron microscopy


• Virus isolation


• Polymerase chain reaction analysis is available for CBP.


• Biopsy or necropsy and histopathology are important for diagnosis and identification of predisposing or concurrent conditions.


• Specialized fixation techniques may be needed for histopathology.















Treatment [image: image]







Therapeutic Goals







• Treatment of viral disease in invertebrate species is often unrewarding.


• Main goals should be containment and prevention of disease.












Acute General Treatment







• Depopulation and destruction of entire colonies may be necessary.


• Culling and/or isolation of affected individuals in colonies


• Supportive care of individuals (e.g., fluid therapy)












Chronic Treatment







• Optimization of environmental conditions and husbandry


• Reduction of stressors (e.g., decreased population density, proper grouping of animals)


• Adequate hygiene















Prognosis and Outcome [image: image]



Most viral infections in invertebrate species have a poor to grave prognosis.









Pearls & Considerations [image: image]







Comments







• Clinical medicine of invertebrates is a relatively new facet of the veterinary profession.


• Some invertebrate viruses, such as Iridoviruses, have been isolated from reptiles fed invertebrates.


• Diagnosis of disease conditions can be frustrating but should be pursued nonetheless.












Prevention







• Strict quarantine measures for incoming animals












Client Education







• Quarantine for all new animal acquisitions


• Annual examinations for invertebrates


• Proper husbandry practices














Suggested Readings





 Berzins, IK, Smolowitz, R. Diagnostic techniques and sample handling. In: Lewbart GA, ed. Invertebrate medicine. Ames: Blackwell Publishing; 2006:263–274.


 Rivers, CF. The control of diseases in insect cultures. Int Zoo Yb. 1991; 30:131–137.


 Williams, DL. A veterinary approach to the European honey bee (Apis mellifera). Vet J. 2000; 160:61–73.


 Williams, DL, Studies in arachnid disease LondonCooper JE, et al, eds. Arachnida: proceedings of a symposium on spiders and their allies. Chiron Publications Ltd:, 1992:116–125.
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Fish









Bacterial Diseases






Basic Information [image: image]







Definition


Bacterial disease in fish is often caused by bacteria that are found ubiquitously in the environment and become opportunistic pathogens. Most bacterial infections are caused by Gram-negative organisms, including the genera Aeromonas, Citrobacter, Edwardsiella, Flavobacterium, Pseudomonas, and Vibrio. Aeromonas is more commonly a pathogen in freshwater fish, whereas Vibrio usually affects marine fish. Streptococcus is a Gram-positive genus that causes disease in ornamental fish.









Synonyms







• Gram-negative yellow-pigmented bacteria (YPB)




[image: image] Flavobacterium columnare (freshwater), Columnaris disease, Flexibacter, “cotton wool disease,” “saddleback”


[image: image] Flexibacter maritimus (marine version): “black patch necrosis” or “eroded mouth syndrome”


[image: image] Fin rot: necrosis of fins caused by various bacteria within this group, including Cytophaga, Flexibacter, and Flavobacterium columnare





• Aeromonas salmonicida: furunculosis, ulcer disease


• Motile aeromonad infection (MAI): caused by Aeromonas hydrophila complex, Aeromonas sobria, Aeromonas caviae; motile Aeromonas septicemia (MAS), “red sore”


• Vibriosis: “salt-water furunculosis,” Vibrio infection, “Hitra” disease


• Enteric septicemia of catfish: Edwardsiella ictaluri, ESC


• Mycobacterium spp.: Mycobacteriosis is a disease in fish caused by acid-fast bacteria in the genus Mycobacterium. M. marinum and M. fortuitum are the most common species seen in fish; tuberculosis, “fish TB”


• Streptococcal bacteria: Streptococcus, Vagococcus, Lactococcus, Enterococcus












Epidemiology






Species, Age, Sex


All fish of any age, sex, or size can be susceptible to bacterial disease.









Genetics and Breed Predisposition


Specific species susceptibilities to certain bacterial infections and individual host immunity variables have been noted.









Risk Factors







• Stress is the most common risk factor; poor water quality is the most common stressor that can precipitate an outbreak of bacterial disease in a population of fish.


• Stress can be acute or chronic. Other stressors include shipping, handling, iatrogenic injuries, high temperatures, hypoxia, overcrowding, ectoparasites, poor nutritional status, concurrent viral disease, and predation.












Contagion and Zoonosis







• The infectious nature of pathogens depends on bacterial virulence and host immune status/function.


• Mycobacteriosis is a zoonotic disease that can cause nonhealing ulcers (often called “fish tank granuloma”) in humans. Humans with the highest risk level are those who are immune suppressed.


• Edwardsiella tarda, the causative agent of edwardsiellosis in channel catfish and Japanese eels, can cause enteric disease in humans; it is also implicated in meningitis, liver abscess, and wound infection in humans.


• Streptococcus iniae, known to infect certain fish species, has been reported as a cause of infection in humans (increased risk with immune suppression), especially if they suffer cuts or puncture wounds.


• Vibrio species are known to cause disease in humans, most often following ingestion of contaminated shellfish. Disease is more serious in individuals with a suppressed immune system.












Geography and Seasonality


Although some bacterial diseases are more prevalent at specific times of year, bacterial diseases can occur at any time of year and in most geographic regions. In regions that experience freezing during the winter, the incidence of bacterial infection in fish housed outdoors is very low.












Clinical Presentation






Disease Forms/Subtypes







• Clinical signs can be peracute, acute, or chronic.




[image: image] Peracute: death without gross evidence of disease (e.g., systemic Aeromonas salmonicida infection in salmon fry)


[image: image] Acute onset: short duration of illness


[image: image] Chronic: slowly progressive disease; most common presentation for Mycobacterium infections





• Major bacterial pathogens in fish can be divided into the following groups:




[image: image] Ulcer-forming/systemic, Gram-negative: most common groups, including Aeromonas, Vibrio, Edwardsiella, Pseudomonas, Flavobacterium, etc.


[image: image] External, Gram-negative: Flavobacterium columnare, Flexibacter maritimus, YPB, Cytophaga spp., etc.


[image: image] Systemic, Gram-positive, rapidly growing: generally systemic infections; Streptococcus and related species


[image: image] Slow-growing, acid-fast bacteria: systemic, chronic, granuloma-forming; most commonly Mycobacterium


[image: image] Rickettsia/Rickettsia-like organisms and others















History, Chief Complaint







• Clinical signs of bacterial disease include lethargy, anorexia, abnormal swimming patterns/spinning, hemorrhagic lesions on the skin, abdominal distention/ascites, abnormal position in the water column, exophthalmia (“pop-eye”), external ulcerative lesions, gill necrosis, and mortality.


• With gill involvement, respiratory signs such as increased opercular rate, piping (gasping for air at the water surface), and respiratory distress may be seen.


• Owners may report flashing, often associated with ectoparasites and secondary bacterial infection.


• Mycobacteriosis: Clinical signs are usually nonspecific and can include ulcerative skin lesions, reduced appetite, emaciation, lethargy, exophthalmia (“pop-eye”), swollen abdomen, and fin and tail rot. This disease usually is slowly progressive and causes low to moderate numbers of mortalities.


• Streptococcal infection can cause high mortality and typically presents with abnormal swimming behavior such as spiraling or spinning.












Physical Exam Findings







• Presentation varies with pathogen, virulence, associated diseases or conditions, stressors present, and immune status of host.


• Most common clinical findings include the following:




[image: image] Cutaneous ulcerations, petechiation/hemorrhages, necrosis. Chronic skin lesions may be colonized by aquatic molds and algae.


[image: image] Oral lesions (reddened tissue, exposed rostral tissue, ulcerations)


[image: image] Ophthalmic lesions (exophthalmia, keratopathies, hyphema, uveitis, anterior lens luxation)


[image: image] Fin and/or tail ulceration, necrosis


[image: image] Pigmentary changes (lightening or darkening of skin)


[image: image] Gill pathology (ragged edges of primary lamellae, hyperplasia, linear and diffuse necrosis, focal lesions) and associated respiratory signs (piping, increased opercular movements)


[image: image] Coelomic cavity distention (ascitic fluid, organomegaly, swollen gastrointestinal tract), swollen vent


[image: image] Motile aeromonads are the most common pathogen isolated in fish bacterial disease. They can be primary or secondary pathogens and may present as peracute, acute, or chronic disease. Cutaneous ulcers and septicemia are not uncommon.


[image: image] Columnaris disease: perioral, periocular, fin, “saddle” region and tail lesions are common. The synonym “cotton wool” disease describes the fluffy, white cottonlike masses, patches, or plaques seen with Flavobacterium columnare.


















Etiology and Pathophysiology







• Most secondary pathogens gain entrance through wounds created by trauma, ectoparasites, and/or loss of the protective mucous layer.


• Some bacteria gain access through the intestinal tract.















Diagnosis [image: image]







Differential Diagnosis







• Flavobacterium may be mistaken for fungal disease because it presents with fluffy, white, raised lesions.


• Viral infections may present with similar clinical signs. Secondary bacterial infections, however, are possible sequelae to some viral infections.


• Parasitic diseases should be ruled out.












Initial Database







• Use laboratories that are familiar with aquatic pathogens.


• The diagnostic approach to a fish with bacterial disease should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination


• Skin scrapings




[image: image] Columnaris disease: Diagnosis typically is based on clinical presentation and wet mount examination, revealing characteristic “haystack” protrusions of rod-shaped bacteria.





• Gill snip/scrape


• Culture and sensitivity of ulcers, areas of necrosis (fin rot, mouth rot)




[image: image] Perform culture at room temperature.


[image: image] Request sensitivity patterns for desired medications (enrofloxacin, ceftazidime, etc.).


[image: image] When culturing wounds, tissue cultures obtained aseptically are superior to superficial swabs.





• Cytologic examination of wounds (Diff-Quik and Gram staining)












Advanced or Confirmatory Testing







• Definitive diagnosis of bacterial disease requires culture and identification of the bacterium.


• Blood culture (nonlethal diagnostic technique)


• Systemic bacterial disease: The organ of choice for bacterial culture/sensitivity is the posterior kidney. Other organs that are cultured include the brain (especially when neurologic signs are present), liver, spleen, and anterior kidney. Moribund fish showing clinical signs should be selected.


• A survival procedure in which the posterior kidney is aspirated and cultured has been described.


• Necropsy/Histopathology




[image: image] Results depend on the bacterial pathogen and organ affected.


[image: image] Mycobacteriosis: Internal organs (kidney, spleen, liver, heart muscle) are usually affected with numerous granulomas. The skin and gills may also be affected. These granulomas may be visible grossly or on wet mount examinations. Once granulomas are seen, an acid-fast stain should be performed. Diagnosis is based on clinical signs, the presence of granulomas, and demonstration of acid-fast bacterial rods in tissues. Culture of these bacteria can be difficult and lengthy.





• Response to therapy















Treatment [image: image]







Therapeutic Goals







• Control bacterial pathogen


• Eliminate stressors such as poor water quality, overcrowding, whenever possible


• Eliminate secondary parasitic or fungal disease












Acute General Treatment







• Correcting environmental abnormalities and removing stressors (poor water quality, other pathogens) are critical steps in decreasing morbidity/mortality.


• Antimicrobials can be administered parenterally, orally, or as a bath.


• Antimicrobial therapy: parenteral




[image: image] Parenteral administration of antibiotics is the most effective method of achieving therapeutic levels. With a large number of fish affected, individual injections may not be practical or financially feasible.


[image: image] Empirical first choice should be effective against Gram-negative bacteria (most common isolates):




[image: image] Examples include enrofloxacin 5-10 mg/kg IM or IC q 3-5 days; ceftazidime 20 mg/kg IM q 3 days





[image: image] Response to therapy is typically seen within 72 hours.


[image: image] Continued therapy should be based on sensitivity data.





• Antimicrobial therapy: orally administered




[image: image] Oral administration of medications is effective only in fish not demonstrating anorexia.


[image: image] Two Food and Drug Administration (FDA)-approved products are available for use in food fish (catfish and salmonids): Terramycin for Fish (oxytetracycline; Pfizer Animal Health, Exton, Pennsylvania) and Romet-30 (ormetroprim: sulfadimethoxine; Hoffman-LaRoche Inc., Nutley, New Jersey). Both are available over the counter. The withdrawal period for fish fed Terramycin is at least 21 days. The withdrawal period for Romet in catfish is 3 days, and in salmonids 6 weeks.


[image: image] Medication can be added to food. The amount to be added should be calculated by the estimated rate of food consumption by the fish. The range for food consumption is between 1% and 5% of body weight. Fish that are partially anorexic should be dosed at the low end (1%).


[image: image] Antibiotics may be added to the food. This can be accomplished by using a binding agent such as fish or canola oil.


[image: image] Homemade diets or Mazuri aquatic gel diets are convenient for making small batches of food for a single fish or for small groups of fish. Most fish find the commercial gel diets palatable.


[image: image] Extra-label use of antimicrobials on or in animal feeds is prohibited by federal regulations. However, the FDA has published a Compliance Policy Guide (CPG) that details specific conditions under which the agency will not take enforcement action regarding the extra-label use of certain medicated feeds in aquatic animal species (“Extra-label Use of Medicated Feeds for Minor Species, CPG 615-115”). The clinician should be aware of these and any future regulations and guidelines. For more current information, check the FDA website (www.fda.gov/cvm, aquaculture section).





• Bath antibiotics (prolonged immersion therapy) see Sec. II: Tank Pond Therapy




[image: image] Administration of antibiotics in water is commonplace in the aquarium industry. Problems encountered include limited absorption/insufficient dose, damage to the biofilter, and bacterial resistance.


[image: image] Pharmacokinetic data for bath antibiotics are limited. Antibiotics added to water generally are more effective in marine systems. Freshwater fish do not consume much water so are unlikely to receive a therapeutic dose.


[image: image] Bath antibiotics should be limited to cases of external infection (such as Columnaris disease and “fin rot”) and to fish that are anorexic. Fish should be switched to oral antibiotics when they resume eating.


[image: image] 75% to 100% water changes should be performed after treatments.


[image: image] The addition of salt at 0.1% to 0.3% in the water of salt-tolerant species may be helpful in reducing osmotic stress and as an aid in healing. Salt can be used with most treatments.





• Topical therapy




[image: image] For external lesions such as superficial or deep ulcerations


[image: image] The authors have used silver sulfadiazine, triple antibiotic ointment, and several other common topical ointments found in veterinary hospitals.


[image: image] Tricide or Tricide Neo (Molecular Therapeutics LLC, Athens, Georgia), available as a powder, can be prepared according to label directions and sprayed topically once daily or used as a dip once daily to aid in healing.


[image: image] Caution should be exercised if topical medications containing corticosteroids are used because they may retard healing.





• Flavobacterium columnare




[image: image] Antibiotic bath treatments:




[image: image] Oxytetracycline: 750-3780 mg per 10 gallons for 6-12 hours, repeat daily for 10 days (dose will depend on hardness of water)





[image: image] Potassium permanganate can be administered as a prolonged bath at 2 mg/L.


[image: image] Diquat herbicide (Reward): 2-18 mg/L, 4-hour bath immersions. Repeat daily for 3-4 treatments; large water changes should be performed after bath treatment.


[image: image] Systemic antibiotic therapy may be needed in cases of more severe infection.





• Streptococcus




[image: image] Antibiotics that may be effective against Streptococcus include erythromycin (1.5 g/lb of food fed for 10-14 days).


[image: image] Other effective antibiotics against Streptococcus include amoxicillin/ampicillin and florfenicol.





• Mycobacteriosis:




[image: image] No effective treatment is known for mycobacteriosis in fish. Depopulation of infected fish and disinfection of systems are recommended. Mycobacteria are sensitive to 60% to 85% alcohol. As much as 10,000 ppm chlorine has been reported necessary to kill mycobacteria.


[image: image] Various antibiotics such as rifampicin, erythromycin, streptomycin, kanamycin, doxycycline, and minocycline have been suggested as possible treatments, but a clinical cure is unlikely.















Possible Complications


Adverse effects can occur in numerous species. A biotest may be performed on a small number of representative fish before widespread usage.












Prognosis and Outcome [image: image]








• Mycobacteriosis carries a grave prognosis, and no effective treatment is known.


• If environmental/husbandry corrections are made and infections are caught early, the prognosis can be favorable (especially with external/superficial infections).


• With poor environmental conditions and systemic infection, significant mortality may occur.












Pearls & Considerations [image: image]







Comments







• Cultures should be interpreted carefully.


• Cultures may grow a secondary pathogen and miss a primary one owing to incorrect specimen handling.


• Inexperienced laboratories may report incorrect names for bacteria cultured.


• Sensitivity patterns often are most important in efficacious treatment of bacterial disease.


• Enteric coliforms can be cultured from cutaneous ulcers found in pet fish. These generally are not associated with fish gastrointestinal flora but more often result from contamination of the environment by other species, including humans.


• It is very common for some ornamental pet fish owners to obtain antimicrobials without a veterinary prescription and at improper doses/duration. Be sure to inquire what treatments have been attempted and what dosages have been used.


• Most bacterial infections can be managed with a single antibiotic, and combining antibiotics is not recommended.


• Many antibiotics commonly used for ornamental fish are sold by different companies; therefore, the percent of active ingredient may vary.












Prevention







• Maintain best management practices for feeding, stocking density, water quality, and other environmental concerns.


• Buy fish from a reputable source.


• Vaccinations may be available for some pathogens, such as Aeromonas salmonicida. These vaccines have not been found to be as effective as bacterins for other diseases.


• Quarantine new fish (minimum 4 weeks), and promptly evaluate and treat any problems that may arise.


• Avoid “shotgun” or “polypharmacy” treatments without valid indications.


• Antimicrobial resistance can be a problem in certain strains of bacteria. Judicious use and appropriate dosing of antibiotics can help to minimize resistance patterns.












Client Education







• Finish all medications as prescribed.


• Do not alter the dose or dosing frequency without consulting the veterinarian.


• Monitor water quality with regular testing to minimize stress on recovering fish and as an aid in reducing the incidence of future outbreaks.














Suggested Readings





 Food and Drug Administration (FDA). Judicious use of antimicrobials for aquatic veterinarians, informational booklet. Rockville, Md: FDA Center for Veterinary Medicine; 2006.


 Klinger, R, et al. Use of blood culture as a nonlethal method for isolating bacteria from fish. J Zoo Wildl Med. 2003; 34:206–207.


 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


 Yanong, R, Use of antibiotics in ornamental fish aquaculture, VM-84. Florida Cooperative Extension Service, 2006. UF-IFAS. http://edis. ifas. ufl. edu
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Dropsy






Basic Information [image: image]







Definition


Dropsy is an edematous condition of fish in which excessive fluid accumulates in the coelomic cavity and cutaneous tissues.









Synonyms


Ascites, “pine-cone” disease, edema









Epidemiology






Species, Age, Sex


Dropsy is seen predominantly in freshwater fish.









Risk Factors


Poor environmental conditions (crowding, poor water quality) or other stressors (recent shipment/handling, poor nutrition, etc.) may predispose fish to dropsy.









Associated Conditions and Disorders


Retrobulbar accumulation of fluid may produce unilateral or bilateral exophthalmos.












Clinical Presentation






History, Chief Complaint







• The owner will notice abdominal distention and protrusion of the scales.


• Other clinical signs include lethargy and anorexia.












Physical Exam Findings







• Symmetric abdominal distention


• Symmetric scale elevation


• Exophthalmos















Etiology and Pathophysiology







• Dropsy can be caused by any condition that causes osmoregulatory dysfunction.


• Tissue damage to the gills, heart, liver, or kidneys may result in organ failure, disruption of normal osmoregulation, and development of edema and/or ascites.


• Systemic bacterial infection (Aeromonas, mycobacteriosis, etc.) is one of the most common causes of dropsy in ornamental fish.


• Viral and parasitic infections can cause dropsy.


• Neoplasia causes dropsy in older fish.















Diagnosis [image: image]







Differential Diagnosis







• Differential diagnoses include other causes of abdominal distention such as neoplasia, egg binding, granulomas, cysts (e.g., polycystic kidney disease), and obesity. In these cases, abdominal distention is due to mass effect, not to fluid accumulation/edema. Some of these differentials may cause organ dysfunction and may result in dropsy.


• Ectoparasites may cause elevated scales; however, fish with ectoparasites do not typically have bilaterally symmetric scale elevation or abdominal distention.












Initial Database







• The diagnostic approach to a fish with dropsy should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination


• Skin scraping and gill biopsy wet mounts should be performed to check for the presence of parasites and/or other abnormalities.


• Fecal examination should be performed to rule out intestinal parasitism.


• Imaging




[image: image] Radiography is useful to rule out other potential causes of abdominal distention such as neoplasia, egg binding, and gas accumulation in the gastrointestinal tract. If ascites is present, radiographs will reveal loss of serosal detail or a “ground glass” appearance.


[image: image] Dental radiographs can be used in smaller patients.


[image: image] Ultrasound examination is very useful to evaluate for the presence of fluid and to rule out other coelomic abnormalities.





• A sterile sample of coelomic fluid should be obtained for cytologic examination, acid-fast stain, and culture/sensitivity.


• Clinical pathology is useful in some cases, but the veterinarian is often limited by patient size and lack of reference intervals.












Advanced or Confirmatory Testing







• Advanced imaging such as computed tomography (CT) and coelioscopy may be useful in some cases.


• For cases in which systemic bacterial disease is suspected, a bacterial culture/sensitivity should be performed. The organ of choice for bacterial culture/sensitivity is the posterior kidney. Moribund fish showing clinical signs should be selected.




[image: image] A survival procedure in which the posterior kidney is aspirated and cultured has been described.


[image: image] Blood culture (nonlethal diagnostic technique)





• Necropsy/histopathology may be needed to determine the underlying cause of dropsy in some cases.















Treatment [image: image]







Therapeutic Goals







• Improve environmental conditions/husbandry


• Decrease osmotic stress


• Treat underlying cause












Acute General Treatment







• The husbandry should be improved by maintaining excellent water quality, performing frequent water changes, and reducing overcrowding.


• The addition of salt at 0.1% to 0.3% in the water of salt-tolerant species may be helpful in reducing osmotic stress.


• Systemic bacterial infections should be treated with oral or parenteral antibiotics (see Bacterial Diseases).


• Furosemide can be administered at 2-5 mg/kg IM q 12-72 hours.




[image: image] The value of furosemide is questionable in fish because they lack a loop of Henle.


















Prognosis and Outcome [image: image]



The prognosis for dropsy is poor, and affected fish do not typically respond to treatment.









Pearls & Considerations [image: image]







Comments







• Systemic bacterial infection is the most common cause of dropsy in young fish, whereas neoplasia is a common cause in older fish.


• If numerous fish are affected, an infectious origin (bacterial, viral, parasitic) is most likely. Diagnostics tests (wet mounts, bacterial culture/susceptibility, and necropsy/histopathology) should be performed to establish the underlying cause and to determine appropriate treatment.














Suggested Readings





 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Reavill, D, Generalized edema of a lionhead goldfish (Carassius auratus). Proceedings International Association of Aquatic Animal Medicine, Mystic, Conn, 1994.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Ectoparasites, Crustacean






Basic Information [image: image]







Definition


Macroscopic parasites found on the skin, gills, and fins of marine and freshwater fish









Synonyms


Copepods, fish louse (Argulus spp.), anchor worm (Lernaea spp.), gill maggots (Ergasilus spp.), isopods (Gnathia)









Epidemiology






Species, Age, Sex


Species susceptibility varies. Most affected fish are in outdoor ponds.









Risk Factors







• Outdoor housing (ponds, vats, and tanks)


• Failure to quarantine and critically evaluate new fish












Contagion and Zoonosis


Most of the crustacean parasites have a direct life cycle. There is no zoonotic potential.









Geography and Seasonality


No specific season or geographic locations, although parasites may become more problematic during warmer months.









Associated Conditions and Disorders


Retrobulbar accumulation of fluid may produce unilateral or bilateral exophthalmos.












Clinical Presentation






History, Chief Complaint


Owner may report “dark spots,” “moving color patches or freckles,” and/or flashing behavior.












Physical Exam Findings







• Parasites are visible to the naked eye.


• Secondary irritation/inflammation or infection may also be present. Cutaneous ulcers may be seen as sequelae to the parasites.












Etiology and Pathophysiology


In most cases of crustacean parasite infestation, damage is done to the epithelium by the mechanical attachment of the parasites as they embed in the fish body wall (Lernaeids) and by parasite feeding behavior.












Diagnosis [image: image]







Differential Diagnosis


Each parasite is unique and should not be mistaken for any other condition.









Initial Database







• Visual identification on physical examination


• Low-power (4× objective) microscopic visualization















Treatment [image: image]







Therapeutic Goal


Control and remove parasites









Acute General Treatment







• Organophosphates (OPs) such as trichlorfon (Masoten 80% powder, Neguvon 8% solution, Bayer AG, Barmen, Germany; and several over-the-counter [OTC] products), dichlorvos




[image: image] Prolonged immersion: trichlorfon 0.25 mg/L (0.94 mg/gal) fresh water




[image: image] For Lernaea: Treat every 7 days for 1 month.


[image: image] For Argulus: One treatment may be sufficient.





[image: image] Bath treatment for Isopods: 2-5 mg/L trichlorfon for 60 minutes




[image: image] Aeration should be provided during treatment.


[image: image] Observe fish for stress and other adverse reactions; remove to clean, aerated water promptly if noted.





[image: image] Fenthion (Spotton, Bayer AG) has been reported as a successful treatment in some ornamental fish species.


[image: image] OPs can be highly toxic to some species of fish (e.g., orfe) and should not be used in species with known sensitivities. Those species should be removed from the environment during treatment and treated with a different medication in a mixed population tank or pond.


[image: image] Resistance has been documented in some parasites.


[image: image] OPs can also be toxic to humans.





• Chitin inhibitors such as diflubenzuron (Dimilin, Union Carbide Company, Brown Brook, New Jersey); PondCare (Dimilin Aquarium Pharmaceuticals, Chalfont, Pennsylvania; sales restricted in Canada and New Hampshire); and lufenuron (Program, Novartis Animal Health, Basel, Switzerland)




[image: image] Prolonged immersion: difluorobenzuron 0.03-0.06 mg/L (0.11 mg/gal); lufenuron dose anecdotally reported at rate of one crushed 409.8-mg tablet/1000 gal.


[image: image] Chitin inhibitors are toxic to nonparasitic aquatic invertebrates and crustaceans found in freshwater ornamental fish ponds (dragonflies, etc.).


[image: image] Difluorobenzuron and lufenuron are not licensed for use in aquaculture. Dimilin is a restricted-use pesticide.


[image: image] Run off will damage wild crustaceans, and water should not be allowed to drain into natural water bodies.





• Manual removal of parasites




[image: image] Anchor worms and fish lice can be mechanically removed. Wounds must be treated accordingly and monitored for secondary infection. (See Trauma and Wound Management.)


[image: image] Anchor worms can be grasped and gently teased from the body wall at the point of insertion. Lice can be gently removed.


[image: image] Mechanical removal will not eliminate the parasite from the environment, and parasites may be missed on some fish.















Drug Interactions


A biotest may be performed on a small sample of fish when organophosphate therapy is considered.









Possible Complications







• Toxic neurologic effects of OPs


• Death of desired aquatic invertebrates and crustaceans


• Legal issues with unlicensed use of Dimilin












Recommended Monitoring


Examine all new fish during the quarantine period.












Prognosis and Outcome [image: image]



Usually favorable









Pearls & Considerations [image: image]







Comments







• Argulus spp. are sometimes difficult to see on dark fish but are very apparent on light-colored or white fish.


• Some clients may report seeing “sticks” protruding from the body of the fish. These are most likely Lernaea spp. (anchor worms).












Prevention







• Physical examination and quarantine of new fish


• Disinfection/treatment of new plants, previously used equipment












Client Education


Examine all new fish closely while in quarantine.











Suggested Readings





 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Saint-Erne, N. Advanced koi care: for veterinarians and professional koi keepers. Glendale, Ariz: Erne Enterprises; 2002.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Flukes (Monogenean Parasites)






Basic Information [image: image]







Definition


Monogeneans are a group of metazoan parasites that commonly infect the skin and gills of marine and freshwater fish. More than 100 families (approximately 1500 species) of monogeneans may affect fish.









Synonyms


Flukes (skin or gill), capsalids (marine species)









Epidemiology






Species, Age, Sex







• Any fish can be susceptible.


• In one report, monogeneans were commonly found affecting goldfish, Otocinclus, Decker Cory catfish, rainbowfish, spotted and figure eight puffers, and Raphael catfish.












Risk Factors


Poor environmental conditions (crowding, poor water quality) or other stressors (recent shipment/handling, poor nutrition, etc.) may predispose fish to infection.












Clinical Presentation






History, Chief Complaint







• Monogeneans typically infest the skin and gills.


• Clinical signs include lethargy, decreased appetite, flashing (rubbing against objects in the pond/aquarium), and excessive production of mucus (from gills or skin).


• When branchial infestations are present, respiratory signs such as increased opercular rate, piping (gasping for air at the water surface), and respiratory distress may be seen.


• Heavy infestation can cause mortality.












Physical Exam Findings







• Dermatologic abnormalities include erythema, scale loss, white to gray irregular patches, excessive production of mucus, hemorrhages, erosions, and ulcerations.


• Ophthalmic lesions such as corneal edema can be seen if the parasite affects the corneal epithelium (most commonly seen with Neobenedenia melleni).


• Secondary bacterial and fungal infections may be present in areas parasitized by monogeneans.















Etiology and Pathophysiology







• Monogeneans of the genera Dactylogyrus and Gyrodactylus commonly affect freshwater fish. Dactylogyrus predominantly affects the gills, whereas Gyrodactylus is more commonly found on the skin.


• Monogeneans affecting marine fish include the capsalids; species such as Benedenia and Neobenedenia can infest the skin and gills.


• Life cycles: Monogeneans may be oviparous (egg laying) or viviparous (live bearers). Transmission of monogeneans from fish to fish occurs primarily via direct contact. Most monogeneans have direct life cycles. Oviparous monogeneans (Dactylogyridae) release eggs into the water, which hatch into a free-swimming stage (oncomiracidium) that seeks out a fish host. Viviparous monogeneans (Gyrodactylidae) release live larvae that are immediately parasitic.


• Viviparous monogeneans can achieve rapid increases in population with doubling times as short as 24 hours.















Diagnosis [image: image]







Differential Diagnosis


Other parasitic infestations, bacterial disease, fungal disease, viral disease, environmental causes of hypoxia (decreased dissolved oxygen, ammonia toxicity, nitrite toxicity, etc.)









Initial Database







• The diagnostic approach to a fish with monogeneans should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination


• Definitive diagnosis can be made with wet mounts of the skin or gills.




[image: image]


Flukes (Monogenean Parasites) The use of a coverslip to obtain a gill tissue sample for wet mount cytologic examination. (Courtesy Helen E. Roberts.)





• Monogeneans are identified on the morphology of the posterior attachment organ (opisthaptor), the mode of reproduction, and the presence/absence of eye spots.


• Monogeneans have a classic jerking, caterpillar-like motion, in which the parasite stretches and recoils.


• Monogeneans affecting freshwater fish can be easily differentiated via light microscopy. Gyrodactylus are live bearing and commonly contain intrauterine developing embryos. They do not have eye spots and are found primarily on the skin/fins. Dactylogyrus are oviparous and therefore lack developing embryos. They have pigmented light receptors (“eye spots”) and are predominantly found on the gills.


• Neobenedenia and Benedenia are large and are typified by a large, circular opisthaptor on the posterior end and two smaller suckers on the anterior end. Benedenia has two pairs of tightly apposed, curved anchors, whereas Neobenedenia has three pairs.












Advanced or Confirmatory Testing


Histopathology is not typically needed for diagnosis. However, sections of monogeneans can be seen on histopathologic examination of the skin and gills.












Treatment [image: image]







Therapeutic Goals







• Improve environmental conditions


• Control parasites












Acute General Treatment







• Husbandry




[image: image] Correcting environmental abnormalities and removing stressors (poor water quality) are critical steps in decreasing morbidity/mortality and preventing disease.


[image: image] In oviparous infestations, the water temperature can be increased to hasten the egg incubation rate.


[image: image] Biological control may be helpful in some marine aquaria. “Cleaner fish” such as French angelfish, neon gobies, and Pacific cleaner wrasse may remove parasites from other fish.





• Medical treatments




[image: image] Praziquantel is extremely efficacious for both marine and freshwater monogeneans. Dosage: 2 mg/L (ppm). Concentrations up to 10 mg/L have been used successfully and safely in many species of ornamental fish. Praziquantel has few, if any, negative effects on biofiltration.


[image: image] Organophosphates (OPs) such as trichlorfon can be extremely effective for monogeneans. Trichlorfon dosage: 0.25-0.75 mg/L (ppm). As with other products, the fish should be monitored for potential side effects (neurotoxicity may occur with OPs).


[image: image] Formalin (37% formaldehyde) can be administered as a long-term bath at 25 mg/L or as a short-term bath (up to 60 minutes) at 150-250 mg/L. Caution should be taken when treating sick fish with formalin (especially with the short-term bath). Formalin can negatively impact the biofilter and can decrease dissolved oxygen concentrations. The water should be aerated well because each 5 mg/L of formalin added chemically removes 1 mg/L of dissolved oxygen.


[image: image] Potassium permanganate can be administered as a prolonged bath at 2 mg/L.


[image: image] A combination of clostanel (5 mg/mL) and mebendazole (75 mg/mL) (Supaverm, Janssen Animal Health, Beerse, Belgium) has anecdotally been reported to be very effective for treating monogeans in koi (Cyprinus carpio). However, this product is uniformly toxic to goldfish, and 100% mortality is expected. The reported dose is 1 mL/400 L. Salt reportedly enhances efficacy.


[image: image] Mebendazole: 1 mg/L


[image: image] Copper treatments applied at 0.2 mg/L can be used to control monogeneans in marine systems. Copper is not safe with certain fish (elasmobranchs) and is toxic to invertebrates. Copper should not be used in freshwater systems. Copper levels should be monitored daily.


[image: image] Freshwater (for marine fish) and saltwater (for freshwater fish) dips can be performed before fish are introduced into a new system; these dips work best on small monogenean species.


[image: image] A critical step in treating monogeneans is determining whether the monogenean is viviparous or oviparous; the eggs of many monogeneans (Dactylogyrus, capsalids) are resistant to treatment. In these cases, several treatments may be required for control. The author treats weekly for 4 treatments, followed by a recheck of wet mount examinations.















Drug Interactions


Do not mix formalin and potassium permanganate in the same system.









Possible Complications


Adverse effects can occur in numerous species. A biotest may be employed on a small number of representative fish before widespread usage.









Recommended Monitoring







• Wet mount examinations (skin and gills) should be performed routinely to determine response to treatment.


• In large systems/public marine aquaria, ova counts have been used (via 0.1-micron mesh screens on skimmers) to determine infection rates and efficacy of treatment.















Prognosis and Outcome [image: image]








• If environmental/husbandry corrections are made and infestations are caught early, the prognosis is good.


• With poor environmental conditions and heavy infestations, significant mortality may occur.












Pearls & Considerations [image: image]







Comments


The eggs of oviparous monogeneans are very resistant to treatment, and several treatments are usually necessary for control.









Prevention







• Provide good husbandry and water quality.


• Reduce crowding.


• Quarantine new fish for a minimum of 4 weeks.














Suggested Readings





 Reed, P, Francis-Floyd, R, Klinger, RE, Monogenean parasites of fish, FA-28. Florida Cooperative Extension Service, Gainesville, Fla, 2002. UF-IFAS. http://edis. ifas. ufl. edu


 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Fungal Diseases






Basic Information [image: image]







Definition


Most fungal diseases in pet fish and fish eggs are secondary, opportunistic infections that can be found in fish weakened by stress, epithelial injury, and bacterial, viral, or parasitic disease. Rarely, a fungal pathogen can act as a primary pathogen. Most fungal disease in fish is caused by members of the Saprolegniaceae family (Saprolegnia spp., Achyla spp., and Aphanomyces spp.), Ichthyophonus, and Dermocystidium.









Synonyms







• Saprolegnia spp.: “Winter kill,” saprolegniasis in channel catfish


• Branchiomyces spp.: branchiomycosis, Branchiomyces demigrans, gill rot


• Aphanomyces spp.: mycotic granulomatosis (MG, Japan), red spot disease (RSD, Australia), epizootic ulcerative syndrome (Asia), ulcerative mycosis (United States), and atypical water mold


• Ichthyophonus hoferi: ichthyosporidiosis, ichthyophoniasis












Epidemiology






Species, Age, Sex







• Any fish (species, age, sex, etc.) can be susceptible. Fungal infection can be found in farmed and wild species; cold water, temperate, and warm water species worldwide.


• Saprolegniasis and Aphanomyces: reported in freshwater and brackish species












Genetics and Breed Predisposition







• Tilapia are considered immune to Aphanomyces infection; goldfish, Carassius auratus, are more susceptible to certain strains.


• Cyprinids, sticklebacks, and eels, seem more susceptible than other species to branchiomycosis.


• Ichthyophonus hoferi is observed mainly in marine fish and estuarine fish but has been documented in freshwater species. Infection has been reported in more than 80 species. Goldfish seem to be immune, based on experimentally induced infection.












Risk Factors


Stress, poor water quality, high organic load in ponds, epithelial injury, water temperature changes, concurrent parasitic, viral, and/or bacterial infections that lead to immune suppression in host animals









Contagion and Zoonosis


Infection of eggs by Saprolegnia spp. is spread from infected infertile and decaying eggs to viable eggs by close or direct contact.









Geography and Seasonality







• In outdoor ponds, an increase in saprolegniasis infection can be seen in the cooler months. Aphanomyces outbreaks can occur following water temperature drops.


• The occurrence of branchiomycosis outbreaks increases in ponds with high organic matter, high stocking densities, and high water temperatures 68°F to 77°F (20°C to 25°C).


• Dermocystidium koi infections may be observed more frequently when water temperatures are between 63°F and 72°F (17°C and 22°C).












Associated Conditions and Disorders


Poor water quality; overcrowding; parasitic, viral, and bacterial infections; water temperature changes; excessive use of chemotherapeutics; and any condition that causes epithelial injury or disruption such as rough handling.












Clinical Presentation






Disease Forms/Subtypes


Fungal diseases can occur acutely with high mortality but with chronic duration and frequent recurrences.












Etiology and Pathophysiology







• Saprolegnia spp. spores attach to damaged epithelial tissue and mucous layer.


• Hyphal growth of Branchiomyces is intravascular, causing infarcts and necrosis of gill tissue.


• Aphanomyces spp. spores geminate and can invade the body cavity and internal organs.


• Ichthyophonus infections are thought to be transmitted by spore ingestion. The practice of feeding raw fish and raw fish products is thought to spread the disease.















Diagnosis [image: image]







Differential Diagnosis







• Saprolegniasis: The fluffy, white, cottony appearance may be confused with infection caused by Flavobacterium columnare. Wet mount cytology can be used to differentiate.


• Aphanomyces infection presenting with cutaneous ulcers may be confused with bacterial ulcers.


• Branchiomycosis: Cytology of affected gill tissue will differentiate from other causes of gill disease, including bacterial gill disease and Cyprinid herpes virus-3 (KHV).


• Skin lesions due to Dermocystidium spp. can resemble other diseases known to cause raised nodular skin lesions.












Initial Database







• The diagnostic approach to a fish with bacterial disease should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of fish in the aquarium or pond


• Complete physical examination




[image: image] Saprolegniasis:




[image: image] Characteristic superficial, fluffy, white or gray cottonlike growth on skin or eggs


[image: image] Lesions often start at head or on fins of affected fish.


[image: image] Secondary algal growth and debris contamination may be seen on fungal lesions, giving the lesions an overall green, brown, or red fluffy appearance.


[image: image] “Winter kill” is saprolegniasis seen in channel catfish when pond temperatures rapidly drop to below 15°C (59°F). Lesions include endophthalmia, skin feeling rough or “dry” due to loss of protective mucous coating, and proliferative fungal patches on skin.





[image: image] Aphanomyces:




[image: image] Deep, ulcerative granulomatous lesions of the skin and muscle tissue


[image: image] Necropsy may reveal ascites and internal granulomatous lesions in multiple organs.





[image: image] Branchiomycosis:




[image: image] Clinical signs are related to pathology of the gill tissue.


[image: image] Fish become weak; demonstrate gasping at surface, piping, and other signs typically related to hypoxia. High mortalities, up to 50%, are not uncommon.


[image: image] The gills appear as hemorrhagic, patchy necrotic lesions, eroded, and pale.





[image: image] Ichthyophonus hoferi:




[image: image] Signs vary by anatomical location and severity of the lesions.


[image: image] Skin roughening and darkening (initially along the lateral line), abnormal swimming behavior, lethargy, emaciation, ascites, and skin ulceration can be observed.


[image: image] Scoliosis may be seen occasionally.


[image: image] This disease can mimic mycobacteriosis.





[image: image] Dermocystidium spp.




[image: image] Dermocystidium koi: smooth, raised skin lesions that range in color from red to white


[image: image] Dermocystidium salmonis: raised lesions found in the gills








• Skin scraping/wet mount cytology:




[image: image] Saprolegnia: Long-branched, aseptate hyphae are observed.


[image: image] Aphanomyces: presence of nonseptate, fungal hyphae seen in deep cutaneous ulcers


[image: image] Branchiomycosis: Gill tissue cytology reveals light brown, refractile, branching, nonseptate fungal elements and intravascular, intrahyphal, eosinophilic round bodies (apleospores). Lamellar hyperplasia and fusion may also be seen.


[image: image] Ichthyophoniasis: spherical bodies with thick walls seen on wet mount preps of affected organs


[image: image] Dermocystidium koi: white filamentous hyphae from wet mount of skin lesion aspirate, spherical spores with a large central refractile vacuole





• Necropsy findings:




[image: image] Aphanomyces: deep cutaneous ulcers involving the musculature, internal presence of granulomas and fungal hyphae


[image: image] Ichthyophonus hoferi: Internal organs demonstrate white or cream-colored nodules or granulomatous inflammation. Tissues should be reexamined several hours after death as the parasite replicates. Branched germination tubes may be seen in affected tissues.















Advanced or Confirmatory Testing







• Fungal culture for positive identification


• Histopathologic examination and special staining techniques















Treatment [image: image]







Therapeutic Goals







• Control secondary or primary fungal pathogen


• Identify and eliminate predisposing stressors such as overcrowding, poor water quality, overfeeding


• Treat any concurrent parasitic and bacterial infections












Acute General Treatment







• Saprolegniasis




[image: image] Increase salinity of pond or tank in freshwater systems to 0.1% to 0.3% (1-3 g/L) as an aid with osmoregulatory balance.


[image: image] 35% Perox-Aid (hydrogen peroxide, Western Chemical, Ferndale, Washington) is Food and Drug Administration (FDA) approved to treat freshwater-reared finfish eggs, salmonids, coolwater finfish, and channel catfish for saprolegniasis. A label claim approval is in progress for treatment of saprolegniasis in warmwater fish.


[image: image] Malachite green




[image: image] 1-2 mg/L bath treatment for 30-60 minutes


[image: image] 0.1 mg/L prolonged immersion





[image: image] Formalin (37% formaldehyde) for infection on eggs




[image: image] 1-2 mL/L up to 15-minute bath treatment


[image: image] 0.23 mL/L up to 60-minute bath treatment





[image: image] Daily application of antifungal topical ointment such as Betadine or chlorhexidine can increase survival.


[image: image] Pyceze (bronopol, Novartis UK, Surrey, United Kingdom)




[image: image] Fish and egg treatment


[image: image] Currently not available in the United States





[image: image] Various other treatments attempted with limited success




[image: image] Potassium permanganate


[image: image] Methylene blue








• Aphanomyces




[image: image] Malachite green: 0.5 mg/L (0.5 ppm) 1-hour bath treatment


[image: image] Hydrogen peroxide 100-500 ppm 1-hour bath treatment


[image: image] Sodium chloride 10-20 ppt (10-20 g/L) 1-hour treatment





• Branchiomycosis




[image: image] Malachite green: prolonged immersion 0.1 mg/L


[image: image] Formalin: 0.15 mL/L followed by repeat treatment of 0.25 mL/L (multiple treatments may be required)


[image: image] Reduce organic loads in ponds.


[image: image] Reduce water temperature to below 20°C (68°F).





• Ichthyophoniasis




[image: image] No effective treatment is known.





• Dermocystidium spp.




[image: image] No specific treatment is known.


[image: image] Spontaneous resolution may occur.


[image: image] Surgical excision of granulomas may beneficially influence recovery.


[image: image] Daily application of antifungal topical ointment such as Betadine or chlorhexidine may help.















Chronic Treatment







• Maintain best management practices, including strict attention to water quality.


• Cull infected fish and remove dead fish promptly.


• Remove and prevent accumulation of decaying organic matter, which can be a food source for many water molds.


• Remove dead eggs promptly (Saprolegnia spp.).


• Discourage feeding raw fish and raw fish products (Branchiomyces, Ichthyophonus spp.).


• If raw fish must be fed, freeze tissue at −20°C (−4°F) or heat to 40°C (104°F) for 3 minutes to kill parasite.


• Dry earthen ponds and expose to ultraviolet light for a long time (Branchiomyces, Ichthyophonus spp.).


• Disinfect drained ponds with chlorine if possible.


• Spores of Ichthyophonus have been shown to survive up to 2 years in seawater at wide temperature ranges and varying pH levels.












Drug Interactions







• A biotest should always be done when dealing with a large population of fish because species tolerance to chemotherapeutic agents varies.


• Malachite green stains can be highly toxic to some species (tetras), fry, and some plants.


• Malachite green is more toxic at high water temperatures and low pH.


• Malachite green has been reported as having teratogenic and mutagenic properties.


• Formalin cannot be used to treat eggs within 24 hours of hatching.


• Water stability of Pyceze increases with decreasing hardness and pH.












Possible Complications


Adverse drug reactions












Prognosis and Outcome [image: image]








• Saprolegniasis:




[image: image] Prognosis is determined by the locations of lesions and the amount of tissue affected.


[image: image] Lesions restricted to the tail or distal areas of the fins have a better prognosis than those in fish with lesions on the body.


[image: image] Fatalities result from disruption of osmoregulatory control and resultant loss of electrolytes and serum proteins.


[image: image] Gill involvement usually indicates a grave prognosis.





• Aphanomyces:




[image: image] Outbreaks can have severe mortality in naïve fish. Subsequent infections within the same populations are usually less severe.


[image: image] Prognosis is dependent on degree of tissue invasion and necrosis.





• Branchiomycosis: poor prognosis if gill pathology is severe


• Ichthyophononiasis: poor prognosis


• Dermocystidium koi: good prognosis


• Dermocystidium salmonis: poor prognosis if gills severely affected












Pearls & Considerations [image: image]







Comments







• Dead fish may develop fungal lesions as decaying tissues provide a good medium for fungal growth. It is important to examine a live fish to diagnose a fungal lesion.


• Use of non–FDA-approved antifungal treatments is prohibited in food fish.


• Reinfection of fungal disease is common unless predisposing factors are identified and eliminated.


• When bath treatments are used, it is considered prudent to observe fish for signs of distress. If distress is noted, fish should be removed immediately and placed in fresh, aerated water.


• Ichthyophonus hoferi and Dermocystidium demonstrate fungal and protozoan characteristics. Classification as a fungal disease is subject to change.












Client Education







• Practice best management practices, including safe stocking densities, good nutrition, monitoring of water quality, and prompt removal of infected and dead fish.


• It is impossible to eliminate all water molds from a system.














Suggested Readings





 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


 Yanong, RPE. Fungal diseases of fish. Vet Clin Exot Anim. 2003; 6:377–400.




[image: image]


Fungal Diseases Fungal lesion with trapped algae particles on the dorsal aspect of a koi (Cyprinus carpio). (Courtesy Helen E. Roberts.)
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Gastrointestinal Nematode and Cestode Parasites






Basic Information [image: image]







Definition


Gastrointestinal metazoan parasites that affect fish include nematodes and cestodes.









Synonyms







• Nematodes: roundworms; common intestinal nematodes include Capillaria and Camallanus.


• Cestodes: tapeworms; can be divided into Cestodaria (infecting mainly Elasmobranchs) and the more common Eucestoda (which infect teleosts). One of the most serious intestinal cestodes that affect fish is Bothriocephalus acheilognathi (Asian tapeworm).












Epidemiology






Species, Age, Sex







• Most common in wild caught fish


• Any fish (freshwater and marine) can become infected.


• Juvenile fish are more likely to show clinical signs and have reduced growth rates.












Genetics and Breed Predisposition







• Capillaria is common in angelfish/cichlids, Capillostronyloides is common in armored catfish, Camallanus commonly infects live bearers.


• Bothriocephalus acheilognathi (Asian tapeworm) has a wide host range but can cause serious problems in bait minnows, grass carp, and juvenile common carp.












Risk Factors


Poor husbandry, other ectoparasites and endoparasites may increase morbidity.









Contagion and Zoonosis


Some larval nematodes can cause larval migrans when ingested by humans (Anisakis, Pseudoterranova).












Clinical Presentation






Disease Forms/Subtypes







• Fish acting as definitive hosts will have adult worms in the gastrointestinal tract.


• When fish act as intermediate hosts, immature stages can be found in almost any part of the body, including the coelomic cavity, various internal organs, skin, or muscle.












History, Chief Complaint







• Many fish infected with cestodes/nematodes show no clinical signs.


• Heavy infestations may cause clinical signs, including lethargy, decreased appetite, weight loss, abnormal feces (white, clear, pale, mucosy, etc.), decreased growth, decreased brood stock production.


• The owner may notice parasites protruding from the vent.


• Nodules may be noted in the skin/muscle from encysted parasites.












Physical Exam Findings







• Potential findings include thin/poor body condition, abdominal distention, and abnormal feces.


• The presence of red worms protruding through the anal vent is indicative of Camallanus spp.















Etiology and Pathophysiology







• Intestinal cestodes have complex life cycles requiring at least two hosts. Fish may be the second intermediate, paratenic, or definitive host, depending on the species; a copepod is usually the first intermediate host.


• Most intestinal nematodes have complex life cycles involving at least two hosts. Intermediate hosts include copepods, side swimmers, tubifex worms, and insect larvae. Some nematodes such as Capillaria spp. have a direct life cycle; these may pose more of a problem in aquaria.


• In nematodes with a direct life cycle, transmission occurs through the water; infective stages are shed in the feces (fecal/oral transmission).


• Migration of immature stages of cestodes/nematodes may cause damage to various tissues.















Diagnosis [image: image]







Differential Diagnosis


Other intestinal parasites (protozoans, etc.), other systemic disease (mycobacteriosis, etc.), poor nutrition









Initial Database







• The diagnostic approach to a fish with enteric nematode/cestode parasites should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination


• Wet mounts of the skin/gills should be performed to rule out ectoparasites.


• Fecal examination may reveal eggs, proglottids (cestodes), larvae, or adults. Fecal examination should be performed only on fresh feces.


• Necropsy with wet mount examination of intestinal contents/feces and squash preparations of the intestines is most accurate for determining the presence and degree of infection.


• Nematodes are smooth and cylindrical. Capillaria eggs have bipolar opercula.


• Cestodes are long, flat, and segmented. They have a scolex (attachment organ) and internal/external segmentation (proglottids).












Advanced or Confirmatory Testing







• Histopathologic examination is not typically required for diagnosis. However, sections of nematodes/cestodes may be seen on histopathologic examination of the gastrointestinal tract and occasionally other organs.


• Parasite specimens may need to be sent to a reference laboratory for accurate determination of genus/species.















Treatment [image: image]







Therapeutic Goal


Control parasites









Acute General Treatment







• Husbandry




[image: image] Correcting environmental abnormalities while removing stressors (poor water quality) decreases morbidity.


[image: image] Thorough cleaning of the gravel/substrate and filter may help reduce environmental contamination.


[image: image] Eradication/avoidance of known intermediate hosts will prevent perpetuation of the life cycle in parasites with indirect life cycles. Live foods (including side swimmers, insect larvae, tubifex worms, copepods, etc.) that may act as intermediate hosts should be avoided.


[image: image] For nematodes with direct life cycles, infected fish should be isolated and the system cleaned.


[image: image] In situations where fish serve as the intermediate host (e.g., Eustrongyloides), the definitive host should be identified (birds, mammals) and contact with these animals eliminated.





• Medical treatments




[image: image] Cestodes




[image: image] Praziquantel




[image: image] Bath treatment: 2 mg/L (ppm). Concentrations up to 10 mg/L have been used successfully and safely in many species of ornamental fish.


[image: image] Oral: 5 mg/kg [0.5%] in feed fed once daily for 3 days; treatment may need to be repeated in 2-3 weeks.








[image: image] Nematodes




[image: image] Levamisole




[image: image] Bath treatment: 2 mg/L, weekly treatments for 3 weeks


[image: image] 4 mg/kg [0.4%] in feed (1.8 grams per pound of food) fed once weekly for 3 weeks





[image: image] Fenbendazole




[image: image] Bath treatment: 2 mg/L, weekly treatments for 3 weeks


[image: image] 2.5 mg/kg [0.25%] in feed (1.14 grams per pound of food) fed for 3 days; treatment should be repeated in 3 weeks








[image: image] No effective medical treatment for cestodes/nematodes encysted outside the intestinal tract is known. Manual removal can be performed, depending on location.















Recommended Monitoring


Direct fecal examinations should be performed routinely to determine response to treatment.












Prognosis and Outcome [image: image]








• Intestinal cestodes/nematodes usually respond well to treatment.


• Bothriocephalus acheilognathi (Asian tapeworm) can cause serious problems (and significant mortality) in bait minnows, grass carp, and juvenile common carp.












Pearls & Considerations [image: image]







Comments


Free-living nematodes may be found associated with chronic skin lesions, dead fish, and organic debris in an aquarium/pond.









Prevention







• Good husbandry and water quality


• Quarantine of new fish for a minimum of 4 weeks


• Eradication/avoidance of known intermediate hosts














Suggested Readings





 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


 Yanong, RPE, Nematode infections in fish, VM-91. Florida Cooperative Extension Service, Gainesville, Fla, 2006. UF-IFAS. http://edis. ifas. ufl. edu
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Gastrointestinal Protozoal Parasites






Basic Information [image: image]







Definition


Gastrointestinal protozoal parasites that affect fish include Hexamita, Spironucleus, and Cryptobia, all of which are flagellated protozoans.









Synonyms







• Hexamita: three species reported to affect fish: H. salmonis, H. truttae, and H. intestinalis, commonly called “Hex”


• Spironucleus: Spironucleus vortens is reported to be an intestinal parasite in freshwater angelfish.


• Cryptobia: Seven species of Cryptobia have been associated with the gastrointestinal tract of fish; only C. iubilans is reported to be pathogenic and parasitic.












Epidemiology






Species, Age, Sex







• Most common in freshwater fish


• Hexamita/Spironucleus are common in cichlids such as angelfish, discus, oscars, and African cichlids. Hexamita salmonis affects salmonids.


• Cryptobia: reported in African and Central/South American cichlids; recently reported in juvenile discus












Risk Factors







• Poor environmental conditions (crowding, poor water quality) or other stressors (recent shipment/handling, poor nutrition, etc.) may predispose fish to infection.


• Other ectoparasites and endoparasites increase morbidity.















Associated Conditions and Disorders


Other intestinal parasites such as Capillaria and Camallanus may be present.









Clinical Presentation






History, Chief Complaint







• Clinical signs include lethargy, decreased appetite, weight loss, abnormal feces (white, pale, mucosy, etc.), erratic swimming, infertility, decreased hatchability of eggs, death of fry, and chronic low-level mortality.


• Angelfish may have buoyancy abnormalities and lay in lateral recumbency at the top of the water column with a distended abdomen.


• Hexamita/Spironucleus has been implicated as a potential cause for head and lateral line erosion, but its importance in this syndrome is unclear.


• Cryptobia has been implicated as a potential cause for “Malawi bloat,” but its importance in this syndrome is unclear.


• Heavy infestations can cause significant mortality.












Physical Exam Findings


Potential findings include thin/poor body condition, abdominal distention, and abnormal feces.












Etiology and Pathophysiology







• Intestinal protozoans have direct life cycles.


• Transmission likely occurs through the water; infective stages are shed in the feces (fecal/oral transmission).


• Mature trophozoites inhabit the gastrointestinal tract. Cryptobia causes granulomatous gastritis but has also been associated with systemic granulomatous disease (kidney, spleen, liver, etc.).















Diagnosis [image: image]







Differential Diagnosis


Other intestinal parasites (nematodes, cestodes, etc.), other systemic diseases (mycobacteriosis, etc.), poor nutrition









Initial Database







• The diagnostic approach to a fish with protozoal enteric parasites should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination




[image: image] Wet mounts of the skin/gills should be performed to rule out ectoparasites.


[image: image] Direct fecal examination may reveal motile trophozoites. Fecal examination should be performed only on fresh feces.


[image: image] Necropsy examination with wet mount examination of intestinal contents/feces and squash preparations of the intestines is most accurate for determining the presence and degree of infection. Because trophozoites are small, they are best identified at 400× magnification. Grossly, the stomach (Cryptobia) or intestines (Spironucleus/Hexamita) may be thickened, inflamed, distended, hemorrhagic, and/or edematous.





• Spironucleus/Hexamita: Trophozoites are small (12.5-20 µm in length), flagellated, actively motile, with an ellipsoid to pear shape. Trophozoites of Spironucleus/Hexamita are often localized in the anterior intestinal lumen and therefore may not be present on fecal examination. They have six anterior and two posterior flagella. Species identification requires electron microscopy.


• Cryptobia is most commonly detected by identifying granulomas in squash preparation wet mounts of the stomach. An acid-fast stain should be performed to rule out mycobacteriosis (another common cause of granulomas in ornamental fish). Motile trophozoites are not commonly seen on wet mounts. When present, flagellated trophozoites are elongate (acute infection) to oval/teardrop-shaped (chronic infection) with a characteristic slow undulating movement. The organism has two flagella. Species identification requires electron microscopy.












Advanced or Confirmatory Testing







• Histopathologic examination is not typically required for diagnosis. However, sections of protozoans may be seen on histopathologic examination of the gastrointestinal tract and occasionally other organs (liver, kidney, spleen, etc.). Histologically, intestinal changes may vary from minimal to severe enteritis. Varying degrees of granulomatous gastritis are seen with Cryptobia infestation. Systemic granulomatous disease may also be present (liver, spleen, kidney, etc.) with Cryptobia infestation.


• Definitive species identification requires electron microscopy.















Treatment [image: image]







Therapeutic Goals







• Improve environmental conditions


• Control parasites












Acute General Treatment







• Husbandry




[image: ] Correcting environmental abnormalities and removing stressors (poor water quality) is a critical step in decreasing morbidity/mortality and preventing disease.


[image: ] Thorough cleaning of the gravel/substrate and filter may help reduce environmental contamination.





• Medical treatments




[image: ] Cryptobia




[image: image] No effective treatment for Cryptobia has been reported.


[image: image] Cryptobia may be able to survive intracellularly in phagocytic cells, making treatment difficult.


[image: image] Sulfadimethoxine is anecdotally reported to decrease mortality but not eliminate the parasite.


[image: image] Dimetridazole and 2-amino-5-nitrothiazol (additional studies are needed to determine optimal dose and duration) may help to reduce the prevalence of infestation. No significant improvement was illustrated for fish treated with nitrofurazone, primaquine, chloroquine, or metronidazole.





[image: ] Hexamita/Spironucleus




[image: image] The treatment of choice for Hexamita and Spironucleus is metronidazole.


[image: image] Dosage: metronidazole 1.0% (1 gram/100 grams feed) in the feed for 10-14 days; metronidazole can be mixed into a gel diet or top dressed on a commercial diet.


[image: image] Prolonged bath immersion: 5-6 mg/L (250 mg/10 gal [6.6 mg/L] of water); treat every 24-48 hours for 10-14 days. 50% to 75% water changes should be performed between treatments. Metronidazole can damage the biofilter.


[image: image] Infestations respond best to oral treatment. The author reserves bath treatments for anorexic fish.


















Recommended Monitoring







• Direct fecal examinations should be performed routinely to determine response to treatment. However, trophozoites are not always present on direct fecal examination, and necropsy/wet mounts may be necessary to accurately determine treatment response.


• Water quality should be monitored closely because some treatments can damage the biofilter.















Prognosis and Outcome [image: image]








• Hexamita/Spironucleus generally responds well to metronidazole if environmental/husbandry corrections are made and infestations are caught early.


• With poor environmental conditions and heavy infestations, significant mortality may occur.


• No effective treatment for Cryptobia is known. Managing concurrent ecto/endoparasites may decrease morbidity/mortality.












Pearls & Considerations [image: image]







Comments







• Protoopalina is a large, ciliate-like protozoan that is a common, nonpathogenic commensal in discus.


• Coccidia, an intracellular protozoan, can potentially cause enteritis in fish.












Prevention







• Good husbandry and water quality


• Quarantine of new fish for a minimum of 4 weeks. Some aquariums are quarantining cichlids for 60 days to prevent the introduction of Cryptobia.


• Commercial producers should periodically evaluate ornamental cichlids for subclinical infection.














Suggested Readings





 Francis-Floyd, R, Reed, P, Management of Hexamita in ornamental cichlids, VM-67. Florida Cooperative Extension Service, Gainesville, Fla, 2002. UF-IFAS. http://edis. ifas. ufl. edu


 Francis-Floyd, R, Yanong, R, Cryptobia iubilans in cichlids, VM-104. Florida Cooperative Extension Service, Gainesville, Fla, 2002. UF-IFAS. http://edis. ifas. ufl. edu


 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


 Yanong, RPE, et al. Cryptobia iubilans infection in juvenile discus. J Am Vet Med Assoc. 2006; 224:1644–1650.
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Head and Lateral Line Erosion (HLLE)






Basic Information [image: image]







Definition


Head and lateral line erosion is an important, idiopathic clinical syndrome seen in both marine and freshwater fish.









Synonyms







• HLLE


• Freshwater head and lateral line erosion (FHLLE), marine head and lateral line erosion (MHLLE)


• “Hole in the head”












Epidemiology






Species, Age, Sex







• Can be seen in both freshwater and marine fish


• Freshwater cichlids (discus, oscars, other South American cichlids) are commonly affected.


• Marine fish that are commonly affected include surgeonfishes and tangs (family Acanthuridae) and marine angelfish (family Pomacanthidae).












Risk Factors


Stressors such as overcrowding, poor water quality, or poor nutrition may predispose fish to HLLE.












Associated Conditions and Disorders


Freshwater cichlids may have intestinal infestations with flagellated protozoans (Hexamita/Spironucleus).









Clinical Presentation






History, Chief Complaint







• This disorder causes chronic progressive dermatologic lesions affecting the head and flanks.


• Affected fish eventually may become anorexic and lethargic.












Physical Exam Findings







• Dermatologic examination reveals often symmetric, depigmented erosions and ulcerations that coalesce to produce large crateriform lesions and pits on the head. In some cases, lesions extend down the lateral line/flanks.


• Severely affected fish may become thin and emaciated and may have exophthalmos.


• Secondary bacterial, fungal, and parasitic infections may occur.















Etiology and Pathophysiology







• The exact cause of head and lateral line erosion is unknown.


• Proposed causative agents include hexamitid parasites (such as Spironucleus vortens), other infectious agents, activated carbon/carbon dust, heavy metals such as copper, stray electrical voltage, ozone, ultraviolet (UV) radiation products, poor nutrition, nutrient deficiency of vitamins A/C and minerals, and various other stressors.


• A single inciting cause may not be present, and this disease may represent a clinical response to various stressors.















Diagnosis [image: image]







Differential Diagnosis


Differential diagnoses include other causes of erosive to ulcerative lesions, including bacterial, parasitic, and fungal disease; however, clinical presentation in previously mentioned species is characteristic.









Initial Database







• The diagnostic approach to a fish with head and lateral line erosion should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of fish in the aquarium


• Complete physical examination




[image: image] Skin scraping and gill biopsy wet mounts should be performed to check for the presence of parasites and/or other abnormalities.


[image: image] Fecal examination should be performed to rule out intestinal parasitism.





• Diagnosis typically is based on history and clinical signs.












Advanced or Confirmatory Testing


Reported histologic findings include acute, multifocal, moderate to severe lymphohistiocytic epidermidis and dermatitis, with multifocal severe keratinocyte ballooning degeneration, necrosis, ulceration, and rare vesicle formation.












Treatment [image: image]







Therapeutic Goals







• Improve environment, husbandry, and nutrition


• Reduce lesion severity and morbidity


• Control secondary infections












Acute General Treatment







• Husbandry




[image: image] Husbandry should be improved by maintaining excellent water quality, performing frequent water changes, and reducing overcrowding.


[image: image] A balanced/varied diet should be provided. Anecdotal reports have described treating HLLE with various vitamin supplements.


[image: image] A grounding device can be installed to remove stray voltage.


[image: image] Activated carbon should be removed from the system.





• Medical treatments




[image: image] Secondary infections (bacterial, fungal, parasitic, etc.) should be treated appropriately.


[image: image] Marine HLLE has been successfully treated with becaplermin 0.01% (Regranex, Ortho-McNeil Pharmaceuticals, Inc., Raritan, New Jersey).




[image: image] This fish is sedated and lesions are débrided with a sterile scalpel blade and gently flushed. Regranex is applied with sterile cotton applicators. Various recommendations have been proposed for contact time. The author typically allows a contact time of 2-3 minutes before placing the fish back into the water.


[image: image] Various protocols have been shown to be effective.




[image: image] Once-weekly application for 8 weeks was successful in sailfin tangs.


[image: image] Successful treatment has been reported in juvenile ocean surgeons with a single application of Regranex, or with one treatment every 3 weeks. However, fish placed in water that was known to induce lesions consistent with HLLE did not improve with Regranex treatment.


[image: image] Regranex has been diluted with 0.9% sodium chloride to a concentration of 50% or 25%, with similar healing rates to fish treated with the full concentration.





[image: image] Use of Regranex in freshwater HLLE has not been reported.





[image: image] When present, Hexamita/Spironucleus infestations should be treated with metronidazole.




[image: image] Dosage: metronidazole 1.0% in the feed for 10-14 days (6.6 mL [1 gram/100 grams feed]); metronidazole can be mixed into a gel diet or top dressed on a commercial diet.


[image: image] Prolonged bath immersion: 5-6 mg/L (250 mg/10 gal of water); treat every 24-48 hours for 10-14 days. 50% to 75% water changes should be performed between treatments. Metronidazole can damage the biofilter.


[image: image] Infestations respond best to oral treatment. The author reserves bath treatments for anorexic fish.





















Prognosis and Outcome [image: image]








• The mortality rate with head and lateral line erosion is low. Marine HLLE responds well to treatment with Regranex if underlying environmental triggers are removed.


• Affected fish eventually may become anorexic and lethargic, and mortality may result.


• Secondary infection with parasites, bacteria, and fungi can increase morbidity and mortality.











Suggested Readings





 Adams, L, Michalkiewicz, J. Effect of Regranex gel concentration or post application time on the healing rate of head and lateral line erosions in marine tropical fish. Mystic, Conn: Proceedings International Association of Aquatic Animal Medicine; 2005.


 Boerner, L, et al. Angiogenic growth factor therapy using recombinant platelet-derived growth factor (Regranex) for lateral line disease in marine fish. Mystic, Conn: Proceedings International Association of Aquatic Animal Medicine; 2003.


 Croft, L, et al. The effect of dietary vitamin C levels on the development of head and lateral line erosion syndrome in ocean surgeonfish (Acanthurus bahianus). Mystic, Conn: Proceedings International Association of Aquatic Animal Medicine; 2005.


 Fleming, G, et al. Treatment factors influencing the use of recombinant platelet-derived growth factor (Regranex) for head and lateral line erosion syndrome in ocean surgeons (Acanthurus bahianus). Mystic, Conn: Proceedings International Association of Aquatic Animal Medicine; 2005.


 Francis-Floyd, R, et al. Captive nutritional management of Atlantic surgeon fish: effect of dietary vitamin A on development of head and lateral line erosion lesions. Mystic, Conn: Proceedings International Association of Aquatic Animal Medicine; 2005.
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Koi Herpes Virus Infection (KHV)






Basic Information [image: image]







Definition


Cyprinid herpes virus-3 (CyHV-3) infection









Synonym


KHV









Epidemiology






Species, Age, Sex


Common carp and koi, Cyprinus carpio, all ages affected, males and females









Risk Factors


Failure to quarantine









Contagion and Zoonosis


Highly infectious among susceptible populations at permissive temperatures; not a zoonotic disease









Geography and Seasonality


Distribution is worldwide. Clinical signs can be seen 10-14 days following exposure to virus at permissive water temperatures, 15°C to 27°C (59°F to 80°F).












Associated Conditions and Disorders


Septicemia, high mortality









Clinical Presentation






History, Chief Complaint


Mortality, lack of quarantine, permissive water temperatures of 15°C to 27°C (59°F to 80°F)









Physical Exam Findings







• No pathognomonic lesions


• Moderate to severe gill necrosis and edema


• Multifocal patches of roughened skin (“sandpaper” texture) with missing scales


• Erratic swimming behavior


• Gasping, piping, congregating in areas of higher oxygen concentration (air stones, surface, waterfalls)


• Enophthalmos, anorexia, and lethargy


• Secondary parasitic and bacterial infections















Etiology and Pathophysiology







• Cyprinid herpes virus-3 (CyHV-3)


• Epitheliotrophic


• Lesions seen on skin, gills, and internal organs such as kidneys and spleen















Diagnosis [image: image]







Differential Diagnosis







• Septicemia


• Pathogenic aeromonad infection or other systemic bacterial disease


• Water quality


• Waterborne toxin












Initial Database







• High index of suspicion with high mortalities in a population at permissive water temperatures with a history of failure to quarantine. A slower rate of mortalities has been observed in water temperatures at the lower end of KHV permissive range.


• Visualization of typical lesions at necropsy; necrotic and edematous gills, enophthalmos, secondary septicemia, adhesions in the coelomic cavity, and mottled appearance to major organs


• Definitive diagnosis requires testing by a qualified diagnostic laboratory.












Advanced or Confirmatory Testing







• Polymerase chain reaction (PCR) testing of fresh tissues samples (postmortem)


• PCR of gill swab (antemortem), less reliable owing to sample size


• DNA in situ hybridization of formalin-preserved samples (useful for archived samples or atypical presentations)















Treatment [image: image]







Therapeutic Goals







• Prevent future outbreaks in new stock


• Provide owner education












Acute General Treatment







• No specific treatment


• Anecdotally reported treatment of heating water to 30°C (86°F) may reduce mortalities, but recovered fish may become latent carriers.


• Recurrent outbreaks have been documented with heat treatment.


• Treatment of secondary bacterial and parasitic infections can be attempted, but owners should be warned of the possibility of recrudescence.


• If survivors are present during an outbreak, the owner should be advised to make the pond a closed system with no new fish added.












Possible Complications


Recrudescence is a possibility in recovered fish, who may become latent carriers.












Prognosis and Outcome [image: image]



Poor to grave









Pearls & Considerations [image: image]







Comments







• Fish can become infected at lower temperatures, but clinical signs may not become apparent until higher water temperatures are reached.


• A positive result on serologic testing indicates only exposure; it is not a prognostic indication of recovery, latency, etc.


• Discussion of this disease is a hot topic on Internet forums and message boards, and much misinformation can be found with regard to infection, diagnosis, and treatment.


• KHV is listed by the OIE (World Organization for Animal Health) as a notifiable disease for member countries. The disease is not reportable to the U.S. Department of Agriculture Animal and Plant Inspection Service (USDA-APHIS). USDA-APHIS will continue to report to OIE that KHV is known to occur in the United States.


• Regulations involving the importation and exportation of ornamental fish have been changing rapidly. The author recommends verifying requirements for import/export prior to arranging shipment.












Prevention







• A new attenuated immersion vaccine, Cavoy, was released in the U.S. in 2012 for the prevention of KHV. More information can be found at vaccine informational online site, cavoy.com.


• Provide lengthy quarantine for new koi at KHV permissive temperatures.


• Institute effective biosecurity protocols.


• Disinfect or discard all equipment used in an outbreak situation.


• Ponds should be drained, disinfected, and left to dry before use.


• Refilled ponds should remain empty for a minimum of 7 days before new fish are added.


• Use separate equipment for each system.


• Serologic testing of new fish can indicate previous exposure to virus, assuming that enough time has elapsed for potentially exposed fish to generate antibodies (usually a minimum of 2 weeks).












Client Education







• Quarantine all incoming fish at permissive water temperatures for KHV for 30-60 days 59°F to 80°F (15°C to 27°C).


• The author quarantines her fish for 1 year in an outdoor quarantine pond.














Suggested Readings





 Petty, BD, Fraser, WA. Viruses of pet fish. Vet Clin Exot Anim. 2005; 8:67–84.


 St-Hilaire, S, et al. Reactivation of koi herpesvirus infections in common carp Cyprinus carpio. Dis Aquat Org. 2005; 50:15–23.
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Lymphocystis
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Definition


Infection in susceptible fish with lymphocystivirus (Iridovirus family)









Synonyms


Lymphocystis virus disease type 1, lymphocystis virus disease type 2









Epidemiology






Species, Age, Sex







• Many species of freshwater and marine ornamental fish


• Not seen in catfish, salmonids, or cyprinids (koi, etc.)












Risk Factors


Stress can cause immune suppression, increase the risk of infection, and precipitate the presence of lesions in exposed fish.









Contagion and Zoonosis







• Incubation time can be long but is shorter in higher water temperatures.


• Experimentally, incubation time was 5-12 days at 20°C to 25°C (68°F to 77°F).















Clinical Presentation






DiseaseForms/Subtypes


Dermal lesions









History, Chief Complaint


Owner reports presence of typical skin lesions on one or more fish.









Physical Exam Findings







• Lesions present as raised, white to gray, nodular, verrucous lesions that can occur anywhere on the external surfaces of the body.


• Rarely, lesions can be found on the serosal surfaces of internal organs.


• Not usually fatal


• Can be self-limiting


















Diagnosis [image: image]







Initial Database







• History


• Environmental assessment


• Physical examination


• Cytologic examination of lesions (wet mount cytology shows hypertrophy of the epidermal cells)












Advanced or Confirmatory Testing







• History reveals presence of stressors before appearance of lesions.


• Histopathologic examination is performed.















Treatment [image: image]







Therapeutic Goal


Reduce adverse effects of infection









Acute General Treatment







• No effective treatment is known, although the lesions may become secondarily infected and need antimicrobial therapy.


• Lesions that prevent feeding behavior can be surgically removed.


• Reduce stressors, such as poor water quality, to prevent outbreaks.


• Spontaneous regression of lesions can occur.


• Recovered fish may experience recrudescence.















Pearls & Considerations [image: image]







Comments







• Lymphocystis is the most common viral disease seen in tropical fish.


• The appearance of an affected fish can affect its retail value and potential fish show value.


• Lesions may leave scars or pigment changes on the skin.


• Latent infections may exist and may become clinical after exposure to stressful conditions.












Prevention







• Purchase disease-free fish whenever possible


• Quarantine new fish


• Reduce or prevent stress and presence of stressors in system












Client Education


As above











Suggested Readings





 Petty, BD, Fraser, WA. Viruses of pet fish. Vet Clin Exot Anim. 2005; 8:67–84.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Protozoal Ectoparasites (Ciliated and Flagellated)






Basic Information [image: image]







Definition


Protozoal parasites of fish include Ciliates, Flagellates, Myxozoans, Microsporidians, and Coccidia. Ciliated and flagellated protozoal ectoparasites will be discussed in this section. Ichthyophthirius multifiliis is the most common disease affecting freshwater tropical fish.









Synonyms







• Ciliated ectoparasites




[image: image] Ichthyophthirius multifiliis: “Ich,” “white-spot disease”; marine equivalent Cryptocaryon irritans, “marine ich”


[image: image] Chilodonella: marine equivalent Brookynella


[image: image] Tetrahymena: “guppy killer disease”; marine equivalent Uronema


[image: image] Trichodina


[image: image] Sessile ciliates: Epistylis, Ambiphyra (Scyphidia), Apiosoma (Glossatella)





• Flagellated ectoparasites




[image: image] Ichthyobodo (previously Costia)


[image: image] Dinoflagellates: Amyloodinium, “marine velvet”; freshwater equivalent Piscinoodinium (previously Oodinium), “freshwater velvet,” “gold dust disease,” “rust”















Epidemiology






Species, Age, Sex







• Any fish can be susceptible.


• Scaleless fish such as catfish and loaches may be especially vulnerable to Ich.


• Guppies are predisposed to Tetrahymena.












Risk Factors







• Poor environmental conditions (crowding, poor water quality) or other stressors (recent shipment/handling, poor nutrition, etc.) may predispose fish to infection.


• Systems with excessive organic debris/detritus are predisposed to some protozoans such as Trichodina, Tetrahymena, and sessile ciliates.















Clinical Presentation






History, Chief Complaint







• Clinical signs include lethargy, decreased appetite, flashing (rubbing against objects in the pond/aquarium), and excessive production of mucus (from gills or skin).


• When branchial infestations are present, respiratory signs such as increased opercular rate, piping (gasping for air at the water surface), and respiratory distress may be seen.


• Heavy infestations can cause significant mortality.


• Ich infestations classically present with white spots on the skin.












Physical Exam Findings







• Dermatologic abnormalities include erythema, scale loss, white to gray irregular patches, excessive production of mucus, hemorrhages, discolorations, erosions, and ulcerations. Dinoflagellates may cause an amber or gold dustlike sheen to the skin. With Ich infestations, punctate white nodules (up to 1 mm in size) will be noted on the skin/fins caused by the encysted trophont feeding stage. If infestations are confined to the gills, dermatologic lesions will be absent.


• The gills may become edematous with excessive production of mucus.


• Secondary bacterial and fungal infections may be present in areas parasitized by protozoans.















Etiology and Pathophysiology







• Ciliated/flagellated protozoans have direct life cycles.




[image: image] Life cycle of Ich: The trophont (feeding, encysted stage) enlarges, breaks through the skin, and attaches to substrate forming the encapsulated dividing tomont. These tomonts undergo mitosis, forming hundreds of daughter tomites; tomites develop into free-living theronts (infective stage). Theronts penetrate the skin and gill epithelium and enlarge, forming encysted trophonts. Theronts survive for approximately 48 hours at water temperatures of 75°F to 79°F (24°C). A single trophont can produce more than 1000 theronts.


[image: image] Dinoflagellates have more complex life cycles (similar to Ich), including trophont, tomont, and dinospore stages.





• Parasites damage skin/gill epithelium.















Diagnosis [image: image]







Differential Diagnosis


Other parasitic infestations, bacterial disease, fungal disease, viral disease, environmental causes of hypoxia (decreased dissolved oxygen, ammonia toxicity, nitrite toxicity, etc.)









Initial Database







• The diagnostic approach to a fish with protozoal ectoparasites should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination


• Definitive diagnosis can be made with wet mounts of the skin or gills. Most protozoal ectoparasites can be identified with 100× magnification.


• Ich: The mature parasite is large (up to 1 mm) and dark brown (cilia distributed over entire cell) and has a horseshoe-shaped macronucleus. The adult parasite has a characteristic tumbling motion, whereas immature stages move quickly and more closely resemble Tetrahymena.


• Tetrahymena/Uronema: motile teardrop-shaped shaped ciliated parasites


• Chilodonella/Brookynella: These ciliates are easily identified microscopically by their heart shape and slow circular motion.


• Trichodina: circular, flat ciliates with circular rows of denticles (internal blades) and erratic movement


• Sessile ciliates: cylindrical to conical, apical/oral cilia; Epistylis is stalked


• Ichthyobodo: very small and best seen at 400× magnification as a comma-shaped organism with a characteristic corkscrew swimming pattern.


• Amyloodinium/Piscinoodinium: irregular, variably sized, spherical to pear-shaped trophonts with a dark brown to golden color












Advanced or Confirmatory Testing


Histopathologic examination is not typically required for diagnosis. However, sections of ciliated/flagellated protozoans can be seen on histopathologic examination of the skin and gills and occasionally deeper tissues.












Treatment [image: image]







Therapeutic Goals







• Improve environmental conditions


• Control parasites












Acute General Treatment







• Husbandry




[image: image] Correcting environmental abnormalities and removing stressors (poor water quality) are critical steps in decreasing morbidity/mortality and preventing disease.


[image: image] The life cycle of Ich is temperature dependent. It lasts 3-6 days at 25°C (77°F), and 10 days at 15°C (59°F). Outbreaks are most common at 15°C to 25°C (59°F to 77°F). Increasing the water temperature speeds the life cycle, allowing for shorter treatment duration.


[image: image] Siphoning the bottom of the aquarium may help control environmental stages of Ich.





• Medical treatments




[image: image] Most ciliated and flagellated protozoal infestations respond to a single chemical treatment. If no improvement is noted, or if signs recur, the fish should be revaluated.


[image: image] Salt effectively controls most protozoal ectoparasites of freshwater fish. Salinity can be maintained at 0.1% to 0.3% (1-3 ppt = 1-3 g/L) as a prolonged immersion. Some species, such as catfish and fish that navigate via the electrical field, can be sensitive to salt.


[image: image] Formalin (37% formaldehyde) can be administered as a long-term bath at 25 mg/L (2 drops/gal; 1 mL/10 U.S. gal). Malachite green/formalin combination products are also effective against protozoal ectoparasites because the two agents are synergistic.


[image: image] Potassium permanganate can be administered as a prolonged bath at 2 mg/L.


[image: image] Prolonged immersion copper is a common method for controlling protozoal ectoparasites in marine fish. Free copper ions levels should be maintained at 0.2 mg/L. Copper is not safe with certain fish (elasmobranchs) and is toxic to invertebrates. Copper is not recommended in freshwater systems. Copper levels should be monitored daily.


[image: image] Freshwater (for marine fish) and saltwater (for freshwater fish) dips are useful for some protozoal ectoparasites but are not recommended for the treatment of Ich because the encysted trophonts are resistant to treatment.





•Ich




[image: image] Only the free-living theront is susceptible to chemical treatment.


[image: image] Detection of even a single Ich trophont warrants treatment.


[image: image] Cryptocaryon life cycle is longer (up to 28 days at 75°F to 81°F [24°C to 27°C]) and therefore requires more lengthy treatment.


[image: image] Because only the theront stage is susceptible, multiple treatments are necessary.


[image: image] Formalin (37% formaldehyde) can be administered as a long-term bath at 25 mg/L (2 drops/gal; 1 mL/10 gal). At 77°F to 86°F (25°C to 30°C), affected fish should be treated on alternate days (q 48 h) for three treatments to ensure that all emerging theronts are killed. Fifty percent water changes should be performed before each treatment. In cool water, treatments should be performed every 3-5 days because of the prolonged life cycle.


[image: image] Prolonged immersions of salt (0.1% to 0.3% = 1-3 ppt = 1-3 g/L) can be effective against Ich.





• Amyloodinium/Piscinoodinium




[image: image] Only the free-living dinospore is susceptible to treatment.


[image: image] Copper is the most commonly used treatment for marine velvet (Amyloodinium).


[image: image] Piscinoodinium is less pathogenic and may respond to prolonged salt immersion.


[image: image] Amyloodinium/Piscinoodinium can be treated with chloroquine (10 mg/L prolonged bath).





• Tetrahymena/Uronema




[image: image] Tetrahymena/Uronema can penetrate deep into muscle and internal organs. Cases with muscle/systemic involvement may not respond to treatment. Formalin is the treatment of choice.















Drug Interactions


Do not mix formalin and potassium permanganate in the same system.









Possible Complications







• Adverse side effects can occur in numerous species. A biotest may be performed on a small number of representative fish before widespread usage.


• Formalin can negatively impact the biofilter and decreases dissolved oxygen concentration. The water should be aerated well because each 5 mg/L of formalin added chemically removes 1 mg/L of dissolved oxygen.












Recommended Monitoring







• Wet mount examinations (skin and gills) should be performed routinely to determine response to treatment.


• Water quality should be monitored closely because some treatments can damage the biofilter.















Prognosis and Outcome [image: image]








• If environmental/husbandry corrections are made and infestations are caught early, the prognosis can be favorable.


• With poor environmental conditions and heavy infestations, significant mortality may occur.


• Fish with heavy Ich infestations have a guarded prognosis.


• Tetrahymena/Uronema: Systemic or deep muscle infections are difficult to treat.












Pearls & Considerations [image: image]







Prevention







• Provide good husbandry and water quality


• Reduce crowding


• Quarantine new fish for a minimum of 4 weeks














Suggested Readings





 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Spring Viremia of Carp (SVC)






Basic Information [image: image]







Definition


Reportable viral disease of multiple species caused by spring viremia of carp virus, a rhabdovirus.









Synonyms


SVCV, spring viremia









Epidemiology






Species, Age, Sex







• Koi, goldfish, grass carp, common carp, silver carp, bighead carp, tench, and sheatfish


• Guppies, roach, pumpkinseed, zebra danios pike, and golden shiners have been killed with experimentally induced infection.


• No sex or age specificity












Risk Factors


Exposure to the virus at permissive water temperatures









Contagion and Zoonosis


No zoonotic potential









Geography and Seasonality


Seen most often in spring but may occur also in fall












Clinical Presentation






Physical Exam Findings







• No pathognomonic signs


• Exophthalmia, lethargy, pale gills, decreased opercular movements, ascites


• Abnormal swimming (loss of equilibrium), bulging of vent, hemorrhages


• Mortality rates range from 10% to 80%.


• Secondary bacterial and fungal infections may be present.


• Vectors may include Argulus spp. (fish louse) and Pisciola spp. (leech), fomites, environmental contamination by virus















Etiology and Pathophysiology







• Incubation periods of 7 to 15 days have been reported.


• Clinical disease occurs when water temperature is between 10°C and 18°C (50°F to 64°F).


• Susceptible fish exposed to the virus at water temperatures over (20°C) (68°F) do not usually develop clinical signs.


• Exposure to virus at (16°C to 17°C) (61°F to 62°F) results in 90% death rate in 5 to 17 days (experimentally infected carp).















Diagnosis [image: image]







Differential Diagnosis


SVC presents a different, specific clinical picture than most other diseases.









Initial Database







• High index of suspicion with clinical signs in multiple species at permissive water temperatures (koi, orfe, and goldfish in an ornamental pond)


• Necropsy findings include hemorrhage in multiple organs, especially the swim bladder, nonspecific inflammation, and edema in coelomic cavity.












Advanced or Confirmatory Testing







• Samples must be sent to a U.S. Department of Agriculture (USDA)-approved laboratory for testing.


• Any suspicion of SVCV requires the clinician to notify the area veterinarian in charge because of the reportable nature of this disease.















Treatment [image: image]







Therapeutic Goals







• No treatment for SVC is known.


• Infected populations of fish must be quarantined and destroyed.


• The environment (ponds typically) of the infected fish must be disinfected.


• The virus has been shown to persist at least 42 days in the environment.















Prognosis and Outcome [image: image]



All fish in the system must be euthanized once the disease has been confirmed.









Pearls & Considerations [image: image]







Comments







• Federal regulations instituted in October 2006 require imported SVC-susceptible species to travel with documentation from the competent authority of the exporting country attesting to the fact that the animals being imported have tested negative for SVC according to specific guidelines.




[image: image] An import permit (form VS-135) is required for shipments of SVC-susceptible species entering the United States. There is a fee for the permit.


[image: image] SVC-free status is achieved after 2 years of negative testing (twice-annual testing at appropriate water temperatures).


[image: image] Semiannual testing is required to maintain disease-free status.


[image: image] Importation of SVC-susceptible species requires inspection by a USDA-APHIS VS port veterinarian at port/border of entry with a user fee paid for the inspection.


[image: image] Importers must notify the USDA-APHIS inspector a minimum of 72 hours before arrival.


[image: image] Shipments of SVC-susceptible fish imported into the United States without proper documentation may be held briefly until importers acquire the necessary paperwork. The shipment may be destroyed or returned to the country of origin if the proper documents are not received.


[image: image] All containers used in shipping are made of new material or have been cleaned and disinfected according to protocols listed in the interim rule. If containers are not new, details of cleaning and disinfection (C&D) should be included on the Export Health Certificate or on a separate C&D certificate.





• Currently, no federal program allows a U.S. facility to attain SVC-free status.


• Current and further information can be found by contacting USDA-APHIS VS or http://www.aphis.usda.gov/vs/imports_export/index.shtml.












Client Education


Quarantine all new fish in a system that allows seasonal temperature fluctuations, including permissive temperatures for koi herpes virus and SVC.











Suggested Readings





 Petty, BD, Fraser, WA. Viruses of pet fish. Vet Clin Exot Anim. 2005; 8:67–84. [(U. S. Department of Agriculture, Animal Plant Health Inspection Services). Accessed May 27, 2012].


 Veterinary Services (USDA APHIS VS). http://www. aphis. usda. gov/import_export/index. shtml [and].
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Swim Bladder Disease/Buoyancy Disorders


Client Education Sheet Available on Website [image: image]
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Definition


Swim bladder disease is a symptom of various underlying etiologies that results in abnormal buoyancy in the water column. The swim bladder is a gas-filled organ in the dorsal coelomic cavity of fish. Its primary function is maintaining buoyancy, but it is also involved in respiration, sound production, and possibly perception of pressure fluctuations (including sound).









Synonyms


Tenpuku (capsized) disease, buoyancy disorder, gyakuten (upside-down) disease









Epidemiology






Species, Age, Sex







• Can be seen in any species of fish but is especially common in globoid fancy goldfish (Orandas, Ranchus, Lionhead, Moors, Ryukins, fantails, etc.)


• Median age, 3.5 years in one study















Clinical Presentation






History, Chief Complaint







• Two clinical presentations of a buoyancy disorder in fish include positive buoyancy (“floaters”) and negative buoyancy (“sinkers”).




[image: image] “Sinkers” cannot maintain neutral buoyancy and may lay on the bottom of the tank in lateral recumbency.


[image: image] “Floaters” (the more common presentation in fancy goldfish) will float at the surface on one side or upside down.


[image: image] In either presentation, the clinical signs can be transient or permanent.





• Many of these fish remain active and alert with a good appetite.












Physical Exam Findings







• Physical examination may reveal abdominal distention.


• Secondary skin changes can occur in both “floaters” and “sinkers” secondary to prolonged contact and desiccation, respectively. Dermatologic findings include erythema, erosions, and ulcerations.















Etiology and Pathophysiology







• Diseases of the swim bladder can result in overinflation or underinflation, causing positive or negative buoyancy, respectively.


• The exact cause of buoyancy disorder is unknown.


• Possibilities include pneumocystis (infectious, idiopathic), swim bladder torsion, anatomic abnormalities of the swim bladder, mechanical obstruction of the pneumatic duct, poor water quality, low water temperature, and neoplasia.


• The condition is especially common in globoid fancy goldfish and may be secondary to conformational changes in the body brought about by selective breeding and genetics.


• Light, floating foods such as flakes and pellets have been incriminated because they are theorized to expand with water in the digestive tract and occlude the pneumatic duct.


• A large number (up to 85%) of fish with buoyancy disorder may have underlying disease.















Diagnosis [image: image]







Differential Diagnosis







• Differential diagnoses include other causes of abdominal distention such as ascites, neoplasia, egg binding, granulomas, and cysts (e.g., polycystic kidney disease); gas distention of the intestinal tract; and neurologic disease.


• Gastrointestinal disease (and resultant gas accumulation) is a common cause for buoyancy disorders in non-goldfish species.


• Space-occupying lesions in the coelomic cavity can cause positive or negative buoyancy by altering the normal position of, or compressing, the swim bladder.












Initial Database







• The diagnostic approach to a fish with buoyancy disorder should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination




[image: image] Neurologic examination includes checking for the presence of the oculogyration reflex. The upper eye of fish in lateral recumbency should normally be pointed ventrally. Also evaluate the laterally recumbent fish for its ability to right itself in the water column.


[image: image] Skin scraping and gill biopsy wet mounts should be performed to evaluate for the presence of parasites and/or other abnormalities.


[image: image] Fecal examination should be performed to rule out intestinal parasitism.





• Imaging




[image: image] Unfortunately, extreme variability has been noted in the “normal” radiographic appearance of the swim bladder in fancy goldfish. In one study, caudal swim bladder chambers were radiographically present in 29% of diseased goldfish and in 40% of healthy goldfish.


[image: image] Radiography is most useful to rule out other potential causes of abdominal distention and buoyancy disorder such as neoplasia, ascites, egg binding, and gas accumulation in the gastrointestinal tract.


[image: image] Dental radiographs give excellent results in smaller patients.


[image: image] Ultrasound examination may also be useful to look for fluid in the swim bladder and to rule out other coelomic abnormalities.





• If fluid is present in the swim bladder, a sterile sample should be obtained for cytologic examination, acid-fast stain, and culture/sensitivity.


• Clinical pathology is useful in some cases, but the veterinarian is often limited by patient size and lack of reference intervals.















Treatment [image: image]







Therapeutic Goal


Normalize buoyancy









Acute General Treatment







• Husbandry




[image: image] Correcting environmental abnormalities (poor water quality, filtration, etc.) is the first step in treating swim bladder disease.


[image: image] The water temperature should be gradually increased to 24°C to 27°C (75°F to 80°F).


[image: image] Nutrition should be evaluated (see dietary causes earlier), and a diet with a variety of foods including fresh greens/vegetables should be offered.





• Nonpharmacologic and medical treatments




[image: image] If no improvement is noted with husbandry changes, the fish should be fasted for 3 to 5 days. The author then begins a trial with green peas (canned or cooked and lightly crushed) fed once daily for 2 weeks. Green peas have been used successfully to treat buoyancy disorder in seven fish. Theoretically, the pea forces more buoyant food (such as flake food) through the intestinal tract, unobstructing the pneumatic duct. The high fiber content may also be beneficial.


[image: image] Depending on response to environmental and dietary changes, the author administers metronidazole (concentration 0.5%/5 mg/kg food) in the food for 14 days for possible gastroenteritis. This is equivalent to feeding 50 mg/kg bw when the food is fed at a rate of 1% bodyweight. Oral doses of 25-100 mg/kg bw have been reported. Metronidazole can be mixed into a gel diet or top dressed on a commercial diet. If the fecal examination is positive for flagellated parasites (Hexamita/Spironucleus), or if radiographs reveal gas accumulation in the intestines, metronidazole is the first line of treatment.


[image: image] Patients with bacterial swim bladder infection (excluding mycobacteriosis) can respond very well to a 21-day course of parenteral antibiotics. The author’s first choice is enrofloxacin 5 to 10 mg/kg IM/ICe q 72-96 h pending culture results.


[image: image] Palliative percutaneous decompressive pneumocystocentesis can be performed in positively buoyant cases. The fish will become negatively buoyant, but the effects are usually transient, and treatment needs to be repeated.


[image: image] Barriers can be placed in the tank to prevent parts of the fish from protruding out of the water.


[image: image] In negatively buoyant cases, buoyancy devices that aid in flotation have been created (with Floy anchor tags and buoyant material/cork fishing float) and are reportedly effective, at least in the short term.


[image: image] If secondary skin changes are significant, treatment with topical medications ± systemic antibiotics may be necessary. Topical medications include silver sulfadiazine, povidone-iodine ointment, and other antibiotic ointments. Noniodized salt can be added to freshwater systems to reduce osmotic stress (salinity 0.1% to 0.3% [1-3 g/L]).





• Surgical treatment




[image: image] Surgical treatment for swim bladder disease has been reported in two fish. In a Ryukin goldfish, surgical clips were used to reduce the volume of the overinflated caudal swim bladder. The fish became negatively buoyant but died 24 days after surgery. Pneumocystectomy was performed in a 5-year-old Midas cichlid, resulting in improved clinical signs.


[image: image] The successful use of intracoelomically placed weights (such as aluminum, quartz, or ball-bearing implants) has anecdotally been reported in positively buoyant cases.


















Prognosis and Outcome [image: image]



Swim bladder disease can be a very frustrating problem. Response to treatment and prognosis are generally poor, especially when underlying disease is present. Cases with fluid accumulation in the swim bladder secondary to bacterial infection (excluding mycobacteriosis) usually respond best to treatment.









Pearls & Considerations [image: image]







Comments







• Fish can be categorized by their type of swim bladder into physostomous or physoclistous fish.




[image: image] Physostomous fish (such as goldfish) have a pneumatic duct, which connects the swim bladder to the esophagus, allowing swallowed air to inflate the swim bladder.


[image: image] Physoclistous fish have a prominent countercurrent capillary system (rete mirabile) in the wall of each chamber that regulates the amount of gas in the swim bladder. Many physostomous fish also have vascular rete.

















Suggested Reading





 Lewbart, GA. Green peas for buoyancy disorders. Exotic DVM. 2000; 2:7.


 Lewbart, GA, et al. Development of a minimally invasive technique to stabilize buoyancy-challenged goldfish. San Diego: Proceedings International Association for Aquatic Animal Medicine (IAAAM); 2005.


 Palmeiro, BS. Sink, float or swim: battling tenpuku disease (buoyancy disorder) in goldfish. Schaumburg, Ill: Proceedings American Veterinary Medical Association (AVMA); July 2007.


 Tanaka, D, et al. Gross, radiological and anatomical findings of goldfish with tenpuku disease. Suisanzoshoku. 1998; 46:293–299.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


 Wildgoose, WH. Buoyancy disorders of ornamental fish: a review of cases seen in veterinary practice. Fish Vet J. 2007; 9:22–37.




[image: image]


Swim Bladder Disease Two goldfish with severe changes in the swim bladder; in the goldfish, the normal anatomy of the swim bladder is a bilobed bladder, with the caudal part a bit smaller than the cranial part. (Photo courtesy Jörg Mayer, The University of Georgia, Athens.)
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Trauma and Wound Management






Basic Information [image: image]







Definition


Trauma is defined as any wound or injury to the body, usually caused by external factors. Wound management is defined as the care required to heal the injury and/or assist with the body’s own healing mechanisms.









Synonyms


Injury, wounds, cuts, lacerations, bites, fractures









Epidemiology






Species, Age, Sex


Any fish (species, age, sex, etc.) can be susceptible to injury or trauma.









Risk Factors







• Sharp objects in tank or pond


• Careless netting practices


• Predators, including herons, raccoons, mink, and domestic cats


• External parasites may predispose the fish to flashing (scratching against objects or floor of the tank or pond) and the appearance of self-inflicted wounds.


• Fish behavior such as flashing, jumping out of tank/pond, and spawning


• Secondary bacterial infection can progress to internal organ failure and fatal septicemia


• Intraspecies and interspecies aggression


• Overstocking












Associated Conditions and Disorders


Secondary bacterial/fungal infections, septicemia, cutaneous ulcers












Clinical Presentation






History, Chief Complaint


Wound or injury on fish as noted by client









Physical Exam Findings







• Signs dependent on the body area affected. Usually trauma can be visualized grossly. History may reveal the visit of a predator such as a heron or a raccoon in pond fish or sharp ornamentation in aquaria.


• Wounds may become secondarily infected with bacterial pathogens and fungal organisms. Secondary algal growth may also be present.


• Physical examination is best performed by first observing the fish in its own environment. This makes it easier to evaluate location in the water column, social behavior (isolation vs. schooling in appropriate species), and the presence of abnormal movements such as flashing or rapid opercular movements. Some fish, especially large or aggressive fish, may need to be sedated for a complete physical examination. In most cases, the traumatic injury will be evident on the external body surface or fins. In some circumstances, vertebral/spinal abnormalities may require radiographs to detect fractures and other skeletal injuries.


















Diagnosis [image: image]







Differential Diagnosis







• Trauma is a condition that has many presentations, but the diagnosis of a traumatically induced injury is usually apparent.


• Cutaneous ulcers may be result from poor water quality/husbandry, external parasitism, or bacterial infection (including mycobacteriosis), or it may be secondary to self-inflicted trauma.


• Nutritional, toxic, chemical, and husbandry-related (e.g., electrical shock) causes should be ruled out with evidence of spinal abnormalities.


• Historical data will usually reveal an inciting cause.












Initial Database







• Cultures of infected wounds will usually yield Gram-negative bacteria (e.g., Aeromonas spp.) that are secondary or opportunistic pathogens.


• It is important to understand that the routine culture sampling methods used for terrestrial animals may not accurately reveal pathogenic organisms in aquatic animals.


• Handling and transport of samples can affect culture results.


• Preferentially, samples should be submitted to laboratories with experience in aquatic animal diseases.




[image: image] Culture needs to be done at lower temperature than for mammals (usually room temperature is adequate).





• Cytology: Wet mount microscopic evaluation of the lesion can reveal the presence of secondary fungal colonization and algal growth. Inflammatory cells and bacteria may also be seen in cytologic preparations. Skin and gill scrapings should be performed to check for the presence of parasites.







[image: image]


Trauma and Wound Management Wet mount cytology of dorsal lesions in this koi revealed fungal disease and numerous flukes (Gyrodactylus spp). Dorsal lesions can also be consistent with sunburn. (Courtesy Helen E. Roberts.)












Advanced or Confirmatory Testing







• Histopathology: Skin biopsies may be helpful for diagnosis and treatment of chronic open wounds or deep wounds. Culture of biopsied specimens may better define bacterial and/or fungal pathogens responsible for the primary infection; superficial cytology may show only contamination by secondary invaders.


• Imaging: Radiographs can be used to rule out skeletal abnormalities but generally are not effective for an accurate assessment of the coelomic cavity. Spinal fractures can occur with stray voltage and iatrogenic causes such as poor handling and netting techniques. Predators such as herons and the “suicidal” jumping behavior of fish can lead to spinal injury. Ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI) are other modalities that may be used, if available.















Treatment [image: image]







Therapeutic Goals







• Husbandry




[image: image] Inciting causes such as ectoparasites and poor water quality should be addressed.


[image: image] Remove sharp/harmful objects from the environment.


[image: image] Inexperienced owners should be instructed on netting and fish handling.


[image: image] Pond construction should limit the opportunity for predation by pond design or by protective fencing.


[image: image] Evaluate husbandry practices such as feeding (quantity, food type), water change schedule, additives used by owner, and overall tank or pond hygiene.


[image: image] Life support systems need to be adequate for pond or tank size and bioload.


[image: image] Nutrition should be evaluated (old food discarded).


[image: image] Transfer to a quarantine or a hospital tank usually makes treatment and evaluation of therapeutic response easier if few or one fish is affected. If large numbers of fish are affected, it is best to treat the entire tank or pond.


[image: image] In cases of interspecies or intraspecies aggression, fish that are fighting should be separated.


[image: image] Reduce stocking density if trauma is due to crowding.















Acute General Treatment







• Medical treatment




[image: image] Infected wounds should be cultured, and cytologic evaluation/wet mounts should be performed.


[image: image] Empirical treatment with parenteral antibiotics can be started if the wound is deep, infected, or extensive and in cases of suspected septicemia.


[image: image] Most bacterial pathogens in fish are Gram-negative, so the initial choice of an antimicrobial should be one that has a spectrum of activity against Gram-negative bacteria.


[image: image] Careful débridement of the wound to remove necrotic tissue and debris can be done with sterile gauze using sterile saline, dilute chlorhexidine, or povidone-iodine solution.


[image: image] Frequent débridement is not recommended because this disrupts normal reepithelialization.


[image: image] Bandage application to the wound is not feasible in most cases.


[image: image] Liquid “bandages” (Orabase, New Skin) can be used to provide a thin barrier over the healing wound.





• Surgical treatment




[image: image] Primary closure of the wound, once débrided, can be beneficial because it provides an osmotic barrier to the environment; however, this cannot be done in most cases.


[image: image] Monofilament, nonabsorbable or absorbable sutures such as nylon or polydioxanone (PDS) are recommended.


[image: image] Fish do not degrade absorbable sutures as other species do, so all sutures will have to be removed in 10 to 20 days, depending on healing, water temperature, and presence of inflammation or secondary infection.





• Drugs of choice




[image: image] Systemic antibiotics




[image: image] Empirical therapy can be instituted pending culture and sensitivity results


[image: image] Good choices for initial therapy include




[image: image] Enrofloxacin 5 to 10 mg/kg IM, ICe q 72-96 h


[image: image] Ceftazidime 20 mg/kg IM q 72 h





[image: image] Oral medications can be mixed into a gel diet or top dressed on a commercial diet if the patient is eating.




[image: image] Enrofloxacin injectable 2.27% solution can be added at rate of 10 mg/kg pelleted food.


[image: image] Mazuri Aquatic Gel diets (PMI Nutrition International, St Louis, Missouri; www.mazuri.com) are available in powder form and make addition of medications feasible for owners to prepare.





[image: image] Prolonged immersion or bath treatments can be used for treatment of superficial infection; however, parenteral and oral routes of administration are more effective.





[image: image] Topical therapy




[image: image] Topical medications such as silver sulfadiazine, povidone-iodine ointment, and other antibiotic ointments can be applied.


[image: image] Drying the area with gauze will improve the adhesive action of the ointment, although topical therapy should still be considered temporary.


[image: image] The author has successfully used Tricide-Neo (Molecular Therapeutics, LLC, Athens, Georgia) solution as a topical spray on infected wounds on a daily or intermittent basis (treatment interval based on potential stress to the patient).





[image: image] Pain management




[image: image] No analgesic for fish has been approved by the Food and Drug Administration (FDA), although the FDA has approved the anesthetic agent Finquel (MS-222 or tricaine methanesulfonate, Argent Chemical Laboratories, Redmond, Washington), which may provide some analgesia.


[image: image] Butorphanol 0.4 mg/kg IM, carprofen 2.2 mg/kg IM, and ketoprofen 2 mg/kg IM have been used by the author with variable success in some species.


















Recommended Monitoring







• Weekly rechecks or phone calls to the owner to check on healing progress of injuries are recommended.


• Owners living long distances from the clinician can email photos of lesions; however, the photos must be clear and must display the appropriate site of interest.















Prognosis and Outcome [image: image]



Depending on injury, from good to grave









Pearls & Considerations [image: image]







Comments







• It is not uncommon for pet fish hobbyists to gain access to a wide variety of unapproved pharmaceutical agents such as amikacin, enrofloxacin, and others.


• Diplomatic education of the hobbyist should include dosage and dosage intervals of the therapeutics prescribed. Inaccurate dosages and recommended medications are often found on various Internet sites. Discussion should include information on the use of FDA-approved medications in food animal aquatic species.


• Effectiveness and adverse side effects can occur in multiple species. A biotest may be performed to “test” the agent in a system before widespread usage.












Client Education







• Excellent water quality and stress reduction will help to promote wound healing.


• Noniodized salt should be added to freshwater systems to reduce osmotic stress and aid in healing of wounds. Salt levels of 0.1% to 0.3% (1-3 g/L water) have been found to be helpful.


• Overcrowding, overfeeding, and inadequate life support systems should be corrected.


• New fish should be quarantined to prevent widespread outbreaks of parasitic infestation and introduction of pathogenic bacterial disease and infectious viral disease.


• Routine water changes and water chemistry monitoring will help reduce stress.


• Reevaluation of the environment and the patient is essential. Therapy may be changed pending response to treatment.


• Discontinuation of treatment should be based on advice from the clinician.
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Ulcer Disease in Koi






Basic Information [image: image]







Definition


An ulcer is a defect or break in the epidermis that penetrates the basement membrane, exposing the underlying dermis. Ulcers can be superficial and mild or deep, extending into the underlying musculature and, rarely, into the coelomic cavity.









Synonyms


Ulcerative dermatitis, ulcerative skin disease, “aeromonas” disease, erythrodermatitis, furunculosis









Epidemiology






Species, Age, Sex


All koi can be affected regardless of age, sex, and type.









Risk Factors







• Poor water quality


• Poor husbandry practices


• Poor nutrition


• Environmental hazards (sharp objects)


• Failure to quarantine new fish












Contagion and Zoonosis


Ectoparasites, poor water quality, some viral diseases, and primary bacterial pathogens will result in higher morbidity, typically with numerous fish affected. Trauma and predation may affect only individual fish.









Geography and Seasonality


No specific geographic distribution. In regions of the country that experience seasonal water temperature variations, ulcers may be seen more often in spring and fall owing to decreased immune system function.












Associated Conditions and Disorders







• Poor water quality/husbandry can precipitate koi ulcer disease.


• Koi herpes virus (KHV) outbreaks can result in cutaneous ulcers.


• Other associated infections include ectoparasites, secondary bacterial infections, and Saprolegnia (oomycetes).


• Systemic bacterial infection












Clinical Presentation






Disease Forms/Subtypes


Acute onset with high morbidity can be seen with virulent primary bacterial pathogens or with koi herpes virus disease outbreaks. Slower onset of clinical signs is usually seen with poor water quality, ectoparasites, etc.









History, Chief Complaint


Owner may report a history of flashing, lethargy, failure to thrive, and poor appetite. Ulcers may be seen by owner, but not always. Mortality may be the first observed sign.









Physical Exam Findings







• Vary from superficial ulceration of the skin to deep ulcers involving the underlying musculature. Rarely, the coelomic cavity is penetrated by a deep ulcer.




[image: image] Ulcers are commonly surrounded by a peripheral annular region of erythema/hemorrhage with scales that are easily removed.





• Flashing, aimless drifting, lethargy, and abnormal water column positions may be observed by clinicians.


• If secondary septicemia is present, hemorrhagic lesions on the skin (petechiae and ecchymoses), abdominal distention/ascites/dropsy, and exophthalmia (“pop-eye”) may be noted.















Etiology and Pathophysiology







• Multiple possible causes




[image: image] The primary pathogen is Aeromonas salmonicida (subspecies achromogenes) in most cases. A. salmonicida was detected via polymerase chain reaction (PCR) in 77% of koi ulcer samples.


[image: image] Lesions are commonly invaded by other species of bacteria (most commonly motile aeromonads) and other microorganisms (including Saprolegnia).


[image: image] Ectoparasites may cause cutaneous damage, allowing bacterial invasion.


















Diagnosis [image: image]







Differential Diagnosis







• An ulcer is fairly unique in presentation but is not pathognomonic for any disease condition.


• Koi herpes virus may cause cutaneous ulcers in koi.


• Ectoparasites


• Other species of bacteria can cause ulcerative skin lesions, including Mycobacterium spp.


• Cutaneous neoplasms (squamous cell carcinoma, schwannoma/neurofibroma, various sarcomas, etc.)












Initial Database







• Ectoparasite evaluation (skin scrapings, gill biopsies/scrapings, fin biopsy)


• Cytology (wet mount and Gram stain) of ulcer


• Water chemistry testing


• Pond design evaluation, including life support systems


• Environmental hazard analyses (predators, depth of pond, etc.)


• Culture and sensitivity of the lesion




[image: image] It can be very difficult to culture Aeromonas salmonicida because cultures can become quickly overgrown by faster growing motile aeromonads and other species.


[image: image] Best culture results are obtained by sampling the peripheral margin of the lesion.















Advanced or Confirmatory Testing







• Histopathology of affected lesions typically reveals severe ulcerative dermatitis, myositis, and panniculitis.


• With large populations, a representative/moribund fish should be selected for necropsy and culture of caudal kidney tissue.




[image: image] Necropsy is best performed on freshly dead fish.





• KHV PCR testing on gill, spleen, and kidney tissues is recommended in cases where KHV is suspected.




[image: image] If owner is reluctant to sacrifice a fish, a gill swab can be submitted for PCR testing, although this may yield a false negative.





• PCR for A. salmonicida can be performed.















Treatment [image: image]







Therapeutic Goal


Resolve ulcer(s) and treat any associated causes/infections









Acute General Treatment







• Maintenance of optimal water quality and husbandry with frequent water changes is necessary for successful management of this disorder.


• Antimicrobial therapy




[image: image] Injectable antibiotics typically give the best results when treating ulcer disease and should be initiated empirically pending culture/sensitivity data. Most pathogens cultured are Gram negative. Choices of the authors include enrofloxacin 5 to 10 mg/kg IM or ICe q 3-5 days (water temperature dependent) or ceftazidime 20 mg/kg IM or ICe q 72 h.


[image: image] A minimum of 3-4 weeks of antimicrobial therapy is needed in many cases.


[image: image] Fish can be given antibiotics orally (mixed in food) if eating.





• Débridement of ulcer under anesthesia (MS 222, 50-100 ppm)




[image: image] Pain management preoperatively may include butorphanol 0.4 mg/kg IM and/or carprofen 2.2 mg/kg.





• Increase salinity




[image: image] Salt should be added to the water to achieve 0.1% to 0.3% (1-3 g/L) to reduce osmotic stress.





• Potential topical therapies




[image: image] Tricide or Tricide Neo (Molecular Therapeutics, LLC, Athens, Georgia) can be sprayed topically or used as a dip once daily to aid in healing.


[image: image] Topical silver sulfadiazine cream





• Increase water temperature




[image: image] Fish kept outdoors in water temperatures below 60°F/15°C should be moved indoors to warmer water. The temperature gradient should not change by more than 1°C per hour if possible. Warmer water promotes the immune response and inhibits bacterial growth. The authors typically recommend water temperatures between 24°C and 27°C (75°F and 80°F). Healing will not usually occur in cold or cool water temperatures.





• Isolation




[image: image] The disease is contagious, and affected fish should be isolated.





• Parasitic infestations should be treated appropriately.


• See Trauma and Wound Management.












Chronic Treatment


Correct underlying causes, if any are known.









Possible Complications







• Bacterial septicemia


• Rupture of ulcer into coelomic cavity


• Resistant bacterial strains


• Failure to correct inadequate husbandry practices or poor environment












Recommended Monitoring







• Monitor for healing (decreasing size) of ulcer.


• Recheck fish in 1-2 weeks, and repeat wet mount cytology if ectoparasites were found.















Prognosis and Outcome [image: image]



Excellent to grave, depending on the cause









Pearls & Considerations [image: image]







Comments







• Correcting underlying water quality/husbandry issues is an integral step in the successful treatment of this disorder.


• It is important to observe the fish in their environment, especially if multiple fish are affected. Ambulatory calls are the best way to accomplish this.












Prevention







• Buy healthy fish from reputable dealers.


• Quarantine all new fish and observe for lesions.


• Have quarantined fish examined by aquatic veterinarian if any abnormalities are present.


• Treat/disinfect plants before adding to pond or aquarium to remove potential pathogens.












Client Education







• Correct husbandry issues.


• Reduce the presence of any other stressors if possible.


• Discuss and set up quarantine protocols.


• Discuss proper dietary management.
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Trauma and Wound Management







[image: image]


Ulcer Disease in Koi Severe oral erosive and ulcerative bacterial dermatitis (“mouth rot”) in a koi (Cyprinus carpio) caused by Aeromonas spp. Note the exposed underlying cartilage. (Courtesy Helen E. Roberts.)







[image: image]


Ulcer Disease in Koi Using a coverslip at a 45-degree angle to obtain a sample of mucus from an anesthetized fish for diagnostic wet mount cytology. (Courtesy Helen E. Roberts.)
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Viral Diseases






Basic Information [image: image]







Definition


A few significant viral diseases of pet fish have been identified. Two diseases have recently elicited much discussion in the development of U.S. Department of Agriculture (USDA) import regulations and reporting status. These are koi herpes virus (KHV; Cyprinid herpes virus-3 [CyHV-3]) and spring viremia of carp (SVC).









Epidemiology






Species, Age, Sex


Viral diseases can be found in multiple species of freshwater and marine pet fish. Susceptibility to infection can vary with age in some viral disease situations. Water temperatures are often critical in the appearance of viral disease outbreaks.









Genetics and Breed Predisposition


Some viral diseases are host specific; others affect multiples species and age groups.









Risk Factors







• Failure to quarantine is the most common risk factor associated with viral disease outbreaks.


• The presence of stressors such as poor water quality, poor husbandry practices, and overcrowding can increase susceptibility to disease.


• Shared equipment between tanks and/or ponds can act as fomites and transmit disease between populations.


• Negligent biosecurity practices in retail, wholesale, and aquacultural settings can increase the likelihood of viral outbreaks and mortalities on a large scale.












Contagion and Zoonosis


Infectivity varies with viral agent.









Geography and Seasonality


Nonspecific. Viral diseases affect fish in cool water and warm water environments.









Associated Conditions and Disorders


Secondary bacterial infections, fungal infections, and general deterioration of body condition can be associated with some viral diseases.












Clinical Presentation






Disease Forms/Subtypes







• Most incubation periods and disease outbreaks of viral diseases are water temperature dependent.


• Viral diseases can present acutely, peracutely, or as chronic conditions.












History, Chief Complaint


Varies









Physical Exam Findings


Vary















Diagnosis [image: image]







Differential Diagnosis







• Bacterial diseases


• Parasitic diseases


• Environmental disorders such as poor water quality and environmental toxicity, as well as iatrogenic causes of environmental problems












Initial Database







• The diagnostic approach to a fish with suspected viral disease should begin with complete history, water chemistry (temperature, salinity, pH, ammonia, nitrites, nitrates, alkalinity, dissolved oxygen), and thorough evaluation of the environment/husbandry.


• Direct observation of the fish in the aquarium or pond


• Complete physical examination












Advanced or Confirmatory Testing







• Cytologic examination


• Histopathologic examination


• Electron microscopy


• Virus isolation and identification


• Virus specific testing (polymerase chain reaction [PCR], etc.)















Treatment [image: image]







Therapeutic Goals







• In most cases, no specific treatment is known for an outbreak of viral disease.


• Supportive care may affect the outcome.












Acute General Treatment







• Maintain excellent water quality.


• Monitor appetite.












Recommended Monitoring







• Monitor for resolution of clinical signs.


• Monitor water chemistry parameters.















Prognosis and Outcome [image: image]



Vary with viral agent from low mortality to widespread fish kills









Pearls & Considerations [image: image]







Prevention







• Disinfection and quarantine may help prevent spread of the disease.


• Identification of the original source of the infection can aid in preventing further outbreaks.


• Vaccines may be available for specific viral diseases.












Client Education







• Quarantine for a minimum length of time (30 days to 1 year, depending on species and viral agent) in a fully cycled quarantine tank or pond.


• For koi, owners can ask for KHV serology test results on prospective purchases.


• Use separate equipment for each tank/pond/system, or disinfect equipment between systems.


• Reduce stressors such as poor water quality, overfeeding, overstocking, etc.














Suggested Reading





 Petty, BD, Fraser, WA. Viruses of pet fish. Vet Clin Exot Anim. 2005; 8:67–84.
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Viral Epidermal Hyperplasia (Carp Pox)






Basic Information [image: image]







Definition


Infection with Cyprinid herpes virus-1 (CyHV-1) in susceptible species









Synonyms


Carp pox, papillosum cyprinid, viral epidermal hyperplasia









Epidemiology






Species, Age, Sex







• Cyprinus carpio (koi) primarily, although infections have been observed in other coldwater species (orfe, rudd) and in some tropical aquarium fish.


• Infection of koi fry younger than 2 months of age can cause systemic disease, and fatalities may occur.












Risk Factors


Exposure to fish that are shedding the virus. As with other herpes viral infections in fish and other species, herpes infections are lifelong, and latent carriers are plausible.









Contagion and Zoonosis







• Incubation period is water temperature dependent, and clinical signs may take up to 2 months to appear.


• Viral replication occurs at an optimum water temperature of 15°C (59°F).












Geography and Seasonality







• Lesions can be seasonal, appearing in water temperatures less than 15°C (59°F).


• Lesions can regress in warmer water (once water temperatures reach 20°C [68°F]).















Clinical Presentation






Disease Forms/Subtypes







• Systemic infection and mortalities occur in koi fry younger than 2 months.


• In koi over 2 months of age, dermal lesions are the most common manifestation of CyHV-1 infection.












History, Chief Complaint


The owner reports the presence of dermal lesions appearing as raised, smooth white to tan patches resembling melted wax.









Physical Exam Findings







• Presence of raised, nodular lesions with a waxy appearance that regress in warmer water temperatures raises the index of suspicion for carp pox.


• Some lesions can progress to papillomatous growths.


• Usually seen on head and fins but can appear anywhere















Etiology and Pathophysiology







• Incubation period is water temperature dependent, and clinical signs may take up to 2 months to appear.


• Lesions can be seasonal, appearing in water temperatures less than 15°C (59°F).


• Lesions can regress in warmer water (once water temperatures reach 20°C [68°F]).


• Viral replication occurs at an optimum water temperature of 15°C (59°F).















Diagnosis [image: image]







Differential Diagnosis







• The lesions are highly suggestive of infection.


• Other skin lesions may present with a similar appearance, and histopathology will be necessary to determine diagnosis.












Initial Database







• A complete history


• Evaluation of the environment, including water testing


• Complete physical examination


• Wet mount cytologic examination for ectoparasites


• Exfoliative cytologic examination of skin lesions












Advanced or Confirmatory Testing







• Histopathology: hyperplasia of epidermal cells seen in biopsied samples


• Electron microscopy


• Testing for presence of virus can be done on submitted samples.















Treatment [image: image]







Acute General Treatment







• No specific treatment is known.


• Lesions usually resolve in warmer weather, only to recur as water cools.















Prognosis and Outcome [image: image]








• Infection in fish older than 2 months generally is not fatal. Infection results in a fish with cosmetic faults that may not be used in fish shows.


• The presence of infected fish in a population may limit further introductions of new fish.












Pearls & Considerations [image: image]







Comments







• The author has seen cases of carp pox that did not regress in warmer temperatures.


• The virus appears to have a low level of infectivity in populations of koi.


• The presence of lesions in adult fish is usually an aesthetic problem, but the virus can be fatal to juvenile fish.












Prevention


Quarantine new fish; do not expose naïve fish to populations containing infected fish.









Client Education







• Quarantine new fish for a period of time that allows water temperature changes (need to have the capacity for increasing and decreasing water temperature).


• Avoid purchasing fish from tanks with infected fish.


• Examine new fish carefully for any external lesions.














Suggested Readings





 Petty, BD, Fraser, WA. Viruses of pet fish. Vet Clin Exot Anim. 2005; 8:67–84.


 Szignarowitz, B. Update on koi herpes virus. Exotic DVM. 2005; 7(3):92–95.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.


AUTHOR & EDITOR: HELEN E. ROBERTS
















Water Quality and Pet Fish Health






Basic Information [image: image]







Definition







• Water quality includes all physical, chemical, and biological characteristics of water that regulate its suitability for maintaining fish.


• Poor water quality is the most common cause of morbidity and mortality in pet fish and the most common stressor that precipitates disease.


• Water quality should be monitored weekly, and records should be maintained to monitor fluctuations.


• Water quality should be performed as part of the minimum database in every fish case.


• Reagents should be replaced yearly.












Synonym


Water chemistry









Epidemiology






Species, Age, Sex







• Any fish may be affected regardless of age, sex, and species.


• Each species has an optimal range for individual water quality parameters.












Risk Factors


Poor husbandry practices such as overcrowding, overfeeding, and inadequate water flow or filtration predispose to poor water quality.









Associated Conditions and Disorders


Acute or chronic stress resulting from exposure to poor water quality will often lead to reduced immune system function, predisposing fish to infection by opportunistic pathogens.












Clinical Presentation






Disease Forms/Subtypes







• Acute exposure to poor water quality can result in sudden and significant mortality.


• Chronic exposure to suboptimal water quality conditions can predispose fish to a variety of infectious diseases that ultimately lead to mortality.


















Treatment [image: image]







Acute General Treatment







• Temperature




[image: image] Fish are poikilothermic.


[image: image] Ideal temperature varies with species. Freshwater tropicals prefer 75°F to 80°F (24°C to 27°C), marine tropicals prefer 78°F to 84°F (25.5°C to 29°C), koi and goldfish prefer 65°F to 77°F (18°C to 25°C).


[image: image] Chronic or rapid hypo/hyperthermia results in stress and immunosuppression.


[image: image] Marine tropical fish are more sensitive to temperature changes than freshwater tropicals.


[image: image] Ideal temperature changes are less than 1°F/day (0.5°C/day).





• Dissolved oxygen (DO)




[image: image] Increases in water temperature and salinity decrease oxygen-carrying capacity.


[image: image] DO drops during the night owing to respiration by animals and plants.


[image: image] Expressed in mg/L or ppm




[image: image] Ideal range is greater than 6 mg/L.








• pH




[image: image] Measure of the hydrogen ion concentration


[image: image] Logarithmic scale: change of 1 pH unit represents a tenfold difference in concentration.


[image: image] pH of 7.0 is neutral, pH <7.0 is acidic, pH >7.0 is alkaline (basic).


[image: image] Ideal pH varies with species. Most fish live at between 5.5 and 8.5.




[image: image] Freshwater aquaria do best with neutral pH.


[image: image] Marine aquariums: 8 to 8.5





[image: image] More ammonia is present in the toxic form (NH3) at higher pH.


[image: image] Slow changes in pH are best (0.3-0.5 units/day).


[image: image] Water with low alkalinity is more likely to undergo pH fluctuations.





• Ammonia




[image: image] Ammonia is the primary nitrogenous waste product of fish.




[image: image] Nitrifying bacteria oxidize ammonia to nitrites and nitrites to nitrates.


[image: image] New tanks/ponds that lack nitrifying bacteria will have an increase in nitrogenous compounds (“new tank syndrome”) that resolves as the biofilter matures.





[image: image] Damages gill tissue, resulting in hyperplasia/hypertrophy and decreased O2 absorption


[image: image] Two forms




[image: image] Ionized form (NH4+/ammonium)


[image: image] Nonionized form (NH3/ammonia) is much more toxic.





[image: image] Ammonia is more toxic in warm water, at higher pH, and with decreasing salinity.


[image: image] Temperature, pH, and salinity can be used to calculate the actual amount of nonionized ammonia present.


[image: image] Ammonia/chloramine binders can interfere with the Nessler reagent test.


[image: image] High levels of nitrite and nitrate can interfere with the salicylate method.


[image: image] Most test kits report the total ammonia nitrogen in mg/L.




[image: image] The only safe level for ammonia is 0 mg/L; the presence of any ammonia in the water is significant.








• Nitrite




[image: image] Ammonia is oxidized to nitrite (NO2−) by Nitrosomonas and other microbes.


[image: image] Absorbed by the gills and oxidizes hemoglobin (Hb) to methemoglobin (MetHb)


[image: image] Marine fish less sensitive owing to higher levels of chloride in water


[image: image] Less toxic than ammonia but more toxic than nitrate


[image: image] Reported in mg/L or ppm




[image: image] Optimal level is 0 mg/L.








• Nitrate




[image: image] Nitrite is oxidized to nitrate (NO3) by Nitrobacter and other microbes.


[image: image] Least toxic of nitrogenous compounds, but eggs and fry are more sensitive than adult fish


[image: image] High levels indicative of infrequent water changes


[image: image] High levels stimulate algal blooms and decrease buffering capacity.


[image: image] Reported in mg/L or ppm




[image: image] Maintain below 50 mg/L.








• Salinity




[image: image] Measures the concentration of all dissolved salts in water


[image: image] Includes sodium chloride, calcium bicarbonate, calcium carbonate, etc.


[image: image] Most commonly reported as parts per thousand (ppt) or g/L, or as a percentage




[image: image] 1 ppt = 1 g/L = 0.1%





[image: image] Increases can be avoided by performing partial water changes rather than just topping off the pond/tank.


[image: image] Ideal levels vary with species.


[image: image] Marine fish require highest salinity (typically 30-35 ppt).


[image: image] Some plants are extremely sensitive to salt.


[image: image] Maintaining marine fish at suboptimal salinity can result in osmoregulatory stress, impaired growth rates, and reduced disease resistance.





• Hardness and alkalinity




[image: image] Hardness represents the concentrations of polyvalent mineral cations in the water, including calcium and magnesium.




[image: image] Expressed as ppm (mg/L) of calcium carbonate. This can be measured with GH test kits.





[image: image] Alkalinity is a measure of the buffering capacity of water (measures the mineral anions). Anions include bicarbonates, carbonates, and hydroxides.




[image: image] Total alkalinity is expressed as ppm (mg/L) calcium carbonate. This sometimes is referred to as KH, or carbonate hardness.





[image: image] Because calcium carbonate is the single largest source of these ions, alkalinity and hardness values as mg/L or ppm usually will be similar.




[image: image] Water softener will result in low GH but will not affect KH.


[image: image] KH can be higher than GH when sodium bicarbonate is added.





[image: image] Hardness, alkalinity, and pH are closely related. Soft water is usually acidic, and hard water usually has a basic pH.


[image: image] Soft water (0-75 ppm), moderately hard water (75-150 ppm), hard water (150-300 ppm), very hard water (>300 ppm)










Water Quality and Pet Fish Health Table


[image: image]


[image: image]


Hb, Hemoglobin; MetHb, methemoglobin.














Suggested Readings





 Boyd, CE. Water quality: an introduction. Boston: Kluwer Academic Publishers; 2000.


 Noga, EJ. Fish disease: diagnosis and treatment. St Louis: Mosby; 1996.


 Wildgoose, WH. BSAVA manual of ornamental fish, ed 2. Gloucester: British Small Animal Veterinary Association; 2001.
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Water Quality and Pet Fish Health Mixed bilateral fungal and bacterial keratitis on a koi (Cyprinus carpio). (Courtesy Helen E. Roberts.)









[image: image]


Water Quality and Pet Fish Health Materials (slides, cover slips, and gloves) prepared in advance for wet mount cytology on a fish patient. (Courtesy Helen E. Roberts.)
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Amphibians









Ammonia Toxicosis






Basic Information [image: image]







Definition


Amphibian ammonia toxicosis refers to conditions where exogenous sources of ammonia cause elevations of ammonia levels in the blood to the point that various metabolic processes are impaired, often to the point of death.









Synonyms


New tank syndrome, ammonia poisoning









Epidemiology






Species, Age, Sex


All. Species that live in streams may be more sensitive to ammonia.









Risk Factors







• Water with a pH >7.0 promotes formation of NH3, which is more toxic than NH4+, the form found at lower pH.


• Enclosures with




[image: image] Poor sanitation


[image: image] Unfiltered water (e.g., dump-and-fill water system)


[image: image] Filtered water but lacking adequate biological filtration


[image: image] Recent treatment with antibiotics





• New enclosures that have not had time to develop a biological filtration system


• Enclosures in rooms that have air ducts connecting to rooms holding large numbers of rodents or other mammals




[image: image] Ammonia quickly outgasses from urine excreted by mammals and its decompositional byproducts.





• Recent cleaning of enclosure surfaces with ammonia-containing products such as glass cleaners















Clinical Presentation






History, Chief Complaint


Owners may observe excess mucus production, a change in or darkening of skin color, a hunched posture or “tip-toe” posture that minimizes contact with substrate, agitation and escape behaviors, or seizures. In many instances, the amphibian is found dead without warning.









Physical Exam Findings


Affected amphibians typically are producing copious amounts of their protective slime (mucus) layer. The skin may have a grayish cast, and colors are often dull and muted. Muscle fasciculation may be noted. Magnification of toe webs or light-colored skin may reveal dilation of the capillaries. Dyspnea or increased buccal pumping may be noted.












Etiology and Pathophysiology







• Ammonia is found in an un-ionized form, NH3, at pH above 7.0, and in an ionized form, NH4+, at pH less than 7.0. The un-ionized form is more toxic than the ionized form.


• Most amphibians are ammoniotelic and produce large amounts of ammonia as their main nitrogenous waste product. Organic debris containing nitrogen is converted to ammonia through bacterial action. If ammonia is not quickly removed by a flow-through water system, and if it is not converted to less toxic forms of nitrogenous waste such as nitrate via biological filtration, it is rapidly absorbed across the skin and gills of amphibians. With increasing blood levels of ammonia, the liver loses its ability to detoxify the substance, which breaches the blood-brain barrier quickly, resulting in death.


• Ammonia toxicosis may be a rapidly fatal disease.















Diagnosis [image: image]







Differential Diagnosis







• Chlorine toxicosis


• Other toxicoses


• Hyperthermia












Initial Database







• Obtain temperature, pH, and total ammonia nitrogen (T.A.N.) of water in the enclosure.




[image: image] Temperature must be obtained directly from the tank.


[image: image] Test the T.A.N. content and the pH of the enclosure water.




[image: image] Sample should be taken directly from the tank and immediately tested.


[image: image] If this is not possible, water should completely fill an airtight glass jar and should be analyzed as soon as possible.


[image: image] An ammonia and pH test kit designed for freshwater tropical fish tanks may be used.


[image: image] Most test kits report only T.A.N.





[image: image] T.A.N. >0 ppm is highly suspicious for ammonia toxicosis.















Advanced or Confirmatory Testing







• The percent of ionized and un-ionized ammonia varies with temperature and pH, so the pH of the water and water temperature must be determined and a T.A.N. table consulted to determine the relative amounts of ionized and un-ionized ammonia present. These tables are available online from many sources and from most texts on aquaculture, tropical fish care, or fish medicine (e.g., Noga, 2000).




[image: image] Multiply the T.A.N. by the un-ionized ammonia (UIA) multiplier in the table. For example, at water temperature of 26°C (78.8°F) and pH of 8.0, the multiplier is 0.0574. If the T.A.N. is 3 ppm, the UIA is 0.17 ppm.


[image: image] T.A.N. levels should be undetectable to rule out ammonia toxicosis.




[image: image] UIA calculations ≥0.02 ppm are of concern.


[image: image] UIA calculations ≥0.05 ppm are adequate for presumptive diagnosis of ammonia toxicosis; levels above 0.1 ppm are confirmatory when coupled with clinical signs.








• A live amphibian with a blood level of ammonia above 0.02 ppm is likely suffering from ammonia toxicosis. Blood must be handled appropriately to prevent outgassing of ammonia before processing.


• Confirmatory testing is not necessary before treatment if clinical signs and history are supportive.















Treatment [image: image]







Therapeutic Goals







• Remove amphibian from ammonia source and reduce blood levels of ammonia


• Prevent secondary infections resulting from immunocompromise












Acute General Treatment







• Remove amphibian from the contaminated water.




[image: image] Move amphibian to a new enclosure with fresh water untainted with ammonia or other chemicals.


[image: image] If this is not practical, rapidly perform a 100% water change with fresh water. Repeat as needed until the T.A.N. is undetectable.


[image: image] If either of these options is not practical




[image: image] Add a commercially available ammonia eliminator (e.g., Am-Quel) to the water in the enclosure


[image: image] Add to the filtration system one or more canister filters containing ammonia-absorbing resin or clay (e.g., clinoptolite, zeolite) to start reducing ammonia levels in the water.








• Supplemental oxygen may be provided by bubbling through the water.












Chronic Treatment


Four-quadrant antibiotic therapy to prevent secondary bacterial infection (see Septicemia)












Prognosis and Outcome [image: image]



Guarded to poor. Chronic exposure to UIA concentrations between 0 and 0.02 ppm may result in immunosuppression, weight loss, and poor reproduction. Acute exposure to concentrations between 0.02 and 0.05 ppm has a guarded outcome if treated quickly. Exposure to higher concentrations of UIA and longer exposure times carry a much poorer prognosis. If fasciculation or seizures are noted, the affected amphibian rarely survives.









Pearls & Considerations [image: image]







Comments







• Most toxicoses are treated by removal from the suspected source of toxicants and copious flushing with fresh oxygenated water. It is more important to treat the amphibian quickly than it is to have a definitive diagnosis. If you suspect a toxicosis, DON’T DELAY, TREAT WITH FRESH WATER!


• Ammonia-reducing solutions such as Amquel should be immediately available in a clinic that admits amphibians as patients.












Prevention







• Appropriate stocking densities


• Daily water changes for dump-and-fill enclosures


• Regular partial water changes for filtered enclosures—a volume of at least 10% per week


• Allow at least 30 days for a new tank to establish a biological filter bed.


• Regular monitoring of water temperature, pH, T.A.N., nitrite, and nitrate to ensure proper working of the biological filter












Client Education







• Ammonia toxicosis is a life-threatening emergency that requires immediate treatment.


• Appropriate mechanical, chemical, and biological filtration is needed to maintain ammonia-free aquatic and semi-aquatic enclosures. If insufficient time is provided between start-up of a new filter and addition of vertebrates such as amphibians and fish, high concentrations of ammonia will result because the bacteria responsible for the nitrogen cycle have not reached sufficient population levels to handle the incoming load of nitrogenous waste.


• Over-the-counter antibiotics and prescription antibiotics can destroy the capacity of the biological filter until the bacteria have had a chance to recover from the population loss.


• Dump-and-fill water management can quickly lead to high levels of ammonia from amphibian urination and defecation and other sources of organic debris added to the water.


• Some amphibians are exquisitely sensitive to ammonia levels. If ammonia concentrations are strong enough for a human to smell, this is already a potentially lethal level for an amphibian.


• Do not use ammonia-containing compounds around amphibian enclosures.


• In laboratory situations, it is important to keep amphibian rooms separate from mammalian housing. If the ventilation system is shared, the amphibian room needs to be equipped with air filters capable of eliminating ammonia from any air source. When a strong odor of urine is present, ammonia is likely to be sufficient to impact any amphibian. Even if the odor of urine is not detectable, it may be present at a high enough level to impact amphibians.














Suggested Readings





 Diana, SF, et al. Clinical toxicology. In: Wright KM, Whitaker BR, eds. Amphibian medicine and captive husbandry. Malabar: Krieger Publications; 2001:223–232.


 Noga, EJ. Ammonia poisoning (new tank syndrome). In: Noga EJ, ed. Fish disease: diagnosis and treatment. Ames, IA: Blackwell Publishing Professional; 2000:62–66.


 Whitaker, BR. Water quality. In: Wright KM, Whitaker BR, eds. Amphibian medicine and captive husbandry. Malabar: Krieger Publications; 2001:147–157.
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Amoebiasis






Basic Information [image: image]







Definition


Amphibian amoebiasis is infection of any tissue by amoebae of the genera Acanthamoeba, Copramoeba, Entamoeba, Hartmannella, Mastigamoeba, and Vahlkampfia. Intestinal amoebiasis is most commonly recognized in a clinical setting, although infection of the kidneys, eyes, and central nervous system has been reported.









Synonyms


Amoebic enteritis, amoebic nephritis









Epidemiology






Species, Age, Sex


All.









Risk Factors







• Stress and debilitation


• Malnutrition


• Starvation


• Concurrent infections such as coccidiosis, nematodiasis, bacterial dermatosepticemia












Contagion and Zoonosis







• Directly contagious


• It does not appear to be a zoonotic; given the difficulty of speciating amoebae, caution should be exercised because some of the genera identified to date have species that infect humans.












Associated Conditions and Disorders







• Coccidiosis


• Nematodiasis


• Bacterial dermatosepticemia















Clinical Presentation






Disease Forms/Subtypes


Intestinal amoebiasis, renal amoebiasis, and amoebic meningoencephalitis have been reported.









History, Chief Complaint


Diarrhea, blood in feces, weight loss, lethargy, hydrocoelom, sudden death. Septic blush (from secondary bacterial infection) may be the presenting complaint.









Physical Exam Findings







• Bloody to watery feces


• Amphibians may be dehydrated or may have hydrocoelom or edema.


• Weight loss may be marked.


• Coelom may feel soft or empty on palpation.


• Fat bodies may not be visible via transillumination.















Etiology and Pathophysiology







• Direct life cycle


• Ingestion of trophozoites or cysts


• Lesions may be found in the mucosa of the gastrointestinal tract. Hematogenous spread to the liver, kidneys, and central nervous system may occur. Septicemia may result from intestinal ulcerations.


• Cysts are highly resistant to environmental extremes. Iodine disinfectants typically kill cysts.















Diagnosis [image: image]







Differential Diagnosis







• Coccidiosis


• Nematodiasis


• Mycobacteriosis


• Bacterial dermatosepticemia


• Malnutrition


• Starvation












Initial Database







• Direct fecal examination or cloacal wash


• Many nonpathogenic amoebae may be found in feces or washes.


• Presumptive intestinal amoebiasis is suggested by the presence of diarrhea, amoebae in the sample, and inflammatory cells and erythrocytes.












Advanced or Confirmatory Testing







• Identification to genus is difficult and is possible only in special laboratories.


• Histologic examination is required to confirm any form of amoebiasis.















Treatment [image: image]







Therapeutic Goals







• Eliminate amoebae


• Eliminate secondary or contributing infections


• Restore electrolyte and fluid balance


• Restore nutrient intake












Acute General Treatment







• Metronidazole: Dosage and treatment depend on the severity of infection and the practicality of dosing the infected amphibian. Injectable forms of metronidazole are most suitable for use as a bath. Because they are acidic, direct topical application is not recommended and would likely result in chemical sloughing of the epidermis.




[image: image] 100 mg PO once


[image: image] 25-50 mg/kg PO SID × 3-5 days


[image: image] 15- to 30-minute bath in 500 mg/L for 5 days


[image: image] 24-hour bath in 50 mg/L





• Four-quadrant antibiotic therapy




[image: image] See Septicemia.





• Bathe in amphibian Ringer’s solution.












Chronic Treatment







• Metronidazole treatments may need to be repeated every 14 days until no evidence of infection remains.


• Place amphibian in a clean environment within 24 hours of each treatment to reduce likelihood of reinfection from amoebic cysts in the environment.


• Provide nutritional support via tube feeding. Enteral solutions designed for cats or ferrets are most appropriate.




[image: image] CatSure or Formula V Enteral Care MHP (PetAg, Hampshire, IL)


[image: image] Carnivore Care (Oxbow Hay Company, Murdock, NE)


















Prognosis and Outcome [image: image]








• Fair if caught early


• Guarded to poor if weight loss is advanced


• Death is common with advanced infection, particularly if the kidneys or central nervous system is involved.












Pearls & Considerations [image: image]







Comments







• Amoebiasis is relatively rare but often follows the acquisition of new specimens.


• Quarantine is essential to reduce the risk of outbreaks.












Prevention







• Amoeba trophozoites are easily killed with disinfectants such as household bleach or ammonia. Tools and other items that come into contact with amoeba-infected amphibians should be disinfected with povidone-iodine for a minimum contact time of 30 minutes to ensure killing of resistant oocysts. Items must be rinsed thoroughly because povidone-iodine and other disinfectants are toxic to amphibians.


• Prophylactic treatment of incoming amphibians with metronidazole may reduce, but not eliminate, both pathogenic and commensal (nonpathogenic) amoebae.












Client Education







• Improve husbandry. Ensure that crowding and aggression are not contributing to the problem. Review feeding practices to confirm that malnutrition is not a problem.


• Emphasize the importance of cleaning and disinfecting utensils used in and around amphibian cages.


• Wear disposable gloves and change when moving to a new amphibian cage, or wash hands thoroughly with warm soapy water to reduce the risk of infecting other amphibians.


• Initiate a water quality log.


• Consider adding an ultraviolet (UV) sterilizer to the filtration system to reduce ambient protozoal levels and risk of reinfection.














Suggested Reading





 Poynton, SL, Whitaker, BR. Protozoa and metazoa infecting amphibians. In: Wright KM, Whitaker BR, eds. Amphibian medicine and captive husbandry. Malabar: Krieger Publications; 2001:193–221.
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Chromomycosis






Basic Information [image: image]







Definition


Amphibian chromomycosis is a systemic granulomatous infection caused by a variety of dark pigmented fungi.









Synonym


Chromoblastomycosis









Epidemiology






Species, Age, Sex


All amphibians are most at risk.









Risk Factors


Debilitated and stressed amphibians are most at risk.









Contagion and Zoonosis







• Transmission is by exposure.


• Some of the fungi associated with chromomycosis are zoonotic. Gloves should be worn to handle amphibians presumptively diagnosed with chromomycosis.















Clinical Presentation






Disease Forms/Subtypes


Chromomycosis often presents as cutaneous nodules or granulomas; however, this is usually a cutaneous manifestation of a systemic disease, and internal granulomas are typically found at necropsy.









History, Chief Complaint


Owners typically notice one or more white to gray to tan to black skin nodules. Occasionally, poor coloration, ulcers, anorexia, weight loss, lethargy, or sudden death may occur.









Physical Exam Findings


“Classic” chromomycosis is seen in an otherwise clinically normal amphibian with nodules of 1 to 3 mm diameter ranging in color from white to brown or black. Hepatic granulomas may be palpated in larger amphibians. Transillumination of the coelomic cavity may reveal granulomas on the liver or other visible internal organs. Ulcers of the toes, ventral skin, and rostrum may be noted in some specimens with no obvious external nodules. Some amphibians may have internal granulomas with no visible cutaneous lesions.












Etiology and Pathophysiology







• The genera of fungi isolated to date include Cladosporium, Fonseca, Phialophora, Scolecobasidium, and Wangiella (Hormiscium). All of these organisms are ubiquitous in soils and decaying wood and other vegetation.


• Death may occur within 20 days of detection of the first cutaneous lesion.


• Granulomas are typically found in the skin, liver, spleen, kidneys, and other organs, including bone marrow.


• Lesions typically contain a central caseated lesion that may include pigmented fungal hyphae and septate cells. Surrounding layers consist of a mix of monocytes and fibrocytes.


• Experimental transmission by Fonseca pedrosi was effective only in debilitated and stressed frogs, strongly suggesting that immunosuppression is a key element leading to chromomycosis.















Diagnosis [image: image]







Differential Diagnosis







• Mycobacteriosis


• Cutaneous microsporidiosis


• Dermocystidium


• Verminous granulomas












Initial Database







• Skin scrape with wet mount may identify pigmented fungal septa or hyphae and may help rule out microsporidiosis and Dermocystidium.


• Staining the wet mount with lactophenol blue may help in identification of fungal elements.


• Fixed Gram-stained and acid-fast stained slides may rule out mycobacteriosis.












Advanced or Confirmatory Testing







• Fungal isolation and identification is difficult. Culture attempts may grow a fungus that fails to sporulate. Without sporulation, identification is impractical.


• Ultrasonography or celioscopy may detect internal granulomas.


• Biopsies are often needed to conclusively identify fungal elements and to rule out other nodular or granulomatous diseases.















Treatment [image: image]







Therapeutic Goals







• Prevent spread of infection to other specimens


• Prevent spread of infection to human caregivers (No therapeutic treatment has been effective to date.)












Acute General Treatment







• Treatments attempted include surgical and cryosurgical débridement and use of antifungals such as itraconazole (10-20 mg/kg PO SID or 10 mg/mL applied as topical solution SID) and amphotericin B (1-2 mg/kg ICe SID). None have proved effective. However, given the variety of species that can cause chromomycosis, a slim possibility exists that therapy may be effective in some cases.


• Euthanasia is recommended owing to the lack of therapeutic treatments to date and the risk of zoonotic disease.


• Gloves should be worn when handling infected amphibians and cage materials.












Chronic Treatment


Review husbandry to reduce stressors and ensure a high plane of nutrition.












Prognosis and Outcome [image: image]








• Poor. Euthanasia is recommended.


• Most amphibians die within 20 to 180 days of diagnosis.












Pearls & Considerations [image: image]







Comments


Chromomycosis is an indication that husbandry is suboptimal.









Prevention


Proper sanitation of the enclosures, appropriate stocking densities, a high-quality diet, and other aspects of good husbandry are key aspects of prevention.









Client Education







• Review appropriate sanitation practices.


• Initiate a water quality log to monitor temperature, pH, and ammonia levels.


• Review biological filtration as a way to keep ammonia levels in check. Chronic low-level ammonia and spikes of higher concentrations are commonly overlooked stressors. See Ammonia Toxicosis. Consider adding an ultraviolet (UV) sterilizer to the filtration system.


• Ensure that crowding and aggression are not contributing to the problem.


• Review feeding practices to make sure that malnutrition is not a problem. See Hypovitaminosis A.
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Cloacal Prolapse






Basic Information [image: image]







Definition


Cloacal prolapse is the eversion of any tissue out the anus.









Synonyms







• Rectal prolapse, oviductal prolapse, bladder prolapse


• “Bubble disease” and “balloon disease” are terms sometimes used by hobbyists because the tissue may swell up and resemble a water balloon.












Epidemiology






Species, Age, Sex


All









Risk Factors







• Poor nutrition, especially causing low blood calcium


• Heavy parasite load, especially of gastrointestinal nematodes or pathogenic amoebae


• Intussusception


• GI foreign body


• Septicemia


• Toxicoses















Clinical Presentation






History, Chief Complaint


Owners may observe pink to red tissue protruding from the cloaca. In aquatic amphibians, this tissue often readily swells in the water and may become edematous and transparent. In terrestrial amphibians, the tissue is more likely to remain pink or red and may start to desiccate if conditions are too dry.









Physical Exam Findings


Affected amphibians typically have an unidentified tissue prolapsed from the cloaca. Concomitant ventral capillary blush and other signs of infection or distress may be noted.












Etiology and Pathophysiology







• In general, the underlying etiology and pathophysiology remain unknown. It is suspected that patients lose synchronized peristalsis and control of sphincter tone in the event of rectal prolapse. Why the bladder or oviductal tissue may prolapse is unknown.


• Trauma can forcibly evert tissues out the cloaca.


• Some amphibians, such as toads and tree frogs, may naturally evert their stomach. They do this to manually wipe away toxic or nondigestible prey items. Gastric prolapse often happens with anesthesia using eugenol (clove oil) and as a consequence of toxicoses. Its pathophysiology is unknown.


• Once everted, the tissues typically swell with water from the environment. At presentation, osmotically induced swelling is seen along with inflammation. Both must be managed for successful reduction of the tissue.















Diagnosis [image: image]







Differential Diagnosis







• Neoplasia


• Granulomatous disease (e.g., mycobacteriosis, fungal infection)


• Parasitism


• Toxicosis


• Hypocalcemia/Nutritional secondary hyperparathyroidism (NSHP)


• Trauma


• GIFB












Initial Database







• Water quality test to rule out ammonia toxicosis and other stressors


• Fecal parasite examination using a wet-mounted touch prep of prolapsed tissue.












Advanced or Confirmatory Testing







• Cloacal endoscopy on amphibians of sufficient size. This will often allow determination of organ prolapse and identification of underlying causes.


• A small red rubber catheter may be introduced into any infoldings of prolapsed tissue in an effort to determine whether it is of GI origin or is composed of some other tissue. GI prolapses often allow the tube to be retrograded far enough forward that it may then be palpated externally as it slides into the normal part of the intestine. Intussusceptions, GI foreign bodies, and other masses may obfuscate these findings.


• Ionized calcium


• Radiographs, with or without contrast material


• Ultrasound















Treatment [image: image]







Therapeutic Goals







• Reduce the prolapse


• Treat primary underlying cause if determined












Acute General Treatment







• Topical and system antiinflammatories to reduce tissue swelling and pain




[image: image] Meloxicam at 0.2 to 0.5 mg/kg IM or ICe; some systemic absorption and direct antiinflammatory effects may be noted if a drop is placed directly on prolapsed tissue.


[image: image] Application of a topical antibiotic cream containing a corticosteroid. It is unknown whether the combination of a nonsteroidal antiinflammatory drug (NSAID) and a corticosteroid puts amphibians at increased risk for gastric ulceration or other side effects expected for mammals. However, in practice, a single application of Animax does not appear to have detectable adverse effects.





• Osmotically reduce tissue swelling.




[image: image] After the antiinflammatories have had a chance to absorb, powdered sugar may be applied to the mucosa.


[image: image] Aquatic amphibians may be held out of the water on damp materials when a prolapse is managed.


[image: image] Placing amphibians into an isotonic electrolyte solution or a slightly hypertonic solution may be helpful to reduce additional swelling of tissues with water.





• Topical and systemic analgesia




[image: image] Risk of adverse effects is associated with applying lidocaine or benzocaine to amphibians. However, dilute solutions may be applied without detectable adverse effects.


[image: image] Opioid narcotics should be considered.




[image: image] Morphine is most effective (38-42 mg/kg SC provides analgesia >4 hr).


[image: image] Buprenorphine may have some effect (38 mg/kg SC provides analgesia >4 hr).





[image: image] Inducing deep anesthesia is often needed to reduce the prolapse without causing debilitating stress to the amphibian.




[image: image] Tricaine methanesulfonate




[image: image] 1 g/L of fresh water buffered to a pH of 7.0 to 7.4





[image: image] Isoflurane gel applied to ventral surface of amphibian




[image: image] 1 mL isoflurane, 1 mL water-soluble gel (e.g., KY gel), 1 mL water





[image: image] Eugenol (clove oil)




[image: image] The formulation found in over-the-counter toothache kits is effective and is readily available.











• Some amphibians may reversibly prolapse their stomachs under eugenol anesthesia, so this is not a first choice for inducing an amphibian with a prolapse.












Chronic Treatment







• Four-quadrant antibiotic therapy to prevent secondary bacterial infection (see Septicemia)


• Treat underlying cause such as parasitism.















Prognosis and Outcome [image: image]



Guarded to poor, depending on underlying cause.









Pearls & Considerations [image: image]







Comments


Rapid treatment carries the best outcome. Most clients wait too long before bringing amphibians with prolapses for evaluation, and the tissue is devitalized or is seriously injured.









Prevention







• Proper nutrition and husbandry


• Appropriate anthelmintic treatments
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Coccidiosis
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Definition


Amphibian coccidiosis is typically reserved for infections of the gastrointestinal tract or kidneys by apicomplexans of the genera Eimeria and Isospora. Apicomplexans that infect the blood are typically known as hemogregarines.









Synonyms


Eimeria infection, Isospora infection









Epidemiology






Species, Age, Sex


Larval and recently metamorphed amphibians are most at risk.









Risk Factors


Debilitation and stress









Contagion and Zoonosis


Directly contagious to other amphibians. May quickly build to extremely high levels owing to direct life cycle. Given the biology of other Eimeriidae, it is likely that the different species of amphibian coccidia have a narrow range of host species.












Associated Conditions and Disorders







• Diarrhea and weight loss associated with intestinal coccidiosis may be observed with many other diseases.


• Hydrocoelom associated with renal coccidiosis may also be noted with many other diseases.












Clinical Presentation






Disease Forms/Subtypes







• Intestinal coccidiosis


• Gallbladder coccidiosis


• Renal coccidiosis












History, Chief Complaint







• Weight loss and diarrhea of young, growing amphibians


• Sudden death or higher mortality rates in metamorphs than in previous clutches


• Hydrocoelom


• Occasionally, older amphibians may be affected.












Physical Exam Findings







• Loss of muscle mass, a deflated appearance to the coelomic cavity


• Transillumination may reveal reduced or absent coelomic fat bodies.


• Hydrocoelom is rare.















Etiology and Pathophysiology







• These coccidia are intracellular parasites.


• Intestinal coccidiosis may develop, with oocysts sporulating within the gastrointestinal tract of the amphibian followed by subsequent release of sporocysts in the gastrointestinal tract; alternatively, sporulation may occur outside the amphibian, with ingestion of sporulated oocysts being the route of infection. Damage to the intestinal lining causes malabsorption and diarrhea. Secondary infection with bacteria is common.


• Renal coccidiosis disrupts electrolyte and nitrogenous waste and water homeostasis.


• Juvenile amphibians are most at risk. However, stress, debilitation, and other causes of immunosuppression may result in outbreaks among adult amphibians.















Diagnosis [image: image]







Differential Diagnosis







• Amoebiasis


• Nematodiasis


• Mycobacteriosis


• Malnutrition












Initial Database







• Fecal parasite examination. Oocysts may not be detected because they easily rupture. Collecting a fresh fecal sample may be facilitated by tube feeding an amphibian, then holding it in an empty plastic enclosure lined with a damp paper towel. Check every 15 minutes for feces, and immediately prepare a wet mount of any detected. Refrigeration may cause other protozoa to encyst and may obfuscate the search for coccidian oocysts.


• Wright-Giemsa–stained fixed fecal smears may reveal white blood cells (WBCs) and red blood cells (RBCs), suggesting an inflammatory process in the intestine. Coccidia occasionally may be detected on these slides.












Advanced or Confirmatory Testing







• Necropsy of clinically ill amphibians with squash preparations of small and large intestinal tissue and histologic examination of the intestine may be needed to detect coccidia.


• Isospora have two sporocysts per oocyte; Eimeria have four sporocysts per oocyte. Diagnostic laboratories may be able to sporulate oocysts and determine genus.















Treatment [image: image]







Therapeutic Goals







• Eliminate diarrhea


• Reduce level of coccidial infection


• Eliminate secondary bacterial infection and concomitant intestinal parasites as seen in amoebiasis and nematodiasis


• Eliminate stressors to promote immunocompetence


• Restore nutrient intake












Acute General Treatment







• Trimethoprim-sulfa (15 mg/kg PO SID) may have a direct effect on coccidia but more likely simply controls secondary bacterial enteritis. It is unclear whether this has any impact on other forms of coccidiosis. Baycox ???


• Amphibian Ringer’s solution (ARS) as a 24-hour bath to restore electrolyte balance. Amphibian Ringer’s solution consists of 6.6 g NaCl, 0.15 g KCl, 0.15 g CaCl2, and 0.2 g NaHCO3 dissolved in 1 L distilled water. Alternatively, 5 to 6 g of sodium chloride and 1 g of potassium chloride salt substitute may be added to 1 L of water as temporary therapy until ARS can be prepared.


• Nutritional support via tube feeding. Enteral solutions designed for cats or ferrets are most appropriate.




[image: image] CatSure or Formula V Enteral Care MHP (PetAg, Hampshire, IL)


[image: image] Carnivore Care (Oxbow Hay Company, Murdock, NE)















Chronic Treatment







• Improve husbandry with particular attention to sanitation.


• Herd health management with prophylactic treatment of at-risk amphibians may be needed until outbreaks of coccidiosis are rare.












Possible Complications


Concomitant amoebiasis, flagellate infection, or intestinal nematodiasis may be contributing to the problems and may require additional therapeutics (see Amoebiasis, Flagellate Infection, and Nematodiasis).












Prognosis and Outcome [image: image]








• Guarded to fair. Even with treatment, mortality will occur. Early intervention improves outlook.


• Coccidiostats do not appear to be effective.












Pearls & Considerations [image: image]







Comments


Coccidiosis may be very frustrating to manage because no cure is known.









Prevention







• High-quality husbandry


• Quarantine to detect carriers before introducing them to a trouble-free collection












Client Education







• Clinical signs resulting from coccidiosis usually represent failure of husbandry practices, causing stress, debilitation, and immunocompromise. Some amphibians may become stressed from too frequent intrusion into their enclosures. It is difficult to attain balance between providing appropriate sanitation (i.e., removing fresh fecals) and maintaining a low-stress environment.


• Because coccidia are directly infective and current drug therapies are not effective in directly eliminating amphibian coccidia, it is impractical to ever expect to completely eliminate this parasite from an individual amphibian or collection of amphibians.
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Corneal Lipidosis or Xanthomatosis






Basic Information [image: image]







Definition


Amphibian corneal lipidosis refers to a specific sign of a lipid storage disorder—the accumulation of cholesterol deposits in the corneal tissues—but it is also used synonymously for the systemic lipid storage disorder called xanthomatosis—the deposition of cholesterol-rich deposits in any tissues in the body.









Synonyms


Lipid keratopathy, xanthoma, xanthomatosis, hyperlipidosis, hypercholesterolemia, lipid storage disorder









Epidemiology






Species, Age, Sex


Cuban tree frogs (Osteopilus septentrionalis) and White’s tree frogs (Litoria caerulea) are commonly affected, but any adult amphibian may develop this disorder.









Risk Factors







• Cholesterol-rich diets, such as crickets that are fed dry dog food or other cholesterol-rich kibbles or mashes


• Overfeeding, particularly of amphibians that consume rodents, goldfish, and other whole-body vertebrate food items


• Maintaining at temperatures below the preferred operating temperature zone (POTZ)















Associated Conditions and Disorders


Obesity









Clinical Presentation






Disease Forms/Subtypes


This fat storage disease often may be diagnosed at first as an ophthalmic condition. However, this is only a manifestation of a systemic lipid storage disorder.









History, Chief Complaint


A faint haze or a white spot or line is noticed on the cornea of one or both eyes. This may progress to a blob of white material with an irregular surface that gradually infiltrates the entire cornea.









Physical Exam Findings







• Early stages present as a white stippling or coalescing lesion on the surface of the cornea.


• Advanced stages may appear three-dimensional, with a white rough surface penetrating the corneal stroma.


• As lipid deposits accumulate and the lesion enlarges, bleeding may occur centrally or along the periphery of the lesion.


• Occasionally, xanthomas may be present in the skin or may be detected on internal organs via transillumination.















Etiology and Pathophysiology







• Most amphibians have evolved by feeding on prey items with inherently low cholesterol levels. It is likely that domestic prey species (e.g., crickets, rodents, mealworms) contain higher amounts of cholesterol than wild prey species and may have a different balance of fatty acids. Amphibians may not be equipped to assimilate and eliminate these unnatural levels of lipids, and cholesterol may accumulate in tissues other than the fat bodies—the normal storage organs for excess fat. Calcium deposits may form within fat deposits. Inflammation may surround the xanthomas.


• Overfeeding of low-cholesterol items may trigger corneal lipidosis.


• Amphibians that are not able to reach higher temperatures within their POTZ may be prone to corneal lipidosis.


• Amphibians that are not reproducing do not have sufficient turnover of fat stores through egg production or through mate-attracting behaviors, and this may promote corneal lipidosis.


• It is possible that hypovitaminosis A may play a role in this disease through its impact on epithelial cell development, but that theory has not been explored.















Diagnosis [image: image]







Differential Diagnosis







• Mycobacteriosis


• Chromomycosis












Initial Database







• Plasma cholesterol >400 mg/dL.


• Triglycerides are often similarly elevated.












Advanced or Confirmatory Testing


Histopathologic examination of lesions will confirm cholesterol clefts (deposits) with or without inflammation.












Treatment [image: image]







Therapeutic Goals







• Restrict calories


• Prevent intake of excess fat


• Increase use of stored calories


• Control pain and inflammation












Acute General Treatment







• Diet should be adjusted to meet the basal metabolic rate so that additional fat is not accumulated. In the case of an adult White’s treefrog, four to six adult crickets provide more than enough calories for 1 week.


• Eliminate rodents and goldfish from the diet. Domestic prey insects fed to amphibians should be maintained on low-fat diets such as vegetables and whole grain products and should not be allowed to consume high-cholesterol diets such as kibbled dog food.


• Provide basking spots that meet or exceed the upper level of POTZ, so that the amphibian can reach higher body temperatures, which may help to mobilize lipid deposits.


• Provide exercise opportunities. Some frogs will use “hamster balls” to walk around a room. Swimming is another useful exercise for some amphibians. However, because amphibians do not have a high aerobic scope, exercise periods must be brief to avoid debilitating fatigue.


• Nonsteroidal antiinflammatory drugs (NSAIDs) such as meloxicam (0.05 to 0.1 mg/kg PO q 24-72 h) may reduce inflammation and provide some analgesia.


• Supplementation with vitamin A may be useful (see Hypovitaminosis A).












Chronic Treatment







• Regular assessment of weight, body condition, and physical signs


• Continue practices initiated during acute phase of treatment.















Prognosis and Outcome [image: image]








• Guarded to poor. Frogs that have had appropriate nutritional management and have benefited from correction of poor husbandry may live up to 4 years beyond detection of initial corneal opacities. Frogs that have more advanced lesions or internal xanthomas at the time of detection may not live 6 months.


• Amphibians should be euthanized when showing signs of chronic pain that is not responsive to NSAIDs or other forms of analgesia.












Pearls & Considerations [image: image]







Comments







• It is often difficult to convince a client that it is time to euthanize an amphibian with corneal lipidosis because the animal will still feed, even with both eyes obscured by fat deposits and ulcerated bleeding lesions present on the surfaces of the eyes. It is important to emphasize that eating is not a measure of pain for most amphibians.


• Assess skin color, posture, and activity as more true measures of how much pain an amphibian is experiencing.


• Critical anthropomorphism, where you ask the owner if he would feel comfortable with the same condition, may help some owners come to terms with their amphibian’s quality of life.












Prevention







• Provide an appropriate diet with good vitamin supplementation.


• Provide an appropriate thermal environment in the enclosure, so the amphibian can thermoregulate within its POTZ.


• Encourage natural behaviors such as mate calling and reproduction, which require additional energy to turn over stored lipids.












Client Education







• Amphibians are very efficient at converting food to fat. Most clients overfeed their amphibians, so adherence to a diet that meets but does not exceed a patient’s caloric needs is important. Even though it is fun to watch amphibians eat, it is not healthy for them to overeat!


• Cultivate unique invertebrate prey sources, such as grasshoppers, springtails, and firebrats (silverfish), to offer a more varied assortment of fatty acids than is provided by fruit flies, crickets, and mealworms.
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Flagellate Enterocolitis
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Definition


Flagellate enterocolitis refers to the combination of diarrhea with an increased load of flagellate protozoa found on direct fecal parasite examination.









Synonyms


Flagellate infection, giardiasis, Hexamita infection, trichomoniasis









Epidemiology






Species, Age, Sex


All









Risk Factors







• Chronically stressed and debilitated amphibians


• Exposure to new amphibians (e.g., new acquisition from a swap meet that did not undergo quarantine)


• Recent shipping


• Terrestrial anurans are sometimes implicated in outbreaks of flagellate enteritis in salamanders.












Contagion and Zoonosis







• Directly contagious to other amphibians via ingestion of contaminated food or water


• Flagellate species that infect amphibians do not appear to be zoonotic.















Associated Conditions and Disorders


Concomitant coccidiosis, amoebiasis, nematodiasis, and bacterial gastroenteritis are common.









Clinical Presentation






Disease Forms/Subtypes







• Flagellates are commensal fauna of the gastrointestinal tract of amphibians.


• Flagellate enterocolitis may occur as a direct invasion of a pathogenic species, or it may be the result of chronic stress that causes a population explosion of commensal flagellates.


• Flagellates typically found in amphibian gut fauna include diplomonads, proteromonads, oxymonads, retortomonads, and trichomonads.












History, Chief Complaint







• Diarrhea


• Weight loss












Physical Exam Findings







• Gas-filled intestine


• Poor body condition with loss of intracoleomic fat bodies


• Diarrhea















Etiology and Pathophysiology







• Active and encysted forms of flagellates are directly infective.


• Flagellates are typically found in the large intestine and the cloaca, although occasionally they may be found in the small intestine in low numbers.


• Genera include Brugerolleia, Chilomastix, Enteromonas, Giardia, Hexamastix, Hexamita, Karotomorpha, Monocercomonas, Monoceromonoides, Octomitus, Proteromonas, Retortomonas, Tetratrichomonas, Trichomitus, Trimitus, and Tritrichomonas, as well as others. It is unknown which species are pathogenic, opportunistic pathogens and which are commensals.


• Diplomonads may be present in the gallbladder.


• Hepatic lesions have been associated with Tritrichomonas augusta.


• In otherwise healthy amphibians, repeated fecal examination shows highest concentrations of flagellates immediately after shipping, successively lesser amounts through length of quarantine, and even lower levels once established in long-term housing. Rising levels suggest inappropriate husbandry.


• No specific intestinal lesions have been described from flagellate enterocolitis. All lesions can be ascribed solely to a bacterial infection.


• Severe diarrhea can impair digestion and absorption, resulting in loss of electrolytes.















Diagnosis [image: image]







Differential Diagnosis







• Amoebiasis


• Bacterial gastroenteritis


• Coccidiosis












Initial Database







• Direct wet mount fecal parasite examination




[image: image] Collecting a fresh fecal sample may be facilitated by tube feeding an amphibian, then holding it an empty plastic enclosure lined with a damp paper towel.


[image: image] Check every 15 minutes for feces, and immediately prepare a wet mount of any detected.


[image: image] Refrigeration may cause flagellates to encyst, making identification problematic.


[image: image] The presence of high levels of flagellate protozoa, typically at least 1 per high power field, along with erythrocytes and leukocytes yields a presumptive diagnosis.





• Wright-Giemsa–stained fixed fecal smears may reveal white blood cells (WBCs) and red blood cells (RBCs), suggesting an inflammatory process in the intestine.












Advanced or Confirmatory Testing







• Genera may be tentatively identified with special stains.


• Isolation and identification is difficult and is not necessary before treatment is initiated.















Treatment [image: image]







Therapeutic Goals







• Eliminate diarrhea


• Reduce level of flagellates in intestine


• Eliminate secondary bacterial infection and concomitant intestinal parasites such as amoebiasis, coccidiosis, and nematodiasis (see Amoebiasis, Coccidiosis, and Nematodiasis)


• Eliminate stressors to promote immunocompetence


• Restore nutrient intake


• Restore electrolyte balance












Acute General Treatment







• Metronidazole: Dosage depends on the severity of infection and the practicality of dosing the infected amphibian. Injectable forms of metronidazole are most suitable for use as a bath. Because they are acidic, direct topical application is not recommended:




[image: image] 100 mg PO once, repeat in 10-14 days


[image: image] 25 to 50 mg/kg SID × 3-5 days, repeat in 10-21 days


[image: image] 15-30 min bath in 500 mg/L for 5 days


[image: image] 24-hour bath in 50 mg/L, repeat in 7-14 days





• Baths in amphibian Ringer’s solution may help restore electrolyte balance.


• If septicemia is suspected,




[image: image] Initiate four-quadrant antibiotic therapy aimed at aerobic and anaerobic organisms (see Septicemia).





• Nutritional support via tube feeding. Enteral solutions designed for cats or ferrets are most appropriate.




[image: image] CatSure or Formula V Enteral Care MHP (PetAg, Hampshire, IL)


[image: image] Carnivore Care (Oxbow Hay Company, Murdock, NE)















Chronic Treatment







• Improve husbandry with particular attention to sanitation.


• Herd health management with prophylactic treatment of at-risk amphibians may be needed until outbreaks of diarrhea are rare.















Prognosis and Outcome [image: image]








• Fair with early diagnosis and treatment


• Guarded to poor if weight loss is advanced












Pearls & Considerations [image: image]







Comments







• Flagellate enterocolitis often follows the acquisition of new specimens or periods of substandard care.


• Quarantine is essential to reduce the risk of outbreaks.












Prevention







• Appropriate water quality and stocking densities are key aspects of prevention.


• Flagellates are easily killed with disinfectants such as household bleach or ammonia. Tools and other items that come into contact with infected amphibians should be disinfected with a minimum contact time of 30 minutes. Items must be rinsed thoroughly because disinfectants are toxic to amphibians.


• Prophylactic treatment of incoming amphibians with metronidazole may reduce, but not eliminate, both pathogenic and commensal (nonpathogenic) flagellates.












Client Education







• Improve husbandry. Ensure that crowding and aggression are not contributing to the problem. Review feeding practices to make sure that malnutrition is not a problem.


• Emphasize the importance of cleaning and disinfecting utensils used in and around amphibian cages.


• Wear disposable gloves and change when moving to a new amphibian cage, or wash hands thoroughly with warm, soapy water to reduce risk of infecting other amphibians.


• Initiate a water quality log.


• Consider adding an ultraviolet (UV) sterilizer to the filtration system to reduce ambient flagellate levels and risk of reinfection.
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Gastrointestinal Foreign Body or Overload
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Definition


Gastrointestinal foreign body (GIFB) refers to any item other than food or liquid that is ingested, which results in partial or complete obstruction of the gastrointestinal lumen with an ingested item. Gastrointestinal overload (GIO) refers to distention of the stomach beyond its peak capacity; this may result from ingestion of a large enough volume of food or from subsequent decomposition of food within the stomach, causing gas distention.









Synonym


Gastrointestinal impaction









Epidemiology






Species, Age, Sex







• All


• Horned frogs (Ceratophrys spp.) and African bullfrogs (Pyxicephalus) are overrepresented for GIO because they are large enough to swallow small rodents, and owners often like to watch them eat such meals. However, large crickets can cause a similar problem for small amphibians.












Risk Factors







• GIFB




[image: image] Small pieces of gravel, long-thread sphagnum moss or sheet moss, bark, or other material that may be ingested while feeding





• GIO




[image: image] Feeding items that are longer than the space between an amphibian’s eyes, or that weigh more than 5% of the amphibian’s body weight


[image: image] Cagemates small enough to be engulfed by another amphibian


[image: image] Temperatures inappropriately cool to maintain the process of digestion and absorption


















Clinical Presentation






Disease Forms/Subtypes







• GIFB


• GIO












History, Chief Complaint







• GIFB




[image: image] Coelomic distention with or without recent defecation


[image: image] Gagging or nonproductive wretching may be noted.


[image: image] Occasionally, a foreign body (FB) may appear, protruding from the cloaca.


[image: image] Careful questioning of the owner may reveal that inappropriate substrates are in the enclosure.


[image: image] With chronic disease, loss of bodily condition may be apparent.


[image: image] Amphibians do not vomit as frequently as mammals with complete obstruction.





• GIO




[image: image] Amphibian has recently eaten a large meal, appears uncomfortable, and has distention of the coelomic cavity.


[image: image] Open-mouth breathing, gagging, and wretching may be noted.


[image: image] Time between feeding and onset of signs is generally short—between 1 and 24 hours.















Physical Exam Findings







• The coelomic cavity may feel tense.


• A large mass may be palpable in the cranial half of the coelomic cavity.


• Gaseous bloat may distend the gastrointestinal tract and may be palpable.


• A portion of an FB or meal may be visible in the oropharynx.















Etiology and Pathophysiology







• GIFB




[image: image] Distention of the stomach leads to compression of lung fields and associated hypoxia and hypercarbia.




[image: image] It can also decrease cardiac output.





[image: image] Loss of electrolytes may occur with vomiting, but this has not been clinically evaluated.


[image: image] Depending on where the foreign body lodges, amphibians may continue to eat and develop distention of the lower bowel.





• GIO




[image: image] Distention of the stomach leads to compression of the lung fields and associated hypoxia and hypercarbia.




[image: image] It can also decrease cardiac output.





[image: image] Decomposition of ingesta results in toxicity and overwhelming bacterial populations in the gastrointestinal tract that may lead to septicemia.


















Diagnosis [image: image]







Differential Diagnosis







• Intussusception


• Gastrointestinal helminthiasis (nematodes, trematodes, or cestodes)












Initial Database


Whole-body radiographs









Advanced or Confirmatory Testing







• Upper GI contrast study with barium. Administer a volume no greater than 0.05 mL barium per 10 g body weight.


• Ultrasonography















Treatment [image: image]







Therapeutic Goals







• Relieve gas distention and restore respiration and circulation.


• Remove FB or ingesta.


• Control secondary infections.












Acute General Treatment







• Supplemental oxygen


• Gastric tube to relieve gas


• Pass rigid endoscope to try to retrieve material.


• Gastric wash may flush out smaller objects like gravel or decomposing ingesta.


• Exploratory celiotomy with gastrotomy or enterotomy


• Four-quadrant antibiotics. See Septicemia.












Chronic Treatment







• Long-term antibiotics


• Baths in amphibian Ringer’s solution may help restore electrolyte balance.


• Nutritional support via tube feeding. Enteral solutions designed for cats or ferrets are most appropriate.




[image: image] CatSure or Formula V Enteral Care MHP (PetAg, Hampshire, IL)


[image: image] Carnivore Care (Oxbow Hay Company, Murdock, NE)















Possible Complications







• Rupture of the distended gastrointestinal tract is likely with extremely large objects or a large volume of gas.


• Death may occur despite removal of offending material.















Prognosis and Outcome [image: image]








• Guarded to poor


• Because amphibians have short intestinal tracts, resection of nonviable portions of the intestine may not be possible.


• Immediate recognition of problems and initiation of therapy improve prognosis.












Pearls & Considerations [image: image]







Comments







• Intussusceptions are handled in a similar manner as GIFB. Exploratory celiotomy may be curative.


• Inexperienced owners are more likely to overfeed amphibians.












Prevention







• Appropriate enclosure design and substrate


• Appropriate feeding practices












Client Education







• The typical amphibian will be at risk of GIFB/GIO if it is offered prey items that are longer or wider than the distance between the individual amphibian’s eyes.


• A decrease in fecal output may be an early sign of disease.














Suggested Reading
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Cross-References to Other Sections







Septicemia





AUTHORS: KEVIN M. WRIGHT and BRAD A. LOCK


EDITOR: KEVIN M. WRIGHT













Hypovitaminosis A






Basic Information [image: image]







Definition


Amphibian hypovitaminosis A refers to the condition of squamous metaplasia of mucus-secreting epithelia with concomitant low levels of retinol (vitamin A) in the liver.









Synonyms


Short-tongue syndrome, lingual squamous metaplasia, squamous metaplasia









Epidemiology






Species, Age, Sex


Metamorphs and rapidly growing juveniles are most commonly affected, but it may occur at any age. It has been described in anurans and salamanders.









Risk Factors







• Diets with absolute low levels of vitamin A


• Diets with a relative imbalance of fat-soluble vitamins A : D:E. Typically, these vitamins should be present at a ratio of 100 IU A:10 IU D:1 IU E. Where vitamin A is <100, risk of developing the disease is increased.


• Aged or inappropriately stored vitamin products (e.g., high heat or humidity)












Associated Conditions and Disorders







• Low reproductive success: low fertilization rates, low numbers of eggs produced, early deaths of larvae, and failure of larvae to complete metamorphosis


• Renal insufficiency and hydrocoelom and edema


• Chronic immune suppression with outbreaks of infectious disease lacking a common etiologic agent















Clinical Presentation






Disease Forms/Subtypes







• Lingual squamous metaplasia, or short-tongue syndrome


• Squamous metaplasia of the bladder, kidney, reproductive organs, and conjunctiva may occur.












History, Chief Complaint







• An anuran may be unable to withdraw prey into its mouth even though the tongue apparently hits the prey.


• Some may present for white raised lesions of the periorbital area.












Physical Exam Findings







• Examination of the tongue may suggest squamous metaplasia by decreased mucus production and an opaque appearance to the tongue, but without a normal animal for comparison, this is difficult to ascertain.


• White semicircular swollen areas may be noticed in the lower eyelid, beneath or encompassing one or both eyes (i.e., conjunctival swelling).




[image: image]


Hypovitaminosis A A salamander with hypovitaminosis A. Note the swollen eyes, a typical lesion for this problem. (Photo courtesy Jörg Mayer, The University of Georgia, Athens.)





• Nonspecific signs such as weight loss and discoloration of the skin may be noted.















Etiology and Pathophysiology







• Lingual squamous metaplasia, or short-tongue syndrome, is seen when the mucus-secreting glands of the tongue become keratinized and are unable to produce the viscous coating that adheres to prey.


• Conjunctival squamous metaplasia may occur and is similar to the vitamin A deficiency noted in aquatic chelonians.


• Squamous metaplasia of the bladder, kidney, reproductive organs, and conjunctiva may occur.















Diagnosis [image: image]







Differential Diagnosis







• Presumptive diagnosis of hypovitaminosis A may be based on a history of inability to prehend prey, or of periorbital lesions that are not responsive to antibiotic therapy.


• Nutritional secondary hyperparathyroidism (NSHP)


• Conjunctivitis












Initial Database







• Swabs of the tongue may reveal increased numbers of keratinized squamous epithelia.


• Aspirates of periorbital lesions typically lack an inflammatory component and may have large numbers of keratinized squamous epithelia.


• Review vitamin supplementation practices. Certain products that claim to provide vitamin A through beta-carotene are often associated with development of hypovitaminosis A.












Advanced or Confirmatory Testing







• Submit the entire tongue for histopathologic examination. Squamous metaplasia typically starts at the tip of the tongue rather than at the base. Include samples of bladder, kidney, reproductive organs, and skin.


• Retinol content may be ascertained from frozen liver samples. Levels below 40 µg/g are supportive of hypovitaminosis A. Afflicted Wyoming toads had levels below 10 µg/g.















Treatment [image: image]







Therapeutic Goals







• Restore circulating and stored vitamin A levels to the point that squamous metaplasia is reversed.


• Treat secondary infections.












Acute General Treatment







• Oral supplementation with vitamin A at 1 IU/g daily or 5-50 IU/g weekly


• Topical supplementation is often effective.


• Fat-soluble or water-miscible forms of vitamin A have been used with equal effectiveness.


• As soon as clinical signs resolve, switch to maintenance vitamin supplementation.












Chronic Treatment







• Dust prey items with a balanced multivitamin supplement at least once weekly, more often with growing or reproductively active adult amphibians.


• Thawed frozen liver from well-nourished rodents (e.g., adult mice or rats) has a high vitamin A content and may be used as a supplement; it typically contains at least 300 µg vitamin A/g liver (equivalent of 1000 IU A/g).












Drug Interactions


Excessive levels of vitamin A will inhibit absorption and utilization of vitamins D, E, and K.









Possible Complications







• Hypervitaminosis A may be induced by oversupplementation with vitamin A.


• Discontinue high dosages of vitamin A if corneal ulcers, hyperkeratotic skin, long bone deformities, or other signs of NSHP are noticed, or if any other unusual signs develop.


• Switch to maintenance vitamin supplementation, and correct NSHP if needed.















Prognosis and Outcome [image: image]








• Guarded to fair; most amphibians treated will improve within 1 to 2 weeks


• Concomitant infections worsen the prognosis.












Pearls & Considerations [image: image]







Comments







• This is an extremely prevalent condition in captive amphibians. Owing to its prevalence, any ill amphibian should receive vitamin A supplementation as part of initial treatment.


• Some amphibians develop the disease despite being fed items dusted with supplements rich in vitamin A, likely because of inappropriate storage of the product with concomitant degradation of the vitamins. However, species-specific needs for vitamin A may be a factor.












Prevention


Proper supplementation with a multivitamin containing vitamin A









Client Education







• Avoid the use of supplements that list beta-carotene as an ingredient unless a different primary source of vitamin A is clearly stated.


• The ratio of the vitamins is as important as the quantities used.


• Growing and reproductively active amphibians have a higher need for vitamin A than adult nonbreeding amphibians.


• Many other problems, such as sudden death, failure to thrive, and failure to reproduce, may be traced to subclinical hypovitaminosis A.














Suggested Readings
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Mycobacteriosis






Basic Information [image: image]







Definition


A systemic infection by acid-fast organisms of the genus Mycobacterium.









Synonyms







• Mycobacterial infection


• Amphibian tuberculosis (This name is a misnomer in that “tubercle” is a description of the lesions mammals form when infected by certain specific species of Mycobacterium, notably M. bovis and M. tuberculosis. Amphibians are not infected by these species.)












Epidemiology






Species, Age, Sex


Any species, age, sex









Genetics and Breed Disposition


A high incidence has been reported in clawed frogs, Xenopus spp., but this is likely the result of these taxa being overrepresented through use in biomedical research.









Risk Factors







• Exposure to other known infected amphibians


• Enclosures with rough surfaces such as concrete, degraded fiberglass, and other abrasive substances


• Chronic stress associated with crowding and other poor husbandry practices












Contagion and Zoonosis


Atypical Mycobacteria, such as the taxa that infect amphibians, may infect humans.









Associated Conditions and Disorders







• Anorexia


• Weight loss despite good appetite















Clinical Presentation






Disease Forms/Subtypes







• Granulomatous disseminated infection




[image: image]


Mycobacteriosis A salamander affected with mycobacteria. Note the granulomatous lesions in the different organs. (Photo courtesy Jörg Mayer, The University of Georgia, Athens.)





• Rarely, infection may be limited to cutaneous nodules, but this usually rapidly progresses to systemic disease spread through the lymphatics.












History, Chief Complaint







• Anorexia


• Weight loss despite good appetite


• Cutaneous nodules that may be gray, tan, or white












Physical Exam Findings







• Weight loss


• Gray, tan, or white nodules in the skin, with or without ulcerations


• Palpation or transillumination may reveal granulomas of the internal organs.















Etiology and Pathophysiology







• Mycobacteriosis is typically acquired through an open wound or via ingestion of Mycobacterium organisms. Lymphatic drainage from the site of initial infection results in disseminated disease.


• Causative species include atypical mycobacteria such as Mycobacterium avium, M. fortuitum, M. marinum, and M. xenopi.















Diagnosis [image: image]







Differential Diagnosis







• Chromomycosis (see Chromomycosis)


• Verminous cysts or verminous granulomas (see Nematodiasis)


• Corneal lipidosis and xanthomatosis (see Corneal Lipidosis and Xanthomatosis)


• Neoplasia (Initially, the histologic lesions caused by mycobacteriosis were erroneously attributed as a transmissible lymphosarcoma; this stimulated decades of work on “infectious cancer.”)












Initial Database







• Acid-fast stains of any cutaneous lesions, oropharyngeal secretions, and feces


• Transillumination of the coelomic cavity and lungs to detect granulomas












Advanced or Confirmatory Testing







• Culture of atypical mycobacteria is often unrewarding and requires specialized laboratories for identification to species. Polymerase chain reaction (PCR) tests may become available.


• Histopathologic examination usually confirms acid-fast organisms in lesions.


• Identification to species often is not possible.















Treatment [image: image]







Therapeutic Goals







• Prevent spread to other amphibians in the collection


• Prevent spread to human caregivers












Acute General Treatment







• Euthanasia is strongly recommended owing to lack of effective antimicrobial therapies to date and the risk of zoonotic infection.


• Disposable gloves should be worn by anyone handling the amphibian or materials removed from its cage.












Possible Complications







• Zoonotic infection often results in ulcerative lesions of the skin.


• Mycobacterium avium has been isolated from amphibians and may pose a graver threat to humans in contact with infected amphibians.















Prognosis and Outcome [image: image]



Most amphibians die within 90 days of diagnosis of mycobacteriosis.









Pearls & Considerations [image: image]







Comments


Euthanasia is the best practice to prevent suffering of the amphibian and to reduce the risk of zoonotic infection. Do not let a client talk you into attempting treatment for mycobacteriosis in the home! Because of zoonotic risk, therapy should be attempted only in an appropriate veterinary facility.









Prevention







• Quarantine of 180 days or longer may be needed to successfully detect amphibians infected with mycobacteriosis.


• Appropriate disinfection of tools between amphibian cages. Disposable gloves should be worn and exchanged between cages.












Client Education







• Atypical mycobacteria are part of the normal environment of an amphibian. Infection is typically the result of poor husbandry practices in the home or prior to acquisition of the amphibian.


• Discuss the zoonotic potential of atypical mycobacteriosis, and advise that clients seek the advice of a physician.


• All organic furnishings from the enclosure should be destroyed.


• Appropriate disinfectants should be used to disinfect tools and cage materials that are being retained.


• Cage surfaces should be examined closely to ensure that they are not causing abrasions that would promote infection.














Suggested Readings
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 Thoen, C, Schliesser, T. Mycobacterial infections in cold-blooded animals. In: Kubica G, Wayne L, eds. The mycobacteria: a sourcebook. New York: Dekker-Marcel; 1984:1297–1311.
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Nematodiasis






Basic Information [image: image]







Definition


Amphibian nematodiasis is caused by infection with nematodes. Infections may occur in any tissue or within lumens of organs or body cavities. Nematodes infecting the intestine and lungs are of particular importance in captive amphibians.









Synonyms


Worms, helminthiasis, lungworms, Rhabdias infection, Strongyloides infection, hookworms, roundworms, filarid worms









Epidemiology






Species, Age, Sex


All









Risk Factors







• Stressed and debilitated amphibians


• Exposure to wild-caught amphibians


• High stocking densities












Contagion and Zoonosis







• Nematodes have a variety of life cycles. Important genera in captive amphibians, such as Rhabdias and Strongyloides, have direct life cycles and can develop superinfection.


• Amphibian nematodes are not known to be zoonotic.












Associated Conditions and Disorders


Concomitant infections with amoebae, coccidia, and flagellates are common.












Clinical Presentation






Disease Forms/Subtypes







• Intestinal


• Pulmonary


• Coelomic


• Cutaneous, visceral, and ocular larval migrans


• Verminous granulomas


• Microfilaria and filarids in the circulatory system












History, Chief Complaint







• Weight loss and general unthriftiness are common complaints for all forms of nematodiasis.


• Sudden death is common with intestinal and pulmonary infections, particularly in large groups of amphibians or in groups of recently metamorphed amphibians.


• Diarrhea, bloating, buoyancy issues, and skin lesions may be presenting complaints.












Physical Exam Findings







• Dull coloration, loss of muscle mass, reduced coelomic fat bodies


• Transillumination may detect worms and verminous granulomas in the lungs and coelomic cavity


• Intestinal: Diarrhea may be noted. Amphibians may look bloated. Tadpoles may develop buoyancy problems caused by gas in the intestine.


• Pulmonary: Excess oropharyngeal mucus may be noted.


• Coelomic: Typically an incidental finding during transillumination and not something the owner has noticed. In some species, coelomic filarids can reach numbers sufficient to cause organ compromise.


• Cutaneous: White vesicles or crateriform lesions, sloughing of skin, ulcerations. This is a common infection of African clawed frogs, Xenopus laevis.


• Visceral and ocular larval migrans: Owner may notice worms in the anterior chamber of the eye. Visceral larval migrans is often undetected by the owner.


• Verminous granulomas: Small nodules in the skin. Transillumination may reveal white spots on dark-colored organs. Occasionally, these may be palpated.


• Microfilaria and filarids in the circulatory system: Occasionally, a lymph sac may be swollen as a result of a worm occluding the lumen of the lymph vessel.















Etiology and Pathophysiology







• Rhabdias and Strongyloides are important genera in captivity owing to their direct life cycle and the fact that they are self-fertilizing monecious species, thus able to cause superinfections. Rhabdias is a lungworm while Strongyloides infect the intestine. Direct damage to various organs by migrating larvae and adult worms may result in secondary bacterial infections and debilitation. Low levels of worms may be harbored without clinical signs. Because these genera have free-living generations that can survive in the soil, reinfection can occur from plants and other organic material used in the enclosure. Superinfection results from stress, especially overcrowded enclosures.


• Filarid worms in the coelomic cavity are not associated with inflammation but may occupy a large enough volume of space to compress internal organs. Occasionally, microfilaria and adult filarids may occlude blood and lymph vessels, causing localized fluid accumulations.


• Nematodes may burrow through the epidermis and associated blood supply as larvae and as adult worms (in the case of Pseudocapillaroides xenopi). Lesions may develop directly from sloughing of the epidermis or as a result of secondary bacterial infection or vascular occlusion.


• Granulomas develop in response to encysted nematodes that may be in a diapause.


• Hydrocoelom and edema may develop from hypoproteinemia associated with long-term infection.















Diagnosis [image: image]







Differential Diagnosis







• Weight loss and a general decline in condition associated with various pulmonary and intestinal worms are similar to these conditions:




[image: image] Chronic stress


[image: image] Coccidiosis


[image: image] Amoebiasis


[image: image] Flagellate infection


[image: image] Mycobacteriosis


[image: image] Malnutrition and starvation





• Cutaneous lesions associated with cutaneous larval migrans and with Pseudocapillaroides infection are similar to these conditions:




[image: image] Inappropriately elevated water hardness causing mineralization of the epidermis


[image: image] Trauma


[image: image] Bacterial dermatosepticemia





• Verminous granulomas are similar to these conditions:




[image: image] Mycobacteriosis


[image: image] Chromomycosis





• Hydrocoelom, edema, fluctuant masses




[image: image] Septicemia


[image: image] Mycobacteriosis


[image: image] Renal or hepatic failure


[image: image] Neoplasia















Initial Database







• Fecal parasite examination, direct wet mount and float


• Oropharyngeal mucus direct wet mount


• Skin scrapings




[image: image] Direct wet mount


[image: image] Gram-, acid-fast, and Wright-Giemsa–stained slides





• Aspirate of coelomic fluid, edema, or lymph vessel dilations




[image: image] Direct wet mount for detecting microfilaria and filarids


[image: image] Total protein to rule out inflammatory process





• Transillumination to detect internal granulomas












Advanced or Confirmatory Testing







• Identification of nematodes is difficult. In the case of dioecious species, a male and a female must be submitted. Larval nematodes are difficult to evaluate.


• Ultrasound, double-contrast radiography, and endoscopy may be needed to confirm internal granulomas.















Treatment [image: image]







Therapeutic Goals







• Reduce numbers of adult nematodes




[image: image] In most cases, it is impossible to eliminate all nematodes.





• Eliminate secondary bacterial infection and concomitant intestinal parasites such as amoebiasis and coccidiosis


• Eliminate stressors to promote immunocompetence


• Restore nutrient intake












Acute General Treatment







• Anthelmintic application




[image: image] Ivermectin


[image: image] Fenbendazole


[image: image] Levamisole


[image: image] Milbemycin





• Four-quadrant antibiotic therapy (see Septicemia)


• Baths in amphibian Ringer’s solution may help restore electrolyte balance.


• Nutritional support via tube feeding. Enteral solutions designed for cats or ferrets are most appropriate.




[image: image] CatSure or Formula V Enteral Care MHP (PetAg, Hampshire, IL)


[image: image] Carnivore Care (Oxbow Hay Company, Murdock, NE)















Chronic Treatment







• Improve husbandry with particular attention to sanitation.


• Herd health management with prophylactic treatment of at-risk amphibians may be needed until outbreaks of nematodiasis are rare.












Possible Complications


Concomitant coccidiosis, flagellate enterocolitis, or amoebiasis may be contributing to the problems and require additional therapeutics (see Amoebiasis, Coccidiosis, Flagellate Enterocolitis).












Prognosis and Outcome [image: image]








• Guarded


• Many nematodes are resistant to anthelmintic therapy and may be reduced in number but not eliminated.


• Regular monitoring of infected amphibians is needed to develop an effective anthelmintic program.


• Medications should be rotated only when a nematode appears to be thriving despite application of a given anthelmintic.












Pearls & Considerations [image: image]







Comments


All incoming amphibians should be considered sources of nematode infection.









Prevention







• High-quality husbandry


• Quarantine to detect carriers before they are introduced to a trouble-free collection; prophylactic administration of anthelmintics to all incoming amphibians












Client Education







• Clinical signs from nematodiasis usually represent failure of husbandry practices, causing stress, debilitation, and immunocompromise. Some amphibians may become stressed from too frequent intrusion into their enclosures. Maintaining balance between appropriate sanitation (i.e., removing fresh fecals) and a low-stress environment is difficult.


• Because some nematodes are directly infective and current drug therapies are not effective in completely eliminating some species, it is impractical to ever expect to completely eliminate this parasite from an individual amphibian or a collection of amphibians.
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Nutritional Secondary Hyperparathyroidism






Basic Information [image: image]







Definition


A form of metabolic bone disease characterized by hypersecretion of parathormone in response to low blood calcium caused by a diet that does not provide sufficient calcium.









Synonyms


Nutritional secondary hyperparathyroidism (NSHP), metabolic bone disease, rubber jaw, brittle bones









Epidemiology






Species, Age, Sex


Any; it is most common in fast-growing postlarval amphibians









Risk Factors







• Amphibians adapted for hard alkaline water maintained in soft acidic water


• Fruit flies, crickets, mealworms, king mealworms, or waxworms that have not been supplemented with calcium via gut loading or dusting












Associated Conditions and Disorders


Pathologic fractures












Clinical Presentation






Disease Forms/Subtypes







• Hypocalcemia, where the amphibian shows signs of tetany, paralysis, or bloating and has confirmed low levels of ionized calcium


• Normocalcemia, where the amphibian has normal levels of ionized calcium and has signs involving only the mineralized skeleton or calcium storage organs












History, Chief Complaint


The amphibian may be anorectic or may have obvious limb or mouth deformities.









Physical Exam Findings







• An amphibian that is unable to maintain sufficient levels of circulating calcium may develop bloating, tetany, hydrocoelom, lethargy, and sudden death.


• An amphibian that has normocalcemic NSHP may have a deformed lower jaw, a slightly protruding tongue, slight rounding of the profile of the snout, an inability to elevate itself from the substrate, a curved spine and a kinked tail, and deformed or obviously fractured limb bones.















Etiology and Pathophysiology







• A calcium-to-phosphorus ratio that is significantly different from 1.5 : 1 or 2 : 1. Most prey items fed to captive amphibians have an inverse ratio of calcium to phosphorus, typically less than 1 : 1.


• An absolute lack of calcium despite an appropriate ratio of calcium to phosphorus


• Calcium in the water may be a significant source of this mineral. Amphibians adapted for hard water may develop NSHP if the calcium hardness of their water is too low.


• Lack of vitamin D3 in the diet may impair calcium absorption and distribution. A ratio of fat-soluble vitamins inappropriately high in vitamin A or vitamin E may impair vitamin D3 absorption and utilization. Typically, the ratio should be 100 IU D3 to 10 IU A to 1 IU E. Domestic rodents may have an inappropriate balance of fat-soluble vitamins.


• An inappropriately acidic substrate may interfere with the proton pump systems needed to maintain normocalcemia and increase the demand for an external source of calcium. This frequently results in gastrointestinal bloating, tetany, seizures, and other signs of hypocalcemia.


• Various other metal ions are present in common calcium supplements such as calcium carbonate and oyster shell flour. These may interfere with calcium uptake if above or below certain levels.


• Oversupplementation with calcium may impair absorption and create NSHP.















Diagnosis [image: image]







Differential Diagnosis







• Ammonia toxicosis can cause seizures similar to hypocalcemia.


• Hypervitaminosis A (long bone deformities)


• Septicemia (hydrocoelom, sudden death)


• Trauma (fractures)












Initial Database







• Whole-body radiographs to assess radiolucency of bones. Early signs include increased radiolucency of the pelvic bones and lateral spinous processes. With advancing NSHP, additional bones may become radiolucent, and pathologic fractures may occur. Spinal deformities may be present. Endolymphatic sacs may not be mineral dense. Otoliths may be the only significant mineral-dense object visible in very advanced cases.


• A DV digital photo can be used to assess subtle changes in spinal deformities of anurans. Typically, the spine runs in a straight line from between the external nares, between the eyes, and over the center of the urostyle. Deviations are often noticed because the center of the urostyle starts to angle away from the line of the spine.












Advanced or Confirmatory Testing


Bloodwork should include ionized and total calcium and phosphorus and total protein. An amphibian may have near normal total calcium and still have hypocalcemic signs as the result of low ionized calcium. Inverse plasma levels of calcium-to-phosphorus support a diagnosis of chronic NSHP.












Treatment [image: image]







Therapeutic Goals







• Correct immediate hypocalcemia


• Correct diet












Acute General Treatment







• If tetany, paralysis, or gastrointestinal bloating is noted: 10% calcium gluconate or calcium chloride at 100 mg/kg ICe q 4-6 h until tetany subsides. No sooner than 24 hours after resolution of hypocalcemic signs, consider administration of 1000 IU/kg vitamin D3 PO or topically. Caution is warranted because this may reinduce a hypocalcemic state.


• Balance the water quality




[image: image] pH and alkalinity/calcium hardness may need to be adjusted. Calcium hardness may need to be above 150 ppm to restore the calcium balance even with diet supplementation.





• Stabilize any fractures.












Chronic Treatment







• Balance the nutrient intake.




[image: image] Although calcium, phosphorus, and vitamin D3 are often the sole target of balancing, levels of vitamin A and vitamin E intake should be investigated and balanced if excessively high.




[image: image] Domestic rodents typically have levels of vitamin A that can interfere with vitamin D3 absorption, so they should be removed from the diet until the disease is corrected.





[image: image] Supplemental calcium may be provided orally by dusting food items with pure calcium carbonate, calcium citrate, or calcium lactate. A liquid calcium source, such as calcium glubionate, may be compounded for direct oral supplementation.


[image: image] Vitamin D3 may be provided by dusting food items or through oral dosing of 100-400 IU/kg PO weekly.





• Calcium and vitamin D3 may be absorbed through the skin and may be needed for rapid mineralization of skeletal structures in amphibians with severe deformities.




[image: image] A 2% to 5% solution of calcium gluconate is well tolerated by many species as an 8- to 12-hour daily bath.


[image: image] Vitamin D3 may be administered in a continuous bath of 3 IU/mL or may be applied topically at 400 IU/kg weekly.





• A minimum of 30 days of supplementation is needed to correct mild to moderate MBD.


• Whole-body radiographs should be taken every 2 to 4 weeks to assess mineralization and conformation of the skeleton.












Possible Complications


NSHP may be a painful disease in amphibians based on information from human literature. Even though the skeleton may mineralize well following treatment, irreversible deformities in many bones that may affect quality of life are likely.












Prognosis and Outcome [image: image]








• Fair if major pathologic fractures or deformities are present in the spine, pelvis, long bones, mandible, and hyoid bone.


• Guarded to poor if pathologic fractures involving any of these structures that compromise movement and feeding are present.












Pearls & Considerations [image: image]







Comments


This is one of the most common diseases of captive-born and raised amphibians. Although the focus is on dietary correction, a thorough husbandry review is needed to identify any other contributing factors.









Prevention







• Supplementation with an appropriate calcium source and a balanced multivitamin supplement


• Proper handling of nutritional supplements


• Proper feeding practices (e.g., dusting, timing of feeding, appropriate prey items)


• Proper environmental conditions (e.g., do not keep hard water–adapted species in acidic conditions)












Client Education







• Euthanasia may be necessary for amphibians that have significant skeletal lesions or show evidence of chronic pain following remineralization of the skeleton.


• Crickets, fruit flies, mealworms, and waxworms are deficient in calcium and vitamin D3 and will induce NSHP if fed to young growing amphibians without supplementation.


• All supplements are not created equal. A pure calcium source free of other metals is the best choice for a supplement. Calcium lactate, calcium citrate, and pharmaceutical grade calcium carbonate are excellent sources of pure calcium. Other sources of calcium may contain heavy metals such as lead in quantities that may interfere with normal metabolism.


• Most vitamin sources do not have vitamin D3 but carry vitamin D2, which has not been shown to support normal skeletal mineralization in amphibians. Check with a veterinarian for an appropriate source of vitamin D3.


• Ultraviolet B may help some amphibians convert vitamin D2 to vitamin D3, but this remains unproven.


• Nutritional needs change with age. All things being equal in the captive environment, growing amphibians have a much greater demand for calcium compared with mature amphibians.














Suggested Reading
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Saprolegniasis






Basic Information [image: image]







Definition


Amphibian saprolegniasis is a cutaneous infection by a variety of watermolds (Oomycetes, Diplomastigomycotine; genera include Achyla, Saprolegnia, and others).









Synonyms


Watermold infection, cotton skin, oomycetosis









Epidemiology






Species, Age, Sex







• Aquatic amphibians are most at risk.


• Terrestrial amphibians may develop infection if they are in overly wet conditions, but watermolds rarely develop the classic “cotton” appearance that may be seen on completely aquatic amphibians.












Risk Factors







• Amphibians maintained at or below 20°C


• Abrasions or other injuries to the epidermis


• Removal of the slime layer from chemical irritants such as an ammonia spike (due to inadequate biological filtration) or contamination of the enclosure with disinfectants, soaps, or detergents


• Malnutrition, particularly hypovitaminosis A


• Crowding












Contagion and Zoonosis


Transmission is by exposure to the infective forms of watermolds. The contagiousness of different species of watermolds likely varies.












Clinical Presentation






Disease Forms/Subtypes







• Generalized saprolegniasis can cause severe life-threatening disease by electrolyte disturbance and secondary bacterial septicemia.


• Localized or focal saprolegniasis rarely causes electrolyte imbalance but may offer a route for bacterial septicemia.


• Tadpoles may suffer from infections of the spiracles, resulting in respiratory compromise and death.


• Amphibian eggs are often infected with saprolegniasis, but this usually occurs as a postmortem invasion because healthy eggs appear to be resistant to fungal infection.
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