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      FOREWORD


    


  




  

    Parasitology continues to be a very exciting and stimulating field of study and has regained global attention and interest especially due to the data obtained from the recent 2010 and 2013 Global Burden of Disease studies that highlight how parasitic infections continue to be amongst the leading causes for the highest disabilities worldwide. In addition, even though amazing strides have been achieved towards the Millennium Development Goals, the UN member states and the world are now faced with much broader and more audacious post-2015 goals as part of the new Sustainable Development Goals to be achieved by 2030. For these objectives to be achieved it is very important not only to focus and monitor available and ongoing control implementation programs globally, but also complement these efforts with novel research leading to new and affordable health innovations.




    Therefore, when Professor Fabrizio Bruschi invited me to write the foreword for this book titled “Frontiers in Parasitology: Water-borne Protozoa in Humans” it immediately captured my interest and excitement to know that with this book physicians, health professionals and scientists around the world will rapidly gain access to the most up to date advances and innovation about the epidemiology, pathobiology, laboratory and clinical diagnosis, and available prevention and treatment measures for this very important group of infectious and tropical diseases. It is well known that protozoan infections are important causes of diarrheal and other gastrointestinal diseases in humans including the major causes for travellers’ diarrhea. In addition, some of the protozoans can affect the central nervous system and even cause keratitis.




    After reading this book the hope is that it will raise awareness of the importance of water-borne protozoan infections as global public health problems, while at the same time generate new ideas, new networks and partnerships and bring new translational discoveries from the bench into the clinic ultimately leading to an improvement in health delivery mechanisms benefiting global strategies.




    Indeed, and of no surprise if one were to search for a good compilation of recent articles in the last 10 years that summarizes the global distribution and burden in this field of study, there are very limited publications that provide a comprehensive review of the global health impact of waterborne parasitic protozoan infections worldwide. Furthermore, for most if not all the water-borne diseases, effective drug treatments and vaccines are not yet available and diagnostic tools are not highly sensitive or reliable especially for point of care diagnostics in resource-poor settings. One of the most recent reviews on water-borne protozoa was written by Baldursson and Karanis and published in Water Research in 2011, and shows that in Australia, Europe and North America at least 199 outbreaks of these diseases occurred and were reported between 2004-2010. However, the authors also highlight that the countries that most likely have the greatest populations afflicted by water-borne parasitic infectious and other tropical diseases lack strong surveillance systems, leading to a chronic under-reporting or even no reporting of their public health burden.




    This book, then, aims to fill this gap in knowledge as well as provide a comprehensive overview of major parasitic water-borne protozoan diseases. It includes an impressive list of authors and co-authors internationally recognized in the field of parasitology, covering in a compilation of 8 chapters the new and recent insights for waterborne-protozoa including Blastocystis, Cryptosporidium, Cyclospora, Cystoisospora, Entamoeba and other pathogenic intestinal amoebae, free living amoebae, Giardia and Microsporidia.
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      PREFACE


    


  




  

    Water is essential for living organisms on Earth, but it can also spread toxic substances and pathogens for humans and animals, particularly in low income Countries. At global level, waterborne pathogen exposure in fact correlates significantly with low socio-economical conditions.




    During the recent past, human development, population growth, extreme weather events as well as natural calamities due to climate changes have affected both the quality and quantity of water resources, increasing the occurrence of water-borne infectious diseases. These are a major cause of morbidity and mortality, with an estimate of 4.0% of global deaths and 5.7% of the global disease burden (in terms of Disability Adjusted Life Years) attributable to a complex of factors like water, sanitation, and hygiene conditions. Water-borne pathogens such as viruses, bacteria and protozoa are responsible for diarrheal diseases which affect, sometimes in a serious manner, in particular children, worldwide.




    This E-book is designed to inform the reader on water-borne protozoa infections in humans.




    The audience is represented by medical students, parasitologists, clinical microbiologists, infectivologists, researchers, environmental technicians, people who are engaged in water purification and control and public health personnel. Each chapter addresses the history, morphology and life cycle, global epidemiology and risk factors, immunology and immunopathology, symptoms, diagnosis and detection methods, treatment and perspectives of control for major waterborne parasites transmissible with water, either used for drinking or for recreational activities.




    In addition to the parasites considered in this book, others can be transmitted by water, like Toxoplasma gondii for example, but were not considered in this book.




    The Editor is grateful to David Di Cave, Marco Lalle, Simonetta Mattiucci, Walhul Khan, Una Ryan, Chuck Sterling, Magda Azab, Nicola Coppola for valuable reviewing process.

Fabrizio Bruschi


    Università di Pisa


    Pisa


    Italy
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      Blastocystis spp.


    


  




  

    

      INTRODUCTION




      Blastocystis spp. are single-celled protozoa, intestinal parasites of humans and numerous other organisms such as mammals, birds, amphibians, reptiles, fish, arthropods, annelids, insects and mollusks [1 - 5]. For years, the taxonomy of Blastocystis was very controversial and through the use of molecular methods it has been possible to define the phylogenetic characteristics of the parasite. Today it is believed to belong to the subclass of Stramenopiles (or Heterokonts), subgroup Opalinata [6 - 8]. Blastocystis is the only Stramenopile known to be a human parasite, for this reason Brumpt suggested the name of Blastocystis hominis [9], which today has been substituted, in the light of new acquisitions, by Blastocystis spp.


    




    

      




      EPIDEMIOLOGY




      The geographic distribution of Blastocystis spp. is very wide, above all in developing countries, and it is estimated that about 1 billion subjects are colonized [10, 11]. Even if the epidemiology of this parasite has not yet been well defined [12, 13] it is probably the most widespread eukaryote organism in humans [14].




      

        Table 1 Prevalence of Blastocystis infections in different countries.




        

          

            

              	Prevalence (%)



              	Country



              	Reference

            


          



          

            

              	2.1



              	Turkey



              	[15]

            




            

              	3.7



              	China



              	[16]

            




            

              	7



              	Mexico



              	[10]

            




            

              	13.5



              	Thailand



              	[11]

            




            

              	13.6



              	Italy



              	[17]

            




            

              	14.2



              	Turkey



              	[18]

            




            

              	14.7



              	India



              	[19]

            




            

              	15



              	Germany



              	[20]

            




            

              	20



              	USA



              	[21]

            




            

              	22.9



              	Argentina



              	[22]

            




            

              	26.5



              	Brazil



              	[23]

            




            

              	26.6



              	Libya



              	[24]

            




            

              	36.4



              	Colombia



              	[25]

            




            

              	40.9



              	Brazil



              	[26]

            




            

              	52.3



              	Malaysa



              	[27]

            


          

        




      




      The prevalence of Blastocystis spp. is clearly higher in developing countries, approximately between 30% and 50% [28, 29]. Immigrants, adopted children and people who work in close contact with animals, have a greater probability of contracting an infection caused by Blastocystis spp [30, 31]. Scientific evidence suggests that patients with AIDS and severe immunosuppression, have Higher risk of infection by Blastocystis spp [32 - 35].




      The prevalence of Blastocystis spp. in HIV/AIDS patients is estimated at 8% in India [35], and 38% in Germany [33]. A recent study evaluated it at 72.4% in Jakarta, Indonesia [34].
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        Fig. (1-3))


        Cystic form of Blastocystis spp. from laboratory Culture on Boeck and Drbohlav’s egg enriched medium. Optical microscopy, x400 magnification.
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        Fig. (4))


        Detail of a Cystic form of Blastocystis spp. from culture. Optical microscopy, x1000 magnification.

      


    




    

      MORPHOLOGY AND STRUCTURE




      Blastocystis spp. is an extremely polymorphic organism of which four principle forms have been described, in fecal samples or in in vitro cultures: vacuolar, granular, amoeboid and cystic [1, 35 - 37].




      

        Vacuolar Form




        The vacuolar form is the most frequently identified in axenic cultures and fresh feces of infected patients. Under brightfield illumination this form is seen as a roundish mass between 2 and 200 μm in size, with an average diameter of 4-45 μm [1], however, gigantic forms up to 400 μm, also have been described in axenic cultures [38].
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          Fig. (5))


          Arrows show cystic form of Blastocystis spp. from fresh stool under Lugol coloration.

        




        A large central vacuole containing fine granulations [39], whose function has not yet been fully clarified, occupies about 90% of the organism. Its lipid [40] and carbohydrate [41] content has suggested its possible function as a reserve [42].




        The vacuole is surrounded by a thin cytoplasmatic layer containing 4 (or more) spherical or ovoid nuclei with a diameter of 1-2 μm [43], and Golgi apparatus and mitochondria-like organelles (MLO) with numerous highly electron-dense crests. The vacuolar form has a thick superficial fibril covering made up of mainly of carbohydrates, whose function has not been completely investigated. It has been postulated that the structure could be an aid to capturing, during phagocytosis of bacteria [44, 45] and in protection from osmotic shock [46]. It would also be an important protective barrier for membrane proteins, shielding them from the host’s immune system [47]. The vacuolar forms reproduce quickly by binary fission [48].


      




      

        Granular Form




        The granular form is generally larger than the vacuolar form with dimensions between 12 and 25 μm, though still remaining similar to it. What distinguishes the two forms is essentially the shape of the granules that, in the granular form, can be differentiated morphologically. Studies carried out with the electron microscope, have identified different typologies of granules: lipidic and metabolic. The existence of reproductive granules, linked to the asexual multiplication of Blastocystis spp., has been reported in several studies [49, 50], but not confirmed yet. In fact, the granules are heterogeneous and inclusions have been described such as myelin like, lipidic drops, small vesicles or crystalline formations.


      




      

        Amoeboid Form




        The amoeboid form, which is smaller than vacuolar and granular forms (2.6 to 7.8 um in diameter), is rarely observed in axenic cultures or fresh feces, they have characteristics similar to the previously described form, but also have two or more pseudopodia that make them apparently similar to amebae. Dunn and coll [39]. described amoeboid forms of Blastocystis spp. containing phagocytized bacteria and digestive vacuoles similar to lysosomes. This led to the hypothesis that a nutritional role could be attributed to this form.


      




      

        Cystic Forms




        The cysts are the form of the parasite most easily seen in fresh feces of colonized subjects. They were first described by Mehlhorn (1988) from feces of patients with AIDS. The dimensions of the cysts are variable, but generally smaller than those of the granular and vacuolar forms. They have a diameter between 2 and 5 μm [51] or between 5 and 10 μm according to some authors [52]. They are generally roundish in shape, the cysts have a multi-layer protective wall with an external fibrillar layer, which encloses a thin cytoplasm with numerous mitochondria, granules of glycogen, small vacuoles and nuclei, containing chromatin consolidations, whose number can vary from one to four [53, 54].




        It has been hypothesized that the cysts are a resistant form of the parasite. In fact, they are believed to be able to survive for more than thirty days at 25°C and up to two months at 4°C [55]. Resistant to osmotic shock and aerobic environments, they are still sensitive to heat and common disinfectants [51], although some authors report a possible resistance to chloride at concentrations normally used in drinking water [56].




        Today there seems to be an agreement in defining the cysts as the only forms responsible for the transmission of Blastocystis spp [35, 51, 55, 57].




        The life cycle of Blastocystis spp. is still uncertain, even if numerous theories have been made. Singh et al. (1995) found the presence of two cystic forms of the parasite: one thin-walled and the other thick-walled. The former is considered responsible for the passage of the parasite into the external environment by the fecal-oral route; the latter is implicated in mechanisms of auto infestation. In the host’s intestine, the parasite would reproduce by schizogony generating the pre-cystic form(stage) that evolve into thick-walled cysts; after their rupture, they liberate the daughter vacuolar form.


      




      

        Genetic Variability




        The isolates of Blastocystis spp. from both humans and animals are morphologically indistinguishable.




        However, a genetic variability has been observed that has led some authors to substitute the previous denomination of Blastocystis hominis with the current Blastocystis spp. The conserved and variable regions of the gene encoding the small subunit ribosomal RNA gene (SSU rRNA) are the target of PCR reactions [8].




        The molecular methods most commonly used to study Blastocystis spp. are:




        

          	PCR-RFLP (Restriction Fragment Length Polymorphism) [58, 59]




          	PCR and dideoxysequencing [60, 61]




          	PCR-STS (Sequence Tagged Site) [61 - 63]




          	PCR fingerprinting [64, 65]


        




        Based on the data obtained from the analysis of SSU-rRNA, to date 17 subtypes (ST) have been identified [66]. 90% of the isolates obtained from humans belong to the subtypes between ST1 and ST4,the subtypes from ST5 to ST9 are, instead, less frequent. Subtypes ST10 - ST17 are exclusive to animals [67 - 69].


      


    




    

      LIFE CYCLE AND TRANSMISSION




      The method of transmission of Blastocystis spp. remains unclear also if we presume that it can take place by the direct fecal-oral route or by means of environmental contamination with the cystic form of the parasite, present in the feces of the individual affected, the only one considered transmissible, from individual to individual [62, 71, 82, 83].




      The transmission of Blastocystis spp. through the use of untreated water, above all in the presence of poor hygiene conditions, has been repeatedly reported [56, 76, 84].




      The ample distribution of Blastocystis spp. in animals has suggested the hypothesis that some STs are not host-specific and that cross-infectivity between various animal species could be taken into consideration in this regard human infection can be considered as an anthropozoonosis originating from a reservoir made up of numerous animal species.




      Numerous life cycle model have been proposed for Blastocystis spp. and the differences hypothesized are probably due to the common opinion that the parasite can have different reproductive cycles [36, 70].




      

        	The cysts are swallowed by the human or animal host.




        	The cysts transform into the vacuolar form in the intestine which multiply by binary fission possibly also evolving into amoeboid organular forms.




        	The vacuolar forms begin to encyst in the host’s intestine. The forms that develop in the intermediate stages of the process, can be surrounded by a thick fibrillar layer that later is lost during the passage to the external environment.




        	The cysts, once excreted with the feces, are the forms responsible for the transmission of the parasite.


      




      As regards the transmission route, numerous studies describe water contaminated by cysts as a potential transmission route of the parasite, in the same way as numerous intestinal Parasitosis caused by other protozoa [51, 73 - 76]. Ascertaining the existence of STs common to both humans and animals has allowed the integration of the classic route mediated by contaminated water with that linked to the zoonotic transmission of the parasite [77].




      Transmission by the fecal-oral route has been suggested by numerous studies developed with traditional and molecular methods [61, 78] and experimentally demonstrated in rats [55].


    




    

      LABORATORY DIAGNOSIS






      

        Microscopy




        As for other intestinal protozoa it is possible to look for Blastocystis spp. by observing fecal samples under an optical microscope. The observation can be carried out using fresh feces but generally after concentration of the material.




        The formalin-ethyl acetate concentration technique (FECT) is most frequently used in numerous studies report a modest sensitivity to this method compared to other techniques such as xenic in vitro culture (XIVC) and permanent trichrome staining of feces fixed in sodium acetate-acetic acid-formalin (SAF-PST) [79]. Moreover, various authors have reported that the processes of centrifugation can damage or destroy the vacuolar, multi-vacuolar and granular forms of the parasite, making identification difficult [80].




        A density gradient (FICOLL) is also used [81]. Confounding factors in the microscopic identification of cysts of Blastocystis spp. could be fecal leucocytes, oocysts of Cryptosporidium spp. and, above all, cysts of E.histolytica, E.hartmanni, and Endolimax nana. The observation of a good number of fecal samples is necessary to find the presence even of few parasites, as it is always recommended in traditional microscopy diagnostics. To set up microscope samples the following are used: temporary staining like that one with solution of MIF, Bailenger, Lugol and permanent staining such as: Gomori trichrome, iron-ematoxilin, Ziehl-Neelsen, Gram or Giemsa. All the stains permanent staining, except for Giemsa, generally includes fixing of the sample with different compounds such as ethanol, formalin, SAF (sodium acetate-acetic acid-formalin), PVA (polyvinyl alcohol). Microscopic observations are carried out at 400x magnification and at 1000x using immersion oil.


      




      

        Culture




        It is possible to obtain axenic cultures of Blastocystis spp. on specific media such as Jones medium (Jones, 1946) enriched with 10% horse serum [72] and Boeck and Drbohlav’s egg enriched medium. Antibiotics are added to the media to inhibit bacterial growth that could interfere with the growth of the parasite. The cultures are incubated at 37°C and subcultured into fresh media every 3 days. After growth, it is possible to observe Blastocystis spp. in the form of compact masses, similar to bacterial colonies. Culturing improves the detection sensitivity but it is not routinely used in diagnostic labs, respect to microscopic observations, even if greater sensitivity has been reported [81].


      




      

        Molecular Techniques




        Over the last few years the diagnostic approach to the patient affected by intestinal parasitic infections, especially protozoonosis, has undergone a rapid evolution thanks to the introduction of molecular methods in the clinical microbiology laboratory. Molecular methods have been widely used also in the study and diagnosis of Blastocystis spp. Using these techniques, just a little less rapid in the diagnosis of an FECT, but certainly quicker than culture, it is possible to use samples qualitatively unsuitable to be used for a culture examination, giving a quick response and greatly increasing the sensitivity and the specificity of the diagnostic test. A commercial molecular kit for the detection of Blastocystis spp. is available (Clongen Laboratories, LLC).


      


    






    

      CLINICAL ASPECTS




      The clinical significance of one of the most widespread single-cell intestinal parasites in the world, Blastocystis spp., remains uncertain. Numerous epidemiological and clinical studies have been made to evaluate the prevalence in various populations and study the role of the parasite as an etiological agent of intestinal and extra-intestinal pathologies.




      As regards the clinical aspects, it should be noted that the knowledge of the period of incubation is an essential prerequisite for a clear understanding of the onset of any pathology and the relative importance of the various routes of transmission. However, for Blastocystis spp., neither period of incubation or duration of infection have been described. Human infection with Blastocystis spp. is called “blastocystosis”. There are a variety of signs and symptoms associated with blastocystosis, from non-specific intestinal symptoms to cutaneous manifestations.




      

        Intestinal Symptoms




        Blastocystosis manifests, most frequently with diarrhea and abdominal pain [72]. Other non-specific gastrointestinal symptoms can include abdominal distension, flatulence, anorexia, weight loss, nausea, vomiting, constipation, and dysentery [85, 86].




        As regards the severity of the manifestations, there have been reported cases ranging from chronic diarrhea to acute gastroenteritis. Some researchers saw a possible association between severity of the pathology and the number of parasites found in fecal samples [83, 87] or the finding of amoebic forms of Blastocystis spp. in symptomatic patents. The association was also Demonstrated by the elevated protease activity was in isolates that had higher percentages of amoebic forms [88].




        Other studies have evaluated the possible correlation existing between ST infections and severity of clinical manifestations. It has been repeatedly reported how genotypic variability can play a role in the pathogenicity of Blastocystis spp [89]. Subtype 3 is most frequently isolated from patients with gastrointestinal disorders [90]. Rats have been experimentally infected with isolates from symptomatic and asymptomatic patients. It is interesting to note that the pathological manifestations, evaluated by the authors as moderate and severe, were detected only in the experimental animals infected with isolates from symptomatic patients, and that differences in severity were observed among the various STs of Blastocystis, thus suggesting the existence of particularly virulent strains. Pathophysiological variability between different B. hominis genotypes was evaluated in experimentally infected rats. In symptomatic isolates, subtypes 1, 3, and 4 were often detected. Subtype 3 was the commonest in humans [91].




        Infection of immunocompetent BALB/c rats has shown the presence of inflammatory infiltrates only in the intestine of some of them, suggesting the idea that host factors play a relevant role in the evolution of the infection [72]. As regards the observations in humans, endoscopically removed samples from symptomatic patients showed that bioptic Blastocystis spp. do not invade the mucosa of the colon. Therefore it can be possible that the intestinal symptoms, correlated with the presence of the parasite, could be linked to alterations of permeability of the epithelial barrier at the level of the tight cellular junctions [92].


      




      

        Irritable Bowel Syndrome (IBS)




        Irritable bowel syndrome is described as a functional gastrointestinal disorder characterized by abdominal pain associated with bowel variations. Notwithstanding the fact that numerous studies correlate the clinical manifestations referable to irritable bowel syndrome with the presence of Blastocystis spp., [93, 94] its possible role in the pathogenesis of the syndrome is still debated. Since the 1990s, researchers have, reported that serum of patients with IBS show elevated levels of IgG antibodies for Blastocystis spp. compared to healthy controls [95, 96].




        In the pathogenesis of IBS, a mechanism linked to a low degree of inflammation by means of chronic exposure to Blastocystis spp. antigen [97] has been proposed. Recently, the production by the ST7 strain of Blastocystis spp. of two cysteine-proteases able to induce rho kinase-mediated response on the intestinal epithelial barrier [69, 98].




        Cysteine proteases induce pro-inlammatory cytokine interleukin-8 (IL-8) and degrade human immunoglobulin A (IgA) are important enzymes for host invasion and infection and are well recognized as virulence factors in pathogenic protozoa, too [132].


      




      

        Extra-Intestinal Manifestations






        

          Cutaneous Lesions




          Infections from Blastocystis spp. have been indicated in numerous reports as the possible etiology of cutaneous lesions: acute or chronic rash [99], palmoplantar itching [100] or diffuse angioedema [101], with the finding of peripheral hypereosinophilia [102]. The stimulation, by parasite antigens, ofTh2 cells leads to the production of interleukins (IL-3, IL-4, IL- 5, IL-13) that mediate allergic IgE reactions [103]. It has also been postulated that antigens of Blastocystis spp. are able to activate the Complement cascade inducing the production of C3a and C5a that, because of their interaction with mastocytes and basophils, would activate the production of histamine with consequent cutaneous alterations [104]. An association has also been proposed between acute rash and the presence of Blastocystis spp. ST 3 in the amoeboid form, mediated by carbohydrates of the parasite membrane [105].


        




        

          Other Extra-Intestinal Manifestations




          A research group [106] has reported a case of severe hypoalbuminemia and anasarca with the finding of peripheral hypereosinophilia and the presence of Blastocystis spp. in the feces as the only parasite. The authors correlated the pathological manifestations with the presence of Blastocystis spp. based on the favorable response of the patient to the therapy with metronidazole and to the absence of other known causes. They also suggested that the conditions of the subject under observation, affected by a psychiatric pathology and in poor general condition, could have favored the severe manifestations attributed to Blastocystis spp. In the literature, there is only one previous report of a medical case similar to the previous described [107].




          Another report in the literature describes the detection of Blastocystis spp. in synovial liquid drained from the knee joint of a patient affected by rheumatoid arthritis, in treatment with steroids and concomitant acute diarrhea. The presence of the cystic form of Blastocystis spp. was also detected with a parasitological examination of the feces. The administration of therapy with metronidazole has been correlated by some authors with the disappearance of diarrhea and the resolution of the articular phlogistic process [108]. The presence of Blastocystis spp. ST3 has recently been found in the contents of splenic cysts, in a 22 year old female patient complained of pain in the left hypochondrium [109].


        


      




      

        High-risk Subjects




        As in many parasitic infections (Cryptosporidium spp. Isospora spp., Cyclospora,), some groups of subjects appear more susceptible to contract infection with Blastocystis spp [110]. Over the last few years, the presence of the parasite has been frequently reported in subjects affected by cancer or with immune system compromised by HIV/AIDS.The prevalences reported in various studies range from about 10% [111, 112] to 13% [113], in subjects affected by cancer. Greater differences have been reported in studies on patients affected by AIDS. The prevalence, in the various studies, vary from 16% [114] to 38% [115]. A prevalence of 72.4% [34] in AIDS patients with diarrhea has been found. As regards the ST of Blastocystis spp. isolated from subjects affected by cancer or HIV/AIDS, the presence of ST 1, 2, 3, 4 has been reported. ST3 has been found with greater frequency, followed in order by ST4, ST1, ST2 [112]. A high incidence of isolation of Blastocystis is reported in renal transplantation in immunosuppressive therapy [116] and in children with nephrotic syndrome who are undergoing steroid therapy [73]. Subjects living in developing countries or coming from them, show a higher prevalence of Blastocystis spp. compared to the general population of developed countries [117, 118]. This has been correlated with poor hygiene, contact with animals, and consumption of contaminated food or water [117].


      


    




    

      THERAPEUTIC APPROACH




      The treatment of infections from Blastocystis spp., given the controversial pathogenesis, is carried out, in symptomatic patients, only when every other possible etiology has been excluded [119, 120]. In these cases, metronidazole is considered the therapy of choice [119, 121, 122]. Numerous trials have been made in the last few years on immune competent subjects affected by diarrhea with the finding of Blastocystis spp. in the parasitological examination of the feces.The drugs used in the treatment were: metronidazole [123, 124], cotrimoxazole [125] nitazoxanide [126]. The authors report a high percentage of eradication of the parasite and resolution of the intestinal symptoms. This would lead us to consider Blastocystis spp. responsible for the pathological manifestation [123]. The recent reports of therapeutic failure [122] would lead to the consideration of drug resistance of the parasite or, at least, a variable sensitivity of Blastocystis spp. to drugs [127]. Numerous other drugs have been used in the therapy of infections from Blastocystis spp., singularly or in association with metronidazole: cotrimoxazole [125], nitazoxanide [126, 128], paromomicine [129]. According to some authors these can be considered second-line drugs [73, 130], moreover, there have also been indications of therapeutic failure [127]. Molecular identification of different ST has led to the possibility that the varying sensitivity to drugs is correlated with the ST [119].




      Studies in vitro have shown different patterns of sensitivity of the parasite to drugs for the various ST [127, 131]. These studies would lead to consider metronidazole as only one of the possible therapeutic options and not necessarily a first line drug.
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      Cryptosporidium and Cryptosporidiosis


    


  




  

    

      INTRODUCTION






      

        History




        The first description of the parasite dates back to more than a century ago, with two publications by Ernest Edward Tyzzer, a medical parasitologist at Harvard University in Boston. Tyzzer gave the name Cryptosporidium because of the




        absence of sporocysts within the oocysts, a characteristic of other coccidians. He first described the type species, C. muris, from the gastric glands of laboratory mice [1] and provided a more complete description of the life cycle in a subsequent publication [2]. Soon thereafter, Tyzzer described a second species, C. parvum, also from the laboratory mice, which differed from the type species because infection occurred in the small intestine and not in the stomach, and because of the smaller size of the oocysts [3]. Remarkably, these first three publications have defined most of what we currently know about the biology and life history of C. muris and C. parvum [4].




        Research on Cryptosporidium then entered a long period of oblivion, and it was not until 1955 that its pathogenicity was demonstrated in turkeys [5], and, some twenty years later, in livestock [6]. In 1976, the first cases of human cryptosporidiosis were reported by two groups, and involved either children or immunosuppressed adults [7, 8].




        Two events stand out for having significantly impacted our awareness of these parasites and the disease they cause. First, the HIV epidemic and the emergence of cryptosporidiosis as a potentially severe opportunistic infection in people living with AIDS was significant, not only because of the clinical implications, but because it motivated a substantial research effort and a desire to better understand these parasites [9]. A second notable event was the waterborne cryptosporidiosis outbreak in Milwaukee in 1993, which is still the largest waterborne outbreak ever recorded [10]. The importance of this outbreak is illustrated by the fact that the article reporting on the epidemiological investigation of the outbreak was cited over 600 times, more than any other paper dealing with this parasite.


      




      

        Taxonomy




        The taxonomy of the genus Cryptosporidium, like is the case for many other protozoa, is still in a state of flux. The genus Cryptosporidium belongs to the phylum Apicomplexa, but the exact position within the phylum has been a matter of debate. Traditionally, Cryptosporidium has been placed within the coccidia, since it shares with Eimeria, Isospora and Cyclospora the ability to develop in the gastrointestinal tract and to complete the entire life cycle within a single host. However, Cryptosporidium shows several peculiarities that separate it from any other coccidian, including its location within the host cell (intracellular, but extracytoplasmic), its ability to form a feeder organelle that facilitates the uptake of nutrients from the host cell, the presence of two morpho-functional types of oocysts (thick-walled and thin-walled), and its insensitivity to all anti-coccidial agents tested so far.




        Besides these observations, molecular phylogenetic studies have challenged the inclusion of Cryptosporidium within the coccidia. Indeed, analysis of ribosomal and tubulin genes showed that Cryptosporidium is more closely related to the gregarines, a basal group within the phylum Apicomplexa [11], and this phylogenetic association was supported by genome comparison of Cryptosporidium and the gregarine Ascogregarina taiwanensis [12]. A clearer understanding of the correct taxonomic placement of the genus Cryptosporidium will probably require further genomic studies of gregarines.




        At the species level, inherent difficulties have hampered the definition of an accurate taxonomy, not least the lack of consensus as to which definition of species can be applied to organisms like Cryptosporidium. However, it has been proposed that the naming of new species must be based on: a) morphometric studies of oocysts; b) genetic characterization, with sequences deposited in public databases; c) demonstration of natural and, whenever feasible, at least some experimental host specificity; and d) compliance with International Code of Zoological Nomenclature [13].
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