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The concern about the protection of wildlife has been gathering attention from researchers worldwide. Zoos and
aquariums have become widely recognized sites for the conservation of wildlife. The persistence of the illegal trade
of wild animals, such as reptiles, and their use as pets can endanger not only the preservation of the species, but
also allow the introduction of new pathogens and zoonotic diseases. It is important to highlight that preventive
exams should be carried out prior to introducing these animals into a new facility to guarantee zoological
management strategies. There are several reports of parasitism in reptiles, some of them with zoonotic potential,
such as the genus Cryptosporidium spp. In Brazil, reports that explore the prevalence of cryptosporidiosis in
reptiles are scarce, and very few have used molecular methods for the detection of Cryptosporidium spp., or the

genotyping of its species and subtypes.

Cryptosporidium spp. Zoonosis snakes

| 1. Introduction

At present, the Reptilia class is divided into three subclasses and four orders. The subclass Anapsida includes the
Order Testudines, represented by tortoises and turtles. The subclass Diapsida includes: The order
Rhynchocephalia, which is represented by tuataras, the order Squamata, which encompasses the suborders
Sauria (Lacertilia), and Amphisbaenia, which are represented by lizards, and the suborder Ophidia (Serpentes) is
represented by snakes. The subclass Archosauria includes the order Crocodylia, which is represented by

crocodiles, alligators, gharials, and caimans KX}

According to the Reptile Database, there are more than 11,050 species recognized in the world (. Australia leads
the world in reptile species richness, and Mexico takes second place. An updated checklist of Brazilian reptile
species has highlighted Brazil as being the third-richest in the world, regarding reptile fauna, with 795 species: 36
Testudines, 6 Crocodylia, and 753 Squamata (72 amphisbaenians, 276 “lizards”, and 405 snakes) with almost half

(47%) of Brazilian reptiles endemic to the country 2.

In the survey conducted by Costa and Bérnils &, the Northern region is the richest in species of reptiles (453),
Squamata (423), snakes (243), lizards (152), chelonians (25), and alligators (5)—the latter group on an equal
footing with the Midwest region. The Northeast region is the second-richest for these groups, except for alligators
and snakes, and is the region with the most Amphisbaenia taxa (35), while the least wealth regarding the number

of reptiles of all groups is found in the South.
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In a fast-changing world with growing concerns about biodiversity loss, zoos and aquariums have become widely
recognized sites for the ex situ conservation of wildlife. These sites are essential not only for the protection of
endangered species, but also to improve research regarding conservation strategies, captive care, environmental

education, and the elucidation of diseases 2141,

In general, captivity is often associated with frequent exposure to stressors, as the animals are restricted to a
smaller common area, which may favor the transmission of diseases. Parasites are likely to become a major
challenge for maintaining wildlife populations of endangered species in this preservation modality. Determining the
presence of gastrointestinal parasites is critical for more appropriate decision making in the management of these

populations, as its requires careful control to minimize loss diversity 28

Currently, the popularity of exotic pets has been increasing, and they have been drawing heightened attention.
Many of them are collected from the wild at the point of their origin, or are the offspring of wild-caught animals .
Inadequate capture techniques, and poor and/or improper shipping, are causes of death for many reptiles before

they even reach the pet stores.

Unfortunately, reptiles are among the most inhumanely treated animals in the pet trade. Rataj et al. [& highlights
that about 90% of wild-caught reptiles die in the first year of captivity, mainly because of physical trauma or
because, for many species, the basic requirements for housing are unknown and their owners lack knowledge

concerning their nutritional management, making them highly susceptible to metabolic diseases.

Additionally, the introduction of exotic species into the country, probably derived from the illegal pet trade which
occurs freely in shopping portals and on social networks on the internet, increases the risk of establishing those
animals in a new natural area. After the successful establishment of those specimens, control and management

costs will become higher, and total eradication may be impossible, in most cases 2.

Nevertheless, it is important to highlight that the practice of keeping exotic or wild animals as pets may pose a risk
to human health, as those animals can carry diseases, with possibly serious effects on the increase in invasive
pathogens, such as viruses (e.g., West Nile virus), bacteria (e.g., Salmonella spp., Leptospira sp., Mycobacterium
sp.), fungus (e.g., Candida sp., Trichosporon sp.), and protozoans (e.g., Cryptosporidium sp.) B2 outside of their
native distributions. Moreover, captive environments can be stressful to these animals, as they usually live in high
densities and limited spaces, compromising their immune systems, which favor the presence of parasitic diseases
(L1 On the other hand, the anthropic influence on the environment has been constantly cited as a potential risk

factor, as well as and cross-transmission of pathogens between wild animals, domestic animals, and humans 12,

All reptiles should be examined for specific pathogens (endo and ectoparasites, Salmonella spp., Leptospira spp.,
etc.) before introducing them into a new facility. It is essential to perform preventive exams to better understand

which parasites can be found in captive animals to guarantee zoological management strategies (11,

| 2. Cryptosporidium spp.
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There are several reports of parasitism in reptiles. The most common protozoa that may have public health

implications belong to the genus Cryptosporidium L324I[15]16][17]

Cryptosporidiosis is a disease caused by a protozoan parasite of the genus Cryptosporidium that infects epithelial
cells in the microvillus border of the gastrointestinal tract of a broad range of vertebrates worldwide, including

amphibians, reptiles, mammals, and birds [18]129120],

Until recently, this apicomplexan parasite was grouped as a coccidian. However, Cavalier-Smith 21l reclassified
Cryptosporidium from class Coccidiomorphea, subclass Coccidia, to class Gregarinomorphea, within a new
subclass, Cryptogregaria, and a new order, Cryptogregarida, within the Family Cryptosporidiidae. According to
Ryan et al. 22 similarities with gregarines rather than other coccidia include completing host-free life cycles,
exhibiting sizable extracellular gamonts, syzygy, and a changing cell architecture to adapt to diverse environments,
e.g., biofilms, coelom, intestines, soil, and water, and even the lack of an apicoplast, with the ability to complete its

life cycle in the absence of a host cell in vitro.

Cryptosporidium spp. is an intracellular, but extra-cytoplasmic, parasite. Even though some scientific publications
describe Cryptosporidium spp. as an epicellular parasite, this term does not best define them. The life cycle is
monoxenous, requiring a single host. Cosmopolite transmission occurs by the ingestion of oocysts, which are

highly resistant to environmental conditions 23],

More than 38 species of Cryptosporidium have been identified, and there are more than 40 additional genotypes of
unknown status yet to be formally named. Nevertheless, only four species of Cryptosporidium are known to infect

reptiles, and only two have been shown to cause disease in snakes [24125]126]

| 3. Cryptosporidium spp. in Reptiles

Cryptosporidium infections are common in reptiles, and may affect many different species 120271 Reptilian
Cryptosporidium species can also be distinguished by their predilection sites, e.g., gastric or intestinal. Most of
them affect the gastrointestinal tract. Cryptosporidium serpentis and Cryptosporidium testudines are
gastrointestinal parasites, whereas Cryptosporidium varanii (Cryptosporidium saurophilum) and Cryptosporidium
ducismarci are intestinal parasites species. Additionally, some species differ in morphology, as C. serpentis oocysts
are bigger than those of C. varanii [24127]128],

Other species of Cryptosporidium that have been isolated from reptilian feces include Cryptosporidium baileyi,
Cryptosporidium muris, Cryptosporidium parvum mouse genotype, and C. parvum bovine genotype. Although
animals can present oocysts that are detected in the feces, it is important to recognize that an infected prey can be
a source of oocysts that are ingested by the reptilian, undergo a passive oocyst transfer through the
gastrointestinal tract, and do not cause subsequent infection 22, Prior to recent studies, no infections in humans

had been linked with reptilian Cryptosporidium species BB,
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In wild animals, infection occurs predominantly asymptomatically, but apparently, there are some animal groups
that are more sensitive than others. Cryptosporidiosis is a disease with a generally chronic course, and it can
manifest in two ways: clinical, causing gastritis, enteritis, and gastroenteritis, or subclinical, in which the infected
animal plays an important role as a carrier of oocysts to the environment 32, Unlike in other animals, in which
Cryptosporidium infection is usually self-limiting in immunocompetent individuals, in reptiles, it is frequently chronic
and sometimes lethal, especially in snakes [12[271[33],

In lizards, protozoan infections have been associated with acute enteritis and bacterial gastritis, with clinical signs
including diarrhea, anorexia, lethargy, and weight loss which may even be a reason for euthanasia in these animals
[32134] There are reports of polyps forming in an iguana (Iguana iguana) ear canal, and the parasite has also been
described as causing prolapse and cystitis, associated with severe lesions, in the gastrointestinal tract of these

animals, in hosts of the same species, which demonstrates the versatility of the breeding site 32361,

References

1. Uetz, P.,; Freed, P.; HoSek, J. (Eds.) The Reptile Database. 2019. Available online:
http://www.reptile-database.org/ (accessed on 1 April 2020).

2. Costa and Bernils. Sociedade Brasileira De Herpetologia. Lista de Anfibios e Répteis do Brasil.
2019. Available online: http://www.sbherpetologia.org.br/ (accessed on 15 July 2020).

3. Barbosa, A.S.; Pinheiro, J.L.; dos Santos, C.R.; de Lima, C.S.C.C.; Dib, L.V.; Echarte, G.V,;
Augusto, A.M.; Bastos, A.C.M.P.; Antunes Uchoéa, C.M.; Bastos, O.M.P.; et al. Gastrointestinal
Parasites in Captive Animals at the Rio de Janeiro Zoo. Acta Parasitol. 2020, 65, 237-249.

4. Reis, F.C.; Minuzzi-Souza, T.T.C.; Neiva, M.; Timb6, R.V.; Morais, I.0.B.; Lima, T.M.; Hecht, M.;
Nitz, N.; Gurgel-Gongalves, R. Trypanosomatid infections in captive wild mammals and potential
vectors at the Brasilia Zoo, Federal District, Brazil. Vet. Med. Sci. 2019, 6, 248-256.

5. Brener, B.; Rique, A.A.; Diniz, A.L.; Millar, P.R. Parasitismo em serpentes. Med. Veterinaria 2020,
14, 141-150.

6. Villar Echarte, G.; Da Silva Barbosa, A.; Pinheiro, J.L.; Segon, A.M.R.; Augusto, A.M.; Chenard,
M.G.; Amendoeira, M.R.R. Toxoplasma gondii and other parasites studied in feline feces in zoos
in Cuba and Brazil. Rev. De Patol. Trop./J. Trop. Pathol. 2020, 48, 211-221.

7. Ras-Norynska, M.; Sokdl, R. Internal parasites of reptiles. Ann. Parasitol. 2015, 61, 115-117.

8. Rataj, A.; Lindtner-Knific, R.; Vlahovic, K.; Mavri, U.; Dov¢, A. Parasites in pet reptiles. Acta Vet.
Scand. 2011, 53, 33.

9. Fonseca, E.; Solé, M.; Rodder, D.; de Marco, P. Pet snakes illegally marketed in Brazil: Climatic
viability and establishment risk. PLoS ONE 2017, 12, e0183143.

https://encyclopedia.pub/entry/41639 4/6



Cryptosporidiosis in Reptiles from Brazil | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mani, 1.; Maguire, J.H. Small animal zoonoses and immuncompromised pet owners. Top.
Companion Anim. Med. 2009, 24, 164-174.

Chagas, C.R.F.; Gonzalez, |.H.L.; Salgado, P.A.B.; Rodrigues, B.; Ramos, P.L. Giardia spp.; ten
years of parasitological data in the biggest zoo of Latin America. Ann. Parasitol. 2019, 65, 35-51.

Graczyk, T.K.; Aguirre, A.A.; Ostfeld, R.S.; Tabor, G.M.; House, C.; Pearl, M.C. (Eds.) Zoonotic
infections and conservation. In Conservation Medicine: Ecological Health in Practice; Oxford
University Press: Oxford, UK, 2002; pp. 40-61.

Grego, K.F.; Gardiner, C.H.; Catao-Dias, J.L. Comparative pathology of parasitic infections in free-
ranging and captive pit vipers (Bothrops jararac). Vet. Rec. 2004, 154, 559-562.

Lallo, M.A.; Pereira, A.; Araujo, R.; Favorito, S.E.; Bertolla, P.; Bondan, E.F. Ocorréncia de
Giardia, Cryptosporidium e microsporidios em animais silvestres em area de desmatamento no
Estado de S&o Paulo, Brasil. Ciéncia Rural. 2009, 39, 1465-1470.

Marenzoni, M.; Zicavo, A.; Veronesi, F. Microbiological and parasitological investigation on
chelonians reared in Italian facilities. Vet. Ital. 2015, 51, 173-178.

Papini, R.; Manetti, C.; Mancianti, F. Coprological survey in pet reptiles in Italy. Vet. Rec. 2011,
169, 207.

Rinaldi, L.; Capasso, M.; Mihalca, A.D.; Cirillo, R.; Cringoli, G.; Caccio, S. Prevalence and
molecular identification of Cryptosporidium isolates from pet lizards and snakes in Italy. Parasite
2012, 19, 437-440.

Ryan, U. Cryptosporidium in birds, fish and amphibians. Exp. Parasitol. 2010, 124, 113-120.

Ryan, U.; Xiao, L. Taxonomy and Molecular Taxonomy. In Cryptosporidium: Parasite and Disease,;
Caccio, S.M., Widmer, G., Eds.; Springer: Vienna, Austria, 2014; pp. 3-41.

Santin, M. Clinical and subclinical infections with Cryptosporidium in animals. N. Z. Vet. J. 2013,
61, 1-10.

Cavalier-Smith, T. Gregarine site-heterogeneous 18S rDNA trees, revision of gregarine higher
classification, and the evolutionary diversification of Sporozoa. Eur. J. Protistol. 2014, 50, 472—
495,

Ryan, U.; Paparini, A.; Monis, P.; Hijjawi, N. It's official—Cryptosporidium is a gregarine: What are
the implications for the water industry? Water Res. 2016, 105, 305-313.

Bones, A.J.; Jossé, L.; More, C.; Miller, C.N.; Michaelis, M.; Tsaousis, A.D. Past and future trends
of Cryptosporidium in vitro research. Exp. Parasitol. 2019, 196, 28-37.

Bogan, J.E. Gastric Cryptosporidiosis in Snakes, a Review. J. Herpetol. Med. Surg. 2019, 29, 71.

https://encyclopedia.pub/entry/41639 5/6



Cryptosporidiosis in Reptiles from Brazil | Encyclopedia.pub

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Feng, Y.; Xiao, L. Zoonotic Potential and Molecular Epidemiology of Giardia Species and
Giardiasis. Clin. Microbiol. Rev. 2011, 24, 110-140.

Thompson, R.C.A.; Ash, A. Molecular epidemiology of Giardia and Cryptosporidium infections—
What's new? Infect. Genet. Evol. 2019, 75, 103951.

Xiao, L.; Ryan, U.M.; Graczyk, T.K.; Limor, J.; Li, L.; Kombert, M.; Junge, R.; Sulaiman, I.M.;
Zhou, L.; Arrowood, M.J.; et al. Genetic Diversity of Cryptosporidium spp. in Captive Reptiles.
Appl. Environ. Microbiol. 2004, 70, 891-899.

Slapeta, J. DNA barcoding of Cryptosporidium. Parasitology 2018, 145, 574-584.

Karasawa, A.S.M.; da Silva, R.J.; Mascarini, L.M.; Barrella, T.H.; de Magalhdes Lopes, C.A.
Occurrence of Cryptosporidium (Apicomplexa, Cryptosporidiidae) in Crotalus durissus terrificus
(Serpentes, Viperidae) in Brazil. Memdérias Inst. Oswaldo Cruz 2002, 97, 779-781.

Zahedi, A.; Paparini, A.; Jian, F.; Robertson, I.; Ryan, U. Public health significance of zoonotic
Cryptosporidium species in wildlife: Critical insights into better drinking water management. Int. J.
Parasitol. Parasites Wildl. 2016, 5, 88-109.

Zahedi, A.; Ryan, U. Cryptosporidium—an update with an emphasis on foodborne and waterborne
transmission. Res. Vet. Sci. 2020, 132, 500-512.

Cubas, Z.S.; Silva, J.C.R.; Catao Dias, J.L. Tratado de Animais Selvagens: Medicina Veterinéria;
Roca: Sao Paulo, Brazil, 2014; p. 207.

Graczyk, T.K.; Cranfield, M.R.; Fayer, R. A comparative assessment of direct fluorescence
antibody, modified acid-fast stain, and sucrose flotation techniques for detection of
Cryptosporidium serpentis oocysts in snake fecal specimens. J. Zoo Wildl. Med. 1995, 26, 396—
402.

Gatecki, R.; Sokdt, R. Treatment of cryptosporidiosis in captive green iguanas (lguana iguana).
Vet. Parasitol. 2018, 252, 17-21.

Greiner, E.C.; Mader, D.R. Parasitology. In Reptile Medicine and Surgery, 2nd ed.; Mader, D.R.,
Ed.; Elsevier: St. Louis, MO, USA, 2006; p. 343364.

Kik, M.J.; van Asten, A.J.; Lenstra, J.A.; Kirpensteijn, J. Cloaca prolapse and cystitis in green
iguana (lguana iguana) caused by a novel Cryptosporidium species. Vet. Parasitol. 2011, 175,
165-167.

Retrieved from https://encyclopedia.pub/entry/history/show/93929

https://encyclopedia.pub/entry/41639 6/6



