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Abstract: 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.
However, 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. This review aims to help professionals in the area and
encourage them to increase their attention to this protozoan, which is usually neglected.

Keywords: Cryptosporidium spp.; zoonosis; snakes; captive

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 [1].

According to the Reptile Database, there are more than 11,050 species recognized in
the world [1]. 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 [2], 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.

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
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improve research regarding conservation strategies, captive care, environmental education,
and the elucidation of diseases [3,4].

In general, captivity is often associated with frequent exposure to stressors, as the ani-
mals 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 gastroin-
testinal parasites is critical for more appropriate decision making in the management of
these populations, as its requires careful control to minimize loss diversity [5,6]

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 [7]. 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. [8] 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 [9].

Nevertheless, it is important to highlight that the practice of keeping exotic or wild ani-
mals as pets may pose a risk to human health, as those animals can carry diseases, with pos-
sibly 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.) [8,10] 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 [11]. On the other hand, the anthropic in-
fluence 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.

There are several reports of parasitism in reptiles. The most common protozoa that
may have public health implications belong to the genus Cryptosporidium [13-17].

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 [18-20].

Until recently, this apicomplexan parasite was grouped as a coccidian. However,
Cavalier-Smith [21] 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.
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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 [24-26].

3. Cryptosporidium spp. in Reptiles

Cryptosporidium infections are common in reptiles, and may affect many different
species [19,20,27]. 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 para-
sites, 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 [24,27,28].

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 [29]. Prior to recent studies, no infections in
humans had been linked with reptilian Cryptosporidium species [30,31].

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 [19,27,33].

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 [32,34]. 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 [35,36].

4. Cryptosporidium spp. in Reptiles from Brazil

In Brazil, few reports have investigated the prevalence of cryptosporidiosis in reptiles.
Meireles [37] summarized the occurrence of Cryptosporidium spp. in several animal species.
Despite the ten years difference in publication, the only other information regarding
Cryptosporidium spp. in reptiles was presented by Karasawa et al. [29]. Studies aiming
to classify the species of this protozoan and some aspects of cryptosporidiosis in reptiles
developed in Brazil remain scarce, albeit they are growing in number (Table 1).

Table 1. Cryptosporidium spp. found in reptiles from Brazil using different diagnostic techniques.

Host Locality Diagnostic Technique Species Gene Target Reference
Snakes Sao Paulo ME Cryptosporidium spp. NE Karasawa et al. [29]
Snakes Sao Paulo ME, C. serpentis 185 Da Paixao Seva et al. [38]

PCR
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Table 1. Cont.

Host Locality Diagnostic Technique Species Gene Target Reference
Snakes Sao Paulo II)\/(Iin{, C. serpentis 18S Ruggiero et. al. [39]
Snakes Sao Paulo Il:/éER, C. serpentis 185 Paiva et. al. [40]
Snakes Rio de Janeiro EﬁglA Cryptosporidium spp. NE Souza et. al. [41]

< PCR, . 18S, .
Snakes Sao Paulo Real-time PCR C. serpentis HSP70 da Silva et. al. [42]

ME: microscopic examination; NE: not evaluated; PCR: polymerase chain reaction; ELISA: enzyme-linked
immunosorbent assay.

Karasawa et al. [29] investigate the prevalence of Cryptosporidium oocysts in Crotalus
durissus terrificus using the centrifuge sedimentation technique and fecal smears stained
using a modified acid-fast and auramine-rhodamine method. The authors believed that the
infection rate could be underestimated due to the techniques employed, when compared
with studies that used the detection of anti-Cryptosporidium antibodies in serum, as well
as antigens in the feces of snakes [43]. However, these techniques can yield false-positive
results which do not represent a real infection [33]. Anyone engaged in screening for
oocysts of Cryptosporidium spp. in fecal samples understands that it is far from an easy task,
due to the characteristics of the oocysts, namely their intermittent elimination and reduced
size (usually 4-6 um), the reality that infections are subclinical, normally producing fewer
oocysts in the stool, and the fact that animals could eliminate oocysts at the time of feeding
and may not actually be infected by Cryptosporidium spp. The authors also recommend that
the fecal smear technique should be used exclusively for the determination of Cryptosporid-
ium-positive snakes, and not for the diagnosis of negativity. Even multiple, subsequent
negative smears cannot be used as the basis for any conclusion regarding infection with
characteristics of the excreted oocysts that are insufficient for species identification. Al-
though some minimal differences have been reported in the size of Cryptosporidium spp.
oocysts of snakes [27], morphology alone cannot be used to differentiate Cryptosporidium
species [44].

Due to the occurrence of deaths in the snake hatcheries at the Zoological Park Foun-
dation in Sao Paulo, Brazil encouraged da Paixao Seva et al. [38] to research the possible
causes. After detection of Cryptosporidium spp. oocysts in some snake stool, a nested
polymerase chain reaction (PCR) was accomplished. Molecular analyses confirmed all as
C. serpentis. The authors agreed that since resistant forms of this parasite are only inter-
mittently eliminated, individuals with negative tests may be false-negatives, and these
animals could be asymptomatic hosts. In the subclinical stage of this infection, the number
of oocysts eliminated may be low, which thus may produce a misleading diagnosis.

In the same year, Ruggiero et al. [39] evaluated the prevalence of Cryptosporidium
serpentis in a gastric aspirate from captive snakes from the serpentarium of the Butantan
Institute in Sao Paulo. The authors found a high prevalence of cryptosporidiosis with
subclinical status in the animals kept in captivity and highlighted that the gastric lavages
may be a powerful tool for the diagnosis of subclinical cryptosporidiosis in snakes.

Paiva et al. [40] sought to standardize an indirect enzyme-linked immunosorbent assay
(ELISA) to detect antibodies against C. serpentis and to evaluate the clinical, parasitological,
and humoral immune response in snakes naturally infected with C. serpentis. The snakes
developed a humoral immune response against C. serpentis, although in some animals, a
fluctuation in antibody titer and, in some cases, a lack of humoral response, was found. The
authors recommend the collection of at least five to seven fecal samples for the screening of
Cryptosporidium infection, and microscopy is the most commonly recommended method
for diagnosing cryptosporidiosis in snakes.

The research of Souza et al. [41] involved 56 snakes that were kept in captivity at the
Vital Brazil Institute. To investigate the evolutionary forms of parasites, such as helminths
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and protozoa, sedimentation and flotation techniques were employed, and ELISA was
carried out to detect antigens of Cryptosporidium spp. Furthermore, discordance has been
found between the results from microscopic 5/56 (8.9%) and immunological techniques for
detecting antigens of Cryptosporidium spp. 34/56 (60.7%). The ELISA kit used was only able
to detect the genus; differentiation between the pathogenic and pseudo parasitic species
was not possible.

Da Silva et al. [42] explored the use of real-time PCR for diagnosing cryptosporidiosis
in reptiles in the serpentarium of the Butantan Institute in Sao Paulo, Brazil. Nested
PCR has the disadvantage of being a two-step process (involving both PCR and nested
PCR). Moreover, both techniques require electrophoresis, the purification of amplified
fragments, and sequencing for the identification of Cryptosporidium species. The real-time
PCR approach presented in this work, given its characteristics of high sensitivity and
specificity, represents a rapid and specific alternative for diagnosing C. serpentis infection
from fecal samples. However, if the objective is to detect Cryptosporidium species that infect
reptiles, PCR followed by sequencing is still the method of choice.

5. Transmission

Studies have suggested that the captive environment is conducive to cross-transmission
of the parasite between different host species [25], with ex situ infection being the
most prevalent [32].

The physical characteristics of the facilities, sanitary management, artificial conditions
of ambient temperature, and high humidity are some of the factors that can maintain and
prolong the viability of oocysts in these locations. Furthermore, the density of the animals
in the enclosures, the proximity between enclosures, and the potential stress caused by
captivity are factors that induce immunodepression, which contributes to the maintenance
and transmission of enteropathogens [45,46]. It is also known that environmental pollution,
including human and animal fecal material, is recognized as a potential dissemination
route, for other animal species as well [46]

A work carried out in a zoo in Barcelona, Spain, attributed the dissemination of
Cryptosporidium to the physical structure of the enclosures, suggesting that the primary
transmission of protozoa in captivity occurs as a result of individuals with chronic in-
fection, who keep the protozoa in the environment and cause successive re-infections in
other animals [46].

6. Diagnosis

Different approaches can be carried out to diagnose Cryptosporidium, such as mi-
croscopy, immunofluorescent antibody (IFA), enzyme-linked immunosorbent assay (ELISA),
and DNA-based detection methods [24,47]. Microscopy is regarded as the gold standard
in the diagnosis of cryptosporidiosis [48]. Morphologic identification of oocysts through
examination of stool smears is still commonly used, and is relatively simple and cost-
efficient [31]. However, oocyst morphology is not a reliable way to speciate Cryptosporidium,
and all positive results require further testing to rule out pseudo-parasitism [44].

The development of IFA, ELISA, and immunochromatographic assays (dipsticks) has
enhanced Cryptosporidium identification as an alternative screening test, allowing for an
evaluation of a larger number of samples in less time, ease of performance, and the ability
to perform testing without the aid of a trained microscopist. Although many of these
tests are designed especially for the diagnosis of Cryptosporidum parvum and C. hominis in
humans, it is possible to identify C. serpentis in snakes with more sensitivity than by using
fecal smear stains [33]. Despite the fact that these techniques may present greater sensitivity
than conventional microscopy, a potential problem with false-positives may occur, due to
the cross-reaction with other species of Cryptosporidium, including C. parvum and C. muris,
so the results need to be interpreted and evaluated with caution [33].

The polymerase chain reaction (PCR) techniques have enabled specific sensitive detec-
tion of oocysts in clinical samples [47]. DNA sequencing of 185 has been required to reliably
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detect Cryptosporidium at the species levels [19,27,31,47,49,50]. The most commonly used
genetic locus for subtyping Cryptosporidium spp. is the 60 kDa glycoprotein gene (gp60) [51].
Eventually, it is expected that molecular methods will replace microscopy altogether [48].

An overview of the advantages and disadvantages associated with the various diag-
nostic methods discussed herein, which are the main techniques applied in reptiles, was
presented by [48].

7. Treatment and Control

Current treatment options for cryptosporidiosis are limited. Medication in wild
animals is still carried out on an experimental basis [32]. It is known that protozoa of the
genus Cryptosporidium present an atypical response to traditional anticoccidials, besides
presenting biological and physiological characteristics that can hinder the action of the
drugs. For these reasons, some authors only value support therapy, others recommend
treatment with specific drugs, some indicate the use of immunostimulants, and there are
those who suggest that the best practice would be the environmental monitoring of the
agent and the adoption of prophylactic measures [52].

The control of resistant and environmental forms is the most important measure for
the prophylaxis of the disease, but the inactivation of oocysts by disinfectants is not very
efficient. Therefore, appropriate management and monitoring measures of the agent repre-
sent the most significant interventions in this context [32,53]. In the captive environment,
preventive and biosecurity measures must be taken, as well as the adoption of good san-
itary hygiene practices and the use of personal protection equipment by workers, who
are important carriers of oocysts between enclosures [53]. Synanthropic animals (insects,
rodents, birds, and others) are also considered carriers; it is therefore necessary to control
the access of these creatures to the enclosures [53].

The adoption of measures involving the isolation and treatment of infected animals,
parasitological monitoring of the herd, correct management of waste, keeping the density
of individuals low in the enclosures, restricting contact between visitors and animals on
display (in the case of institutions which allow public access), and avoiding stressful events
for the animals is important for the prevention of the disease [53].

The elimination of environmental or nutritional problems and other diseases seems to
be more effective than the use of anti-Cryptosporidium drugs to reduce the infection [29].

Prevention of C. serpentis infection is difficult and is mainly accomplished by the
adoption of strict hygiene measures, quarantine, and screening for C. serpentis to prevent
the introduction of positive snakes into negative collections [42].

Captive animals must be handled very carefully. Furthermore, diagnostic tests should
be periodically carried out, even among clinically healthy animals, as a preventive measure.
Periodic testing is essential. The early diagnosis of subclinical C. serpentis infection makes it
possible to use emergency prevention and control actions, such as the isolation of snakes
in captive populations, and the careful handling of the animals to reduce the incidence of
pathogens, thereby promoting hatchery enhancement and preventing economic losses [38].

The practice of euthanizing Cryptosporidium-infected reptiles, such as snakes, as a
control measure which would prevent the spread of infection to other animals is not
recommended. It is important to emphasize that it is difficult to differentiate pathogenic
oocysts from those which merely pass through the gastrointestinal tract. This control
strategy can lead to the killing of uninfected animals [54].

8. Conclusions

In Brazil, despite the growing scientific studies regarding Cryptosporidium spp. infec-
tions in reptiles, there is a paucity of data on reptile infections, and almost all of the data
are focused on snakes. The use of different diagnosis techniques, such as an integrative
approach with PCR, microscopy, and immunological tests, would result in a more precise
diagnosis of cryptosporidiosis. Therefore, future research is necessary to determine the sus-
ceptibility of different groups of reptile hosts to Cryptosporidium spp. in Brazil, which could
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also be useful for understanding the epidemiological scenario regarding the prognosis and
severity of infections in these animals.
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