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Internal parasites of reptiles are common finding encountered in veterinary practice, with high 

though variable prevalence. Various parasitic species can be encountered with variable effects on 

the health of the animal. Not all found parasites are pathological to the host, some species may act 

as commensals and others be so called pseudoparasites, species that are not parasitic to the host 

they are found from. Baseline knowledge about the most common species affecting reptiles and the 

common diagnostic techniques provide valuable tools even for the general practitioner. 

In this final thesis, the main aim was to determine the prevalence of internal parasites in Estonian 

pet and zoo reptiles. As side objectives, the most common parasitic group infecting the reptiles and 

occurrence of clinical signs were to be determined, as well as possible effect of hygiene on the 

occurrence of the clinical signs. The study was executed as a survey, combining an online 

questionnaire and voluntary submission of a fecal sample that was analysed by combining native 

smear and flotation techniques. Based on the literature and previous studies, the prevalence was 

expected to be near 50%. 

The result of the study found a prevalence of true internal parasites to be 18% among the study 

population The found parasites belong to pinworms, hookworms and superfamily Strongyloidea. 

Pseudoparasites were common findings, presented as eggs of mites in the fecal analysis. None of the 

animals with confirmed parasitosis presented any clinical signs, and thus the effect of hygiene could 

not be evaluated with the collected data. 

The prevalence found in this study was lot lower than expected, but the results may be affected by 

the very small size of the study population. To find the actual prevalence among Estonian reptile 

population, new study with more controlled fecal sample collection should be arranged. 
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Roomajate siseparasiidid on veterinaarpraktikas levinud leid, mille levimus on suur, kuigi 

varieeruv. Võib kohata mitmesuguseid parasiitide liike, kellel on erinev mõju looma tervisele. Mitte 

kõik leitud parasiidid ei ole peremehele patoloogilised, mõned liigid võivad toimida 

kommensaalidena ja teised olla nn pseudoparasiidid, liigid, mis ei ole parasiitilised 

peremeesorganismile, kellelt nad on leitud. Algteadmised kõige levinumate roomajaid mõjutavate 

liikide ja levinud diagnostikameetodite kohta pakuvad väärtuslikke tööriistu isegi üldarstidele. 

Käesoleva lõputöö põhieesmärk oli selgitada välja siseparasiitide levimus Eesti lemmiklooma- ja 
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ilmnemisele. Uuring viidi läbi küsitlusena, ühendades veebipõhise küsimustiku ja väljaheiteproovi 

vabatahtliku esitamise, mida analüüsiti natiivse määrdumise ja flotatsioonitehnikate 

kombineerimisega. Kirjanduse ja varasemate uuringute põhjal eeldati, et levimus on 50% lähedal. 

Uuringu tulemusel leiti, et tõeliste siseparasiitide levimus uuritava populatsiooni hulgas on 18%. 

Leitud parasiidid kuuluvad käpaliste, ankjasusside ja ülemperekonda Strongyloidea. 

Pseudoparasiidid olid tavalised leiud, mis esitati väljaheidete analüüsis lestamunadena. Ühelgi 

kinnitatud parasitoosiga loomal ei olnud kliinilisi tunnuseid ja seega ei saa kogutud andmetega 

hinnata hügieeni mõju. 

Selles uuringus leitud levimus oli oodatust palju madalam, kuid tulemusi võib mõjutada 

uuringupopulatsiooni väga väike suurus. Tegeliku levimuse väljaselgitamiseks Eesti roomajate 

populatsiooni hulgas tuleks korraldada uus uuring kontrollitavama väljaheiteproovide kogumisega. 
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INTRODUCTION 

Veterinarians have increasing possibility to meet exotic pets in everyday clinical work. With 

people gaining interest in the reptilian companion animals, demand for their health care is also 

increasing. Unique anatomy and physiology bring their own challenges to the provision of 

adequate care, yet these animals should be provided as good care as the more common pets. 

Thus, understanding basic needs and common problems of reptiles is now required from general 

veterinary practitioner as well. 

In large researches done worldwide, internal parasites have been stated to be common findings 

among reptiles (Rataj et al., 2011; Wolf et al., 2014; Rom et al., 2018), with high but variable 

prevalence. Still, though many of the reptiles are carriers to the internal parasites, not all become 

clinically ill. Some of the parasites are not harmful in small number, some not pathological to 

the species in question, and some may even be beneficial for the reptile, acting as commensals 

and aiding in digestion of feed material. Understanding the differences in both reptilian and 

parasitic species in question is necessary when forming treatment plan for a reptilian patient. 

There were four objectives for this study. The main aim was to determine the prevalence of the 

internal parasites among Estonian pet and zoo reptiles. Additionally, definition of the most 

common groups of parasites affecting the studied individuals, occurrence of common clinical 

signs related to parasitosis, and whether the husbandry of the reptile had effect on the 

occurrence of clinical disease were set as side objectives. 

There were no studies about the health of Estonian pet and zoo reptiles to be found in public 

access.. Based on the literature and previous researches, the hypothesised prevalence of internal 

parasites among this group was estimated to be around 50%. 

This study was executed as survey, combining electronic questionnaire and fecal sample 

analysis. The questionnaire collected the basic information of the reptile, details about its 

husbandry and health history including previous visits to veterinarian and occurrence of 

common clinical signs related to endoparasitosis. Instruction for the fecal sample collection and 

submission were also given along the questionnaire. The fecal samples were submitted for 

analysis in the Parasitology Laboratory of Institute of Veterinary Medicine in Estonian 

University of Life Science. All samples were analysed using combination of two methods, 

native smear and passive flotation.  

The parasites found in fecal analysis were identified and defined as true or pseudoparasitic 

findings. The true positive results were then used to calculate the prevalence of internal 

parasites by comparing number of positive results to the total amount of submitted samples.  



 

The results of the fecal analysis were then compared to the answers of the questionnaire. 

Occurrence of clinical signs was then compared to the hygiene measurements, and possible 

differences that may have effect on the occurrence of clinical manifestation of the disease were 

examined. 
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1. LITERATURE REVIEW 

 

1.1. General overview 

Reptiles are increasing in popularity as pets and thus understanding their health has become 

requirement for common veterinary practitioner as well. One of the most common findings 

from reptiles presented to a clinic are the internal parasites, with prevalence varying around 

50% as high as 93,2% (Rataj et al., 2011; Wolf et al., 2014; Rom et al., 2018). Wide variety of 

internal parasites can be found from various tissues of the body, affecting multiple organ system. 

The infected individuals do not always present clinical signs which may cause the situation to 

go unnoticed for a long time. Some of the reptiles only show clinical signs after other stressor 

from environment drains out resources of burdened immune system (Rataj et al., 2011). 

The diagnosis of internal parasites usually lies on detection of parasitic species or their 

developmental stages from fecal sample analysis (Rataj et al., 2011; Wolf et al., 2014). Also 

parasites of other tissues than gastrointestinal tract may be detected this way due oral route 

serving as route of enter, but in sake of clarity, this study focuses on parasitic species living in 

gastrointestinal system. 

Parasites found from gastrointestinal tract of captive reptiles can be divided to two large groups 

based on their anatomy: single-celled protozoans, and multi-cellular helminths. Though all 

agents have differences in occurrence and severity of disease and distress they cause, one 

common factor can be found: they all usually have direct life cycle, meaning they do not require 

an intermediate host for completion of their development. This is a key feature how captive 

animals that are not readily exposed to common intermediate hosts, for example arthropods, 

can still obtain parasitic infections. Direct life cycle also enables built-up and reinfections if the 

environment of the reptile is not thoroughly cleaned in regular basis and along antihelminth 

treatments (Rataj et al., 2011; Taylor et al., 2016; Rom et al., 2018) 

Not all parasites found in gastrointestinal tract are harmful for the reptiles. Some parasites act 

as commensals in particular reptile species, enhancing digestion and thus being beneficial for 

the health of the host. The problem lies in the recognition when the parasitic burden is too much 

for the animal to bear, and both under- and overtreatment can potentially lead to deterioration 

of the health of the reptile (Rataj et al., 2011; Eatwell and Hedley, 2019). 

Other common but unharmful findings from fecal analysis are the pseudoparasites. This term 

refers to parasitic species and their developmental stages found during diagnostics that do not 

cause parasitosis in the species from which the sample was obtained, resulting in false-positive 
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results. Especially the carnivorous reptiles may present pseudoparasites they obtain along the 

ingested pray animals. Examples of pseudoparasitic findings include internal parasites like 

Cryptosporidium species that are not infective for the animal they are found from, and external 

parasites and their eggs of the pray animals presented in fecal sample (Rom et al., 2018; Eatwell 

and Hedley, 2019). 

The pet reptiles should receive veterinary care in case of parasitic burden causing clinical signs 

and deterioration of health. During deworming treatment, the reptile should be placed on easily 

changeable and cleanable substrate, for example paper towels, that should be changed for a new 

every day. This way the expulsed parasites are sure to be removed from the enclosure (Rom et 

al., 2018). 

 
 

1.2. Protozoa 

Protozoan parasites are organisms consisting only one cell. The life cycle generally includes 

two to four stages: cyst, oocysts, trophozoite and adult. Many of the protozoan parasites have 

direct life cycle, and reproduce asexually through binary fission (Taylor et al., 2016). 

Cysts are the infectious stage of various species, for example Balantidium, Nychotherus  and 

Entamoeba. Protozoan are encased in resistant double- or multi-layered capsule that allow the 

parasites to survive long periods without nutrients, water or oxygen, and protects them from the 

extreme environmental conditions like freezing temperatures, UV light and even some 

disinfectant agents (Rataj et al., 2011; Taylor et al., 2016). 

Oocysts are the zygotic stage and infective form of some protozoan species, including Eimeria, 

Isospora and Cryptosporidium. Encysted protozoans are highly resistant to the environment 

and can stay infective for extended periods of time. Some species undergo sporulation in this 

stage, forming conical bodies or sporocysts from the nucleated mass located inside the oocyst. 

Number of the sporocysts depend on the species, and complete sporulation is needed for the 

oocysts to become infective. Both cysts and oocysts may be detected from fecal sample by 

using the flotation technique (Wolf et al., 2014; Taylor et al., 2016). 

Trophozoite stage can be found in Entamoebas and flagellate protozoans, acting as the motile 

and feeding form of the parasites. The last stage as adult is capable of both sexual and asexual 

reproduction. Trophozoites and adults can be hard to detect from fecal sample due their poor 

resistance to environment leading to rapid death outside the host, but it may be possible with 

the direct smear technique done on fresh fecal sample (Wolf et al. 2014; Taylor et al., 2016). 
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1.2.1. Flagellates – Trichomonad and Hexamita parva 

Flagellates are motile protozoans that have thread-like appendages they use to move around. 

They have direct life cycle and infection occurs by ingesting the cysts. Common flagellates 

found in reptiles include genus Trichomonad and Hexamita parva (Taylor et al., 2016; Eatwell 

and Hedley, 2019). 

The pathogenicity varies between the flagellate species. In some cases, the host may tolerate 

high number of parasites, and some of the species can be considered to act as commensals, 

benefiting the digestion of the host. Clinical manifestation of the disease may occur when the 

parasitic burden grows too high for the host, or other stressor causing decrease in the immunity 

occurs. Signs will then include anorexia, weight loss and diarrhea, last mentioned especially in 

case of carnivorous animals (Rataj et al., 2011). 

Trichomonad infest the alimentary system of various animals. They have four to six flagella, 

may be either mono- or multinucleated and reproduce though division. They can be found in 

both healthy and clinically ill animals and are generally considered to be non-pathogenic in 

small number (Gieger and Furmaga, 2020). Trichomonad described by Vilela et al. (2003) in 

Figure 1, has three anterior flagella and pyriform shape with visible nucleus, and was found 

from a snake. 

 

 

Figure 1. Trichomonad obtained from Bothrops jararaca. Reference bar 5µm (Vilela et al. 

2003). 

 

Hexamita parva is flagellate found in tortoises, causing usually slowly progressive and chronic 

disease course. Hexamita spp. flagellates are usually found in the lumen of the intestines but 

may infect also various other tissues, especially those organs that share open connection to the 

gastrointestinal tract. An ascending infection from cloaca to kidneys is problematic and may 
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lead to possibly fatal renal disease. Zwart and Truyens (1975) described lesions on kidneys, 

urinary bladder, liver and intestines of various tortoise species. Additionally, some flagellates 

were found in the collector tubules of testicles in the same study. Clinical signs associated to H. 

parva overgrowth are mostly non-specific, including lethargy, anorexia, weight loss, and 

sometimes more specifically liquid mucogelatinous urine (Zwart and Truyens, 1975; Eatwell 

and Hedley, 2019). 

Hexamita spp. flagellates are very small, only few micrometres both in length and width, the 

body is bilaterally symmetrical, contains two nuclei at anterior part and have total of eight 

flagella, three sets of anterior flagella and one pair of flagella emerging posteriorly (Taylor et 

al., 2016). 

Diagnosis can be attempted with fecal sample using fresh smear technique, but this may be 

challenging due rapid motility of the flagellates. In some cases, it may be possible to detect the 

parasite from urine sample. Definitive diagnosis can be obtained from detecting parasite 

invasion associated inflammatory changes from renal biopsy (Zwart and Truyens, 1975; Wolf 

et al., 2014; Eatwell and Hedley, 2019). 

 

1.2.2. Ciliates – Balantidium and Nychotherus  

Ciliates are protozoa with small hair-like appendages called cilia. They are used for swimming, 

crawling, attachment on surrounding structures, feeding, and sensation (Taylor et al., 2016). 

Ciliates resemble flagellates but the appendages are generally shorter than those of the latter, 

and present in greater number. In Figure 2 is pictured an ellipse shaped Balantidium trophozoite 

that was found from a fecal sample of a Hermann tortoise and described by Hallinger et al. 

(2018). In comparison to flagellates, there is no long anterior flagellates present but brush like 

multiple ciliates can be observed, and nucleus is not as easily distinguished from the body. 

Diagnosis from fresh fecal smear can be attempted but may be difficult due small size and high 

motility (Wolf et al, 2014). 
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Figure 2. Balantidium trophozoite from Hermann tortoise (Hallinger et al., 2018). 

 

Ciliate infection is obtained through ingestion of the infective cysts which will then develop to 

trophozoites in the intestines and colonize into the large intestines. Trophozoites will undergo 

a replication to form more infective cysts. In Figure 3 is a thick-walled cyst of Nychotherus  

described by Rataj et al. (2011). Ciliates can reproduce both sexually through conjugation and 

exchange of micronuclei, as well as asexually through binary fission (Taylor et al., 2016). 

 

 

Figure 3. Nychotherus cyst of size 41 µm x 29µm (Rataj et al., 2011). 

 

Balantidium and Nyctotherus are common findings in the feces of the herbivorous reptiles. They 

are suggested to be beneficial for the digestion of plant material, thus they are considered to act 

as commensals for the herbivorous reptilian species, and to be especially important in tortoises. 

In normal situation these ciliates cause little to no distress to their reptile hosts, but in case of 

external stressor, for example diet change or use of drugs, the balance in gut microflora may be 

disturbed and ciliate number grow too high for the host to tolerate. Overgrowth may lead to 

irritation of the intestinal mucosa, and cause signs of acute diarrhea, dehydration, weight loss 
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and calcium malabsorption (Satbige et al., 2017; Hallinger et al., 2018; de Bosschere and Roels, 

n.d.). In severe cases, the ciliates may cause complete loss of the normal intestinal microflora, 

leading to inability to digest and metabolise feed (Satbige et al., 2017). Balantidium has been 

reported to be able to penetrate through the intestinal mucosa and cause tissue necrosis and liver 

abscessation (Satbige et al., 2017), but it is not clear if the overpopulation is primary problem 

or secondary reaction for something affecting normal microflora of the intestine. Treatment 

against ciliates is suggested only in occurrence of abdominal signs related to overpopulation 

(Eatwell and Hedley, 2019). 

 

1.2.3. Entoamoeba invadens 

There are various species of Entoameba seen infecting reptiles, with Entamoeba invadens being 

the most prevalent one. E. invadens is a notorious protist that may cause a severe clinical disease 

in reptiles and is especially feared in snakes, causing ulcerative colitis leading to bloody 

diarrhea and hepatitis (Kojimoto et al., 2001). E. invadens has a direct life cycle, making it 

particularly furious spreader once it has infected a new population.  E. invadens has two forms, 

trophozoite and cyst, that are seen in Figures 4 and 5 imaged by Dr. Greiner and Dr. Nolan, 

respectively, and published by Zajac and Conboy (2012). Both forms can be detected from the 

fecal sample by using a fresh smear technique. Infection occurs through ingestion of fresh feces 

or feed contaminated by cysts or trophozoites (Hollamby et al., 2000). Both cysts and 

trophozoites can survive in the environment for 14 days, which makes E. invadens difficult to 

eradicate (Eatwell and Hedley, 2019). 

 

 

Figure 4. Entoamoeba invadens trophozoite, about 16µm in size with single visible nuclei (N). 

Photo courtesy of Dr. Ellis C. Greiner, College of Veterinary Medicine, University of Florida, 

Gainesville, FL (Zajac and Conboy, 2012). 
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Figure 5. Entoamoeba invadens cyst with two visible nuclei (N). Photo courtesy of Dr. Thomas 

Nolan, School of Veterinary Medicine, University of Pennsylvania, Philadelphia, PA (Zajac 

and Conboy, 2012). 

 

Lizards and snakes are more prone to present the clinical form of amoebiasis while chelonians 

usually remain tentatively asymptomatic. The lack of clinical manifestation in chelonians was 

previously interpreted as commensalism between E. invadens and the host, which has been later 

proven false, and that E. invadens is pathological also in chelonians (Hollamby et al., 2000; 

Ozaki et al., 2000; Philbey, 2006). The most common clinical presentation of amoebiasis in 

chelonians include mucoid dysentery with signs of anorexia, dehydration and wasting with 

severe gastritis and mucous to haemorrhagic colitis. Death may occur within few days after 

onset of clinical signs (Kojimoto et al., 2001). 

Pathological changes can be extensive throughout the body of the host. Ulceration and necrosis 

of the large intestine with formation of green pseudomembrane are the most common findings, 

due large intestine servings as primary living site of the parasite. Additionally, liver and kidneys 

as well as other organ systems including musculature have been reported to be affected by E. 

invadens (Ozaki et al., 2000; Kojimoto et al., 2001; Philbey, 2006). It has been suggested that 

the amoeba gains access to these organs through blood circulation after penetrating the wall of 

large intestine (Ozaki et al., 2000). The disease is commonly accompanied by secondary 

bacterial infections, but also other infections like fungi and other parasites are possible 

(Hollamby et al., 2000; Ozaki et al., 2000). 

Ozaki et al. (2000) sited to two articles by Jacobson et al (1983) and Gal and Satorhelyi (1998) 

that noted the onset of the clinical disease of amoebiasis after placing infected chelonians into 

cooler temperature as their natural environment. This may suggest the effect of temperature 

stress promoting occurrence of the clinical disease. 
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For snakes, treatment for amoebiasis can be provided with high dose of metronidazole pumped 

into stomach with tube, and aggressive supportive care including fluid therapy, supplementing 

vitamin C and D, and providing proper temperature for the animal. Still, prognosis is poor even 

with extensive care (Kojimoto et al., 2001). For tortoises in preclinical phase, lower dose of 

metronidazole may be adequate along supportive care (Philbey, 2006). 

Zoonotic risk has been considered due the morphological and pathological similarities of 

Entoamoeba invadens to Entoameba histolytica, the amoeba seen in humans, but more research 

is required for the confirmation (Kojimoto et al., 2001; Philbey, 2006). 

 

1.2.4. Coccidia – Eimeria, Isospora and Cryptosporidium 

Coccidia are thought to be the most common protozoan infecting reptiles, and found to be 

especially prevalent in lizards. They are spore-forming and can infect multiple organ systems. 

Coccidia have usually a direct life cycle, and the resistant spores make them particularly 

difficult to eradicate (Rom et al., 2018). 

Species found from the gastrointestinal tract most commonly belong into genera Eimeria, 

Isospora and Cryptosporidium. Adequate immune system of a healthy host can kill most of the 

coccidia entering the intestines (Walden and Mitchell, 2021). Low number of coccidia can live 

in the intestines of reptiles without causing symptoms, but the number can rapidly increase and 

manifest into a clinical disease in case of poor hygiene, overcrowding or due other emerging 

health problems interfering the normal immune function. The asymptomatic carriers also shed 

the infective oocysts and thus pose risk to the other reptiles coming into a contact with the 

infected animal and its environment (Eatwell and Hedley, 2019). 

The clinical disease is more commonly seen in young animals and related signs include anorexia, 

lethargy, weight loss, diarrhea, tenesmus and cloacal prolapse. Clinical coccidiosis may lead to 

death of the host if left untreated (Eatwell and Hedley, 2019). 

The differences in prevalence between coccidian genera in different reptilian species has been 

reported. Eimeria is commonly reported in all snakes, lizards and tortoises, causing weight loss 

and signs related to enteritis. The infective units, elongated oocysts with four sporocysts as seen 

in Figure 6 described by Zajac and Conboy (2012) can be found from the fecal sample by using 

flotation method (Wolf et al., 2014). It is also possible to find pseudoparasitic Eimeria from the 

fecal analysis (Zajac and Conboy, 2012; Rom et al., 2018). 
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Figure 6. Eimeria sporulated oocyst. Photo courtesy of Dr. Robert Ridley, College of 

Veterinary Medicine, Kansas State University, Manhattan, KS (Zajac and Conboy, 2012). 

 

Isospora is a common coccidian found in all reptile groups but is considered to be especially 

important pathogen in bearded dragons. Isospora ambhiboluri can cause severe enteritic disease 

and even death among juvenile bearded dragons (Rom et al., 2018). Like with other coccidia, 

diagnosis can be done by using a flotation technique of fecal analyse, from where it is possible 

detect oocysts in various sporulation stages (Wolf et al., 2014). In comparison to sporulated 

Eimeria oocysts, Isospora oocysts are round and have two sporocysts once sporulated. In Figure 

7 described by Rom et al. (2018) multiple Isospora oocysts in various sporulation phases can 

be seen. Walden and Mitchell (2021) concluded that even though species of Isospora have 

presented three different types of life cycles in different animal species, those infecting reptiles 

have a direct life cycle and can thus complete it in the intestines of one host. This enables 

continuous contamination of the environment and thus reinfections if proper hygiene 

measurements are not enforced. 

 

 

Figure 7. Isospora sp. Oocysts (Rom et al., 2018). 
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Cryptosporidium is mostly seen in snakes, though it is possible for lizards and chelonians to be 

infected, too. Differently from the bird and mammalian cryptosporidiosis, affected reptiles are 

usually mature, and self-limitation or age-related resistance has not been proven (Brownstein 

et al., 1977). According to Brownstein et al. (1977) and Rataj et al. (2011), lizards and snakes 

become chronically ill after infection, and may develop a life-threatening clinical disease. 

The oocysts of Cryptosporidium are very resistant and thus difficult to eradicate from the 

contaminated environment. Infection may gain enter to a new host in direct contact or through 

contaminated fomites. Long, asymptomatic carrier stage is common, and number of pathogens 

has smaller effect on manifestation of the clinical disease compared to the other coccidian 

genera. Even low number of Cryptosporidium present in the intestines may cause clinical 

disease if immunity of the host is compromised. The number of the parasites may affect the 

course of clinical disease so that those with more severe infection have acute manifestation, 

while individuals with moderate or lower infection have more chronic type of the disease 

(Deming et al., 2008; Pedraza-Díaz et al., 2009). 

Clinical signs of cryptosporidiosis include weight loss, regurgitation and vomiting of 

undigested feed matter 3 to 4 days after eating. In snakes, Cryptosporidium serpentis causes 

hypertrophic gastritis with signs of mid-abdominal swelling, regurgitation, weight loss and 

eventually death (Brownstein et al., 1977). In leopard geckos, cryptosporidiosis has been 

associated to a wasting syndrome, causing progressive lethargy, anorexia and weight loss, 

sometimes leading to death of animal or election of euthanasia due severe loss of the body 

condition (Deming et al., 2008). In tortoises, main clinical sign related to cryptosporidiosis has 

been reported to be diarrhea (Traversa et al., 2008). In rarer cases, inflammatory aural polyps 

of ear canal (Fitzgerald et al., 1998), cloacal prolapse and cystitis (Kik et al., 2011) has been 

reported in green iguanas. Diagnosis can be attempted with fecal flotation technique (Wolf et 

al.,2014) but visualization of very small round oocysts, that are seen in Figure 8 imaged by 

Fredric L. Frye, may need dying of sample with, for example, Mayer’s hematoxylin (Crossland 

and DiGeronimo, 2017). Cryptosporidium oocysts are round in shape similar to Isospora 

oocysts, but are much smaller in size, measuring approximately 5 micrometres in size, and once 

sporulated, contain four sporocysts similar to Eimeria (Taylor et al., 2016). 
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Figure 8. Cryptosporidium serpentis oocysts. Size of a oocysts is approximately 4µm. Photo 

by Fredric L. Frye, BSc, DVM, MSc, CBiol, FSB, FRSM, Hon DABVP, Hon DECZM 

(Crossland and DiGeronimo, 2017). 

 

It is also possible to encounter pseudoparasitic Cryptosporidium in reptiles, especially in 

predatory snakes. For example, Cryptosporidium parvum, protist that infect rodents, is common 

accidental finding in carnivorous snakes that have ingested infected prey animals. According 

to Pedraza-Diaz et al. (2009) C. parvum is not considered to cause cryptosporidiosis in reptiles. 

Nevertheless, since C. parvum is one of the most common causes of human cryptosporidiosis, 

good hygiene measurements should take place when handling reptiles that have presented 

shedding the infectious oocysts, even though zoonotic risk has not been proven. 

 

1.3. Helminths 

Helminths, meaning 'worms', are multicellular organisms that can be either parasitic or free-

living in nature. Those with parasitic nature can be divided into three main groups according to 

their physical characteristics: nematodes or roundworms with long, unsegmented, tube-like 

bodies, cestodes or tapeworms with long, flat and multisegmented bodies, and trematodes or 

flukes with small, dorsoventrally flat and bilaterally symmetrical leaf-like bodies (Taylor, et al., 

2016). 

From these three groups, latter two usually have an indirect life cycle, requiring intermediate 

hosts for completion of their development, and are thus rarely encountered in captive reptiles 

(Eatwell and Hedley, 2019). It is possible to see these two types of parasitic worms in case of 

wild-caught reptiles, for example Rataj et al. (2011) describes high number of trematodes in 

imported aquatic turtles. For sake of clarity, trematodes and cestodes are excluded from this 

study due both being uncommon in captive bred pet or zoo reptiles, and due the fact that more 
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complicated diagnostic methods may be required for confirmation of diagnosis beside the fecal 

sampling and analyse. 

Nematodes are the most common parasitic class found in reptiles (Rom et al., 2018). Nematode 

genera seen in reptiles include pinworms, roundworms, hookworms and threadworms. Each of 

these genera have variable species specificity though they share relatively similar direct life 

cycle. The infective oocysts contain larva that hatch in the intestines and go through one or 

more larval stages to reach adult form. Adults then produce more eggs that are released into the 

environment through feces. From the nematode genera mentioned above only threadworms 

have free-living pre-parasitic phase. In this case, the egg hatches outside of the host body and 

goes through two mouldings in the environment. The first two larval stage feeds on bacteria, 

but the third needs to survive on energy stores until it gains access to a new host (Taylor et al., 

2016). 

Effect of the infection to the host reptile depends on the infective species, number of parasites 

present in the gastrointestinal system and immunity status of the host. Some of the nematode 

species can be considered to act as commensals in specific reptile groups, and low number of 

parasites may not cause any symptoms in otherwise healthy reptiles. Clinical signs usually 

depend on extension of damage the nematodes cause to the structures and normal function of 

the gastrointestinal tract. Death due impaction may happen in case of high number of nematodes 

present at once (Eatwell and Hedley, 2019). 

The diagnosis of helminth infestation in the gastrointestinal tract is based on detection of ova 

and sometimes larvae or adult nematodes in fecal analysis. Adult nematodes may grow few 

millimetres in size and can be visible to a naked eye, while detection of ovas and larvae require 

use of fecal analysis techniques and a microscope (Wolf et al., 2014). 

 

1.3.1. Pinworms – Oxyurids 

Wide variety of pinworm species can be found in gastrointestinal tract and are thought to be the 

most common phylum of parasites found in reptiles. Usual parasitic pinworm species include 

Oxyuris, Tachygonetria and Ozolaimus from which the first mentioned is the most common 

one (Rataj et al., 2011; Eatwell and Hedley, 2019). Pinworms produce unilaterally flattened, 

thick-shelled eggs, as imaged in Figure 9 by Zajac and Conboy (2012), that can be detected in 

fecal analysis (Wolf et al., 2014; Taylor et al., 2016). 
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Figure 9. Pinworm eggs (Zajac and Conboy, 2012). 

 

Adult nematodes live in the large intestines feeding on the intestinal content. They are thought 

to act as commensals by enhancing digestion, preventing constipation and regulating bacterial 

flora of the gut. High number of nematodes in the large intestines, colon and rectum may lead 

to discomfort, anorexia, cloacal prolapse, reduced growth, impaction, chronic weight loss or 

even death. Heavy infestations have also been related to a metabolic bone disease in tortoises 

due to interference on calcium absorption. In case of abdominal signs, treatment with 

benzimidazoles along proper cleaning and disinfection of the environment is recommended 

(Rataj et al., 2011; Taylor et al., 2016; Hallinger et al., 2018; Eatwell and Hedley, 2019). 

 

1.3.2. Roundworms – Ascarids 

Roundworms are large, white or cream in colour and opaque parasitic worms that live attached 

onto the intestinal mucosa and release the infective round and thick-walled ovas, as seen in 

Figure 10 by Taylor et al. (2016), into the feces. Roundworms have host specificity, certain 

genera and species only infect the specific host groups: snakes are infected by Ophidascaris 

and Polydelphus while Angusticaecum and Sulcascaris are found in tortoises (Taylor et al., 

2016). 

 

 

Figure 10. Ascarids egg from Hermann's tortoise (T. hermanni) (Taylor et al., 2016). 
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Difference in the life cycle of species infecting tortoises compared to those infecting snakes and 

lizards has been noted. Tortoise parasites appear to have a direct life cycle while those infecting 

snakes and lizards require either arthropod or amphibian intermediate host. Chávarri et al. 

(2012) and Hedley et al., (2013) both recorded higher prevalence of roundworms in tortoises 

that had been living in captivity for longer period, compared to younger ones or those that had 

been caught from the wild recently. It was suggested that due direct life cycle, environmental 

contamination allow built-up of infestation in captivation. 

Low number of roundworms is usually unproblematic for the reptiles, but a high burden may 

lead to the manifestation of the clinical signs, including anorexia, diarrhea, vomiting, weight 

loss, impaction, intussusception, gastrointestinal ulceration, coelonitis as well as other tissue 

inflammation or abscessation due migration of larvae (Rataj et al., 2011; Eatwell and Hedley, 

2019). Intestinal obstructions, perforation and necrosis leading to death are also possible after 

antihelminth treatment of animal suffering from heavy infestation (Taylor et al., 2016). Rataj 

et al. (2011) sites to German article by Beck and Pantchev (2006) that points out importance of 

heavy Ascarids infections in snakes due high fatality rate related to impactions, too. 

 

1.3.3. Hookworms – Strongylids 

Hookworms are common parasites found in the gastrointestinal tract of reptiles, especially in 

snakes. Occurrence of the clinical disease rely on the number of parasites present in the 

intestines as well as availability of nutrition and general health status of the reptile. 

Kalicephalus is usual species found in snakes, causing lethargy, regurgitation, diarrhea and 

anorexia in high numbers (Taylor et al., 2016). 

Common route of infection is through ingestion of adult worm that then reproduce in the 

gastrointestinal tract. Eggs released to feces are typically ovoid, thin-shelled and contain morula, 

similar to the Kalicephalus egg in Figure 11 by Matt et al. (2020).  Morula will quickly develop 

to a larva when released into the environment and lives two of the larval stages as free-living 

pre-parasitic form before moulding to an adult that is then ingested by a new host (Matt et al., 

2020). Small number of worms in the gastrointestinal tract can go unnoticed, and only high 

number of worms may trigger the clinical disease by causing extensive damage to intestinal 

mucosa, leading to wasting and sometimes anemia (Rataj et al., 2011; Eatwell and Hedley, 

2019). In case report of Matt et al. (2020) about Kalicephalus infection in four corn snakes, 

anorexia, vomiting and emerging of short, thin worms from the mouth were reported. 
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Figure 11. Kalicephalus ova, typical characteristics of hookworm egg with thin shell and 

morula inside. Egg size approximately 65 x 38 µm (Matt et al., 2020). 

 

1.3.4. Threadworms – Strongyloides and Rhabditis 

Threadworms are slender, hair-like worms that infect snakes and lizards. Only the females are 

parasitic and produce larvated, thin-shelled eggs, as the Strongyloides ophidiae egg seen in 

Figure 12 by Mati and de Melo (2014), which then develop through four larval stages into a 

free-living adult males and females. Infection is acquired through either cutaneous or oral 

penetration (Eatwell and Hedley, 2019). Strongyloides cause intestinal signs like anorexia, 

weight loss, emaciation diarrhea, dehydration and even death in severe cases (Mati and de Melo, 

2014; Eatwell and Hedley, 2019;). Rhabdias primarily parasite respiratory tract, though can 

also be associated to enteritis, since they can migrate through various tissues (Taylor et al., 

2016; Eatwell and Hedley, 2019). 

 

 

Figure 12. Strongyloides ophidiae ova with completely developed larva inside. Reference bar 

50µm (Mati and de Melo 2014). 
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1.4. Fecal sample analysis as diagnostic method 

The main diagnostic method used for the detection of gastrointestinal parasites is the fecal 

sample analysis. Various laboratory techniques are available with varying abilities of detecting 

different types of parasites. Thus, combining techniques to maximise efficiency of diagnostics 

is common practice. 

Owner communication is a crucial part of a successful diagnosis and treatment. History about 

the origin, health status and changes in the habits of the reptile helps in formation of differential 

diagnosis list and decision of diagnostic methods. The owner should be encouraged to collect 

fecal samples with adequate manner before arrival to the clinic. Information about changes in 

defecation frequency or characteristics of feces should be inquired from the owner (Eatwell and 

Hedley, 2019). 

The fresher the sample submitted for the analysis, the better. Fecal samples can be stored in 

refrigerator temperatures up to three days, but already then some of the parasites have died and 

degenerated and thus can no longer be detected. It is important not to let the sample freeze since 

this too can destroy parasites and eggs. If the sample has been chilled, it can be gently warmed 

up before analysis to enhance parasitic motility (Eatwell and Hedley, 2019). 

The diagnosis begins with cross examination of the feces, detecting the changes in consistency 

or colour, presence of reddish-brown or dark tarry, mucus or sometimes adult helminths 

(Eatwell and Hedley, 2019). 

This study will focus on two methods commonly used in the detection of gastrointestinal 

parasites, direct smear and passive flotation. Combination of these two techniques has been 

proven to be the most effective method to diagnose the common internal parasites seen in pet 

reptiles. It is also cost-effective and relatively fast to be done in case of suspicion of internal 

parasites since it can be done in any clinic with microscope, and requires very few equipment 

(Wolf et al., 2014). 

The first test performed for the sample is called wet preparation, native smear or direct smear 

and is done for simple screening. This method is most useful in detection of motile enteric 

protozoan trophozoites like flagellates, ciliates and amoeba, and poorly floating structures like 

tapeworm, trematode or nematode eggs and nematode larvae. The limitations include the limits 

of what type and stages of parasites can be diagnosed, and the fact that it requires fresh samples 

to be effective due decreasing parasitic activity and rapid death of certain species (Wolf et al., 

2014). 
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Flotation method is based on the differences of specific gravity of feces, ovas, cysts and debris 

in fecal sample. This method requires preparation of flotation solution which specific gravity is 

higher than the one of the ovas and parasites, thus allowing them to float on top of the container, 

while the heavier debris will stay at the bottom of the flotation container. The flotation solutions 

are either prepared with sugar or salt in the clinic, or readily prepared flotation solutions 

available commercially are used (Wolf et al., 2014). 

This method is effective for diagnosis of nematode and cestode eggs as well as coccidian 

oocysts. The limitations are based on the fact that particles with higher specific gravity 

compared to the flotation solution specific gravity will not float but stay at the bottom of 

container along the debris. This will lead into missing some of the heavy forms of parasites like 

large trematode and nematode eggs and ciliate cysts (Wolf et al., 2014). 

 

1.5. Management of internal parasite infections 

Good practice of hygiene and adequate husbandry are the key to maintain any pet's health. 

Exotic animals are not exception for this, and extensive knowledge about species differences 

in housing, habits and diet are crucial in reducing the environmental stress the reptile is exposed 

to. Quarantine and testing for pathogens when new animals are arriving to the household reduce 

the risk of introducing new diseases to the population, and proper cleaning of the environment 

decrease reinfection (Rataj et al., 2011). 

Not all parasitic infections lead to manifestation of clinical disease. If the immunity level of the 

host stays adequate, the number of parasites stays low and will not cause problems to the host. 

In case of mild asymptomatic infections or species considered to be commensals for the reptile, 

proper husbandry and hygiene management can be enough to maintain the health of the reptile. 

Still, since some of the parasitic diseases may pose a high risk for the health or even life of the 

reptile, for example coccidiosis in young lizards, even suspicion of infection is a reason for 

medical intervention (Eatwell and Hedley, 2019).  

Good hygiene plays major role in eradication of parasitic infection, too. The animal receiving 

medication for a parasitic infection is still shedding infective particles that may cause 

reinfection if not removed from the environment. Animal should be kept on easily cleanable 

substrate, for example newspaper, during the medication period. The substrate should be 

removed daily and all the other structures in enclosure thoroughly cleaned and disinfected 

during and after the treatment period (Rom et al., 2018). 
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When the parasitic burden becomes too high for the host to manage and the clinical disease 

occurs, it is time for medical intervention. Ideally, selection of suitable medication should be 

based on the results of fecal sampling whenever possible. If the general practitioner is 

unfamiliar with parasitology, the samples should be sent out for proper evaluation in outside 

laboratory (Eatwell and Hedley, 2019). 

Metronidazole is a nitroimidazole antibiotic used in variety of infections and which also has 

trichomonacidal and amebicial effect (Philbey, 2006; Gibbons, 2014). Metronidazole can be 

used also in case of managing overpopulation of Balantidium (de Bosschere and Roels, n.d.) or 

Nychotherus (Satbige et al., 2017). 

Toltrazuril and ponazuril are antiparasitic medications that are used mainly in treatment of 

intestinal coccidiosis. The efficiency against the parasites varies between developmental stages 

of the coccidia, and further studies are needed to research the efficiency in reptiles. Still, 

according to Gibbons (2014), survival of reptiles with coccidian infection was increased with 

toltrazuril medication. 

Fenbendazole and flubendazole are benzimidazoles, common antiparasitics used for 

gastrointestinal parasites. They have effect against some species of nematodes, treamatodes, 

cestodes and flagellate protozoans. Benzimidazoles are usually readily available and common 

choice of treatment in nematode infections. Mechanism of action is based on interference of the 

helminth metabolism, thus eradication of the parasite from the host takes time and long 

treatment periods are required (Gibbons, 2014). 

Ivermectin was successfully used to treat Strongyloides ophidiae infection in Mati and de Melo 

(2014) research. According to Eatwell and Hedley (2019), ivermectin is commonly used to treat 

ectoparasite infections, like mites and fleas, in lizards and snakes, while severe toxicity has 

been reported in chelonians. Also, caution in use is recommended in case of indigo snakes, 

skinks and small lizards. 

Secondary infections accompanying the parasitic infection are possible, therefore, combination 

of treatments may be required. In case of coccidiosis, toltrazuril has been seen to be the most 

effective against the parasites but the protocol may need additional antibiotics in case of severe 

infections. In this case, metronidazole, trimetroprim-sulpha or sulfamethoxine antibiotics can 

be used. The latter has been recommended to be readily added to treatment scheme of the 

juvenile dragons with Isospora enteritis (Walden and Mitchell, 2012; Eatwell and Hedley, 

2019). 
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2. AIMS OF THE STUDY 

The aim of this study was to collect information about the occurrence of internal parasites in 

pet and zoo reptiles in Estonia by using questionnaire and fecal sample analysis. Also, three 

side objectives were formed to determine the most common groups of parasites found among 

the study population, the occurrence of clinical signs among the infected individuals, and if 

husbandry of the reptile has effect on the occurrence of clinical disease. 

 

More specifically, the questions that were used as a base for this thesis were 

1) How common are internal parasites among the pet and zoo reptiles in Estonia? 

2) Which parasitic species or groups are the most common among the received samples? 

3) How many of the infected individuals present clinical signs of parasitosis? 

4) Does the husbandry of the reptile affect the occurrence of clinical disease related to 

parasitosis? 

 

Based on the literature and previous researches, the hypothesised prevalence of internal 

parasites among the reptiles was estimated to be around 50%, and the most common parasitic 

phylum found to be pinworms. 

The occurrence of clinical signs depends a lot on the parasite and reptile in question, the severity 

of the parasitic burden, as well as environmental factors, and there were no literature findings 

on collective occurrence of clinical signs among large researches. Thus, based on the facts that 

some of the common parasites can cause clinical disease sooner than others (Isospora in 

juvenile bearded dragons, or Entoamoeba invadens in snakes) but are expected to be less 

prevalent when compared to those which can go asymptomatic even in larger number 

(flagellates, ciliates and most of the nematodes), estimation for occurrence of clinical signs 

among infected reptiles was 10%. 

Based on the literature, husbandry was expected to have effect on the occurrence of clinical 

signs by affecting the stress levels of the reptile. With adequate husbandry, the stress levels of 

the reptile stay low and thus it can tolerate heavier burden of the parasites while remaining 

asymptomatic, though at the same time adequate husbandry decrease occurrence of infections 

and increase the possibility for the reptile immunity to fight off entering parasitic agents. 

Failures in husbandry were expected to lead increased stress level and more probable 

occurrence of clinical signs related to endoparasitosis. 
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3. MATERIALS AND METHODS 

 

3.1. Animals 

Target group of this study included reptiles that are kept as pets and in zoos in Estonia. The 

animals were divided into four large groups of snakes, lizards, turtles and tortoises, though the 

owner was presented an opportunity to specify the exact species of their pet in the questionnaire.  

 

3.2. Questionnaire 

The questionnaire was formed in English and in Estonian and sent out to the owners 

electronically. The questionnaire focused on two major objects: Mapping out the husbandry 

factors that may have effect on the occurrence of clinical and subclinical enteric parasitic 

infections, for example suitability of the environment, diet, husbandry and hygiene practice for 

the reptile. The second goal was to achieve the medical history of the reptiles. A list of common 

clinical signs related to gastrointestinal parasite infection was included to help the owners to 

answer the questionnaire and thus acquire more specific description about the health status of 

the reptile. 

The questionnaire was divided into four parts. First part included the basic information about 

the reptile. The second part included information about the husbandry and diet of the reptile. 

The third part collected information about the clinical health of the reptile. The fourth part 

included directions for the fecal sampling for the owners and place to voluntarily fill out the 

contact information. The list of questions used in the English questionnaire can be found in 

Annex I. 

During the review of the questionnaire answers, it became apparent that while detailed 

information about the habitat and human controlled environmental factors and diet are essential 

for the health and wellbeing of the reptiles, the species-specific differences vary so largely that 

the collected data cannot be directly used in analysis in this thesis, for this would require more 

detailed familiarization into each species requirements. For this reason, information about the 

environmental and husbandry details were excluded, with exception of type of diet for this was 

used to confirm probability of fecal sample results being pseudoparasitic findings. The 

questions relating to hygiene measurements were included in the review to see if differences in 

cleaning practice had effect on the occurrence of clinical disease. 
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3.3. Fecal sample and analysis 

The fecal samples were obtained from the reptile owners. Sample submission was based on 

voluntarity, and detailed instructions for the fecal collection were given along the questionnaire. 

Instruction included list of necessary equipment, instructions to collection and storing the 

sample while maintaining goo hygiene and avoiding contamination of the sample, as well as 

directions of submitting the sample to laboratory. 

The analysis was done by combining two methods, native smear and passive flotation. The 

analysis was executed in the parasitology laboratory of the Estonian University of Life Science, 

Institute of Veterinary Medicine. The analysis targeted into determination of presence of 

parasites in obtained samples, and definition of the group of the found parasites. 

 

3.4. Statistical analysis 

The results of fecal analysis were used to determine the prevalence of internal parasites and 

which parasitic classes could be found from the Estonian pet and zoo reptile population. 

The results of fecal analysis were compared to the questionnaire answers to determine the 

occurrence of clinical signs during parasitic infestation. The occurrence of clinical signs was 

then compared to the answers about hygiene practice to see if these factors had effect on the 

occurrence of clinical manifestation of endparasitosis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 
 

4. RESULTS 

The questionnaire received 25 answers. 13 (52,0%) of the answers were about lizards, and 12 

(48,0%) were snakes. Specific species of the animals included African fat-tailed gecko 

(Hemitheconyx caudicinctus), seven Ball pythons (Python regius), two Bearded dragons 

(Pogona sp.), two Bearded agamas (Pogona vitticeps), Boa constrictor (Boa constrictor), 

Carpet python (Morelia spilota ssp.), Green iguana (Iguana iguana), four Leopard geckos 

(Eublepharis macularius), Madagasgar Giant Day Gecko (Phelsuma grandis), two Milksnakes 

(Lampropeltis triangulum), New Caledonian giant gecko (Rhacodactylus leachianus), 

Reticulated python (Malayopython reticulatus), and Tokay Gecko (Gekko gecko). 

Two (8,0%) of the reptiles, both lizards, had been previously diagnosed with internal parasites, 

from which one was determined to have roundworm infection and treated with fenbendazole. 

The other answer did not determine the specific parasitic group and treatment provided for the 

reptile. In both cases, treatment removed the problem. Additionally, one answer stated to have 

had fecal analysis done for the reptile within past six months, with negative results. 

18 (72,0%) of the owners reported their reptiles to be healthy and had not seen any clinical 

signs that could be related to internal parasite infection. Two (8,0%) of the reptiles had recently 

been taken in to the household and thus the owners could not be sure of which would be 

abnormal behavior for the reptile. Those five (20,0%) that had detected abnormal signs on their 

reptile, answered to have seen diarrhea, stunned growth, refusal of food, weight loss, 

inappetence or lethargy and stronger smell than normal. None of the owners that answered to 

seen abnormal signs in the reptile health submitted samples for the fecal analysis. None of the 

owners reported use of preventative antiparasitic treatments for their reptiles. 

There was great variance in between how often the owners thoroughly cleaned the reptile 

enclosures. 12 (48,0%) of the answers mentioned the use of disinfectants during cleaning. 

Mostly owners used commercially ready HabiStat disinfectant, additionally water-vinegar 

solution, salt-soda-water solution, alcohol and other commercially available disinfectants were 

used. Due the fact that none of the owners that reported to have seen clinical signs on their 

reptiles submitted a fecal sample on the analysis, the effect of the cleaning practice on the 

occurrence of clinical disease related to endoparasitosis could not be determined. 

From the total of 25 answers to the questionnaire, 11 (44,0%) were accompanied with submitted 

fecal sample for the analysis. One additional sample was received as accidental double sampling 

from the same reptile due communication error, and since the results of the fecal analysis 

remained the same, the second sample result was excluded from the total results. Eight of the 
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received samples came from zoo, three from private owners. From submitted samples, five 

(45,5%) were stated positive for parasitic findings. From positive samples, three samples 

exhibited small number of mite eggs, one exhibited small number of mite eggs and moderate 

number of larvae of various sizes that were suspected to be strongylids, and one exhibited small 

number of worms belonging to Strongylidae superfamily and small number of Oxyuris eggs. 

All the reptiles that were tested positive for internal parasites were carnivorous, two lizards and 

three snakes, and none was reported to exhibit any clinical signs. 

Since mites are external parasites and can be considered to be pseudoparasitic findings, 

especially in case of carnivorous reptiles, they are excluded from the positive results. Thus, two 

from the total 11 samples are considered positive, and the prevalence of true internal parasite 

infections found in this study was 18%, and all of the found parasites found from the reptiles 

belong to nematodes. 
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5. DISCUSSION 

In the literature, internal parasites have been reported to be common findings in reptiles. Results 

of other research with significantly larger study populations suggest prevalence of 50% and 

over, for example Rataj et al. (2011) had prevalence of 47,3% in snakes, 76,1% in lizards and 

88,5% in tortoises, Rom et al. (2018) reported overall prevalence of 59,3%, and Wolf et al. 

(2014) found overall prevalence as high as 93,2%. 

In comparison to the results of other research, the prevalence of true internal parasite infections 

of 18,0% found in this study is lower than expected. This can be explained with small study 

population as well as possible false negative results due delay in execution of fecal analysis. 

Small study population easily distorts the actual results due factor of coincidence. Delayed 

analysis may result in false negative results due the fact that some of the parasites, especially 

protozoans, die rather quickly outside the host. 

The fecal analysis found three types of internal parasites, pinworms, hookworms and worms 

belonging to superfamily Strongylidae. All of these belonged to phylum of nematodes. This 

supports the literature findings of nematodes being the most common internal parasites found 

in reptiles (Rom et al., 2018), though sample size this small cannot be used as solid evidence 

due the change of coincidence. 

Those reptiles that were found to have true internal parasite infection were reported to be 

clinically healthy. This supports the literature view of small number of parasites being 

unharmful for the reptile. However, the fact that no samples from those reptiles that presented 

typical signs related to parasitic infections were submitted, again distorts the results. Some of 

these reptiles may had clinical parasitic infections that were not diagnosed due to the lack of 

sampling. 

Though practicing good hygiene decrease the environmental stress and enhance well-being of 

reptiles, it was not possible to detect relationship between cleaning practice and occurrence of 

clinical signs of endoparasitosis in this study. This is due the fact that the owners that had seen 

possible clinical signs related to parasitic infection did not submit a sample for the fecal 

analysis., and therefore, possible clinical cases of endoparasitosis were missed. Thus, the 

comparison between cleaning practice and occurrence of clinical disease of endoparasitosis 

could not be done. 

 

 

 

 



 

6. CONCLUSIONS 

The prevalence of true internal parasite infections varies greatly among the reptile population. 

Though the results of this study cannot be considered to be reliable due small size of the study 

population, they support the theory that it is possible to find internal parasites in clinically 

healthy reptiles. It was also seen that pseudoparasites are common findings in fecal analysis 

and thus complete history of the animal as well as knowledge about common parasites found 

in the reptiles are required to rule out possible false positive analysis results. All the found true 

internal parasites were nematodes which supports the literature findings stating nematodes as 

the most common parasites found from reptiles, though the small sample size has the possibility 

to distort the results. 

Further research is required for the determination of the accurate prevalence of internal parasites 

in Estonian pet and zoo reptiles. More controlled sample collection and analysis, and preferably 

larger research groups are required to obtain reliable results. This could be executed as group 

testing where the samples are either collected directly from the animals using cloacal wash, and 

those samples or the samples collected by the owner are analysed immediately at receiving, 

thus increasing possibility to detect those parasites that die rapidly outside the host. The 

questionnaire about the health of the reptile could be answered by the owners during the same 

event, thus increasing the possibility to compare fecal analysis results to data about occurrence 

of clinical signs. In larger research population it could be possible to see the effect of husbandry 

and hygiene practice on the clinical manifestation of the endoparasitosis, though this will 

heavily rely on the observations and reporting of the owners, and thus the results can always be 

arguable. 

The problem of this type of research lay on the high level of stress the animals are put in, 

especially in case of cloacal wash sample collection. Therefore, careful consideration of ethical 

basis for this type of research needs to be done. Unnecessary stress factor could be removed by 

only sampling the reptiles that come into the clinic due other reasons, but in this case the 

asymptomatic carriers are missed which again distorts the results. 

For time being, reliable prevalence of the internal parasites of the reptiles is not as valuable 

information as the fact that the internal parasites should be added to the list of differential 

diagnoses in case of reptile presented to the clinic with gastrointestinal disturbances and/or 

general lethargy. 
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Appendix I. List of the questionnaire questions 

 

General information about the reptile. 

1. Species of the reptile: Snake/ Turtle/ Tortoise/ Lizard/ Other 

2. Please specify the species 

3. Age of the animal? 

4. Sex of the animal? Male/ Female/ Unknown 

5. Origin of the animal? Born at your house/ Bought from breeder in Estonia/ Bought from 

pet shop in Estonia/ Captured wild/ Brought from abroad (please specify in next point)/ 

Other (please specify in next point) 

6. If brought from abroad, please specify the country of origin; or specify the other origin. 

 

Information about the husbandry 

7. Are you a breeder yourself?  Yes/ No 

8. Are there any other reptiles in the household? Yes/ No 

9. If yes, are they kept separately (not living in the same terrarium)? Yes/ No 

10. If no (the reptiles are living in same terrarium), do you quarantine the new animals 

arriving to the household before including them into group? Yes/ No 

11. What type of terrarium the reptile has? Semiaquatic/ Terrestrial/ Airboreal/ Burrowing/ 

Other 

12. Substrate? Newspaper/ Sand/ Astroturf/ Calcisand/ Corn cobs/ Woodchip/ Wood 

shavings/ Bark/ Peat moss/ Aquarium gravel/ Cat litter/ Earth/ Other 

13. How often do you remove waste from the terrarium? Daily/ Every 2-3 days/ Once a 

week/ More rarely 

14. How often do you completely change the substrate? Every month/ Every 2 months/ 

Every 3 months/ More rarely 

15. Do you thoroughly clean and disinfect the terrarium and all structures when you change 

the substrate? Yes/ No/ Sometimes 

16. Which disinfectant do you use? 

17. What is the temperature in the terrarium? below 20 degree of Celsius/ 20 - 23 degree of 

Celsius/ 24 - 27 degree of Celsius/ 28 - 31 degree of Celsius/ 32 - 35 degree of Celsius/ 

36 - 40 degree of Celsius/ above 40 degree of Celsius 



 

18. Is the reptile provided with a hot spot in the terrarium (with heating lamp, rock, mat, 

etc.)? Yes/ No 

19. What is the relative humidity in the terrarium? below 40%/ 41 - 50%/ 51 - 60%/ 61 - 

70%/ 71 - 80%/ Above 80%/ Unknown (no hygrometer available) 

20. How is the humidity provided? Automatic hydifier in terrarium/ Cage manually 

sprayed/ Other 

21. Does the terrarium have artificial lighting? Yes/ No 

22. Do You manage regular day and night cycle with the lighting (e.g. by using timer on 

lights, etc.)? Yes/ No 

23. Is the reptile provided UV-lighting? Yes, both UVA and UVB lights/ Yes, only UVA 

light/ Yes, only UVB light/ No 

24. What type of diet Your reptile has? Herbivorous/ Omnivorous/ Carnivorous/ 

Insectivorous/ Other (please specify in next point). 

25. Please specify the diet type of Your reptile. 

26. Do you provide any dietary supplements for Your reptile (e.g. vitamin D supplements)? 

Yes/ No 

27. If yes, please specify which supplements You use and how often: 

 

Clinical history of the reptile: 

28. Has Your reptile been diagnosed with internal parasites before? Yes/ No 

29. Has Your reptile had following signs during past 6 months (select all suitable answers)? 

Decrease in appetite/ Refusal of food/ Weight loss/ Discharge from the eyes, ears, nose 

or mouth/ Changes in activity times (day active reptile sleeping during day, night active 

awake during day, etc.)/ Inappetence or lethargy/ Reluctance to move/ Standing or 

laying in weird positions/ Changes in breathing (faster or more deep breaths)/ Problems 

with shedding/ Constipation/ Diarrhea/ Eggs or worms visible in feces/ Other signs 

differing from normal (please specify in next point)/ My reptile has been completely 

healthy 

30. Specify other signs You have seen: 

31. Has Your reptile been treated by veterinarian due the problems listed above in last 6 

months? Yes/ No 

32. If yes, please specify what was done (what medication did you receive, did you get 

directions to change husbandry, etc.). 

33. Did the treatment remove the problem? Yes/ No 



 

34. If there are other reptiles in the same household, have they been healthy? Yes/ No 

35. If no, please specify what problmes they have had. 

36. Do You use preventative medication against parasites? Yes/ No 

37. If yes, please specify what medication You use and how often: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix II. Non-exclusive licence 

 


