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Abstract 20 

Despite gastrointestinal parasites being commonly diagnosed in captive tortoises 21 

throughout the UK, there is a lack of data regarding the prevalence. The aims of this 22 

study were to investigate the prevalence of gastrointestinal parasites in tortoises in the 23 

UK, and to investigate the factors affecting the prevalence of these parasites. 24 

 25 

Owners were invited to submit a faecal sample from their tortoise in conjunction with 26 

a completed questionnaire covering details of signalment and husbandry. Data from 27 

the questionnaires was analysed at the end of the study. Faecal analysis was 28 

performed on samples from Testudo hermanni, T. graeca, and T. horsfieldii. This 29 

involved examination of direct wet preparations, a Modified McMaster technique, 30 

passive NaCl flotation and Cryptosporidium staining. 31 

 32 

Of the 142 samples used, 130 were examined by the first three methods. 49% were 33 

positive for one or more parasites. Of the positive samples, 67% were positive for 34 

oxyurids, 28% were positive for ascarids, and 28% were positive for protozoa 35 

(Balantidium, Nyctotherus or flagellates). Only 1/113 (0.8%) samples was positive for 36 

Cryptosporidium. The most important risk factors for parasites were sex (F) and 37 

length of time (< 5 years) in owner’s possession. This survey showed that 38 

gastrointestinal parasites are frequently detected in the faecal samples of captive 39 

tortoises in the UK, but their prevalence may be influenced by various factors 40 

including sex, length of time owned, age and species.  41 

 42 

 43 

44 
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Introduction 45 

 46 

Gastrointestinal parasites are commonly diagnosed on routine faecal screens of 47 

captive tortoises [Wilkinson 2004]. There are a wide variety of parasites reported 48 

including oxyurids, ascarids, and various protozoa [Wilkinson 2004]. Oxyurids are 49 

generally considered to be commensals within the tortoise intestinal tract and have 50 

been suggested to have a beneficial effect in churning up faecal matter and preventing 51 

constipation [Telford 1971]. However, high numbers of oxyurids have also been 52 

associated with anorexia [Martinez-Silvestre 2011] and even death post-hibernation, 53 

possibly due to their effect on depriving their host of nutrition [Frank 1981]. Ascarids 54 

have been associated with more varied pathology due to larval migration through the 55 

viscera [Sprent 1980]. In one case report an adult nematode (Angusticaecum spp.) was 56 

removed from an aural swelling in a Testudo graeca [Cutler 2004]. Generally 57 

however, ascarids are unlikely to cause disease in low numbers, although 58 

gastrointestinal obstruction by adult nematodes has been reported [Keymer 1978]. 59 

Other pathological effects associated with ascaridiasis include intussusception, 60 

gastrointestinal ulceration, coelomitis, thromboembolism and avascular necrosis [Frye 61 

1991].  62 

 63 

The gastrointestinal protozoa reported in tortoises include amoeba, Cryptosporidium, 64 

other coccidia, flagellates, and most commonly, the ciliates [Wilkinson 2004]. Of the 65 

ciliates Balantidium and Nyctotherus are commonly seen, both of which have been 66 

suggested to be commensals of the gastrointestinal tract in tortoises helping digest 67 

cellulose [Frye 1991]. An increased number of ciliates may be detected at times of 68 

gastrointestinal disturbance and have been suggested to cause colitis [Bone 1992]. 69 
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Balantidium has also been described in the liver of heavily infected tortoises, 70 

associated with abscesses [Schneller 2008]. 71 

 72 

Routine faecal screening is often advised as part of a preventative health program for 73 

captive tortoises [Pasmans 2008], but without knowledge of the normal parasite 74 

burden for a species, there is little evidence base to determine what level of parasites 75 

may be a problem for an individual tortoise. Unfortunately, despite the common 76 

reporting of infections there is a lack of data regarding the prevalence of these 77 

parasites in captive tortoise populations. The only published data in the UK are from 78 

two small studies. One is a review of clinical and pathological findings in 70 tortoises, 79 

which identified nematodes in 30% of tortoises [Holt 1979]. These were all identified 80 

as ascarids, with a concomitant oxyurid infection in only 5% and Balantidium in 4%. 81 

The other study was a necropsy survey of a variety of 144 tortoises kept in a 82 

zoological collection which identified nematode infections in 43.8% cases with a mix 83 

of ascarids and oxyurids found [Keymer 1978].  84 

 85 

More recently it has been suggested that <75% of pet tortoises passed oxyurid eggs in 86 

their faecal samples [McArthur 2004]. Epidemiological surveys carried out in other 87 

countries including a survey of 62 tortoises in Italy, 1251 chelonians in Germany and 88 

563 chelonians in Slovenia have also shown a high prevalence (between 43-82%) of 89 

gastrointestinal parasites in tortoises, specifically oxyurids, but the relevance of these 90 

studies to the situation in the UK is currently unknown [Traversa 2005, Pasmans 91 

2008, Papini 2011, Rataj 2011].  92 

 93 
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In addition, the factors affecting parasite burden have not been investigated in captive 94 

tortoises, although it has been suggested that age and husbandry setup may play a role 95 

in influencing the prevalence of parasites [Traversa 2005]. Therefore, the aims of this 96 

study were two fold - to investigate the prevalence of gastrointestinal parasites 97 

(specifically nematodes) in tortoises in the UK, and to investigate the factors affecting 98 

the prevalence of gastrointestinal parasites.  99 

 100 

101 
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Materials and Methods 102 

 103 

The prevalence of gastrointestinal parasites in tortoises in the UK would ideally be 104 

obtained by assessment of a properly stratified randomised sample of the entire 105 

tortoise population. Unfortunately, there are no robust data available on this 106 

population from which an unbiased sample could be taken, so in order to try and 107 

obtain a measure of the prevalence, tortoise owners throughout the UK were invited to 108 

submit samples of their tortoise’s faeces which were analysed free of charge from 109 

March – September 2010. Owners were contacted by advertising the project through 110 

tortoise/reptile interest/owner groups, in addition to contacting vets through veterinary 111 

publications. The study was limited to the Hermann’s tortoise (Testudo hermanni), 112 

Spur-thighed tortoise (Testudo graeca), Horsfield tortoise (Testudo horsfieldii) and 113 

Leopard tortoise (Stigmochelys pardalis), as these are the more common species kept 114 

in captivity in the UK [Pendry 2002]. Owners were asked to collect a fresh faecal 115 

sample from their tortoise and send it via first class post immediately during Monday 116 

- Thursday, so that all samples could be analysed within 24 hours of being voided. On 117 

arrival samples were placed in the fridge (4°C) and given a unique reference number. 118 

 119 

All faecal samples were examined on the day of receipt by means of a macroscopic 120 

examination and a direct wet preparation [Cooper 2009]. If >0.5g of faecal material 121 

was available, a passive flotation was also performed (using a saturated NaCl solution 122 

at a set dilution) and a modified McMaster technique in order to provide a quantitative 123 

assessment of worm egg count [Zajac 2006]. Finally, a smear of any remaining faecal 124 

material was stained for identification of Cryptosporidium (using Pro-Lab Diagnostics 125 

Cryptosporidium Staining Kit ®). Nematodes were classified as oxyurids, ascarids or 126 
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strongylids based on morphological descriptions of ova [Thapar 1925, Jacobson 2007, 127 

Greiner 2006]. Protozoa were classified as Balantidium, Nyctotherus, flagellates, 128 

coccidia, or Cryptosporidium, also based on morphological descriptions [Barnard 129 

1994], but grouped together (with the exception of Cryptosporidium) for later 130 

statistical analysis. A sample was defined as positive for a specific parasite, if it tested 131 

positive using any one of the diagnostic methods, although the efficacy of the 132 

diagnostic methods were later compared. 133 

  134 

In return for providing this free service, owners were asked to send back a completed 135 

questionnaire. This could be either printed from a website and submitted by post, or 136 

filled in and submitted online. The questionnaire covered details of their tortoise’s 137 

signalment and husbandry (e.g. origin of tortoise, time in owner’s possession, 138 

individual/group housing, indoor/outdoor enclosure, substrate, previous parasite 139 

checks and worming). These questionnaires were assigned the same reference number 140 

as their associated faecal sample, but data from the questionnaires were not analysed 141 

until the end of the study. Incomplete questionnaires were included in data analysis. 142 

 143 

Data from the questionnaires were analysed using R version 2.12.1 (The R 144 

Foundation for Statistical Computing). p<0.05 was taken to indicate statistical 145 

significance. Standard univariate logistic regression (hereafter ‘univariate’) was 146 

carried out for all risk factors for being positive for any parasite as well as specific 147 

parasites (ascarid, oxyurids, protozoa). For analysis of substrate as a risk factor, 148 

tortoises were categorised into groups depending on whether newspaper was used or 149 

not, and whether soil was used or not. Odds ratios and associated 95% confidence 150 

intervals were calculated. Associations where P<0.25 [Hosmer 2000] were then 151 
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entered into a multivariable univariate logistic regression model (hereafter 152 

‘multivariable’) and variables excluded until obtaining a final minimal statistically 153 

significant model.  154 

 155 

156 
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Results  157 

 158 

Between March and August 2010 a total of 243 samples were returned from various 159 

locations around the UK (Figure 1). Of these, only 146 samples met the requirements 160 

of the survey (with the other samples being >24 hours old, from tortoises with current 161 

health concerns or from group situations). The 146 samples consisted of 63 Testudo 162 

hermanni, 55 T. graeca, 24 T. horsfieldii, and 4 Stigmochelys pardalis. Due to the low 163 

numbers of samples from S. pardalis, it was decided to exclude these 4 samples from 164 

further results and statistical analysis. 165 

 166 

Of the remaining faecal samples, all 142 were tested for parasites via the direct 167 

method, 141 (99%) by the flotation method and 130 (92%) were tested via McMaster 168 

(the latter due to lack of sample material). Sixty-nine samples (49%) were positive to 169 

at least one method (Table 1), though there were 7 samples that were negative for the 170 

direct (D) and flotation (F) methods where McMaster’s (M) were not performed. The 171 

flotation technique detected the presence of the most parasites overall (58/141 – 41.%; 172 

D:54/142 – 38%, M:38/130 – 29%) and more specifically the most oxyurids (F:32%, 173 

D:23%, M:26%). In contrast, when looking at ascarids the direct wet preparation 174 

detected the most parasites (D:11%, F:8%, M:5%), and the direct method was also 175 

more sensitive at detecting protozoa in samples (13%) compared to the flotation 176 

technique (4%). No single diagnostic method detected all apparently positive samples 177 

of any parasites, with only 28/130 (22%) samples where all 3 methods were used 178 

being positive to all 3 methods (Figure 2), though 37/38 positive McMaster samples 179 

were also positive for the flotation technique. 180 

 181 
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No adult helminth parasites were identified. Of the 69 positive samples where a 182 

positive result was obtained with any method (Figure 3), 67% were positive for 183 

oxyurids, 28% were positive for ascarids, and 28% were positive for protozoa 184 

(Balantidium, Nyctotherus or flagellates). Only 17% of these samples were positive 185 

for more than one parasite, and only 2 samples were positive for oxyurids, ascarids 186 

and protozoa. Cryptosporidium testing was only able to be completed in 113 cases 187 

due to insufficient quantity of some of the samples and one sample was positive. No 188 

strongylids, trematodes or cestodes were detected. 189 

 190 

In those 130 samples tested with McMaster, oxyurid and ascarid distributions were 191 

highly overdispersed with eggs per gramme (epg) values ranging from 0 to 44,650 for 192 

oxyurids (Figure 4) but with a median of 2,075 epg for the 34 McMaster positive 193 

samples, and values ranged from 0 to 4,100 for ascarids (Figure 4), with a median of 194 

325 epg for the 6 McMaster positive samples. 195 

 196 

The univariate analyses of the presence of any parasites revealed a significant 197 

association with the sex of the tortoise (p=0.031), with females (59%) more likely to 198 

be positive for parasites than males (39%, OR=2.2, Table 1). In addition, tortoises 199 

were more likely to be positive for parasites if they had been owned for ≤10 years 200 

(58%) compared to if they had been owned for >10 years (30%, p=0.002, OR=3.26). 201 

There were no statistically significant univariate associations between the presence of 202 

parasites and any other factors (p>0.056, Table 1).  203 

 204 

Carrying out a multivariable model with all the variables in Table 1 where p<0.25 205 

(Age group, sex, length of ownership, whether kept on newspaper, whether previous 206 
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parasites found, whether previous treatment had occurred, and whether the tortoises 207 

hibernated) resulted in 3 variables remaining in the final minimal model. The results 208 

did not qualitatively change with respect to sex and length of ownership (sex: 209 

p=0.034, ORfemale=2.31 (1.07-5.00); length of ownership: p=0.001, OR≤10yr=3.97 210 

(1.74-9.09)). However, the multivariable model also revealed that once sex and length 211 

of ownership had been taken into account, previous treatment for parasites was 212 

significantly associated with more tortoises being positive in the current survey 213 

(p=0.033, ORprevious treatment=2.35 (1.06-5.11)). The statistically significant risk factors 214 

for parasites are summarised in Table 3. 215 

 216 

Oxyurids 217 

A statistically significant univariate association was found between the presence of 218 

oxyurids and species of tortoise (p=0.003) with the odds of being positive for 219 

oxyurids if T. hermanni or T. horsfieldii more than if T. graeca (OR=3.36 and 5.11, 220 

respectively, Table 2). A statistically significant association was also found between 221 

the presence of oxyurids and age, with tortoises <10 years old more likely to be 222 

infected (OR≤5yrs & OR>5&<10yrs > 6.5) compared to older tortoises. In addition 223 

tortoises that were, non rehomed (ORpetshop & ORbreeders >2.7),  that had been owned 224 

for a shorter period of time (OR≤10yrs=17.4), had no previous parasite problems or 225 

treatment (ORno>2.43) and had not been hibernated (ORno=3.21) were all associated 226 

with oxyurid infection (all p<0.03, Table 2). There were no statistically significant 227 

associations between the presence of oxyurids and any other factors (p>0.078). 228 

Multivariable analyses of the above variables and the 4 other variables where P<0.25 229 

(outside the majority of time, newspaper or soil substrates and sex) on oxyurid 230 

presence revealed that length of time the tortoise had been owned (OR≤10yrs=23.9 (4.9-231 
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116.1)) and a history of no previous parasite problems (ORno=6.20 (1.47-26.15)) 232 

remained significant risk factors. In contrast tortoises that spent the majority of time 233 

on soil were apparently protected from infection (ORsoil=0.21 (0.06-0.071), P<0.009).  234 

 235 

Ascarids 236 

Age was also found to have a statistically significant univariate association with the 237 

presence of ascarids, but in contrast with oxyurids, fewer parasites were detected in 238 

younger tortoises and no ascarids were detected in tortoises <5 years old. Tortoises 239 

that had been owned for a shorter period of time were also less likely to be infected 240 

(OR≤10yrs=0.27, Table 2, P>0.063 for other variables).It was not possible to run 241 

multivariable models with both age and time owned included due to their 242 

confounding of each other. Therefore separate multivarariable analyses of these 2 243 

variables and the 4 other variables where P<0.25 (species, outside majority of the 244 

time, previous problems and hibernation) were run. Neither final model included the 4 245 

other variables – with just either age or time owned remaining, depending on which 246 

was entered in the multivariable model initially. 247 

 248 

Protozoa 249 

For protozoa the only univariate statistically significant associations were with 250 

whether the tortoise was kept with other tortoises (ORother=3.14), or kept on soil 251 

(ORsoil=3.94, Table 2, P>0.052 for other variables). Multivarariable analyses of 252 

these 2 variables and the 6 other variables where P<0.25 (sex, origin, ownership 253 

period, newspaper substrate, previous parasites and problems) not only revealed that 254 

while the presence of other tortoises was still associated with protozoal infection 255 

(ORother=3.53 (1.18-10.61), P=0.024), soil as substrate was not and  in addition, as for 256 

oxyurids shorter ownership was associated with more protozoal infection 257 
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(OR<10yrs=5.01 (1.08-23.11) P=0.039). 258 
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Discussion  259 

 260 

Gastrointestinal parasites were detected commonly in the tortoise faecal samples 261 

received in this survey, with a prevalence of 48.6%. Other authors have reported a 262 

higher prevalence (<75%), but have not specified if this includes both healthy and 263 

sick tortoises [McArthur 2004]. Previous surveys in the UK both indicated a slightly 264 

lower prevalence (30% and 44% respectively) despite being based on sick tortoises 265 

and including post-mortem data [Holt 1979, Keymer 1978].  266 

The data presented in this paper are based only on samples which owners chose to 267 

submit from apparently healthy tortoises. We were therefore dependent on owners 268 

recognizing that their tortoises were healthy. In addition the samples we obtained may 269 

reflect particularly pro-active owners. The effect of samples being sent through the 270 

post could also not be examined in this study as the freshness of each sample at the 271 

time of postage could not be verified. We therefore cannot be certain that these data 272 

were representative of the entire UK tortoise population, but this is the largest such 273 

study carried out in the UK and therefore results do markedly add to our knowledge 274 

base.  275 

 276 

Of the samples in this study, 32.4% samples were positive for oxyurids, 13.3% were 277 

positive for ascarids, and 13.3% were positive for protozoa (Balantidium, Nyctotherus 278 

and flagellates). No strongylids, trematodes, cestodes or other protozoa were detected. 279 

This contrasts with the previous limited UK tortoise studies, one of which identified 280 

ascarids in all positive samples, with a concomitant oxyurid infection in only 5% and 281 

Balantidium in 4% [Holt 1979]; the other identified ascarids in 19% of cases, 282 

oxyurids in 16%, and protozoa in 23% of cases [Keymer 1978]. These previous 283 
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studies were however performed at a time when the majority of the pet tortoise 284 

population in the UK were wild-caught, which may explain the conflicting results. 285 

Epidemiological surveys carried out on tortoises in Italy, Germany, and Slovenia 286 

revealed a varying prevalence of parasites ranging from 43 to 82% and in agreement 287 

with the present study, all found that oxyurids are the most common parasite detected 288 

in tortoises [Papini 2011, Pasmans 2008, Traversa 2005, Rataj 2011]. These studies 289 

were based mainly on captive-bred tortoises which are likely to represent a more 290 

similar population to that in this study. 291 

 292 

This study suggests that female tortoises overall are at higher risk of being positive for 293 

parasites than male tortoises. When looking more specifically at the presence of each 294 

individual parasite, more parasites are also seen in female tortoises, but the 295 

association is not statistically significant, possibly due to the limited sample size. A 296 

previous survey on tortoise gastrointestinal parasites found no sex differences in 297 

parasite distribution [Traversa 2005]. However, parasitology studies in other species 298 

often show differences between the sexes [Zuk 1996]. Male mammals and birds 299 

frequently have higher parasite burdens (proposed to be due to the 300 

immunosuppressive effects of testosterone), but there is less evidence in reptiles 301 

[Poulin 1996, Salvador 1995]. Female mammals have however, been suggested to be 302 

at increased risk at times when their oestrogen and progesterone levels are increased 303 

as both of these hormones may have immunosuppressive effects [Klein 2004]. Female 304 

animals may also display different behaviours to males including different patterns in 305 

feeding and time spent basking which may influence susceptibility to parasite 306 

infection [Klein 2004]. 307 

 308 
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This study also suggests that tortoises which had been owned a short time (<5 yrs), 309 

are at higher risk of parasite infection than those owned for longer periods. These 310 

tortoises were younger and less likely to ever have been treated for parasites, so either 311 

or both of these factors could explain the decreased prevalence of parasites in those 312 

owned for longer periods. Age as a predisposing factor for parasite infections is not a 313 

novel theory in parasitology and has been described in various other species including 314 

dogs and horses with different parasites having a higher prevalence in different age 315 

groups [Visco 1977, Bucknell 1995]. A previous survey identified no nematodes in 316 

tortoises < 1 year old, while identifying nematodes in 100% tortoises > 1 year, but 317 

these groups were kept separately which may have influenced infection [Traversa 318 

2005]. The same survey however, identified higher egg counts in tortoises aged 1-5 319 

years than in those > 5 years [Traversa 2005]. It was suggested that younger tortoises 320 

(1-5 years) therefore harbour more fecund species of gastrointestinal parasites and 321 

also that they are more likely to practice coprophagy, so increasing the chances of 322 

infection or reinfection [Traversa 2005]. In painted turtles it has even been suggested 323 

that parasite adaptability decreases as age of parasite increases so, the chance of a 324 

parasite surviving hibernation reduces each year, explaining reduced nematode 325 

burdens in older turtles [Esch 1967]. Alternatively changes in feeding habits of the 326 

host after sexual maturity were also suggested to play a role [Esch 1967]. 327 

 328 

Oxyurids 329 

Those tortoises owned a shorter time were again at higher risk of being infected with 330 

oxyurids, though this is confounded by age with tortoises owned for a shorter time 331 

also being younger. A history of previous parasite problems also appeared to be a 332 

significant risk factor, with tortoises which had no previous history of parasites being 333 



17 

 

at higher risk of oxyurid infection than those which had previously had parasites 334 

detected. However, almost all tortoises which previously had parasites detected had 335 

been treated with anthelmintics, in addition to some tortoises which had been treated 336 

without any evidence of parasites seen. Therefore parasite treatment is likely to have 337 

been a confounding factor.  338 

 339 

Other variables were associated with oxyurid infection at the univariate level (species 340 

of tortoise, age, origin, hibernation) but were not present in the final multivariable 341 

model once length of time in ownership, previous parasite problems and soil as a 342 

substrate had been taken into account. The probable main reasons for this was 343 

confounding within the data set; for example the majority of the rehomed tortoises 344 

were individuals that had been owned for longer and were therefore older, were more 345 

likely to hibernate and may have been less likely to have parasites anyway.  346 

 347 

Ascarids 348 

For ascarids, the most important risk factor appears to be length of time in owner’s 349 

possession but in contrast with oxyurids, tortoises which have been owned a longer 350 

time (>10 years), were at higher risk of ascarid infection than those owned shorter 351 

periods. As previously discussed, there appeared a link between length of time in 352 

owner’s possession and age and consequently older tortoises (>5yrs old) were at 353 

higher risk of ascarid infection than younger tortoises. This differs to findings in both 354 

mammals and previous findings in tortoises, where ascarids are more prevalent in 355 

younger animals [Visco 1977, Bucknell 1995, Traversa 2005]. The exact reason for 356 

this is unknown, but it is possible that ascarids are more of a historical problem (as 357 

reported in surveys 30 years ago) [Holt 1979, Keymer 1978] and that although older 358 
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tortoises may still carry them, they are less of a problem in younger individuals, 359 

which appear more susceptible to oxyurids. This hypothesis is supported by the 360 

change in legislation of tortoise keeping in 1984 which banned the import, export and 361 

keeping and sale of Mediterranean species except for captive-bred species or 362 

exempted animals sold under a licence and resulted in a change in the UK tortoise 363 

population from wild-caught Testudo graeca to captive-bred T. hermanni [Pendry 364 

2002], which appear at higher risk from oxyurids. 365 

 366 

Protozoa 367 

Only a small number of samples were positive for protozoa and the fact that the 368 

samples were > 24 hours old would have made them suboptimal for protozoa 369 

detection [Wilkinson 2004]. Despite this a few variables did emerge from the 370 

analysis. The most important risk factor appears to be the presence of other tortoises. 371 

Tortoises that are kept with others are at higher risk of protozoal infection than those 372 

kept alone. As with oxyurids shorter ownership was also associated with a greater 373 

prevalence of protozoa. The other risk factor which appeared in the univariate 374 

analyses was the substrate used. Tortoises kept on soil were apparently at higher risk 375 

of protozoal infection than tortoises kept on alternative substrates, though as stated 376 

above use of soil substrate is confounded with ownership. However, further research 377 

would be needed into these areas ideally with examination of fresh samples for 378 

detecting protozoa. 379 

 380 

Other parasites 381 

Of 113 samples examined, only one faecal sample was found to be positive for 382 

Cryptosporidium. This was from a 2 year female Testudo hermanni kept in a vivarium 383 
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on newspaper, with one companion tortoise which tested negative. With the 384 

techniques used in this study, it was not possible to say if this was a mammalian strain 385 

which had been ingested incidentally or a true reptile pathogen. This diagnostic test 386 

was not designed to detect reptile Cryptosporodium so there may have been false-387 

negative results. This study does however show clearly that Cryptosporidium oocysts 388 

are not seen as a common finding in the tortoise samples screened by this method. 389 

Therefore if oocysts are found, their origin should be investigated further, ideally by 390 

molecular typing [Xiao 2004]. This is especially important in view of the zoonotic 391 

potential of some strains of Cryptosporidium [Traversa 2008]. 392 

 393 

Different diagnostic methods 394 

All 142 samples were tested for parasites via the direct method, all but 1 by the 395 

flotation method and 130 were tested via McMaster (the latter due to lack of sample 396 

material).The flotation technique was found to detect the most parasites in this study, 397 

in particular for oxyurids. In contrast, for ascarids and protozoa the direct wet 398 

preparation detected the most parasites. However, no single diagnostic method 399 

detected all positive samples. Other authors agree that direct wet preparations are best 400 

for protozoa and flotation methods best for nematode ova [Urqhart 1996, Klingenberg 401 

2000]. However, it would be expected that both oxyurid and ascarid ova would be 402 

detected best by flotation methods, both being similar in size [Thapar 1925, Jacobson 403 

2007, Greiner 2006]. It is possible that the varying results were due to human error 404 

(e.g. insufficient sample mixing when making a suspension for the McMaster slide or 405 

flotation), or the use of passive flotation instead of centrifugation, but further research 406 

would be necessary to determine the best method for detecting tortoise ascarids. 407 

 408 
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Conclusion 409 

This study demonstrates that gastrointestinal parasites are frequently detected in 410 

routine faecal screens of tortoises in the UK, without any associated health concerns 411 

detected by their owners. Oxyurids were the most common parasite detected 412 

(especially in younger T. hermanni and T. horsfieldi), with ascarids also being 413 

identified (especially in older T. graeca kept outside). Ciliates and flagellates may 414 

also be present. Female tortoises, and those owned for shorter periods have a higher 415 

risk of parasitism. In contrast, Cryptosporidium is not a normal finding on a routine 416 

faecal screen and should be investigated further if present. 417 

418 
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Figure legends 426 

 427 

Figure 1: Distribution across the UK of the samples that that contributed to the 428 

survey; the circle size indicates the number of samples submitted by each area based 429 

on postcode. Source: 2001 Census Output Area Boundaries. Crown Copyright 2003. 430 

Crown Copyright material is reproduced with the permission of the Controller of The 431 

Stationery Office. 432 

 433 

Figure 2: Venn diagram to show parasites identified by different diagnostic methods 434 

(McMaster, Flotation, Direct), n = 130 where all 3 techniques were carried out on a 435 

sample (N= ) number of samples positive for a particular technique. 436 

 437 

Figure 3: Venn diagram to show parasites identified (excluding Cryptosporidium), 438 

from 69 positive samples. (N= ) number of samples positive for a particular parasite 439 

 440 

Figure 4: Histograms to show the quantity of (a) oxyurids and (b) ascarids found in 441 

tortoise faecal samples. X-axes have been modified to aid visualisation of frequencies. 442 

 443 

444 
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Table Legends 445 

Table 1: Univariate logistic regression analyses of association of putative risk factors 446 

and parasitic infection (any parasite). In all cases, the number of tortoises positive, the 447 

prevalence (95% confidence intervals), the Odds ratio (95% confidence intervals) 448 

compared to a reference level are given as well as, overall LR-test and individual 449 

level Wald’s P-values as appropriate. ref - reference level. 450 

 451 

Table 2: Univariate logistic regression analyses of association of putative risk factors 452 

and particular parasites ((a) oxyurids, (b) ascarids and (c) protozoa), where P<0.05. 453 

OR – Odds ratio, see Table 1 for further table description. NA – no odds ratio possible 454 

as no individuals were infected. 455 

  456 

Table 3:  Risk factors for the presence of parasites in the sample population457 
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Table 1 458 

 459 

Risk factor  Group Total 
With any 

parasites 

%  

(95% C.I.) 

Odds Ratio  

(95% C.I.) 

P-value 

Overall Individual 

  142 69 48.6 (40.1-57.1)    

Species Testudo hermanni 63 33 52.4 (39.4-65.1) 1.53 (0.74-3.17)  0.253 

 Testudo graeca 55 23 41.8 (28.6-55.9) ref 0.432  

 Testudo horsfieldii 24 13 54.2 (32.8-74.4) 1.07 (0.42-2.76)  0.313 

Age <5yrs 38 21 55.2 (38.3-71.4) 1.65 (0.63-4.36)  0.310 

 5-<10yrs 26 16 61.5 (40.6-79.8) 2.52 (0.84-7.58)  0.100 

 10-<50yrs 46 19 41.3 (27.0-56.8) 0.99 (0.39-2.56)  0.995 

 50yrs 29 12 41.4 (23.5-61.1) ref 0.220  

Sex Male 61 24 39.3 (27.1-52.7) ref 0.031  

 Female 65 38 58.5 (45.6-70.6) 2.17 (1.06-4.42)   

Origin Pet shop 51 25 49.0 (34.8-63.4) 1.15 (0.55-2.38)  0.711 

 Breeders and homebred 23 13 56.5 (34.5-76.8) 1.55 (0.60-4.02)  0.366 

 Rehomed 68 31 45.6 (33.5-58.1) ref 0.661  

Been in owner’s 

possession 

≤10 yrs 97 56 57.7 (47.3-67.7) 3.26 (1.52-6.98) 0.002  

>10 yrs 44 13 29.5 (16.7-45.2) ref   

Other tortoises Yes 72 35 48.6 (36.7-60.7) 1.00 (0.52-1.93)   

 No 70 34 48.6 (36.4-60.8) ref 0.996  

Other reptiles Yes 34 17 50.0 (32.4-67.6) ref 0.851  

 No 108 52 48.1 (38.4-58.0) 0.93 (0.43-2.01)   

Environment Garden (free range / pen) 53 25 47.2 (33.3-61.4) ref 0.800  

 Vivarium / house (free range / pen)               36 16 44.4 (27.9-61.9) 0.90 (0.38-2.10)   

Substrate Newspaper 45 19 42.2 (27.7-57.8) ref 0.076  

 (majority of time) Not newspaper 55 33 60.0 (45.9-73.0) 2.05 (0.92-4.57)   

 Soil 25 14 56.0 (34.9-75.6) 1.24 (0.50-3.08)   

 Not soil 75 38 50.6 (38.3-62.4) ref 0.644  

Previous parasites Yes 30 10 33.3 (17.3-52.8) ref 0.058  

 No 112 59 52.7 (43.0-62.2) 2.23 (0.96-5.18)   

Previous parasite 

treatment 

Yes 48 18 37.5 (24.0-52.6) ref 0.057  

No 92 50 54.3 (43.6-64.8) 1.98 (0.97-4.05)   

Previous medical 

problems 

Yes 32 14 43.8 (26.4-62.3) ref 0.533  

No 110 55 50.0 (40.3-59.7) 1.29 (0.58-2.84)   

Hibernated Yes 91 40 44.0 (33.6-54.8) ref 0.139  

 No 51 29 56.9 (42.2-70.7) 1.68 (0.84-3.36)   
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Table 2 460 

Risk factor  Group Positive %  (95% C.I.) OR (95% C.I.) Overall P Individual P 

(a) Oxyurids  46 32.4 (24.8-40.8)     

Species Testudo hermanni 25 39.7 (27.6-52.8) 3.36 (1.40-8.06)  0.007 

Testudo graeca 9 16.4 (7.8-28.8) ref 0.003  

Testudo horsfieldii 12 50.0 (29.1-70.9) 5.11 (1.75-14.94)  0.003 

Age <5 yrs 20 52.6 (35.8-69.0) 6.58 (1.93-22.5)  0.003 

5-<10yrs 14 53.8 (33.4-73.4) 7.95 (2.13-29.7)  0.002 

10-<50yrs 7 15.2 (6.3-28.9) 1.12 (0.30-4.23)  0.865 

50yrs 4 13.8 (3.9-31.7) ref <0.001  

Origin Pet shop 20 39.2 (25.8-53.9) 2.73 (1.20-6.23)  0.017 

Breeders/homebred 13 56.5 (34.5-76.8) 5.50 (1.98-15.29)  0.001 

Rehomed 13 19.1(10.6-30.5) ref 0.002  

Been in owner’s possession 
≤10yrs 44 45.3 (35.3-55.8)  17.4 (3.99-76.1)   

>10yrs 2 4.5 (0.5-15.5) ref 0.001  

Previous parasites Yes 5 16.7 (5.6-34.7) ref   

 No 41 36.6 (27.7-46.2) 2.89 (1.03-8.12) 0.030  

Previous parasite treatment Yes 10 20.8 (10.5-35.0) ref   

 No 36 39.1 (29.1-49.9) 2.44 (1.08-5.51) 0.025  

Hibernated Yes 21 23.1 (14.9-33.1) ref   

 No 25 49.0 (34.8-63.4) 3.21 (1.54-6.68) 0.002  

(b) Ascarids  19 13.4 (8.3-20.1)    

Age <5 yrs 0 0 (0-9.0) NA  NA 

5-10yrs 4 16.0 (4.5-36.1) 0.60 (0.15-2.35)  0.462 

10-50yrs 8 17.4 (7.8-31.4) 0.66 (0.21-2.07)  0.479 

50+yrs 7 24.1 (10.3-43.5) ref 0.002  

Been in owner’s possession ≤10yrs 8 8.2 (3.6-15.6) 0.27 (0.10-0.73)   

 >10yrs 11 25.0 (13.2-40.3) ref 0.009  

(c) Protozoa  19 13.4 (8.3-20.1)    

Other tortoises Y 5 19.4 (11.1-30.5) 3.14 (1.06-9.25)   

 N 14 7.1 (2.4-15.9) ref 0.028  

Substrate Soil 8 32.0 (14.9-53.5) 3.94 (1.29-12.02)   

 Not soil 8 10.7 (4.7-19.9) ref 0.017  
 461 
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Table 3 462 

 463 
Risk factors for 

presence of any 

parasites 

 

Risk factors for 

presence of oxyurids 

Risk factors for 

presence of ascarids 

Risk factors for 

presence of 

protozoa 

Female tortoises Testudo hermanni or 

Testudo horsfieldii 

 

Those >5 years old Being kept with 

other tortoises 

Those owned ≤10 

years 

 

Those <10 years old Those owned for a 

longer period of time 

Those kept on soil 

Those previously 

treated for parasites 

Those owned ≤10 

years 

 Those owned for a 

shorter period of 

time 

 Originating from a pet 

shop or breeder 

 

  

 A history of no 

previous parasite 

problems 

 

  

 Never having been 

hibernated 

 

  

 Those not kept on soil 

 

  

 464 

 465 

 466 

 467 

 468 

 469 

 470 

 471 

 472 

 473 
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