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Abstract

Background: In free-ranging reptile populations, bacterial, fungal, viral and parasitic pathogens may affect hosts
through impairment in movements, thermoregulation, reproduction, survival, and population dynamics. The
speckled dwarf tortoise (Chersobius [Homopus] signatus) is a threatened species that is mostly restricted to the
Succulent Karoo biome in South Africa, and little information on pathogens of this species is available yet. We
derived baseline parameters for five males and five females that were captured to genetically enhance a conservation
breeding program in Europe. Upon collection of the tortoises, ticks were removed and identified. Immediately upon
arrival in Europe, ocular, nasal, oral and cloacal swabs were taken for viral, bacteriological and mycological examinations.
Fecal samples were collected before and 1 month after fenbendazole treatment, and analyzed for parasites. A panel of
PCR, aiming to detect herpesviruses, adenoviruses and iridoviruses, was carried out.

Results: Samples were negative for viruses, while bacteriological examination yielded detectable growth in 82.5% of the
swabs with a mean load of 16 × 107 ± 61 × 108 colony forming units (CFU) per swab, representing 34 bacterial species.
Cloacal and oral swabs yielded higher detectable growth loads than nasal and ocular swabs, but no differences between
sexes were observed. Fungi and yeasts (mean load 5 × 103 ± 13 × 103 CFU/swab) were detected in 25% of the swabs. All
pre-treatment fecal samples were positive for oxyurid eggs, ranging from 200 to 2400 eggs per gram of feces, whereas
after the treatment a significantly reduced egg count (90–100% reduction) was found in seven out of 10 individuals. One
remaining individual showed 29% reduction, and two others had increased egg counts. In five tortoises, Nycthocterus spp.
and coccidian oocysts were also identified. Soft ticks were identified as Ornithodoros savignyi.

Conclusions: Our baseline data from clinically healthy individuals will help future studies to interpret prevalences of
microorganisms in speckled dwarf tortoise populations. The study population did not appear immediately threatened by
current parasite presence.
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Background
Free-ranging reptiles may be infected by bacteria, fungi, vi-
ruses and parasites, which can affect hosts through im-
pairment of movements, thermoregulation, reproduction,
survival, and population dynamics [1–3]. Accordingly,
pathogens can represent challenges for wildlife conserva-
tion, particularly when acting in conjunction with an-
thropogenic stressors [4, 5]. Assessing the composition
and epidemiology of pathogen communities in wild host
populations is, therefore, essential for the development of
host conservation management.
Tortoise populations are declining world-wide, leading

the IUCN [6] to categorize 65% of all extant species [7]
threatened with extinction (i.e., categories Vulnerable
and [Critically] Endangered). Primary causes for decline
are habitat destruction, harvest for food, use of body
parts for traditional medicine and pet trade, but some
tortoise populations are also under threat of infections
by some virulent pathogens [2]. Relatively few wild pop-
ulations have been rigorously assessed yet.
The speckled dwarf tortoise (Chersobius [Homopus] sig-

natus) is mostly restricted to a small range in the Succu-
lent Karoo biome in South Africa, where its numbers are
declining [8, 9]. The decline is primarily caused by habitat
destruction and degradation, climate change and in-
creased predation [9], but other factors may exacerbate
their effects. About speckled dwarf tortoises, little infor-
mation is available on infestations by mutual and com-
mensal organisms. One study suggested that ticks might
switch from mammalian hosts to speckled dwarf tortoises
during drought [10], potentially increasing the impact of
drought on the tortoises. Given the lack of knowledge
concerning if and how pathogens may contribute to the
decline of speckled dwarf tortoises, the aims of this study
were: 1) to derive baseline data on mutual, commensal
and pathogenic organisms found in C. signatus; 2) to in-
vestigate their distribution among sexes and anatomical
district; 3) to assess if their presence may pose a threat to
the sampled C. signatus population.

Results
Bacteriological and mycological examinations
All tortoises harbored bacterial species. Most of the col-
lected swabs (82.5%, n = 40) yielded bacterial colonies with
a significant difference observed among anatomical districts
(χ2 = 11.60, P = 0.011, d.f. = 3). The anatomical districts
most colonized were the cloacal (100%, n = 10) and the oral
cavities (100%, n = 10), with less frequent colonization of
the nasal cavity (50%, n = 10) and conjunctival sacs (80%,
n = 10). The mean of total bacterial loads was 16 × 107 ±
61 × 108 CFU/swab. Cloacal (244 × 107 ± 794 × 107 CFU/
swab), and oral cavities (158 × 105 ± 452 × 105 CFU/swab)
yielded higher counts than conjunctival sacs (13 × 103 ±
25 × 103 CFU/swab) and nasal cavity (33 × 104 ± 51 × 104

CFU/swab), but differences among anatomical districts
were not significant (F = 1.76, P = 0.173. d.f. = 36).
Overall, thirty-four different bacterial species were iso-

lated (Table 1). Bacillus cereus (13 isolates), Mycoplasma
spp. (9 isolates), Salmonella enterica subsp. salamae ser-
ovar 6,7:a:z42 (13 isolates) were commonly detected, es-
pecially in the cloacal and oral swabs. Aeromonas spp.,
Enterobacter sakazakii, Yersinia spp., Vibrio spp., Cam-
pylobacter spp., Helicobacter spp. lacked in all isolates.
Gram positive represented the most frequent bacteria
(49.6% of all positive isolates), followed by Gram nega-
tive bacteria (38.7%), Mycoplasma spp. (7.6%), and Urea-
plasma spp. (4.2%) (χ2 = 72.70, P < 0.001, d.f. = 3).
When Mycoplasma spp. and Ureaplasma spp. were com-

bined, the frequencies of Gram positive, Gram negative,
and Mycoplasma-Ureaplasma spp. isolates differed signifi-
cantly among anatomical districts (χ2 = 35.032, P < 0.001,
d.f. = 6; Fig. 1). More specifically, a difference between
Gram positive and negative was observed in ocular swabs,
(78.6% vs. 21.4%), where Mycoplasma spp. and Ureaplasma
spp. were absent (Fig. 1). Mycoplasma spp. and Urea-
plasma spp. accounted for a mean load of 504 × 103 ±
515 × 103 CFU/swab. They were cultured in nasal (28.6%,
1 × 106 ± 0CFU/swab), cloacal (13.8%, 561 × 103 ± 520 ×
103 CFU/swab) and oral swabs (9.1%, 1 × 103 ± 0 CFU/
swab). No significant differences were recorded among ana-
tomical districts, neither for prevalence (χ2 = 3.11, P = 0.795,
d.f. = 3) nor for the average loads recorded (F = 3.25, P =
0.078, d.f. = 36).
The frequencies of Gram positive and Gram negative

bacterial isolates in males and females were similar (χ2 =
0.64, P = 0.42, d.f. = 1). However, analysis performed within
each gender sub-group showed different frequencies of iso-
lates among anatomical districts (χ2 = 68.31, P < 0.001. d.f. =
3; Fig. 2), with the largest frequencies in cloacal and oral
swabs. Both sexes had a similar mean bacterial load (150 ×
107 ± 697 × 107 and 487 × 106 ± 217 × 107 CFU/swab for
males and females, respectively, t = − 0.663, P = 0.511, d.f. =
38), with large individual variation within males.
Yeasts and fungi were observed in 25% of swabs with a

mean fungal load of 3.5 × 103 ± 13 × 103 CFU/swab.
Yeasts represented 78.6% of positive swabs (mean load
7 × 103 ± 14 × 103 CFU/swab), and fungi 21.4% (20 ± 10
CFU/swab; t = 0.77, P = 0.456). Rhodotorula rubra, R.
mucilaginosa, Candida spp. and Alternaria spp. were
over-represented in ocular and oral swabs (Table 2). In
ocular swabs, yeasts resulted 13 × 103 ± 20 × 103 CFU/
swab (n = 5), in cloaca 2 × 103 ± 1 × 103 CFU/swab (n =
3), and in mouth 20 ± 17 CFU/swab (n = 3). Penicillium
spp. was identified only in nasal swabs.

Virological examination
None of the samples revealed the presence of detectable
amounts of herpesvirus, iridovirus or adenovirus DNA.
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Parasitological examination
All tortoises were infested by morphologically similar
ticks, although at different stages of development. Based
on morphology, number of limbs and absence of the
typical shield of the hard ticks, they were identified as
larvae and nymphs of soft ticks. Light brown nymphal

stages (Fig. 3a) had an oval body, with a wider posterior
gently rounded to form a sub-triangular shape and four-
paired legs of moderate length and slender. They mea-
sured about 0.988–2.457 mm in length and 0.936–2.340
mm in width. Larvae have a semicircular and dark
brown body and three pairs of legs (Fig. 3b). They are

Table 1 Frequencies of bacterial species and isolations from different anatomical districts in five male and five female speckled
dwarf tortoises (Chersobius [Homopus] signatus). Absence of a frequency value indicates that the bacterial species was not isolated.
Two ocular and five nasal swabs tested negatively

Bacterial species Eye
(n = 10)

Nose
(n = 10)

Mouth
(n = 10)

Cloaca
(n = 10)

Acinetobacter calcoaceticus 1 1

Aerococcus spp. 2

Alcaligenes faecalis 1

Bacillus cereus 2 3 8

Bacillus licheniformis 1

Bacillus spp. 3 3 3

Bacillus thuringiensis 1

Brevibacterium GpB 1

Brevundimonas diminuta 2 1

Burkholderia cepacia complex 1 1 2

Cedecea davisae 1

Citrobacter freundii 3

Clostridium spp. 1

Corynebacterium jeikeium 1 1 1 1

Enterococcus avium 4

Enterococcus faecalis 4

Escherichia coli 1

Hafnia alvei 1

Kytococcus aerolatus 1

Kytococcus schroeteris 2 1

Listeria spp. 1

Micrococcus luteus 1 1

Mycoplasma spp. 1 2 6

Neisseria weaveri /elongata 1

Pantoea agglomerans 1 4

Pseudomonas fluorescens/putida 3 2

Salmonella subsp. salamae 6,7:a:z42 1 1 2 9

Shigella spp. 1 1

Staphylococcus auricularis 1 2

Stenotrophomonas maltophilia 2 2

Streptococcus equinus 1 3

Streptococcus intermedius 1

Streptococcus mutans 2 2

Ureaplasma spp. 1 1 3

Total species 10 7 21 23

Total bacterial isolations 14 7 33 65
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1.10 mm in length and 1.0 mm in width. Morphological
and metric characteristics of collected ticks permitted
their identification as Ornithodoros savigny.
All fecal samples collected before the treatment were

positive for oxyurid eggs (Fig. 3c) with a FEC ranging

from 200 to 2400 EPG. Egg dimensions ranged from 83
to 125 μm in length and 52–70 μm in width. A FECR
higher than 90% was observed in 7 out of 10 treated ani-
mals (Table 3). Moreover, few Nycthocterus spp. ovoid
cysts of about 50 μm in length and trophozoites, about

Fig. 1 Bacterial frequencies (%) observed in five male and five female speckled dwarf tortoises (Chersobius [Homopus] signatus) in relation to
anatomical district and Gram affinity. [*: χ2 = 8.74, P = 0.017]

Fig. 2 Bacterial frequencies (%) observed in five male and five female speckled dwarf tortoises (Chersobius [Homopus] signatus) in relation to sex
and anatomical district. [*1: χ2 = 4.37, P = 0.034; *2: χ2 = 8.60 P = 0.003; *3: χ2 = 9.92, P = 0.002; *4: χ2 = 5.53, P = 0.019; *5: χ2 = 19.89, P < 104; *6:
χ2 = 10.29, P = 0.001]
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30–40 μm in length, and subspherical coccidian oocysts
of about 20–23.4 × 17–23.4 μm were identified in five
tortoises at flotation test, before and after the fenbenda-
zole treatment.

Discussion
This study provides the first comprehensive analysis of
microorganisms and parasites in free-ranging speckled
dwarf tortoises, and expands previous recordings of
nematodes [11] and ticks [10] in the same species.
All sampled individuals appeared clinically healthy,

suggesting that encountered microorganisms might be
commensal and accordingly, not posing an immediate
threat to the population in absence of specific stressors.
“Commensalism” is defined as a state of infection that

results in either no damage or clinically inapparent dam-
age to the host, though it can elicit an immune response
[12]. Evolutionary co-existence has equipped both the
micro-organisms and the immune system of the host
with similar mechanisms of defense and selection [13],
however the interaction with microbes can be harmful
for the host and opportunistic infections can occur [14].
These definitions and these scenarios, are becoming
more complex at the light of the role of the environment
as a critical third player, when it comes to host-
pathogen interaction in free ranging individuals. It is be-
coming more and more evident that the delicate balance
and equilibrium existing between host and the compo-
nents of its microbiological community may be chal-
lenged and subverted by environmental factors, which
may impact the host immune response in many ways,
from the availability of critical resources as food to, in
case of poikilotherms, as tortoises are, anything that
could influence the environmental temperature and re-
gularity of seasonality [15]. Accordingly, the significance
of the identified organisms, within the disease ecology of
C. signatus, needs to be evaluated also at the light of the
possible role that emerging environmental stressors
might have and on the information that will be collected
in follow up studies.
The ongoing “-omic” revolution, provides now very

powerful investigation tools, which allow a very
complete and thorough characterization of very complex
microbiological communities present in specific hosts.
Our investigation was based on conventional culture-
based, approach, which although might appear reductive
at the light of the currently available technology, was
considered ideal for an initial screening of the C. signa-
tus microbiological environment and functional to the

Table 2 Frequency/swab of fungal species isolated from
different anatomical districts in five male and five female
speckled dwarf tortoises (Chersobius [Homopus] signatus)

Fungal species Eye
(n = 10)

Nose
(n = 10)

Mouth
(n = 10)

Cloaca
(n = 10)

Alternaria spp. 1

Candida spp. 1 1

Cryptococcus laurentii 1

Fusarium spp. 1

Geotrichum spp. 1

Penicillum spp. 1

Rhodotorula mucilaginosa 1 1

Rhodotorula rubra 3 1

Trichophyton terrestre 1

Total fungal isolations 6 1 4 3

Negative 5 9 7 9

Fig. 3 Parasites identified in 10 speckled dwarf tortoises (Chersobius [Homopus] signatus). a Ornithodoros savignyi nymph (scale bar 0.45 mm); b)
Ornithodoros savignyi larvae (scale bar 0.4 mm); c) Oxyurid egg (scale bar 35 μm)
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isolation of viable organisms, which might be critical for
future in vitro and in vivo, and follow up studies, which
we plan to enrich as well with a Next Generation Se-
quencing (NGS) approach.
Along with the considerations made above, even when

considered part of the natural microbiota of the tor-
toises, some bacterial species may have clinical signifi-
cance, mostly as opportunistic pathogens, both for
animals and humans. Mycoplasma are frequently found
in chelonians, where are often cause of severe disease
[16, 17], but not are systematically associated with obvi-
ous pathology [18]. We found the presence of Myco-
plasma spp. in four out of 10 examined animals. Our
results showed a prevalence higher than that observed in
a previous research [19], that reported a prevalence of
15.8% for Mycoplasma agassizii in captive tortoises (Tes-
tudo spp.) in the United Kingdom. In Italy, in particular
on the Sardinia island, a similar prevalence of Myco-
plasma spp. (37%) was found in tortoises belonging to
the genus Testudo [20].
A clear predominance of Gram-positive species can be

noticed, in accordance with data reported for Geoffroy’s
side-necked turtle (Phrynops geoffranus) [21], in particular
in the conjunctival flora. Only one species of S. auricularis
was recorded in this anatomical district and it could be
considered part of saprophyte microflora, although in few
studies this species has been considered responsible of
ocular lesions in some reptiles [22, 23]. To the best of our
knowledge, this study is the first report of Kytococcus are-
olatus and Kytococcus schroeteri in chelonians. K. aerola-
tus was first identified from an indoor air sample and has
never been reported to cause human infections [24],
whereas K. schroeteri was identified in bacteraemia in a
human patient [25]. A strain of Listeria spp. was also de-
tected, but it was not identified as L. monocytogenes.

However, this bacterial genus was reported as nonpatho-
genic in European pond turtles (Emys orbicularis) [26, 27].
Several studies analyzed microorganisms in free ran-

ging wild reptiles and investigated different anatomical
sites. In Brazil, the Pantanal alligator (Caiman crocodilus
yacare) and the “jacarétinga” (Caiman crocodilus croco-
dilus) carried Aeromonas spp., Acinetobacter spp., Citro-
bacter freundii, Escherichia coli and Pseudomonas spp.
[28], while Salmonella spp. was found in 39.1% of pet
reptiles, including chelonians [29]. In the same country,
Escherichia coli, Klebsiella pneumoniae, Enterobacter
agglomerans, Citrobacter freundii and Bacillus spp. were
identified in oral samples of Geoffroy’s side-necked tur-
tles [21].
Although disease associated with Gram-positive bac-

teria is sporadic, Gram-negative bacteria are commonly
reported as pathogens of reptiles [30, 31]. Different
Gram-negative bacteria were identified in this study. Aci-
netobacter calcoaceticus, detected in oral and conjunc-
tival swabs for C. signatus, has previously been reported
in the oral cavity of Caretta caretta in poor general con-
ditions [32], and in nasal swabs from Testudo graeca
showing rhinitis [33]. Citrobacter spp. has been identi-
fied as the main microorganism associated with septi-
cemic cutaneous ulcerative disease (SCUD) or other
necrotic or ulcerative changes [34]. Nevertheless, the
three C. signatus found positive for Citrobacter freundii
in this study were asymptomatic. Stenotrophomonas
maltophilia may cause several opportunistic infections
as sepsis, pneumonia, urinary tract infection, meningitis,
endocarditis, septic arthritis, and peritonitis in humans
[35]. This bacterium was isolated from Red-footed tor-
toise (Geochelone carbonaria) with a respiratory infec-
tion [36] and in captive snakes with oral bacterial
infection [37], but in this study it was isolated from oral

Table 3 Fecal egg count reduction (FECR) of pinworm eggs observed in 10 wild speckled dwarf tortoise (Chersobius [Homopus]
signatus) fecal samples prior and one month after deworming with Fenbendazole (75 mg/kg, repeated with 50 mg/kg after 10 days)

Animal FEC before the treatment
(EPG)

FEC after the treatment
(EPG)

FECR

1 2400 Negative 100%

2 < 50 Negative 100%

3 1000 Negative 100%

4 < 50 100 No reduction

5 < 50 Negative 100%

6 350 Negative 100%

7 1400 100 93%

8 350 Negative 100%

9 700 500 29%

10 200 800 No reduction
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and cloacal cavities of two healthy tortoises and not as-
sociated to detectable lesions.
E. coli and P. aeruginosa, reported as the prevalent

bacterial species in several previous studies [27, 38–40],
were not detected in this study.
It is well known that chelonians can carry bacteria

with zoonotic potential [29, 41, 42], mainly Salmonella
spp., that is prevalent in high rates in both captive and
free-ranging turtles [43]. In our study, the prevalence of
Salmonella spp. was relatively low (10.9%). This result is
similar to data reported in exotic and native turtles in
Spain [44], and in Polish European pond turtle (Emys
orbicularis) [27]. In contrast, 100% incidence of Salmon-
ella was recorded in free-ranging Spur-thighed tortoises
(Testudo graeca) living in a National Park in southwest-
ern Spain [45]. The ingestion of feces or contaminated
water is considered a probable way of transmission [46].
In previous studies, several bacteria including Burkhol-

deria cepacia were found associated with exudative
bronchopneumonia and/or granulomatous pneumonia
and other bronchopneumonic lesions of marine turtles
[32, 47, 48]. In our investigation Burkholderia cepacia
complex (Bcc) was identified in two tortoises, in one fe-
male from conjunctival, nasal and cloacal swabs, and in
one male only from cloacal cavity. Bcc is a group of
Gram negative opportunistic pathogens that can be
found in soil and water [49, 50], in healthy fishes [51],
but it has also been detected in humans with necrotizing
pneumonia [52].
Usually, reptiles colonized with yeasts do not show any

clinical sign, as in our case. Rhodotorula spp. are consid-
ered emerging opportunistic pathogens in humans [53].
R. mucilaginosa is a species frequently found in plas-
trons and, together with Cryptococcus laurentii, in oral
cavities of two chelonian species in Brazil [54]. Most of
the soil yeasts and fungi, belonging to Hyalohyphomy-
cetes (e.g. Fusarium) and Zygomycetes (e.g. Alternaria),
are implicated in infections in human patients, ranging
from colonization and localized infections in immuno-
competent individuals to fungemia and disseminated
diseases in immunocompromised patients [55].
Oxyurids (pinworms) are generally the most frequent

internal nematodes identified in tortoises. These nema-
todes, localized in the large intestine, are generally con-
sidered to be almost commensal [56]. The low
pathogenicity [57] and the monoxenous life cycle [58] of
these parasites are considered the main reasons for their
large distribution among tortoises. However, in heavily
infested tortoises, pinworms may be a potential cause of
intestinal obstruction, anorexia and death after hiberna-
tion [56]. Oxyurid infection showed a prevalence of
100% in the tortoises examined here. Thirty days after
the treatment with fenbendazole, 100% efficacy was ob-
served in seven out of ten treated animals. However,

four tortoises remained positive and in two animals the
number of eggs was higher than it was prior the treat-
ment. This result could depend on incomplete efficacy
of the therapeutic protocol used, but it cannot be com-
pletely excluded that this result may also depend on a
new infection. In any case, although in some previous
studies the therapeutic protocol used has been proven to
be effective for the treatment of pinworms of other tur-
tle species [59] and despite fenbendazole is commonly
used in veterinary medicine [60], in Hermann’s tortoises
(Testudo hermanni) it can cause hematological and bio-
chemical changes that may indicate transient immune
suppression [61]. As our results suggest that the proto-
col used for the treatment of oxyurids was not totally ef-
fective and the clinicopathological changes reported as
possible side effects [61] were not examined in this
study, further investigations are needed to establish the
risk/benefit ratio in oxyurid treatment in speckled dwarf
tortoises.
Nycthocterus spp. are ciliated protozoans of the chelo-

nian digestive-tract flora that may play an important role
in the digestion of cellulose. Therefore, in most cases,
these protozoan cause little or no damage to reptiles
[62]. However, in heavy infections or in stress conditions
Nycthocterus infections may cause severe irritation of
the intestinal wall and colitis, diarrhoea, dehydration,
weight loss and passage of undigested food in the feces
have been recently reported in infected captive turtles
[63].
Eimeriid coccidia commonly infect turtles and might

contribute to morbidity and mortality under captive
conditions. These protozoan parasites typically show tis-
sue specificity, usually being limited to the epithelium of
the gut. However, disseminated infections have been re-
ported in vertebrates (i.e. birds and mammals) as in tur-
tles [64, 65]. Eimeria spp. are the most common
coccidia species in chelonians. However, the morpho-
logical identification of coccidian oocysts found in posi-
tive C. signatus was not possible because this would
require live parasites.
This study is the first report of protozoan infections,

i.e. Nycthocterus spp. and coccidia, in the speckled dwarf
tortoise. The tick species that we identified, O. savigny,
is distributed throughout Africa and has already been re-
ported in C. signatus, mainly on the hind limbs, fore-
limbs and neck of infested tortoises [10].

Conclusions
Speckled dwarf tortoise populations are undergoing a
dramatic decline due to habitat destruction, climate
change and other threats [9]. The deteriorating conser-
vation status of the taxon requires a pro-active approach
to assess and understand emerging threats before they
exacerbate threats to populations. We showed that
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speckled dwarf tortoise populations may host a wide
range of microorganisms and metazoan species. Al-
though sampled individuals appeared clinically healthy
despite their bacterial and fungal loads, other stressors
such as drought [10, 66] may induce shifts in parasites
that could exacerbate negative effects in speckled dwarf
tortoise populations [67].
This study identified no immediate conservation

threats associated with microorganism infestations in ex-
amined speckled dwarf tortoises. Because changes in
parasite populations, through stressors enacting on para-
sites or tortoises, might induce new threats, we recom-
mend that the prevalence of actual and potential
pathogenic species hosted by speckled dwarf tortoises
should be considered when developing conservation
measures for the taxon. Despite the small sample size is
a limitation of this study, this health assessment pro-
vided very initial preliminary baseline data that we con-
sider critical for future similar studies in this and other
tortoise species. Further studies will be necessary to col-
lect samples from C. signatus individuals in other loca-
tions and/or at different times of year, contributing to
provide a more complete health assessment of the C. sig-
natus free-ranging tortoise population and further
understand the disease ecology of this species.

Methods
Animals
Five adult male and five adult female speckled dwarf
tortoises (Chersobius [Homopus] signatus) were included
in the study. The tortoises were collected between 11
and 19 September 2015 near Springbok, South Africa
(permits FAUNA 053/2015, CITES 148487 and
15NL226435/11), to genetically enhance a European
conservation breeding program. Ticks were immediately
removed from each specimen at collection, and pre-
served in alcohol for further identification. Fenbendazole
(Panacur, MSD Animal Health S.r.l., USA) was adminis-
tered preventively 75 mg/kg, repeated with 50 mg/kg
after 10 days, because of the large number of nematodes
that had previously been observed in wild C. signatus
[11]. Before and 1 month after the treatment [59], indi-
vidual fecal samples (n = 10) were collected and pre-
served in 70% alcohol to be later examined for parasites.
Immediately after capture, tortoises were transported in
individual and isolated containers in order to prevent
cross-contamination of pathogens among individuals.
Samples for bacteriological, mycological and virological
examinations were collected after the arrival in Europe
to minimize the stress related to handling in the field
conditions. Tortoises were held for a maximum of 10
days in the dark, at room temperature to reduce meta-
bolic activity and stress related to handling and trans-
port. After the study, the tortoises are maintained in

captivity in Europe, for a conservation breeding program
managed by the Dwarf Tortoise Conservation.

Bacteriological and mycological examinations
Upon arrival in Europe, swabs from conjunctival sacs
(n = 10), nasal districts (n = 10), oral cavities (n = 10) and
cloacas (n = 10) were taken for bacteriological and myco-
logical examinations. Swabs were immediately shipped
to the laboratory on dry ice, and cultural examinations
started as soon as the samples arrived at destination.
Standard diagnostic protocols [68] and selective culture
media were used for the detection of bacteria, including
Salmonella spp., Enterobacter sakazakii, Aeromonas
spp., Listeria spp., Mycoplasma spp., Ureaplasma spp.,
Burkholderia cepacia complex, Yersinia spp., Vibrio spp.,
Campylobacter spp., Helicobacter spp., Bacillus cereus,
and Clostridium spp.
To evaluate the total fungal and bacterial loads, each

swab was filled with 1ml of sterile saline solution (Ther-
moFisher Oxoid, Italy) for 30 m at room temperature
and then vortexed for 30 s. Aliquots of 100 μl were
spread onto Sabouraud Dextrose Agar with chloram-
phenicol (Liofilchem®, Italy) and Mycosel Agar (Liofil-
chem®, Italy), for 7 d incubation at 30 °C, and on Plate
Count Agar (Liofilchem®, Italy) for bacterial count after
incubation at 37 °C for 24–72 h.
For qualitative bacteriological investigations, the ex-

tracted swabs and the suspensions were enriched in
Tryptic Soy broth (ThermoFisher Oxoid, Italy) for 6 h
at 37 °C and then cultured onto Columbia Blood Agar,
Columbia CNAM Agar, Mannitol Salt Agar, MacCon-
key Agar, Hektoen Enteric Agar (Liofilchem®, Italy),
and Yersinia CIN Agar (ThermoFisher Oxoid, Italy).
Selective and chromatic media (Liofilchem®, Italy) were
used to detect Staphylococcus aureus, methicillin-
resistant S. aureus, Pseudomonas aeruginosa, Bacillus
cereus, Salmonella spp., after pre-enrichment in Rap-
paport Vassiliadis broth, Burkholderia cepacia com-
plex, Listeria spp., after pre-enrichment in Half-Frase
broth and Frase broth, Vibrio spp., Enterobacter saka-
zakii, Helicobacter pylori, Campylobacter spp., Clos-
tridium spp., following standard protocols [68]. Plates
were incubated for 24 h at 37 °C aerobically, anaerobic-
ally or in microaerophilic atmosphere (CampyGen
Oxoid, Italy). In all cases in which bacteria growth was
not observed, plates were incubated for a further 24 h
before being classified as negative or, in the case of
subsequent growth, underwent bacterial identification.
Moreover, for each anatomical district, the qualitative
and quantitative Mycoplasma spp. and Ureaplasma
spp. detections were carried out using Mycoplasma
System Vet (Liofilchem®, Italy). For the detection of
yeasts and fungi, Sabouraud Dextrose Agar with chlor-
amphenicol (Liofilchem®, Italy) and Mycosel Agar
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(Liofilchem®, Italy) plates were incubated at 30 °C aer-
obically, and examined daily over a 14 d period before
being classified as negative.
Bacterial isolates were identified using standard micro-

biological procedures, as growth and colonial character-
istics, Gram staining, cellular morphology, catalase and
oxidase reactions, coagulase test (Coagulase Test, Liofil-
chem®, Italy), and hemolysin production. Species identifi-
cation was carried out using the biochemical gallery
systems (Remel Oxoid, Italy; API bioMérieux, France;
Liofilchem®, Italy). Serological identification of Salmon-
ella spp. was performed by a slide agglutination method
following the Kauffmann-White-Le Minor scheme [69].
Identification of filamentous fungi was achieved at the

genus or species level. Yeast colonies were identified by
macro- and micro-morphologic characteristics and
based on morphological and biochemical characteristics,
such as the presence of capsule by India Ink testing, ure-
ase production at 25 °C, and the germ tube test. Bio-
chemical identification was performed by Integral
System Yeast (Liofilchem®, Italy).
For each plate, the number of colony forming units

(CFU), was converted into number of bacteria or fungi
or yeast per ml of saline solution, equal to the number
of microflora per swab, following standard methods [70].

Virological examination
Swabs from oral cavity (n = 10) and cloaca (n = 10) were
collected for virological examination. DNA was extracted
using the DNeasy kit (Qiagen, Hombrechtikon,
Switzerland) following the manufacturer’s instructions.
The obtained DNA (assessed for purity and quantified
with a spectrophotometer (Nanodrop, Thermofischer,
Reinach, Switzerland) was used as a template (100 ng
total, per sample) in distinct PCR reaction mix that was
prepared and tested to detect the presence of herpes-
virus, adenovirus and iridovirus DNA according to
established protocols (panherpesvirus, [71]; panadeno-
virus, [72]; iridovirus, [73]) together with the proper re-
action control samples.

Parasitological examination
Ticks collected from each tortoise were mounted in Hoyer
medium and microscopically examined for their identifi-
cation at species level, by using the taxonomic keys [74–
76]. Fecal samples were analyzed macroscopically for hel-
minths (e.g., adult nematodes, proglottids of cestodes, and
worm fragments), and then microscopically for helminths
and protozoa. For microscopical analysis, we used a
flotation test with a low-density solution (saturated NaCl
solution, specific gravity 1.2).
In order to evaluate the efficacy of fenbendazole treat-

ment against oxyurids, a fecal egg count reduction
(FECR) test was performed on samples prior and about

1 month after deworming with Fenbendazole (75 mg/kg,
repeated with 50 mg/kg after 10 days) by using a low
density solution (specific gravity 1.2) McMaster tech-
nique with a sensitivity of 50 eggs per gram (EPG) [62].
Pre- and post-treatment fecal egg counts (FEC) were
used to calculate the reduction of fecal egg counts
(FECR) according to the formula FECR = 100 * (1 - FEC
post-treatment/FEC pre-treatment); FECR ≥90% indi-
cated the efficacy of the treatment [59].

Statistical analysis
Frequencies of isolated microorganisms were compared
among anatomical districts, sexes and, in the case of
bacteria, Gram affinity, using Chi-square (χ2) and Fish-
er’s exact tests. Continuous variables are reported as
means ± standard deviations and were analyzed using
Student’s t-tests or ANOVA followed by Holm-Sidak
post-hoc test when indicated. Statistical tests were per-
formed using software STATA version 13 (STATA Cor-
poration, College Station, Texas, US). P-values less than
0.05 were considered significant.
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