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Abstract

Compared to other reptile groups in Europe, lizards have generally been neglected and understudied in terms of
microbiota research. In this study, we aimed to isolate, identify and characterize the aerobic cloacal microflora of
wild-dwelling lizard hosts. We examined a total of 86 individuals from five species belonging to three families:
the European green lizard (Lacerta viridis), the common wall lizard (Podarcis muralis), the meadow lizard
(Darevskia praticola) (Lacertidae), the European snake-eyed skink (Ablepharus kitaibelii) (Scincidae) and the
European slow worm (Anguis fragilis) (Anguidae) which co-occur in a low-mountain region in Western Bulgaria.
In general, a similar composition of the resident microbial communities in the cloaca was found, accompanied by
variation in the relative abundance of some bacterial taxa between the lizard species. A variety of Gram-negative
and Gram-positive bacteria was isolated from the cloacal samples. Some of these bacteria are also known as
opportunistic pathogens, both for hosts and humans. The bacterial species Hafnia alvei, Pseudomonas aeruginosa,
Klebsiella oxytoca and representatives of Enterobacter spp., Citrobacter spp. and Enterococcus spp. were among
the most prevalent.

Key words aerobic cloacal microflora, free-living reptiles, Lacertidae, Scincidae, Anguidae, Enterobacteriaceae,
Enterococcaceae.
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CLOACAL MICROBIOTA OF LIZARDS

Introduction

Microbiome acquisition in reptiles occurs in a variety of ways: parental transmission to offspring, social
and sexual interactions with conspecifics, recruitment of microbes through contact with soil/substrate
or food (during feeding) (White et al. 2011; Singh et al. 2014; Kohl et al. 2017; Carranco et al. 2022;
Bunker et al. 2022a). Cloacal microbiomes significantly differ from microbiomes in other compartments
of the gastrointestinal tract and tend to have lower alpha diversity (Colston et al. 2015; Bunker et al.
2022b; Forbes et al. 2023; Hernandes et al. 2023). Aerobic conditions in cloaca, along with external
factors such as water and soil, could have an impact on the microbiota composition, leading to a
dominance of Proteobacteria (Forbes et al. 2023). The role of the cloacal microbiota in host well-being
is still poorly understood, as are the interactions between members of the microbial community. A great
number of bacteria residing in reptile cloaca are part of the normal microbiota without causing disorders,
but in some cases may act as opportunistic pathogens especially in malnourished, poorly maintained or
immunosuppressed individuals living under stressful conditions (Romero et al. 2015; Divers 2022).
Alterations of habitat and behavior can constitute the greatest stress factor predisposing to bacterial
infections (Ferreira Junior et al. 2009). Since most studies have mainly been conducted on captive
animals (Jho et al. 2011; Piasecki et al. 2014; Romero et al. 2015; Marin et al. 2021), there is ambiguity
in general about the peculiarities of the cloacal microbiota and health status of wild populations. A
number of opportunistic microorganisms could be transmitted to other animals and humans as well, and
pose a potential health risk (Avsever & Tunaligil 2016; Ebani 2017; Marenzoni et al. 2022). For
example, Salmonella surveys are most often emphasized since reptiles are known to be asymptomatic
carriers of various serovars (Schroter et al. 2004; Krautwald-Junghanns et al. 2013; Pees et al. 2013;
Whiley et al. 2017). Potential pathogens considered to be one of the factors leading to decline in
populations of some reptile species worldwide are also understudied (Rose et al. 2017; McKnight et al.
2020; Galosi et al. 2021). Complex research is needed within the One Health concept to demonstrate
the microbiota diversity and its importance for the health status of animals, humans and environment.
Therefore, large-scale screening in wild reptile populations is needed to fill the existing gap of
knowledge.

Regarding the European herpetofauna, investigations on the cloacal microbiota as well as its
related pathogenic potential have been carried out in various reptile species: tortoises (Barbour et al.
2007; Laroucau et al. 2020; Casalino et al. 2021; Marenzoni et al. 2022), pond turtles (Hacioglu et al.
2012; Nowakiewicz et al. 2015), snakes (Schmidt et al. 2014; Zajac et al. 2016; Lukac et al. 2017;
Pawlak et al. 2020), etc. Although lizards are among the dominant reptile species in terms of numbers
in European ecosystems and their important components (Vacheva 2021), microbiological studies on
these vertebrates are few (White et al. 2011; Schmidt et al. 2014; Dudek et al. 2016). Herewith, we
aimed to screen the aerobic cloacal microbiota of five syntopic lizard species from three families
occurring in Bulgaria. The European green lizard (Lacerta viridis Laurenti, 1768), the common wall
lizard (Podarcis muralis Laurenti, 1768), the meadow lizard (Darevskia praticola Eversmann, 1834)
(Lacertidae); the European snake-eyed skink (Ablepharus kitaibelii Bibron & Bory de Saint-Vincent,
1833) (Scincidae) and the European slow worm (Anguis fragilis Linnaeus, 1758) (Anguidae) co-inhabit
a low-mountain area in the western part of the country. They exhibit different preferences in terms of
microhabitat selection, spatial and trophic niche width (Vacheva 2021). The question arises whether the
environment as an external source plays the main formative role for the cloacal microbiota of syntopic
lizard species or it is host specific.

Materials and methods

Study area and sample collection

The study area was located in western Bulgaria, along the valley of the Dalbochitsa River, Ihtimanska
Sredna Gora Mountain, northeast of the village of Gabrovitsa (N42.2602°, E23.9208°), 430-580 m
above sea level. Fieldwork was carried out in May and June 2022. A total of 86 individuals were
captured as follows: D. praticola n=26; A. kitaibelii n=26; P. muralis n=17; L. viridis n=15; , A. fragilis
n=2. Lizards were caught by hand. Collection of cloacal samples was performed with sterile cotton

120



LAZARKEVICH ET AL.

swabs inserted carefully into the cloaca pre-wiped with alcohol 70% and with a gentle rotating motion.
Cotton swabs were placed immediately in Amies transport medium (Biolab, Hungary) and stored at 4°C
for 48 h until further processing in laboratory.

Biometric data (snout-vent length - SVL and weight) were taken on each specimen caught,
together with age group and sex determination. After sampling, lizards were released at their place of
capture (the location of each individual was recorded with a GPS device). Handling of animals was
performed according to the necessary regulations and ethics requirements (Permit Ne 861/13.01.2021
from the Ministry of Environment and Water, Republic of Bulgaria).

Isolation and Identification of Microorganisms

Cotton swabs were transferred to tubes with 5 ml Nutrient Broth (HI Media, India) to enrich the cultures
and incubated at 37°C for 24 h — 48 h depending on bacterial growth. An initial screening of the mixed
cultures was performed by plating on petri dishes with different selective and differentiation media:
HiCrome UTI Agar (HI Media, India), Cetrimide agar (Merck, Germany), TCBS agar (Biolab,
Hungary), Brilliant green agar (after pre-enrichment in Rappaport-Vassiliadis broth) (Biolab, Hungary),
Aeromonas isolation medium (HI Media, India), KF Streptococcus agar (Biolab, Hungary), Mannitol
salt agar (Biolab, Hungary), and incubation for another 24 h. Isolated pure cultures obtained from single
colonies were identified morphologically, microscopically (Gram staining) and biochemically. Tests for
catalase, glucose fermentation (OF test), cytochrome oxidase detection (OXI strip test), tryptophanase
(INDOL test), acetoin production (Voges-Proskauer reaction) were performed too. Identification kit
MICROLATEST® ID: ENTERO 24N Test (Erba Lachema, Czech Republic) and specialized software
ErbaExpert ldentification Program (www.erbalachema.com) were used for identification and
interpretation of the results about Gram-negative bacteria. Automatic BD PhoenixTM M50 system
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA) was applied for a full biochemical
characterization of Gram-negative and Gram-positive isolates by laboratory procedure, as described by
the manufacturer. The obtained data were analyzed by EpiCentre™software (V7.45A/V6.71A).

Statistical analysis

Statistical analysis was performed using the programme PAST 4.07 (Hammer et al. 2001). Differences
between lizard species according to number of bacterial species isolated from each lizard were examined
using a diversity permutation test at a 0.05 significance level.

Results
From cloacal samples (n=86) a total number of 357 isolates were obtained. The identified isolates
belonged to 18 genera and 28 species. The full list of Gram-negative and Gram-positive bacteria

identified is represented in Table 1, along with the frequency of occurrence in the overall dataset.

Table 1. Bacterial species isolated from cloacal microbiota of lizards.

Family Bacterial species A total number of individuals-
carriers/Percent

Gram-negative bacteria

Hafniaceae Hafnia alvei 34 (39.5%)

Enterobacteriaceae  Enterobacter amnigenus biovar 2 30 (34.9%)
Enterobacter cloacae 11 (12.8%)
Enterobacter nimipressuralis 2 (2.3%)
Citrobacter braakii 28 (32.5%)
Citrobacter youngae 16 (18.6%)
Citrobacter freundii 10 (11.6%)
Citrobacter werkmanii 1(1.2%)
Rahnella aquatilis 22 (25.6%)
Klebsiella oxytoca 18 (20.9%)

..continued on the next page
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Table 1
Budvicia sp. 17 (19.8%)
Buttiauxella sp. 16 (18.6%)
Escherichia vulneris 10 (11.6%)
Escherichia coli 4 (4.6%)
Serratia plymuthica 9 (10.5%)
Pragia fontium 8 (9.3%)
Raoultella terrigena 1(1.2%)
Pseudomonadaceae Pseudomonas aeruginosa 24 (27.9%)
Vibrionaceae Vibrio metschnikovii 13 (15.1%)
Morganellaceae Providencia heimbachae 4 (4.6%)
Gram-positive bacteria
Enterococcaceae Enterococcus casseliflavus/gallinarum 24 (27.9%)
Enterococcus faecalis 16 (18.6%)
Enterococcus faecium 14 (16.3%)
Enterococcus avium 6 (6.9%)
Bacillaceae Bacillus pumilis 12 (13.9%)
Bacillus cereus 3 (3.4%)
Staphylococcaceae  Staphylococcus saprophyticus 3 (3.4%)
Micrococcaceae Kocuria varians 1(1.2%)

In terms of cloacal microbiota diversity, no statistically significant difference was observed
between lizard species (permutation p > 0.05 in all tested combinations; A. fragilis was not included).
Only 8 bacterial species were identified in A. fragilis, probably due to the small sample size. A total
number of bacterial species found in the lacertid and scincid species was as follows: 21 in L. viridis and
D. praticola, 20 in P. muralis and 19 in A. kitaibelii. Differences were observed between lizard species
regarding the prevalence of widespread (found in more than 5 individuals) and rare (found in only one
individual) bacterial species (Fig. 1). Most bacterial species were found to be present in 2 to 5
individuals. Thirty three percent (5/21) of the bacterial species, identified in L. viridis were rare, detected
in only 1 individual. In P. muralis and A. kitaibelii they were 20% (4 bacterial species), while in D.
praticola only one bacterial species was present exclusively in 1 individual (B. cereus). In contrast, in
L. viridis — only one bacterial species (K. oxytoca) was found in more than 5 individuals, while in D.
praticola and P. muralis - 40% of bacterial species (8/20) were widespread.
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Z 2 - 1 1
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Figure 1. Dispersion mode of widespread and underrepresented bacterial species in: L. viridis (Lv); P. muralis
(Pm); D. praticola (Dp) and A. kitaibelii (Ak).
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Up to 10 bacterial species we succeeded to isolate from each individual. The median number
was highest in P. muralis — 5 or more bacterial species in the samples were proven in 64.7% (11/17) of
the individuals. The mean number of bacterial species per individual, by age and by sex is given in Table
2. No significant difference related to age or sex was found.

Table 2. Number of bacterial species isolated from cloacal microbiota of each lizard species.

Lizard species Total number of Mean number of bacterial species
bacterial species Per individual by age by sex
(xSD%*) adult subadult males females
L. viridis 21 3.6+£2.03 3.0 3.16 - R - R
P. muralis 20 5.52+2.49 5.5 5.6 5.0 6.5
D. praticola 21 4.5442.45 4.63 4.57 6.67 45
A. kitaibelii 19 3.25+1.66 3.25 3.25 3.13 3.17

* SD (standard deviation)
** |n the case of L. viridis, most of the specimens caught were subadults

The composition of the cloacal microbiota of each lizard species is represented in Fig. 2. Anguis
fragilis specimens contained the following bacterial species, which turned out to be among the most
common in cloacal swabs: H. alvei, E. amnigenus biovar 2, C. braakii, C. youngae, K. oxytoca, Budvicia
sp., R. aquatilis and P. aeruginosa. We observed a similar composition of the cloacal microflora, but
different relative abundance of the identified bacteria across lizard species (Fig.3). Ubiquitous in all
lizards were 42.8% (12/28) of bacterial species, including H. alvei, E. amnigenus, Citrobacter spp., K.
oxytoca, P. aeruginosa, Enterococcocus spp. and B. pumilis. Distribution of 25% (7/28) of bacterial
species was limited to two lizard species. Podarcis muralis and D. praticola shared 3 bacterial species:
Buttiauxella sp., E. cloacae and B. cereus. Providencia heimbachae was detected in D. praticola and L.
viridis, E. avium — in P. muralis and A. kitaibelii, V. metschnikovii — in D. praticola and A. Kitaibelii,
and E. coli —in L. viridis and P. muralis. Uniquely found only in one lizard species were 17.8% (5/28)
of bacteria namely: C. werkmanii, R. terrigena and K. varians in L. viridis, E. nimipressuralis — in P.
muralis and S. saprophyticus - in A. kitaibelii.

L. viridis P muralis B Halvei O K. oxytoca E.casseliflavus/
N gallinarum
W E. amnigenus O Budvicia sp. B E. faecalis

' \! / \ W E. cloacae B Buttiauxellasp. O E. faecium
\\\\\\\\\\'Y _ O E. nimipressuralis BV metschnikovii [ E. avium
0O C braakii B E. vulneris B. pumilus
D. ;;z_rﬂz'éola A Titaibel;; M C youngae B E. coli O B. cereus
B C freundii O S. plymuthica ~ B S. saprophyticus
W C. werkmanii E P fontium O K varians

O P aeruginosa B P heimbachae
» B R aquatilis B R terrigena

Figure 2. Composition of the cloacal microbiota of each lizard species.

Certain bacterial species predominated in a particular lizard species, occurring in more than 40-
50% of the individuals, but being poorly present in the other species (Fig. 3). Almost 58% of the A.
kitaibelii individuals were carriers of H. alvei, while in the rest it did not exceed an average of 30%.
Buttiauxella sp. and R. aquatilis were spread in 42.3% and 57.7% of D. praticola specimens,
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respectively, but both reached only 23.5% in other species. Budvicia sp., E. cloacae, E. faecium and E.
faecalis were encountered in 41 - 53% of P. muralis specimens, while in the rest they vary between 3
and 20%.
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Figure 3. Relative abundance of the isolated bacterial species across the lizard population.

Discussion

The cloaca, in particular, is inhabited by its own set of microbes being both the terminal section of the
intestine through which urea and feces pass, and part of the reproductive system. Therefore, it may be
influenced by mating behavior and sexually transmitted microbes, as well as by inoculation during
defecation with microbes from the upper gut (Bunker et al. 2022b). Most likely, the cloacal microbiota
largely comes from the aerobic environment rather than from the digestive or reproductive tract. The
composition and diversity of the cloacal microbiota can be modulated by external factors such as water,
air and soil (Forbes et al. 2013), and by several host traits, such as taxonomic affiliation, sex, size and
social interactions as well (Bunker et al. 2022b). Both ambient influences and host relatedness have an
effect on the cloacal microbiome, whereby the host's internal environment may define the microbial
pool available to colonize a host (Bunker & Weiss, 2022). Not enough is known about interspecific
relationships in the cloacal microbial community. For instance, some taxa of the dominant family
Enterobacteriaceae have been suggested to have antimicrobial properties, which can reduce diversity if
they are abundant (Bunker et al. 2022a), as well as antifungal activity to protect eggs from fungal
infection during incubation (Bunker et al. 2022b). Overall, we found a similar bacterial composition in
all lizard species, but different proportion of certain bacteria species. Although L. viridis, P. muralis, D.
praticola and A. kitaibelii differ to some extent in their microhabitat selection preference, their spatial
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niches largely overlap (Vacheva 2021). This implies similar environmental pressure. The abundance of
some bacteria in a particular lizard species and low presence in another suggests a more likely host-
relatedness than microhabitat influence. Host taxonomy, rather than habitat, is considered a determinant
of the cloacal microbiota of colubrid snakes as well (Dallas et al. 2021). Unlike lacertids and skink, A.
fragilis leads a more secretive and semifossorial life (Vacheva 2021). Surprisingly, we found that the
cloacal microbiota of the slow worm was characterized by poor diversity, comprising only the most
common types of bacteria identified in the entire set of cloacal swabs.

Consistent with studies in other lizard species (Singh et al. 2013; Bunker & Weiss 2022c), we
reaffirmed the prevalance of Enterobacteriaceae and Enterococcaceae in the cloacal microbiota.
Bacterial species identified tend to be part of the normal cloacal microbiota of the lizards, but are also
known to be opportunistic pathogens of reptiles and humans (Divers 2022; Ebani 2017). However,
infections caused by them are rare and mostly affect immunocompromised hosts. The overwhelming
majority of bacterial isolates belonged to genera Hafnia, Enterobacter, Citrobacter, Klebsiella,
Pseudomonas and Enterococcus.

Multiple findings of H. alvei were observed in all lizard species, but most prevalent in cloacal
microflora of A. kitaibelii. It was found in remarkably high relative abundance in the gut microbiota of
A. kitaibelii as well (Lazarkevich et al. 2024a). Hafnia alvei participates in the intestinal microbiota of
humans and various animals, including snakes and skinks (Padilla et al. 2015). As opportunistic
pathogen, H. alvei may be associated with septicaemia, endocarditis, meningitis, pneumonia and other
disorders in immunocompromised patients, and it has also been reported in outbreaks of disease in a
variety of animals such as poultry, ruminants, snails, fish and bees (Padilla et al. 2015).

We found widespread distribution of members of the genus Citrobacter, detected in 45.3% of
individuals, with C. braakii being the most common. The highest prevalence of Citrobacter spp. was
observed in P. muralis, where 64.7% of the individuals were carriers of at least one species, followed
by D. praticola and L. viridis (53.5%), and A. kitaibelii (23.1%). Citrobacter spp. have been frequently
reported in various reptiles (Silvestre et al. 2003; Singh et al. 2013; Romero et al. 2015; Nowakiewicz
et al. 2015; Pawlak et al. 2020). The leading Citrobacter species linked to human infections were C.
braakii, C. freundii and C. koseri (Wang & Chang 2016). Especially C. freundii causes nosocomial
infections and is increasingly becoming multi-drug resistant (MDR) (Liu et al. 2017). In a number of
cases, C. freundii has been recognized as a causative agent of fatal infections in various animals — sheep
(Liu et al. 2018), whales (Fernandes et al. 2011), birds (Godoy & Matushima 2010), giant salamanders
(Andrias davidianus) (Gao et al. 2012), turtles (Hossain et al. 2017; Inurria et al. 2024), and was also
involved in the etiology of Septicemic Cutaneous Ulcerative Disease (SCUD) in reptiles (Divers 2022).

Of interest were findings of certain bacterial species. Pragia fontium, along with Budvicia spp.
are closely related atypical enterobacterial species belonging to a relatively small group of H,S-
producers (Snopkova et al. 2017). Budvicia was originally isolated from freshwater, but several isolates
have been described from the intestinal microflora of insects, millipedes and salmonids, while
Pragia appears to occupy environmental niches with no association with hosts although few strains
came from human clinical material (Snopkova et al. 2017) and gecko eggs (Singh et al. 2014). Rahnella
aquatilis is an important pathogen of several aquatic organisms and widely distributed in the freshwater,
soil, fish and human clinical samples (Liang et al. 2020). We identified V. metschnikovii in cloacal
microbiota of D. praticola and A. kitaibelii. This microorganism was involved in outbreaks in fish, farm
animals, poultry and wild birds (Zheng et al. 2021; Xiao et al. 2022) and is considered to be one of
twelve pathogenic Vibrio species associated with diseases in humans (Ayala & Ogbunugafor 2022),
although clinical cases are sporadic (Magalhdes et al. 1996, Linde et al. 2004, Konechnyi et al. 2019).
Vibrios comprise Gram-negative, facultatively anaerobic bacteria naturally occuring in freshwater,
marine and estuarine ecosystems, with a preference for warm, brackish waters, capable of colonizing
fish and marine invertebrates or associated with plankton and algae (Baker-Austin et al. 2018, Ebani
2023). Sea turtles have been repeatedly documented as carriers of Vibrio spp. (Hacioglu et al. 2012;
Ebani 2023) and freshwater turtles (E. orbicularis, M. rivulata) have been reported as well (Hacioglu et
al. 2012). Also, numerous studies point to migratory and sedentary birds, including those not strictly
associated with aquatic environments, as hosts for a spectrum of potentially pathogenic Vibrio spp. (Pall
et al. 2021, Zheng et al. 2021; Ayala. & Ogbunugafor 2022). Vibrio spp. have been proven in fecal
samples from an invasive lizard species of Anolis in the Canary Islands (Abreu-Acosta et al. 2023).
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However, in the available literature, evidence for the presence of Vibrio spp. in the microbiota of
terrestrial reptiles is scarce.

In D. praticola and L. viridis, P. heimbachae was detected. Providencia - closely related to
genera Proteus and Morganella — has been isolated from multiple animal hosts, including flies, birds,
cats, dogs, cattle, sheep, guinea pigs, penguins, and is resident in the oral flora of reptiles such as
pythons, vipers and boas (Charbek 2019). Some species have been reported to cause enteritis in chickens
and cows, as well as meningitis/septicemia in crocodiles (Charbek 2019). In one individual of L. viridis,
R. terrigena was identified. Roultella spp. not commonly found in reptile microbiota (Singh et al. 2013,
Artavia-Leon et al. 2018), but are considered rare enteropathogens with a high mortality rate from this
infection and a multidrug resistance profile (Lekhniuk et al. 2021).

The genus Enterococcus was the most prevalent of the Gram-positive bacteria identified, with
51.2% of the individuals harboring one or more enterococcal species. Interestingly, a mass presence was
observed in P. muralis, where only two cloacal samples were negative. Although largely considered
commensals that participate in the gastrointestinal microbiota of a diverse range of taxa, including
mammals, birds, reptiles and insects, enterococci are opportunistic and gradually being recognized as
pathogenic agents of both human and animals (Rose et al. 2017). Members of the Enterococcus genus,
primarily E. faecium and E. faecalis, have been reported in clinical manifestations as lethargy,
bacteremia, septicemia, necrotizing osteomyelitis, irregular swellings in soft tissues and death in various
reptile species (Schroter et al. 2005; Innis et al. 2014; Rose et al. 2017). It is suggested that the putative
pathogens implicated in outbreaks in different parts of the world in populations of Gekko monarchus,
Anolis carolinensis, Cordylus cordylus, Lacerta trilineata, Lacerta viridis, Podarcis muralis, are
actually Enterococcus species previously classified within the genus Streptococcus (Rose et al. 2017).

Two Bacillus species were found to be present in the cloacal samples at a relatively high
frequency (in 17.4% of individuals). Bacillus pumilus and B. cereus were detected predominantly in D.
praticola and P. muralis (10 out of 15 total findings). The presence of B. cereus was reported in various
reptile species (Schmidt et al. 2014; Nfor et al. 2015; Lukag et al. 2017; Sayyadi et al. 2019), including
A. fragilis (Schmidt et al. 2014). Bacillus spp. are facultatively anaerobic, toxin-producing, endospore-
forming Gram-positive bacteria, widely distributed in the environment. Although B. pumilus is
commonly used as a probiotic in animals and has plant growth-promoting effects, increasing research
has revealed that some strains are pathogenic both to humans, causing foodborne illness and cutaneous
infections, and plants (Wang et al. 2022). Antagonistic action through the production of antimicrobial
agents has also been reported in B. pumilus (Wang et al. 2022). Bacillus cereus is associated mainly
with food poisoning, but also being increasingly reported as an etiological agent in multitude of serious
and potentially fatal infections, anthrax-like progressive pneumonia, devastating central nervous system
infections, nosocomial acquired bacteremia, wound infections, septicemia, as well as endophthalmitis,
which can lead to vision loss (Bottone 2010). The pathogenicity of B. cereus, whether intestinal or
nonintestinal, is closely linked to the production of tissue-destructive exoenzymes. The natural
environmental reservoir for B. cereus consists of decaying organic matter, fresh and marine waters, and
the intestinal tract of invertebrates, from which soil and food products may become contaminated,
leading to the transient colonization of the animal intestine. Spores germinate when they come into
contact with organic matter or within an insect or animal host (Bottone 2010). Kocuria varians was
isolated from one individual of L. viridis. Kocuria inhabits human skin and mucus membranes, such as
the oral cavity, and is usually considered non-pathogenic, but it can be implicated in bacteremia, skin
and soft tissue infections, endophthalmitis, infective endocarditis and peritonitis (Ziogou et al. 2023).

In another study we have discussed the pathogenic potential of the isolated strains, assessed on
the basis of their antimicrobial resistance, production of extracellular enzymes considered as virulence
factors and biofilm-forming capacity (Lazarkevich et al. 2024b). The opportunistic nature of the
identified bacterial species should be kept in mind, although the studied lizards are assumed to be of
minor importance as a threat to public health. However, besides direct human-animal contact, indirect
infection is possible through contamination of the environment with feces. The probable role of lizards
as reservoirs and spreaders of diseases is of interest because some populations are common in urbanized
areas and live in close proximity to humans (Singh et al. 2013; Ajayi et al. 2015; Sayyadi et al. 2019).
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Conclusion

Our study sheds light on a still understudied field as a reptile-associated microbiota from free-ranging
populations. No significant difference in the bacterial diversity was observed between syntopic lizard
species. Cloacal samples were loaded with a similar in composition microbial community, but in
different proportion of certain bacterial species. A host-relatedness was more likely than a habitat
influence. Also, lizards could be carriers of some opportunistic human pathogens that may pose a
potential risk of infection when handling animals.
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