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Trakia University, 6000 Stara Zagora, Bulgaria; betina.boneva@trakia-uni.bg

Simple Summary

Snakes are increasingly kept as pets in Bulgaria, but they may carry bacteria that can infect humans.
In this study, 29 snake samples were examined, and 8 were found to contain Salmonella enterica, along
with several other bacteria of zoonotic concern. These results show that even snakes raised in
controlled conditions can harbor dangerous pathogens that pose a risk to humans. Using a One
Health approach, the study highlights the importance of understanding how human, animal, and
environmental health are connected. Good hygiene, regular veterinary checks, and careful
handling —especially during feeding and cleaning —are essential to reduce the risk of infection for
both owners and their animals.

Abstract

Snakes are becoming increasingly popular as companion animals in Bulgaria, yet their potential as
reservoirs for zoonotic pathogens remains underexplored. This study investigates bacterial carriage
in domesticated snakes and evaluates the public health risks associated with their handling.
Materials and methods: Bacteriological analysis was performed on 29 snake samples from various
species, including pythons, boas, corn snakes, and a venomous species. All individuals were raised
in controlled environments and primarily fed frozen rodents. Standard microbiological techniques
were employed for bacterial isolation and identification, and the results were confirmed using the
Vitek 2 Compact System. Results: Salmonella enterica (group B) was isolated from 8 samples,
indicating a notable prevalence of this pathogen among the examined snakes. Additionally, several
other bacterial genera were identified, including Pseudomonas spp., Staphylococcus spp., Proteus spp.,
Enterobacteriaceae spp., Sphingomonas paucimobilis, Enterococcus spp., Bacillus spp., Achromobacter
denitrificans, Citrobacter koseri, and Klebsielln pneumoniae. Conclusion: The study highlights the
zoonotic risks associated with snake ownership, particularly through direct contact with the reptiles
or exposure to contaminated environments. Food sources may act as vectors for microbial
contamination. To mitigate the risk of bacterial transmission between snakes and humans, it is crucial
to adopt rigorous hygiene practices, conduct regular health monitoring of the snakes, and implement
proper protocols for feeding and cleaning.

Keywords: captive snakes; bacterial diversity; one health; Vitek 2

1. Introduction

In recent decades, the growing interest in reptiles, particularly snakes, as pets has led to a
significant increase in their popularity across various demographics, ranging from casual hobbyists
to professional researchers. These animals are appreciated not only for their unique behaviors and
diverse appearances in so-called designer morphs but also for their critical roles in ecological systems.
However, the surge in reptile ownership brings with it important health considerations, especially
concerning zoonotic diseases that can affect humans. Reptiles are known to harbor a variety of
bacterial pathogens, often serving as asymptomatic carriers, thereby posing potential health risks to
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humans [1,2]. The ability of reptiles to disseminate pathogenic microorganisms without manifesting
clinical signs complicates awareness and management of the health risks associated with their care.
A deeper understanding of the oral and cloacal microbiota, particularly in snakes, is crucial for
assessing the implications of these pathogens on both animal health and public safety. Research
indicates that the snake’s diet and their associated flora significantly influence the composition of
their microbiota. It has been suggested that the cloacal flora of their prey can transfer to snakes during
feeding [2,3]. Despite the critical importance of this bacterial interplay, there is a notable scarcity of
studies that thoroughly characterize the microbial diversity and distribution in reptiles [4]. Dominant
species in the microbiota of healthy snakes include gram-positive bacteria such as Staphylococcus and
Bacillus spp. In comparison, gram-negative pathogens such as Pseudomonas aeruginosa, Providencia
rettgeri, and Stenotrophomonas maltophilia are often found in snakes suffering from stomatitis [5].
Notably, members of the Enterobacteriaceae family have also been implicated in respiratory diseases
in humans [6]. Among the most concerning pathogens associated with reptiles, Salmonella spp. stands
out, particularly due to its association with severe health outcomes in humans, notably in vulnerable
populations [2,5]. While reptile-associated salmonellosis (RAS) represents a small percentage of
overall salmonellosis cases in Europe and the USA, its clinical course can be markedly severe,
especially in young children, the elderly, and pregnant women, contributing to numerous disease
outbreaks globally [7,8]. The presence of opportunistic pathogens such as Pseudomonas spp.,
Staphylococcus spp., and Proteus spp. further emphasizes the need for careful management and
awareness regarding the risks posed by these reptiles [9]. Therefore, as the trend of keeping reptiles
continues to rise, it becomes increasingly critical to educate potential owners about the associated
health risks. Implementing effective hygiene practices, proper handling techniques, and regular
veterinary care are vital strategies for mitigating the risk of zoonotic infections. Consequently,
promoting responsible ownership and facilitating the dissemination of accurate information will be
essential for ensuring safe coexistence between humans and reptiles [10].

2. Materials and Methods

Fecal swab samples were collected from the cloaca of healthy adult snakes representing 29
different species (Table 1). The snakes were kept in 5 different private terrariums in Bulgaria. Due to
the limited quantity of feces obtained during the initial examination, it was recommended to collect
a larger sample after defecation for further testing, specifically for parasitological examination [11].

All samples were initially cultured in both liquid enrichment media (Tryptic Soy Broth and
Selenite Broth HiMedia™) and on solid media using the four-quadrant streak plate method (Blood
Agar Base with 5% defibrinated ovine blood and MacConkey agar, HiMedia™) [12,13]. The
incubation process typically takes place at a controlled temperature of 37°C for 24 hours [14]. After
this incubation, for more precisous and rapid identification, an automated biochemical profiling by
Vitek 2 Compact system (bioMérieux, France) was used [15,16].

Table 1. Types of snake species, included in the survey.

Species Family Common name N (29)
Python regius Pythonidae Ball python 3
Python curtus Pythonidae Sumatran short-tailed python 1
Python buvittatus Pythonidae Burmese python 2
Morelia spilota Pythonidae Carpet python 3
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Acrantophis Boidae Dumerili’s boa 2
dumerili

Boa constrictor Boidae Common boa 1
Boaedon fuliginosus = Lamprophilidae African house snake 1
Pantherophis Colubridae Corn snake 15
guttatus

Bothrops insularis Viperidae Golden lancehead 1

STATISTICS: Statistical analysis was performed using IBM SPSS Statistics v.26.

3. Results

A total of 29 samples were analyzed in this study to determine the prevalence of various bacterial
species. The frequency of positive samples varied significantly among the different microorganisms
(Table 2 and Figure 1). The highest prevalence was observed in Staphylococcus spp., while the lowest
frequencies were reported for a group of less common gram-negative species, including
Achromobacter denitrificans, Sphingomonas paucimobilis, Citrobacter koseri, and Klebsiella pneumoniae. On
average, 30.94% of the samples tested positive for the studied bacterial species, with significant
variability (SD = 13.1%), indicating clear differences among the individual bacterial groups. To
estimate the precision of the observed prevalence values, standard errors (SE) and 95% confidence
intervals (CI) were calculated for each bacterial group. The prevalence of Staphylococcus spp. was the
highest among all detected taxa (62.07%; 95% CI: 44.1-80.1), followed by Enterococcus spp. (44.83%;
95% CI: 26.6-63.0). Salmonella spp., a pathogen of significant zoonotic relevance, was detected in
27.59% of the samples (95% CI: 12.8-42.3). This finding confirms the relatively high level of
asymptomatic carriage in snakes and underscores the potential public health risk associated with
reptile handling. Other bacterial groups with comparable prevalence levels included Bacillus spp.
(31.03%; 95% CI: 15.1-46.9), Enterobacteriaceae (27.59%; 95% CI: 12.8-42.3), and Pseudomonas spp.
(27.59%; 95% CI: 12.8-42.3). Opportunistic pathogens such as A. denitrificans, S. paucimobilis, C. koseri,
and K. pneumoniae were detected at similar frequencies (20.69%), each showing a 95% Cl ranging from
6.7% to 34.6%. Although the confidence intervals reflect moderate variability due to the sample size
(n =29), the overall dataset demonstrates that Staphylococcus spp. dominate the microbial landscape
in the studied snake population, while Salmonella spp. remain an important but less frequent
component with notable epidemiological implications.

Table 2. Prevalence of bacterial species isolated from samples (n = 29).

Species Samples (n) Positive (n) % Positive  SE 95% CI (lower-upper)
Salmonella enterica 29 8 27.59% 0.084 12.8% — 42.3%
Staphylococcus spp. 29 18 62.07% 0.091 44.1% —80.1%
Enterococcus spp. 29 13 44.83% 0.092 26.6% — 63.0%
Bacillus spp 29 9 31.03% 0.086 15.1% —46.9%
Enterobacteriaceae spp. 29 8 27.59% 0.084 12.8% —42.3%
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Species Samples (n) Positive (n) % Positive SE 95% CI (lower-upper)
A. denitrificans 29 6 20.69% 0.076 6.7% — 34.6%
S. paucimobilis 29 6 20.69% 0.076 6.7% — 34.6%
C. koseri 29 6 20.69% 0.076 6.7% — 34.6%
Pseudomonas spp. 29 8 27.59% 0.084 12.8% —42.3%
Klebsiella pneumoniae 29 6 20.69% 0.076 6.7% — 34.6%

Legend: n - total number of samples tested; Positive (n) — number of samples in which the microorganism was
isolated; % Positive — percentage of positive samples; SE — standard error of the percentage; 95% CI — 95%
confidence interval for the percentage (lower — upper bound).
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Figure 1. Isolated bacterial species (blue — Gram positive bacteria; red — Gram negative bacteria).

4. Discussion

The results of the present study show that a substantial proportion of the examined snakes
(59.4%) were carriers of potentially pathogenic bacteria. These results align with other studies
reporting complex polymicrobial microbiota in domestic snakes [17,18].

Our findings reveal a diverse spectrum of bacterial isolates: the most common genera were
Staphylococcus spp. (62%), Enterococcus spp. (44.83%), and Bacillus spp. (31.03%), alongside Salmonella
spp., members of Enterobacteriaceae, and Pseudomonas spp. (27.59%). This finding is consistent with
international data indicating that between 30% and 80% of reptiles are chronic carriers of Salmonella
spp. [7,19]. Historically, outbreaks of salmonellosis have been linked to a wide range of sources,
including contaminated food, water, and contact with reptiles, particularly pet snakes and turtles
[7,19]. These events highlight the importance of hygiene and public awareness among reptile owners
and individuals in close contact with such animals.

The isolation of Salmonella enterica group B in 15.6% of the samples aligns with prevalence values
reported from [2,20]. Several authors and health institutions have emphasized that contact with
reptiles, including snakes, is associated with an increased risk of salmonellosis, especially in children,
the elderly, and immunocompromised patients [21,22,23]. Our results, demonstrating the
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simultaneous presence of Salmonella spp., Pseudomonas spp., etc., confirm the view that snakes kept
as pets or in zoos can act as a reservoir and mechanical vector of zoonotic pathogens, including
multidrug-resistant strains [21,24,25]. However, not all isolated bacteria should be considered
pathogens in the context of the snake host. Some of them probably represent normal or conditionally
normal flora, adapted to the specific physiology and ecology of reptiles. A meta-analysis of the gut
microbiota in reptiles reveals the presence of a limited “core” of bacterial taxa and a significant
influence of both the environment and the host on the microbiome composition [26]. In this context,
the bacteria isolated by us should be interpreted both as an indicator of bacterial contamination and
as part of the natural microbiome profile of captive snakes.

Another factor that may influence bacterial colonization in snakes is related to food sources,
specifically frozen rodents. Studies indicate that 8-10% of commercially supplied frozen rodent
packages for reptile feeding contain Salmonella spp. [21]. Thus, frozen feeder rodents should be
recognized as a relevant reservoir of pathogens capable of colonizing reptiles’ gastrointestinal tracts
without causing clinical signs [19,21,27]. The isolation of Salmonella spp. (27.59%) and other members
of the Enterobacteriaceae family, including C. koseri and K. pneumoniae, are crucial from a public
health perspective. A recent systematic review and meta-analysis revealed that the overall prevalence
of Salmonella in reptiles is high, often exceeding 50% in snakes, which confirms their role as a
reservoir for the bacteria [19]. Additionally, a review by Pees et al. [7] highlights that Salmonella in
reptiles is considered part of the normal intestinal microbiota, with continuous and intermittent
shedding into the environment, posing significant zoonotic potential.

Citrobacter koseri and Klebsiella pneumoniae are well-described opportunistic pathogens in
humans, associated with urinary tract infections, respiratory tract infections, neonatal meningitis,
and nosocomial outbreaks. Their isolation from snakes raises the question of the transfer of
antimicrobial-resistant strains from animals to humans, especially in the context of multidrug-
resistant enterobacteria [18,21,25,28].

The isolation of A. denitrificans, S. paucimobilis, and other less common genera aligns with
observations that the reptile microbiome contains a variety of opportunistic bacteria, each with
different potential for pathogenicity [5,28,29]. Sphingomonas paucimobilis and related species have
been identified as causative agents of nosocomial infections in immunocompromised patients.
However, they are also present in the environment and can colonize animals without causing any
clinical symptoms. Several studies have emphasized the role of snake oral microbiota as a potential
reservoir for multidrug-resistant Gram-negative pathogens [28,30,31]. Recent high-throughput 165
rRNA sequencing studies of snake oral cavities similarly demonstrate a dominance of Gram-negative
bacteria (e.g., Pseudomonas, Aeromonas, Enterobacteriaceae), while Gram-positive cocci, though less
abundant, remain stable microbiome components [5,26].

The observed high frequencies of Staphylococcus spp. (62%) and Enterococcus spp. (44.83%) are
consistent with existing literature indicating that in certain species, particularly those maintained in
captivity, Gram-positive bacteria (including coriform bacteria and coagulase-negative staphylococci)
can prevail in the oral cavity [30,32]. This dominance is likely associated with exposure to humans,
as well as contact with feed, substrate, and surfaces within the artificial environment.

Even in the absence of venom, non-venomous snakes can pose significant risks to humans due
to their potential to carry harmful pathogens. These pathogens can cause serious infections and
diseases, underscoring that the danger from snakes is not limited to venomous snakes.
Understanding the ecological roles and risks associated with both venomous and non-venomous
species is crucial for addressing public health and safety concerns effectively.

Preventive measurement: Numerous studies and guidelines emphasize the crucial importance
of maintaining good hygiene practices, especially in environments where there is a risk of exposure
to certain animals or pathogens. Key recommendations from various sources highlight the necessity
of thoroughly washing hands after any contact with animals or their habitats. This simple yet effective
practice helps prevent the transmission of potential diseases. It is also advisable to avoid unnecessary
contact with snakes, particularly in areas like the kitchen where food is prepared, as this can lead to
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contamination and health risks. Proper storage of pet food is equally important; keeping it in secure
containers can prevent the introduction of pests and reduce the likelihood of interactions with
animals. Furthermore, it is essential to keep children away from terrariums or habitats containing
reptiles to mitigate potential dangers associated with these animals. Collectively, these guidelines
stress the importance of vigilance and education to ensure both personal safety and public health
[33,34].

Hygiene checklist for snake owners (to accompany counseling):

* Wash hands with soap and warm water after handling snakes, enclosures, equipment, or
feeder rodents.
® Keep terraria and cleaning activities away from kitchens/food prep areas.

e Supervise children; avoid handling/cleaning by children <5 vyears, elderly, and
immunocompromised persons.

¢ Use dedicated tools (brushes, buckets) for terraria; disinfect regularly.

e Store and thaw feeder rodents separately from human food; clean and disinfect surfaces afterward.
® Wear disposable gloves when cleaning enclosures or handling fecal material; avoid face touching.
® Seek veterinary advice for abnormal behavior or illness; discuss zoonotic risks at
purchase/adoption.

Limitations and future directions: Limitations of the current analysis are the absence of
antibiograms and molecular typing of the isolates, which would allow a more precise assessment of
the zoonotic risk and the potential for the spread of resistant clones. Given the increasing number of
data on multidrug-resistant strains of Salmonella, Citrobacter and Klebsiella isolated from both humans
and animals, future studies should include a systematic analysis of antibiotic susceptibility and
genetic determinants of resistance [7,21,25,26,35].

5. Conclusions

Even without venom, non-venomous snakes can be almost as dangerous as venomous ones
because they can carry harmful pathogens to humans. Domestic snakes are increasingly recognized
as a significant reservoir of pathogenic bacteria with well-documented zoonotic potential,
particularly the genus Salmonella. These bacteria can cause serious gastrointestinal disease in humans,
especially in vulnerable populations such as children and immunocompromised individuals.

One potential route of transmission is through food practices, particularly the feeding of frozen
rodents that may contain these pathogens. Handling and preparing such food products without
adequate hygiene practices can create opportunities for cross-contamination and subsequent
infections.

To mitigate the risk of transmission and protect the health of both humans and animals, it is
imperative to implement strict hygiene protocols. This includes regular cleaning and disinfection of
snake habitats, proper hand washing after handling snakes or their food, and education of snake
owners on safe handling practices.

Additionally, public health campaigns targeting pet owners could play a crucial role in raising
awareness about the risks associated with pet snakes and the importance of preventive measures. By
promoting a better understanding of the potential health effects and necessary precautions, we can
help reduce the incidence of zoonotic infections associated with these fascinating reptiles.
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