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Abstract 

In this study, we focused on the characterization of ten bacterial isolates obtained from Eryx jaculus (oral, skin, feces, 
and cloaca samples) using cultural methods and determine some virulence factors (antibiotic resistance, VanA, and 
TetM resistant genes, biofilm, siderophore, and some enzymatic activities, etc.). Multiple antibiotic resistance (MAR) 
and virulence index (VI) of each strain were also calculated. Citrobacter freundii NH10 (EJF1), Enterococcus thailandicus 
2545 (EJF2), Enterococcus faecium MG5232 (EJF3), Klebsiella pneumoniae KR56 (EJF4, EJC1, EJS1), Enterococcus mundtii 
AF-1 (EJC2, EJC3), Paraclostridium benzoelyticum CM8 (EJO1), Enterococcus faecalis MG5206 (EJO2) have been 
identified and this is the first record of the P. benzoelyticum CM8 and E. thailandicus 2545 from E. jaculus species. It was 
observed that all isolates produced amylase, while most of them produced siderophore (n = 7), hemolysin (n = 6) and 
protease (n = 6). It was determined that EJF2 and EJC2 strains produced weak positive (++) biofilm, while the other 
eight strains produced strong positive (+++) biofilm. Different sensitivity and resistance rates were observed against 
various antibiotic classes. While AM10 and A10 were determined as the antibiotics with the highest sensitivity, 
aminoglycoside G120 showed 100% resistance in all isolates. Moreover, EJO1 and EJO2 strains were classified in the 
high threat category with high virulence and MAR indices. PCR analysis showed the presence of resistance genes VanA 
in strain EJF1 and TetM in strain EJF2.  
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1. Introduction

Animals maintain close and complex relationships with the microbial communities living in their gastrointestinal 
systems. These gut microbes can influence the host's ecology and evolutionary processes by affecting behavior, immune 
responses, nutrition, and reproductive isolation. While comprehensive microbial diversity inventory studies have 
primarily been conducted on mammals, birds, fish, and to a lesser extent amphibians, there are relatively few studies 
on reptiles in this regard. The approximately 10,000 species of reptiles highlight the necessity of studying the gut 
microbial ecology of these groups to begin understanding generalized patterns among vertebrate groups [1]. The 
microbial flora of snake species includes a diverse array of aerobic and anaerobic microorganisms, particularly fecal 
Gram-negative rods [2]. Research on the bacterial flora in the mouths of snakes has been conducted worldwide [3-5], 
but specific data for Türkiye are notably lacking. 

Eryx jaculus (Linnaeus, 1758). is a non-venomous snake species belonging to the Boidae family, found in arid, sandy, 
and sparsely vegetated rocky areas. It kills its prey by constriction and then swallows it [5,6]. Due to its subterranean 
lifestyle, it is rarely seen and may be mistakenly killed because it is thought to be venomous [7]. Research on the 
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microbiota of snake species in Türkiye has generally focused on economically important species and microbiological 
studies specific to the species in question are quite limited [8,9]. 

Paraclostridium benzoelyticum is a bacterium that falls within the Clostridiaceae family, known for its ability to degrade 
benzoate and other aromatic compounds. This bacterium is typically found in environments where anaerobic 
conditions prevail, such as in the gastrointestinal tracts of animals, in soil, and in other organic-rich substrates. Studies 
involving P. benzoelyticum often focus on its role in the degradation of aromatic compounds, its potential applications 
in bioremediation, and its interactions with other microbial communities [10,11].  

Enterococcus thailandicus is a species of the genus Enterococcus, first isolated from a sample of fermented sausage 
(mum) in Thailand [12]. This bacterium is a facultative anaerobe and produces L-lactic acid from glucose. Its pathogenic 
potential is not well-documented [13]. To date, Enterococcus species have been found in a variety of animal sources, 
including ruminants, rabbits, piglets, dogs, horses, turkeys, chickens, ostriches, common pheasants, and Japanese quails 
[14]. No studies have been found in the literature where these two species were isolated from the microbiota of E. 
jaculus or similar snake species. Therefore, this study is highly significant for elucidating the bacterial flora in E. jaculus. 

In this study, molecular characterization was performed on a total of 10 bacterial isolates obtained from the mouth, 
cloaca, skin, and fecal samples of E. jaculus. Additionally, the antibiotic resistance, certain enzymatic virulence factors, 
siderophore production, and biofilm-forming capacities were determined. To further understand antibiotic resistance, 
the presence of tetM and vanA resistance genes was also investigated. Moreover, the characterization of P. 
benzoelyticum and E. thailandicus, which were isolated and recorded in the literature for the first time, was conducted 
based on the aforementioned data. Our data are particularly notable as the first to describe these two bacteria in this 
context.  

2. Material and methods 

2.1. Sampling and identification 

10 bacteria isolated from oral (O), skin (S), feces (F), and cloaca (C) samples of E. jaculus (n=1), stored in the culture 
collection, were utilized. Conventionally, isolates were mainly identified via microscopy (gram staining), and 
biochemical testing techniques (respiratory-fermentation tests, oxidase, catalase, IMVIC, and H2S production) [15], and 
confirmation was obtained through the Microgen ID test kit Microgen ID test kits. 

Molecular Identifications of Isolates: Genomic DNA isolation from bacterial isolates was performed using the Thermo 
Scientific GeneJET Genomic DNA Purification Kit (K0721). The qualitative amount of the obtained genomic DNA was 
assessed using 1% agarose gel electrophoresis, and the gel was stained with 10 mg/ml EtBr for visualization under UV 
light. For 16S rDNA gene analysis, bidirectional sequencing was conducted using Sentegen Primers (0341f 5’→3’ 
CCTACGGGGGCGCAG, 0785r 5’→3’ GACTACGGGTATCTAATCC). The resulting sequences were compared with reference 
sequences in the NCBI databases [16]. 

2.2. Assessment of isolate virulence properties 

To evaluate the virulence properties of the isolates, standardized enzymatic activity tests were used, including DNAse, 
hemolysis, protease, lipase, amylase, and siderophore assays [17,18]. The virulence index is a measure that 
quantitatively assesses the pathogenic potential of the microorganism. Data obtained for each virulence factor were 
evaluated to calculate the virulence index (VI) [19]. 

2.3. Measurement of biofilm formation 

The biofilm-forming capacity was measured using the method proposed by [20] with microtiter plates. The final optical 
density in the microtiter plates was measured using a microplate reader at 550 nm. During this process, the average 
optical density of the control wells, obtained with a spectrophotometer, was determined to be 0.133. Based on this value, 
the results of the study were classified as "strong positive" (+++), "positive" (++), "weak positive" (+), and "negative" (-
). 

2.4. Antibiotic sensitivity testing 

Antimicrobial resistance was determined by using the disk diffusion method on Mueller-Hinton agar (MHA) according 
to the [21] recommendations. The isolates were screened for resistance against 14 antibiotics, including trimethoprim 
(TR10 μg/mL), tobramycin (TB10 μg/mL), kanamycin (K30 μg/mL), amoxicillin (AM10 μg/mL), oxytetracycline (O30 
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μg/mL), cephalothin (CH30 μg/mL), cefmetazole (CMZ30 μg/mL), gentamicin (G10 μg/mL), furazolidone (FR50 
μg/mL), erythromycin (E15 μg/mL), cefoxitin (CN30 μg/mL), ampicillin (A10 μg/mL), cefotaxime (CE30 μg/mL), and 
chloramphenicol (C30 μg/mL). Intermediate susceptible and sensitive isolates were marked as not resistant. 

The Multiple Antibiotic Resistance (MAR) index was calculated and interpreted according to [22] using the formula: 
a/b, where ‘a’ represents the number of antibiotics to which an isolate was resistant, and ‘b’ represents the total number 
of antibiotics tested.  

2.5. Determination of antibiotic resistance genes 

The presence of isolates vanA and tetM genes, which encode the vancomycin and tetracycline resistance feature, 
respectively were investigated by the Polymerase Chain Reaction (PCR) method. The sequences of PCR primers of TetM 
and VanA genes are given in Table 1. Using the literature information on PCR conditions, necessary modifications were 
made to the PCR components [23]. 

Table 1 Antibiotic resistance genes primer sequences 

Antibiotic resistance genes Primer sequences Base pairs 

vanA 
F-5' GTA CAA TGC GGC CGT TA 

R-5' GGG ACA GTT ACA ATT GC 
732 bp 

tetM 
F-5' GTT AAA TAG TGT TCT TGG AG 

R-5' CTA AGA TAT GGC TCT AAC AA 
657 bp 

3. Results  

3.1. Identification of strains  

The purity and biochemical characterization of all strains were confirmed using conventional biochemical tests. The 
16S rDNA gene sequence analyses of all strains were performed using the NCBI BLAST application, and the genetic 
typing of each isolate was carried out by comparing sequence similarity ratios in the databases (Table 2; Figure 1). 

Table 2 Bioinformatics analysis results of the isolates 

Isolate code Bioinformatic closest match Similarity Ratio (%) 

EJF1 Citrobacter freundii NH10 100 

EJF2 Enterococcus thailandicus 2545 99,76 

EJF3 Enterococcus faecium MG5232 100 

EJF4 Klebsiella pneumoniae KR56 100 

EJC1 Klebsiella pneumoniae KR56 100 

EJC2 Enterococcus mundtii AF-1 100 

EJC3 Enterococcus mundtii DE-5 100 

EJO1 Paraclostridium benzoelyticum CM8 95,35 

EJO2 Enterococcus faecalis MG5206 100 

EJS1 Klebsiella pneumoniae KR56 100 

EJ: Eryx jaculus, F: Feces, C: Cloaca, O: Oral, S: Skin 
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Figure 1 PCR bands of the strains 

These results reveal species matches and similarity ratios determined with high accuracy in the genetic typing of the 
isolates. The findings clearly illustrate the genetic diversity of the bacterial strains and the distribution of the identified 
species. 

3.2. Evaluation of the virulence properties of the isolates 

Regarding the characterization of virulence, it was observed that all isolates produced amylase (n = 10), while most 
produced siderophores (n = 7), hemolysins (n = 6), and proteases (n = 6). Less than half of the isolates produced DNase 
(n = 2) and lipase (n = 2). Notably, the highest levels of siderophore production were qualitatively detected in the strains 
EJF4, EJC1, and EJS1 (Figure 2). This strain demonstrated a significant superiority in siderophore production compared 
to other isolates. In contrast, siderophore production was not detected in the EJF3, EJC3, and EJO1 strains. 

 

Figure 2. A) Siderophore positive isolates (EJF4, EJC1, EJS1 and EJO1) B) Siderophore negative isolates (EJF3, EJO1, 
EJC2 and EJC3) 

3.3. Measurement of biofilm formation 

Values obtained that were below the control value of 0.133 were classified as (-), values between 0.133 and 0.473 were 
classified as (+), values between 0.474 and 0.946 were classified as (++), and values between 0.946 and 1.892 were 
classified as (+++). The data were categorized as positive, weak positive, and negative. Biofilm production was 
determined to be weak positive (++) in the EJF2 and EJC2 strains, while it was identified as strong positive (+++) in the 
other eight strains. 

3.4. Antibiotic resistant profiles 

Among the penicillins, it was observed that the antibiotics AM10 and A10 had sensitivity rates of 70% and 60%, 
respectively. Among the cephalosporins, CE30 showed a sensitivity rate of 40%, while CMZ30 and CN30 were found to 
be resistant in the majority of isolates (80% and 90%, respectively). From the phenicols group, C30 exhibited 70% 
sensitivity. The aminoglycoside G120 showed 100% resistance across all isolates. In the potentiated sulfonamides 
group, TR10 was sensitive in 90% of the isolates. Among the macrolides, E15 had a sensitivity rate of 30%, nitrofurans 
like FR50 showed 40% sensitivity, and oxazolidinones such as O30 exhibited 30% sensitivity (Figure 3). 
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Figure 3 Antibiotic resistant profiles of isolates 

In the study, PCR analyses conducted on 10 isolates revealed that two bacteria tested positive for antibiotic resistance 
genes. According to the analysis results, a positive band formation for the VanA gene was observed in the EJF1 strain. 
Similarly, a positive band formation for the TetM gene was detected in the EJF2 strain. These results indicate that the 
bacteria have developed resistance to the respective antibiotics (Figure 4). 

 

Figure 4 VanA and TetM resistance gene gel image 

MAR index revealed that strains with a value greater than 0.2 are considered to have multidrug resistance (Table 3).  

E. faecalis MG5206 (EJO1) (VI = 0.83, MAR Index = 0.57) and P. benzoelyticum CM8 (EJO2) (VI = 0.66, MAR Index = 0.50) 
exhibited higher virulence index values. The isolates were classified as high threat (VI ≥ 0.50) (n = 9) and no threat (VI 
< 0.50) (n = 1). Based on the MAR index data, all isolates were determined to be in the high threat category (Table 3). 
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Table 3 VI and MAR index findings of isolates 

Isolate code VI MAR index 

EJF1 0.50 0.28 

EJF2 0.33 0.21 

EJF3 0.50 0.36 

EJF4 0.50 0.36 

EJC1 0.66 0.43 

EJC2 0.50 0.21 

EJC3 0.50 0.50 

EJO1 0.66 0.50 

EJO2 0.83 0.57 

EJS1 0.66 0.21 

4. Discussion 

Wildlife plays a critical role in maintaining ecosystem balance and conserving biological diversity. These animals include 
species that live freely in their natural habitats and survive without human intervention. The health of wild animals is 
crucial not only for the sustainability of their own populations but also for the control of pathogens shared with humans 
and other animal species. In recent years, topics such as microbiota, virulence, and antibiotic resistance have had a 
significant impact on the health of wildlife. 

In this study, the first record of P. benzoelyticum and E. thailandicus isolated from E. jaculus snakes in Türkiye has been 
established. PCR analyses for VanA and TetM antibiotic resistance genes identified that the EJF1 and ECF2 strains carry 
these genes. These results indicate the development of resistance to the respective antibiotics and support the presence 
of antibiotic resistance genes commonly found in environmental and clinical settings. 

Hacıoğlu and Tosunoğlu [24], isolated 153 bacteria from various reptile and amphibian species captured in the Kavak 
Delta. Among these bacteria, species such as Aeromonas, Plesiomonas, Vibrio, Citrobacter, Enterobacter, Escherichia, 
Klebsiella, Edwardsiella, Hafnia, Proteus, Providencia, and Pseudomonas were identified. The antibiotic resistance 
profiles of the isolates showed the highest resistance to cefoxitin (46.40%) and the lowest to gentamicin (6.53%).  

Ramos et al [25], isolated and characterized Escherichia coli, Salmonella spp., Clostridium perfringens, and Clostridium 
difficile from reptiles in Brazil, including 15 lizards, 16 turtles, and 45 snakes. The isolates were found to be resistant to 
cefalotin and ciprofloxacin antibiotics. 

Heck et al [26], isolated Enterococcus spp. from the oral cavities of healthy snake species in Brazil and evaluated their 
antimicrobial resistance and virulence properties. They identified 116 enterococci, with Enterococcus faecalis being the 
predominant species across all snake species, followed by Enterococcus faecium, Enterococcus avium, and Enterococcus 
hirae. The study found that E. faecium (50%) and E. faecalis (15.78%) isolates were multidrug-resistant, with 70% 
carrying the TetM resistance gene. 

Brunson et al [27], conducted a study on the siderophore production ability of E. faecalis strains and noted that 
siderophore production enhanced the virulence properties of the bacteria. 

The research indicates that E. jaculus in the wild may serve as a carrier of various pathogenic and antibiotic-resistant 
bacterial species, which poses potential threats to both ecosystem health and human health. The antibiotic resistance 
profiles of bacteria isolated from wildlife underscore the potential for these microorganisms to spread and develop 
resistance in environmental and clinical settings. In this context, microbiological analysis of wildlife and molecular 
characterization of isolates are critical for controlling pathogen spread and managing antibiotic resistance. 
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5. Conclusion 

Reptiles are animal species that inhabit various ecosystems and are an important part of biological diversity. These 
species can serve as carriers of microbiological diversity and potential pathogens. Specifically, the oral flora of reptiles 
such as snakes contains a range of aerobic and anaerobic microorganisms that may contribute to the spread of potential 
pathogens relevant to human health. However, there is limited information available about the microbiological flora of 
reptiles in Türkiye. Therefore, the molecular identification and characterization of virulence properties of 
microorganisms isolated from reptiles fill an important gap both scientifically and for public health. The findings reveal 
the complexity and diversity of bacterial communities found in reptiles' natural habitats. Besides the environmental 
impacts of reptiles, the potential pathogenic characteristics of the microorganisms they carry are also significant for 
public health. This data is expected to be a valuable resource for future research, public health strategies, and the 
conservation of natural habitats. Additionally, this study provides the first record of P. benzoelyticum and E. thailandicus 
isolated from E. jaculus snakes in Türkiye. Isolating P. benzoelyticum from a reptile such as E. jaculus could provide 
insights into the microbial diversity of the reptile's gut and the potential ecological roles of this bacterium. This finding 
also represents a significant step in understanding Türkiye’s microbiota diversity and ecosystem dynamics. Particularly, 
the presence of such a bacterium in local snake species like E. jaculus broadens the microbiological profile of regional 
fauna and offers a new perspective on understanding ecosystem interactions.  
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