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Abstract 
[bookmark: _Hlk228989722]Objectives: This study aimed to analyze the prevalence and antibiotic susceptibility of bacteria from the oral cavity of Echis carinatus sochurekis in Iraq. Method: In the current study, seven oral swabs were collected from local Iraqi-breed snakes of the species Echis carinatus sochureki, kept by a local owner in Baghdad in January 2025. Bacterial isolation was performed using selective and enriched culture media in anaerobic conditions. Identification was performed using Gram staining, colony morphology, and standard biochemical tests. Additional identification and antibiotic sensitivity testing were conducted using the VITEK system. Results: Nine isolates showed a diverse bacterial population, with Staphylococcus epidermidis identified as the most prevalent strain at 35%. S. aureus and S. saprophyticus followed with prevalence rates of 25% and 20%, respectively, while E. faecalis (15%) and S. viridians (5%) were the least common isolates. The special colony morphology and hemolysis were observed (alpha 60%, beta 20%, gamma 20%). All isolates exhibited resistance to at least one antibiotic. 33% revealed multidrug resistance observed in several of the strains (≥3 agents); only levofloxacin was the most effective against all isolates. Conclusion: The oral cavity of Echis carinatus sochureki harbours a diverse community of anaerobic and facultative anaerobic bacteria, including potentially pathogenic and antibiotic-resistant species. These findings highlight the clinical importance of considering oral microbiota in the management of snakebite infections and support the need for targeted antimicrobial therapy.
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Introduction 
The gram-positive cocci represent one of the most common types of bacterial forms found in the oral cavities of a variety of animals [1]. Previous funding showed these bacteria play an important role in oral health but also may be associated with different oral diseases [2]. The snake's oral cavity contains different bacterial species that may be can harm both the snake and its prey [3,4]. These bacteria are defined by a specialized cell wall structure that has a thick peptidoglycan layer, that responsible for retaining the crystal violet stain [5]. In addition, they are facultative anaerobes, meaning they can grow both in the presence and absence of oxygen [6]. Also, in the oral cavity, it is considered one of the most abundant, which are capable of fermenting carbohydrates, with lactic acid being their end product [7,8]. Some species can produce exotoxins and enzymes, which can contribute to their pathogenicity, for instance, Streptococcus mutans, a Gram-positive cocci bacterium commonly found in the oral cavity, is a known causative agent of dental caries [9]. One important consequence of snakebite envenomation is the secondary bacterial infection, for which the necrosis and tissue damage that are caused by venom provide adequate conditions for the proliferation of bacteria, especially anaerobic organisms [10]. Several studies have shown that bacteria found in the infected snake's oral cavity are often identified as bacteria isolated from infected snakebite [11,12]. 
 Echis carinatus sochureki, known as the saw-scaled viper, is a venomous viper found mainly in the Middle East, including Iraq  [13]. Research has shown that this species has a complex oral microbiome, with different bacterial species inhabiting the oral cavity [14]. By studying the diversity and functions of these bacteria in the oral cavity of Echis carinatus sochureki, we can provide important insights into their ecological roles as well as potential effects on their host and its prey [15]. In Iraq, snakebite is an important public health issue, particularly in rural and semi-arid areas where the Echis carinatus sochureki is common [16]. Regarding its medical importance, limited microbiological studies have analyzed the oral bacterial flora of this species in Iraq. Most studies have mostly focused on aerobic bacteria, while the anaerobic bacteria of the oral microbiota remain insufficiently studied [17].
The two types of bacteria commonly found in the oral cavity of snakes are Staphylococcus and Streptococcus, which are classified as gram-positive cocci, characterized by their cell wall structure and their ability to grow under both aerobic and anaerobic conditions [18,19]. Different methods can be used to identify this bacterium, including culture-based methods, where it is grown on selective media such as blood or MacConkey agar and observed for colony morphology and biochemical characteristics [20]. Their identity can be confirmed by biochemical tests and molecular methods, including PCR and DNA sequencing, to identify the bacterial species [14]. This bacterium can ferment carbohydrates and produce lactic acid, which helps to maintain oral pH balance, where some species also produce enzymes, together with amylase and lipase, which help their metabolic activity [18]. Anaerobic bacteria play an important role in the oral microbiome, can survive and proliferate in environments lacking oxygen, and are commonly involved in polymicrobial infections [21]. The hypoxic conditions that result from venom-induced blood vessel damage in snakebites may contribute to the severity of soft tissue infections [22]. Isolating anaerobic bacteria to prevent oxygen exposure requires a specific culture method and controlled environmental conditions [23]. In addition, to understand the oral microbes found in venomous snakes, the systematic examination of anaerobic bacteria is important [15]. Some strains act as pathogens; for instance, S. aureus can produce coagulase and toxins that lead to tissue damage and inflammation, and its virulence factors, such as hemolysin and deoxyribonuclease, have been reported in isolated samples from snakes [24,25]. However, gram-positive isolates such as E. faecalis are highly sensitive to penicillin, ampicillin, and vancomycin, whereas gram-negative bacteria, which are predominant in the oral flora of snakes, exhibit resistance patterns to some agents, with erythromycin resistance observed in some isolates; for this, the antibiotic sensitivity varies between snake species and bacterial strains [23]. These findings underscore concerns about the ineffectiveness of prophylaxis and highlight the need for careful antibiotic selection, monitoring to reduce the risk of resistance, and targeted experimental therapy [26]. This study aimed to analyze the prevalence and antibiotic susceptibility of bacteria from the oral cavity of Echis carinatus sochurekis in Iraq.  The oral cavity of Echis carinatus sochureki harbours a diverse community of anaerobic and facultative anaerobic bacteria, including potentially pathogenic and antibiotic-resistant species. These findings highlight the clinical importance of considering oral microbiota in the management of snakebite infections and support the need for targeted antimicrobial therapy.
Materials and Methods
In the current study, seven oral swabs were collected from local Iraqi-breed snakes of the species Echis carinatus sochureki, kept by a local owner in Baghdad in January 2025. Each swab was placed in a transport medium and immediately transported to the AL-Najaf Veterinary Hospital laboratory for bacteriological examination. The culture media were then prepared according to the manufacturer's instructions, using the following media: blood agar, MacConkey agar, Brucella base agar supplemented with 5% sheep blood, mannitol salt agar, Mueller-Hinton agar, chocolate agar (HiMedia), and thioglycolate broth. The inoculated plates were incubated under anaerobic conditions using an anaerobic jar with an anaerobic gas pack at 37 °C for 48–72 hours. After the incubation, a single colony was selected from each plate and subcultured to obtain pure isolates. Identification was carried out by Gram staining and standard biochemical tests. Further identification and antibiotic susceptibility testing were performed using the VITEK system.
Results 
[bookmark: _Hlk223375792]The current study revealed that the microbiological analysis of the oral cavity Echis carinatus sochureki revealed a diverse bacterial population, with Staphylococcus epidermidis identified as the most prevalent strain at 35%. Staphylococcus aureus and Staphylococcus saprophyticus followed with prevalence rates of 25% and 20%, respectively, while Enterococcus faecalis (15%) and Streptococcus viridians (5%) were the least common isolates. Initial cultivation in thioglycolate medium for 48 hours resulted in a cloudy appearance at the bottom of the test tubes with no red ring at the top, confirming successful anaerobic conditions and a lack of external contamination during the transplantation process, as shown in figure (1). 
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Figure 1 percentage of bacteria isolated from oral cavity to Echis carinatus sochureki.

Also, the sub-culturing on blood agar medium provided detailed morphological characterization of the isolates. Staphylococcus aureus was distinguished by its medium to large-sized (2–4 mm), golden-yellow circular colonies. In contrast, Staphylococcus epidermidis and Staphylococcus saprophyticus both formed smaller (1–2 mm), raised white or grey colonies. Enterococcus faecalis displayed medium to large (2–4 mm) grey or white colonies with a slightly convex elevation, while Streptococcus viridians produced small to medium (1–2 mm) opaque, smooth colonies as shown in table (1).
Table 1 Colony morphology on blood agar 

	Bacteria
	Colony Shape
	Colony Elevation
	Colony Color

	Staphylococcus epidermidis
	Circular
	Raised
	White or Grey

	Staphylococcus aureus
	Circular
	Raised
	Golden-Yellow

	Staphylococcus saprophyticus
	Circular
	Raised
	White or Grey

	Enterococcus faecalis
	Circular
	Slightly convex
	Grey or White

	Streptococcus viridians
	Circular
	Raised
	Grey or White



Also, the prevalence of hemolysis types varied significantly among the isolated bacteria. Alpha-hemolysis was the most frequent observation, accounting for 60% of the isolates and characterizing the activity of E. faecalis and S. viridians, while beta-hemolysis was recorded in another 20% (S. aureus). Finally, gamma-hemolytic was recorded in 20% Staphylococcus saprophyticus and S. epidermidis, as shown in Table 2.
Table 2 Hemolysis among the Isolated Bacteria from the Oral Cavity of Echis carinatus sochureki.
	Hemolysis Type
	Percentage 

	Alpha-hemolytic
	60%

	Beta-hemolytic
	20%

	Gamma-hemolytic
	20%



In this study, the biochemical profiling provided further differentiation between the genera and species. Staphylococcus aureus was uniquely identified by its positive results for the coagulase and mannitol salt agar (MSA) tests. While all Staphylococci and E. faecalis tested positive for catalase, Streptococcus viridians was catalase-negative. Notably, the biochemical table indicates that Enterococcus faecalis and Streptococcus viridians were the only isolates to test positive for the Indole test, and E. faecalis was the only strain positive for the Urease test in the recorded data as shown in Table 3. 
Table 3 Biochemical profile among the Isolated Bacteria from the Oral Cavity of Echis carinatus sochureki.



	Bacteria
	MSA
	Coagulase
	Catalase
	Urease
	Indole
	Bacteriocin
	Optochin

	Staphylococcus epidermidis
	Negative
	Negative
	Positive
	Negative
	Negative
	Negative
	Resistant

	Staphylococcus aureus
	Positive
	Positive
	Positive
	Negative
	Negative
	Positive
	Sensitive

	Staphylococcus saprophyticus
	Positive
	Negative
	Positive
	Negative
	Negative
	Negative
	Resistant

	Enterococcus faecalis
	Negative
	Negative
	Negative
	Positive
	Negative
	Positive
	Sensitive

	Streptococcus viridians
	Negative
	Negative
	Negative
	Negative
	Negative
	Negative
	Resistant



[bookmark: _Hlk226195113]In addition, antibiotic susceptibility testing among the nine isolates revealed widespread resistance patterns, with all nine isolates (100%) showing resistance to at least one of the tested antibiotics. where three isolates (33%) showed resistance to three or more antibiotics: S saprophyticus (resistant to AMC, NV, VA), and two E. faecalis isolates (each resistant to NV, CIP, AZM). Levofloxacin (LEV) was the most effective agent, with sensitivity observed in all isolates, as shown in Table 4.
Table 4 Antibiotic sensitivity profile among the Isolated Bacteria from the Oral Cavity of Echis carinatus sochureki.
	N
	Sample
	AMC
	NV
	LEV
	CIP
	AZM
	VA

	1
	Staph. Epidermidis
	R
	S
	S
	S
	_
	_

	2
	Staph. Aureus
	S
	R
	S
	S
	S
	S

	3
	Staph. Saprophyticus
	R
	R
	S
	S
	S
	R

	4
	E. faecalis
	S
	R
	S
	R
	R
	S

	5
	Strep. Viridians
	S
	R
	S
	S
	_
	R

	6
	Staph. Epidermidis
	R
	S
	S
	S
	S
	_

	7
	E. faecalis
	S
	R
	S
	R
	R
	S

	8
	Staph. Aureus
	R
	R
	S
	S
	S
	S

	9
	Staph. Aureus
	S
	S
	S
	S
	R
	S



Discussion:
The current study reveals that the oral cavity of Echis carinatus sochureki harbors a cultivable bacterial community primarily of Gram-positive cocci, especially staphylococci and enterococci.  Our study agrees with previous studies on culture-based venomous snakes, such as that conducted by Padhi et al. (2020) [14], which reported a dominance of aerobic and facultative anaerobic bacteria in Echis carinatus.  Also, similar results were described in Bothrops lanceolatus by Résière et al. (2018) [27] where Gram-positive cocci constituted an important part of the oral microbiota. 
Our study reveals that Staphylococcus epidermidis constitutes 35% of the bacterial population, indicating that coagulase-negative staphylococci are stable colonizers of the oral cavity in snakes [19]. Although these bacteria are often considered commensals, they possess the ability to form biofilms and have opportunistic pathogenic characteristics[28]. Their frequent presence in oral and skin sites has been documented in human studies, such as that conducted by Hirose et al. (2024) [29], suggesting that similar ecological principles may govern colonization in various vertebrate hosts. Additionally, we also detected S. aureus in 25% of the samples, a bacterium known for its ability to form biofilm and virulence factors such as hemolysins [30]. The presence of beta-hemolytic strains among the isolates also supports their potential for causing pathogenicity, which can contribute to secondary infections and tissue necrosis in snakebite wounds, according to a review by Bonilla-Aldana et al. (2024) [10], which detected the Gram-positive staphylococci as common pathogens following toxicity. The S. saprophyticus was detected in 20%; this bacterium is primarily associated with urinary tract infections in humans, and its presence in the oral flora of reptiles suggests it has adapted to its environment, a study by Garbacz et al. (2021) [31] detected that various staphylococcal species can colonize the oral cavity and may carry antibiotic resistance determinants. E. faecalis was detected in 15%; enterococci are resilient bacteria that can survive nutrient limitation, desiccation, and exposure to antimicrobial agents; this ecological flexibility, as described by Cattoir (2022) [32], conforms to their genetic diversity and adaptability. Komiyama et al. (2016) [33] showed that enterococci can carry virulence factors and exhibit antimicrobial resistance. Also, Parga A et al. (2025)[34] described the ecological role of E. faecalis within polymicrobial biofilms, especially root canal infections. The ability to partially lyse red blood cells, consistent with the alpha-hemolytic behavior observed in this study, increased the potential for opportunistic tissue damage following a snakebite. In our study, S.  viridans was detected in 5% of cases, which is consistent with its role in the oral environment as a commensal bacterium [35]. Its alpha-hemolytic profile is consistent with findings in vertebrate hosts; although less prevalent, its presence suggests that the oral cavity of snakes can harbor bacteria typically associated with mucosal biofilms [36].
The high prevalence of alpha-hemolysis, 60%, suggests partial hemolytic activity is common among isolated flora. This may indicate a modification to mucosal environments rather than overt virulence [37]. In contrast, the beta-hemolytic effect that was detected in Staphylococcus aureus confirms the presence of cytotoxic toxins, which may cause tissue damage in snakebite wounds [38]. The oral microbiota of snakes includes both commensal and pathogenic species, as confirmed by the variation in hemolytic activity among the isolated, and this is consistent with the findings of a study by Larréché et al. (2023) [39], who found the importance of identifying virulence to support antimicrobial therapy in managing snakebites. Although in our study the isolates showed sensitivity to LEV, other isolates developed resistance to other antibiotics, specifically E. faecalis, which is consistent with the increasing resistance among animal and environmental enterococci, consistent with global trends [39,40]. Ecologically, these characteristics lead to the development of resistance, which may be due to antibiotic exposure within microbial communities and selective pressure [41]. In addition, snake oral bacteria serve as important reservoirs for the evolution of pathogens and resistance genes [42]. And this reflects the wide antimicrobial pressures found in their ecosystems.
Conclusions 
The present study aims to screen and identify selected anaerobic bacteria from the oral cavity of Echis carinatus sochureki in Iraq. This investigation seeks to characterise their phenotypic and biochemical properties and to evaluate their potential clinical relevance. The findings may contribute to improved understanding of the oral microbiota of this species and support more appropriate therapeutic strategies for the management of snakebite-related infections.
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