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Isolation and evaluation of antimicrobial-resistant patterns of food-borne Salmonella Enteritidis from Chicken meat samples.
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ABSTRACT 
	
Aims: This study was undertaken to isolate and evaluate the antimicrobial resistance pattern of food-borne Salmonella Enteritidis from the chicken meat samples.
Study design: Cross-sectional study.
Place and Duration of Study: Samples collected from various retail chicken outlets of the Thoothukudi district of Tamil Nadu between January 2025- May 2025.
Methodology: 100 chicken meat samples were randomly collected from various sources and processed for isolation of Salmonella Spp. as recommended by the FDA by pre-enrichment in buffered peptone water, followed by enrichment and streaking in Rappaport-Vassiliadis broth and XLD agar, respectively. Then the presumptive isolates were stained and biochemically characterized using standard procedures. The typical isolates were finally confirmed using S. Enteritidis-specific PCR and evaluated for their antibiotic sensitivity profile.
Results: Among the 100 chicken samples processed for isolation, 16 samples showed typical presumptive colony morphology in selective media; However, among those, 7 were confirmed as Salmonella Spp. by biochemical tests. Out of those 7 biochemically characterized Salmonella Spp. 6 were confirmed as Salmonella Enteritidis by serovar-specific PCR. All six characterized isolates were resistant to multiple groups of antibiotics, viz. Nalidixic Acid, Sulfadiazine, Cefpodoxime, Cefoperazone, Gentamicin, Tetracycline, and Amoxicillin in in vitro sensitivity analysis.
Conclusion: This alarming increase in antimicrobial resistance in foodborne pathogens needs extensive research and education to overcome the threat in the near future.
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1. INTRODUCTION 	Comment by Пользователь Windows: The Introduction is informative and provides an extensive epidemiological background on salmonellosis, but it is overloaded with general WHO data, which overshadows the specific rationale for the study. It would be beneficial to shorten this section and focus on regional aspects, such as antimicrobial usage patterns in local poultry farms and their potential link to S. Enteritidis dissemination.

Foodborne diseases cover a wide range of illnesses and are an increasing public health concern globally. Nearly one-third (30%) of all deaths caused by foodborne diseases occur in children under 5 years old, even though they represent only 9% of the world's population. Each year, up to 600 million people, or about 1 in 10 worldwide, become ill after eating contaminated food, resulting in 420,000 deaths, including 125,000 children under 5 (WHO, 2020). The WHO South-East Asia Region has the second-highest burden, with 150 million cases of foodborne illnesses and 175,000 deaths annually. Approximately 60 million children under five fall ill, and 50000 die from foodborne diseases each year in the South-East Asia Region (WHO, 2020). 
[bookmark: _Hlk212412799]Foodborne diseases are caused by approximately 250 pathogens, including bacteria, viruses, and parasitic organisms, of which Salmonella is one of the four key global causes of food-borne diarrhoeal diseases (Orji et al., 2005) in both humans and animals. Outbreaks of salmonellosis in humans have often been associated with the consumption of contaminated raw chicken meat, eggs, beef, pork, seafood, and vegetables (Pires et al., 2014). Among these, chicken meat and eggs are the types of food that cause salmonellosis most often (Jackson et al., 2013; Middleton et al., 2014). In mammals and birds, detection of intestinal colonization is based on the isolation of the organism from feces, rectal swabs, and/or caecal contents.
[bookmark: bbb0335]Genus Salmonella, a gram-negative rod belonging to the family Enterobacteriaceae, comprises two species- Salmonella enterica and Salmonella bongori, and more than 2500 serovars based on O and H antigen serotyping according to the Kauffman–White scheme (Dunkley et al., 2009; Andino et al., 2015). Salmonella enterica subsp. enterica comprises 1,531 serovars, which are largely associated with human infections (Crum-Cianflone, 2008), commonly acquired by consumption of contaminated food. Although typhoidal Salmonellae remain an important cause of morbidity and mortality, non-typhoidal Salmonellae are a leading cause of food poisoning and enteric infections and have emerged as an important public health problem worldwide, with about 93.8 million cases annually (WHO, 2020). A characteristic feature of non-typhoidal Salmonellae is their wide host range, which comprises most animal species, including mammals, birds, and cold-blooded animals, in addition to humans (Pires et al., 2009). Among the non-typhoidal Salmonella, Salmonella enterica subspp. enterica serovar Enteritidis and Salmonella enterica subspp. Salmonella enterica serovar Typhimurium are two most important serovars of Salmonella transmitted from animals to humans in most parts of the world.
Salmonella infections have been recognized in all countries, but appear to be more prevalent in areas of intensive animal husbandry, especially poultry, cattle, and pig farming. The primary hosts for non-typhoidal Salmonella include cattle, swine, poultry, wild birds (gulls), and pets, which excrete this organism in feces, which in turn can contaminate various food sources and the environment. Many asymptomatic livestock play a role as carriers of human pathogens, and their feces may contain high concentrations of the organisms, which are rarely detected during routine ante-mortem examination.
[bookmark: bbb0115]Antimicrobial resistance in non-typhoidal Salmonella has been a global problem. The widespread use of antibiotics in food animal production systems has resulted in the emergence of antibiotic-resistant bacteria that can be transmitted to humans through the food chain. Overall, the largest quantities of antimicrobials are used as regular supplements for prophylaxis or growth promotion in the feed of animal herds and poultry flocks. This results in the exposure of many animals, irrespective of their health, to frequently subtherapeutic concentrations of antimicrobials. In the early 1990s, a distinct multidrug-resistant strain of phage type 104 (DT104) S. Typhimurium was isolated and found to be simultaneously resistant to 5 antimicrobial agents (ampicillin, chloramphenicol, streptomycin, sulfonamide, and tetracycline) (Mølbak et al., 1999). Recently, the increasing prevalence of multi-drug resistant (MDR) Salmonella and resistance to clinically important antimicrobial agents such as fluoroquinolones and third-generation cephalosporins has been an emerging problem worldwide (Brands et al., 2005). In view of the above facts, the present study is designed to isolate and evaluate the antibiotic sensitivity profile of foodborne Salmonella Enteritidis from the chicken meat samples in the Thoothukudi district of Tamil Nadu.

2. material and methods 	Comment by Пользователь Windows: The Materials and Methods section is well described, allowing for reproducibility. However, the inclusion of detailed descriptions of routine biochemical tests (e.g., catalase, oxidase, and indole tests) appears redundant. For an international audience, it would suffice to reference standard protocols (such as CLSI, ISO, or Bergey’s Manual) instead of providing step-by-step details. On a positive note, the authors’ use of molecular confirmation (PCR targeting the sdf gene) adds scientific rigor to the study. Biosafety compliance and the use of controls in PCR are also commendable.


2.1 Study Area and Sample Collection
Thoothukudi is one of the coastal districts located in the southern region of Tamil Nadu. The present study is designed to isolate and evaluate the antibiotic sensitivity profile of foodborne Salmonella Enteritidis from chicken meat samples collected from various local meat shops in the Thoothukudi district. By following simple random sampling, 100 chicken samples (n 100) of 50g were collected from different local retail meat shops in clean, sterile screw capped plastic containers. 

2.2 Isolation and Identification of Foodborne Salmonella Spp
Isolation of Salmonella Spp. was performed as recommended by the FDA (Cui et al., 2006).  In brief, 1 g of chicken meat samples was inoculated in 9 ml of buffered peptone water (Hi Media) and incubated at 37°C for 18- 24 h in an incubator. For selective enrichment, 0.1 ml of the pre-enriched inoculum from BPW was transferred to 5 ml of Rappaport-Vassiliadis (RV) enrichment broth (Hi Media) and incubated at 42°C for 24-48 h. A loopful of inoculum from RV broth was streaked on XLD Agar (Hi Media) plates and incubated at 37°C for 24 h. The presumptive Salmonella colonies (4-5 colonies/ plate), appearing as glistening colonies with a black center (resulting from H2S production) on Xylose Lysine Desoxycholate (XLD) agar, were further subjected to Gram staining and biochemical characterization.

2.3 Biochemical characterization of Isolates
The presumptive Salmonella colonies (4-5 colonies/ plate) were subjected to Gram staining. The colonies that revealed the organisms as Gram-negative bacilli were screened for biochemical tests as per Bergey’s Manual of Systematic Bacteriology (1984).

2.3.1 Catalase test: 
The presumptive colonies were taken onto a clean glass slide separately with a sterile toothpick, and a drop of 3% hydrogen peroxide (H2O2) was placed over them. The prompt effervescence within a second was considered positive for catalase.

2.3.2 Oxidase test: 
The suspected colonies were rubbed on the strip of filter paper soaked in a freshly prepared solution of tetramethyl-p-phenylene-diamine (Hi-Media, Mumbai). Development of deep purple color within 5-10 seconds was considered as oxidase positive, while no coloration even after 60 seconds was considered as oxidase negative.

2.3.3 Indole test: 
The colonies were cultured in a medium containing tryptophan and incubated at 37˚C for 24-48 hrs. The positive reaction was detected by the addition of 0.5 ml Kovac's reagent containing p-dimethylaminobenzaldehyde, which, on gentle shaking, produced a red color ring in the surface layer within 10 min.

2.3.4 Methyl Red and Voges-Proskauer (MR-VP) test: 
Loopful fresh growth of the test culture was transferred onto glucose phosphate peptone water and incubated for 36-48 hrs at 37˚C. For the MR test, a drop of methyl red indicator was added to the broth and observed for the development of a bright red color in case of a positive reaction. For the VP test, to the overnight grown cultures, 0.2 ml of potassium-naphthol solution (5 per cent) was added, and the tube was shaken vigorously. The cotton plugs were then removed and left for an hour at room temperature. The development of pink-red color was considered a positive test.

2.3.5 Citrate utilization test: 
Citrate utilization test was conducted on the test organisms by streaking and stabbing the slope and butt of the slants, respectively. Inoculated slants were incubated at 37˚C for 24-48 hrs. Positive reaction was indicated by a change in the color of the media to blue.

2.3.6 Nitrate Reduction Test: 
A loopful of the test culture was inoculated in sterile nitrate broth and incubated for 48 hrs at 37˚C. To the broth culture, 0.8 per cent sulphanillic acid and 0.6 per cent α-napthalamine (ratio 1:1) were added (0.1ml each) and observed for the development of pink-red color due to the reduction of nitrate to nitrite.

2.3.7 Urease test: 
The suspected colonies were inoculated onto the urease agar slants and incubated at 37°C for 18-24 hrs. The change in color from yellow to bright pink was treated as positive.

2.3.8 Triple sugar iron (TSI) test: 
Suspected colonies were subjected to the TSI test for confirmation of genus. TSI slants were first streaked on the slope and then stabbed in the butt. Inoculated slants were then incubated at 37°C for 24 hrs. The tubes showing pink slope (alkaline reaction), yellow butt (acidic reaction), and blackening (H2S production) were considered to be positive for Salmonella.

2.4 Molecular Confirmation of Foodborne Salmonella Enteritidis.
[bookmark: _Hlk37734712]The biochemically confirmed test isolates were validated by PCR assay by targeting S. Enteritidis serovar-specific sdf gene (Nair et al., 2015). In brief, the optimized PCR master mix for serovar-specific sdf genes involved a reaction mixture of 2.5 µl of 10X PCR buffer (100 mM Tris-HCl buffer pH-8.3 with15 mM MgCl2, 500 mM KCl, and 0.01% gelatin ),1µl of 50 mM MgCl2, 1 µl of dNTP mix (final concentration-1 mM), forward as well as reverse primers (10 picomoles) (Eurofins Pvt. Ltd., Bangaluru) (Table 1), Taq DNA polymerase (1U) enzyme (3B Black Bio, Spain), DNA template (4µl) and nuclease-free water to make up the final volume of 25 µl. The PCR cycling condition for detection of the sdf genes includes an initial denaturation of 94°C for 5 min, followed by 35 cycles of denaturation (94°C for 30 sec), annealing (57°C for 1 min), and extension (72°C for 1 min 30 sec), respectively, followed by a final extension at 72°C for 7 min and hold at 4°C. The amplified PCR products were separated in a 1.5% agarose gel (GeNei, India) and visualized using an Ultraviolet agarose gel documentation system (UVP Gel Seq Software). The Institute biosafety guidelines were followed to dispose of the ethidium bromide agarose gel.  

Table 1.      Primer Sequence Details of the Sdf I gene
	Target Gene
	Organism
	Primer Sequence
	Product Size
	Reference

	Sdf I  
	Salmonella Enteritidis
	F: (5ˊ- TGT GTT TTA TCT GAT GCA AGA GG-3ˊ)
R:( 5ˊ- TGA ACT ACG TTC GTT CTT CTG G-3ˊ)
	304 bp
	De Freitas et al., 2010



2.4 Antimicrobial sensitivity testing
The antibiotic susceptibility testing was performed as per the standard guidelines provided by the Clinical Laboratory Standards Institute (CLSI, 2018). Briefly, the confirmed and validated isolates of S. Enteritidis (n=6) were tested for their susceptibility towards antibiotics using the following antibiotic discs,  Ampicillin (AM-10 µg), Cefotaxime (CTX-30 µg), Cefopodoxime (CPD-10 µg), Cefepime (CPM-10 µg), Ceftazidime (CAZ-30 µg), Cefoperozone (CPZ-75 µg), Meropenem (MRP-10 µg), Imipenem (IPM-10 µg), Nalidixic Acid (NA-30 µg), Aztreonam (AT-30 µg), Chloramphenicol (C-30 µg), Levofloxacin (LE-5µg), Nitrofurantoin (F/M-300 µg), Azithromycin (AZM-15 µg), Kanamycin (K-30 µg), Sulfadiazine (SD-25 µg), Tetracycline (TE-30 µg), Sulfafurazole (SF-300 µg), Amoxyclav (AMC-30 µg), and Gentamicin (GM-10 µg), respectively. In brief, a single isolated colony for each test isolate was transferred into 2 ml of nutrient broth and grown overnight at 37°C. After incubation, one ml of the test isolate culture was centrifuged (5000 rpm for 5 min) to obtain a culture pellet. The obtained pellet of each test isolate was resuspended in freshly prepared sterile normal saline solution (NSS) to achieve an optical density of a culture equivalent to 0.5 McFarland standard turbidity unit (approx. - 1.50 × 108 CFU/ml count). These adjusted cultures were then uniformly lawned on Mueller-Hinton (MH) agar plates using a sterile cotton swab. The uniformly swabbed plates were allowed to dry for 5 min, after which the above-mentioned antibiotic disc (5 antibiotic discs per plate) was aseptically placed on the lawned agar surface using sterile forceps.  The plates were then incubated at 37°C for 18 to 24 h, and after incubation, the inhibition zone diameter obtained was measured using a measuring scale. The data obtained was used to interpret the test isolate as sensitive, resistant, and/or intermediate resistance against the respective antibiotic by following the CLSI guidelines (CLSI, 2018). 
3. results and discussion	Comment by Пользователь Windows: The Results and Discussion section presents data clearly through figures and tables, yet lacks in-depth analytical interpretation. The authors mainly describe findings without providing sufficient statistical or comparative analysis. Including correlation analysis between sample sources and resistance profiles or comparing resistance rates with previous studies (both local and global) would strengthen this section. Moreover, some figures lack proper English captions and detailed explanations, reducing their informative value.


As Salmonella Enteritidis is one of the major food-borne pathogens causing various illnesses in humans and animals, A total of 100 chicken meat samples were collected aseptically from local poultry meat shops of the Thoothukudi district of Tamil Nadu and processed for isolation, identification, and evaluation of antibiotic-resistant profile. Out of 100 meat samples, 16 samples yielded typical presumptive Salmonella colonies (Glistening colonies with black centre) in XLD agar (Fig. 1). Smears were made from all the 16 presumptive colonies and stained with Gram staining; it confirmed that all the presumptive colonies were of Gram-negative bacilli (Fig. 2). Further, all the presumptive isolates were subjected to biochemical characterization including TSI revealed 7 typical Salmonella Spp. and those labelled as S1-S7 (Table 2).  However, while analyzing by PCR targeting S. Enteritidis serovar-specific Sdf I gene, it was observed that 6 isolates could amplify the gene (product size 304 bp) (Fig. 3), revealing 6 confirmed S. Enteritidis isolates, and all the remaining samples were found to be negative for S. Enteritidis. The occurrence of Salmonella spp. in the meat samples might be due to the cross-contamination through the litter mixed with poultry droppings, which acts as an important source of these microbes. A low prevalence of Salmonella spp. from the poultry was also reported in other countries, such as Nepal (9%), Ethiopia (4.7%). Interestingly, this trend appears to be contrary in Nigeria, as the findings of a study reported a high prevalence of (47.9%) of Salmonella spp. Isolated from poultry. Besides, none of the stock feed samples in this study yielded positivity for Salmonella spp., which is in contrast with the findings of Ngai et al. (2020). 

[image: ]
Fig. 1. Typical Salmonella Spp. Colonies in XLD agar

[image: C:\Users\Dell\Desktop\IMG-20190615-WA0117.jpg]
Fig. 2. Gram-negative bacilli under 100X oil immersion field


Table 2.	Chemical Characterization of Presumptive Salmonella Isolates (S1-S7)

	S.N.
	Biochemical tests
	Reaction

	1.
	Gram staining
	G-ve

	2.
	Catalase
	+ve

	3.
	Oxidase
	-ve

	4.
	Indole 
	-ve

	5.
	Methyl red
	+ve

	6.
	Voges Proskauer test
	-ve

	7.
	Citrate
	+ve

	8.
	Nitrate	
	+ve

	9.
	Urease
	-ve

	10.
	TSI
	+ve (pink slope, yellow butt, and H2S production indicated by blackening).



Further, all six confirmed S. Enteritidis were evaluated for their antibiotic susceptibility profile using in vitro antibiotic sensitivity testing in Muller-Hinton agar with different antibiotic discs as per CLSI guidelines, showing that all the tested isolates were completely resistant to Nalidixic Acid and Sulfadiazine. Some were resistant to Cefpodoxime, Cefoperazone, Gentamicin, Tetracycline, and Amoxyclav. Cefepime, Meropenem, Imipenem, Levofloxacin, and Azithromycin were found to be highly effective against all tested isolates. Susceptibility to other antibiotics was variable (Table 3). This finding reflects the fact that the commercial poultry feed commonly used in broiler farming is medicated with antimicrobials both for prophylaxis as well as growth promotion, which leads to an increase in AMR (Ngyuen et al., 2015).
[image: ]

Fig. 3. Results of S. Enteritidis serovar-specific PCR

L- 100 bp Ladder; S1-S6 – Samples (304 bp); -Ve – Negative Control; +Ve – Positive Control





Table 3.	Antibiotic Sensitivity Profile of S. Enteritidis 

	Isolate ID
	AM
(10 µg)
	CTX
(30 µg)

	CPD
(10 µg)
	CPM
(10 µg)
	CAZ
(30 µg)
	CPZ
(75 µg)
	MRP
(10 µg)
	IPM
(10 µg)
	NA
(30 µg)
	AT
(30 µg)
	C
(30 µg)
	LE
(5 µg)
	F/M
(300 µg)
	AZM
(15 µg)
	K
(30 µg)
	SD
(25 µg)
	SF
(300 µg)
	AMC
(30 µg)
	GM
(10 µg)
	TE
(30 µg)

	S1
	S
	S
	R
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S

	S2
	R
	I
	R
	S
	R
	S
	S
	S
	R
	S
	S
	S
	I
	S
	S
	R
	S
	S
	S
	S

	S3
	S
	S
	R
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S
	S
	S
	R
	S
	S
	S
	S

	S4
	R
	S
	S
	S
	S
	I
	S
	S
	R
	S
	S
	S
	S
	S
	S
	R
	R
	R
	R
	R

	S5
	R
	I
	S
	S
	R
	R
	S
	S
	R
	S
	I
	S
	S
	S
	R
	R
	R
	R
	S
	R

	S6
	R
	S
	I
	S
	S
	R
	S
	S
	R
	S
	S
	S
	S
	S
	S
	R
	S
	R
	R
	R


R- Resistant; S – Sensitive; I- Intermediate

4. Conclusion	Comment by Пользователь Windows: The Conclusions are concise and accurate but merely restate the results rather than synthesizing broader implications or offering practical recommendations. It would be helpful if the authors highlighted how their findings could inform antibiotic stewardship in poultry production and food safety monitoring programs.


To conclude, Non-typhoidal Salmonella (NTS) has emerged as one of the leading causes of food-borne infections throughout the world. The majority of food-borne Salmonellosis is caused by two important strains, viz., S. Enteritidis and S. Typhimurium. Among these, S. Enteritidis was found to be closely associated with the poultry sector. In this study, a total of seven S. Enteritidis isolates were isolated from the chicken meat samples collected from the various retail outlets in the Thoothukudi district of Tamil Nadu. Further, the isolates were confirmed using conventional culturing, staining, and Molecular PCR techniques. However, the antimicrobial sensitivity profiles of all six isolates were evaluated. Most of the Isolates were resistant to the commonly used antibiotics, viz. Nalidixic Acid, Sulfadiazine, Cefpodoxime, Cefoperazone, Gentamicin, Tetracycline, and Amoxicillin. This alarming increase in AMR in the poultry sector needs exhaustive research in similar aspects to be undertaken from a public health point of view in addressing the issues of AMR in the poultry production chain, with due emphasis on the human-animal-environmental interface, which holds the thrust area of ‘one health’ research.
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