



Isolation, Identification, and Antibiotic Resistance of Salmonella spp. in Poultry in Iraq Using the VITEK® 2 Compact System
Abstract
Background: salmonellosis is one of the most widespread zoonoses in developed countries. Salmonella bacteria are widespread among domestic and wild animals. Aim: The authors studied the etiological structure and distribution of salmonellosis in poultry. Conduct an analysis of the study of salmonella isolated from  poultry in iraq veterinary laboratories in response to various antibiotic drugs.determine the prevalence of Salmonella resistance to specific drugs. Methods: we take 100 sample from poultry tissue after that culture on nutrient and selective media and use antibiotic sensitive test for detection relevance of antibiotic resistance. The reported data show that the highest number of positive results were recorded for poultry (54%), . Results: The most frequently isolated salmonella serovars in animals in 2024 were: S. enteritidis (35.96%), S. typhimurium (13.7%),  S. gallinarum pullorum (8%). A high percentage of detection of Salmonella serological variant S. enteritidis was noted in poultry .the causative agent of salmonellosis was detected in products of animal origin in 804 cases. When monitoring food products for salmonellosis, the largest number of cultures were isolated from poultry meat (19) in 2022,S. enteritidis (8), S. typhimurium (2)  being predominant. The number of positive results were found in the control of poultry (19) in 2022. Conclusion: In 2022 , veterinary laboratories in the iraq conducted 100 studies for antibiotic resistance, testing 19 Salmonella cultures isolated from poultry, which constitutes 77.1% of the total number of isolated Salmonella cultures. An analysis of antibiotic resistance of Salmonella from biomaterials and food products to more than 30 antibacterial drugs was conducted. High resistance of poultry Salmonella pathogens to penicillin group drugs, cephalosporins and fluoroquinolones, polymyxin, erythromycin, chloramphenicol, and tetracyclines was established.
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Introduction

Salmonella belong to the Enterobacteriadeae family, genus Salmonella. This is a large group, numbering over 2,500 serovars. According to the modern classification proposed by the World Health Organization in 1987, the genus Salmonella includes only one species. This species has 7 subspecies. Each subspecies is divided into serovars according to the O- and H-antigen specificity of the strains. Salmonellosis occurs in all regions of the world. Salmonella bacteria are widespread among domestic and wild animals. Primarily among animals used by humans for food, such as poultry, pigs, and cattle; and among pets, including cats and dogs, birds, and reptiles, such as turtles[1].

Currently, it is one of the most common zoonoses in developed countries. The incidence of salmonellosis is increasing worldwide, especially in large cities, due to urbanization and overcrowding, poor sanitation, pollution, and environmental degradation. Salmonellosis occurs both as cluster outbreaks, usually of foodborne origin, and as sporadic cases. The severity of the disease can depend on factors related to the resistance of the host and the Salmonella strain[2].

According to WHO estimates, tens of millions of human cases occur worldwide each year. And in more than one hundred thousand cases, the disease is fatal. All serotypes can cause disease in humans. Some are host-specific. For example, Salmonella Dublin infects cattle. And Salmonella cholerae suis infects pigs. When these specific serotypes cause disease in humans, it is often invasive and can be life-threatening [3, 4]. However, most serotypes are present in a wide range of hosts. Such strains usually cause gastroenteritis, which is often uncomplicated and does not require treatment. But it can be severe in children, the elderly, and immunocompromised patients. This group includes Salmonella enteritidis and Salmonella typhimurium, the two most important serotypes of salmonellosis. Transmitted from animals to humans in many countries worldwide. Also of epidemiological significance for humans are the serotypes S. Panama, S. infantis, and S. Newport. S. Agona. S. Derby. S. London and others[5].

poultry carrying the bacteria pose the greatest epidemiological risk due to their lack of any signs of disease. The risk of infection also exists through the consumption of food products contaminated with salmonella, which can occur if animal slaughter and butchering practices are improper, if product placement is improper, and if sanitary and hygienic requirements are not met at livestock production facilities [6].

Since the early 1990s, the widespread use of antibiotics has led to the emergence of Salmonella strains resistant to a wide range of antimicrobials, which now pose a serious public health problem. Resistant clones persisting in animals can be transmitted to humans through the food chain[7].

A wide range of antibiotics are currently used for treatment. This group of drugs has a complex classification based on:

1-spectrum of antimicrobial action against microorganisms (gram-positive, gram-negative microorganisms):

2-chemical structure - beta-lactams (penicillins and cephalosporins), aminoglycosides, tetracyclines, macrolides, fluoroquinolones and others;

3-type of action on microorganisms - bactericidal (penicillins, aminoglycosides, cephalosporins, rifampicin), bacteriostatic (tetracyclines, macrolides);

4-mechanism of action - preventing the formation of the microorganism's cell wall (penicillins and cephalosporins), destroying the molecular structure and functioning of cell membranes (antifungal antibiotics), preventing the production of RNA polymerase (rifampicin), protein and nucleic acids at the ribosome level (macrolides, tetracyclines, aminoglycosides).

When prescribing antibiotics, it is essential to adhere to the rationale for using a particular antibiotic ("rational antibacterial therapy"). Isolation of the pathogen and determination of its susceptibility to drugs are essential. The choice of drug must be based on its mechanism of action and route of administration.

The aims:

1-Conduct an analysis of the study of salmonella isolated from meat poultry in iraq veterinary laboratories in response to various antibiotic drugs.

2-To determine the prevalence of Salmonella resistance to specific drugs.

3-To identify potential problems for humans associated with resistance in microbial strains isolated from animals and to accumulate data on changes in the prevalence of resistance.

Materials and Methods
Study duration and location:

The study was conducted at the Faculty of Veterinary Medicine / University of Kufa and also the Veterinary Teaching Hospital in Kufa from January to October 2025. Using sterile polythene bags, the samples of raw chicken meat from 20 retail markets in Al- Najaf city at random. The collected meat samples were then transported to the laboratory using an ice box. 

Preparation of samples:

A total 100 samples of raw chicken meat, each weighing 250 grams, were collected under aseptic conditions. After homogenizing the samples, 10 grams of the total 250 grams were placed in a sterile stomacher bag sack with 90 milliliters of sterile 0.5% peptone water (Himedia) (Erdem et al., 2014). 

Isolation of bacteria:

Samples were enriched in selenite cystine broth before being cultivated on Salmonella–Shigella (SS) agar to isolate Salmonella. For further analysis, the isolated pure colonies were kept on nutrient agar slants and in 20% sterile buffered glycerin.

(Cheesbrough, 2006). Xylose–lysine–deoxycholate (XLD) agar was used to observe additional cultural features. (Cheesbrough, 2006).  Biochemical tests were used to identify the isolated microbial strains (Bendanarski, 2006). Triple sugar iron (TSI) and lysine iron agar (Oxoid, Hampshire, England) were used to inoculate colonies, which were then incubated for 24 hours at 37°C. The diagnosis was verified using the matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) profile, which is based on a methodology that was previously established (Shehata et al., 2013).  

The used methods for Salmonella isolation  were according to there commended techniques by the International Organization for Standardization (ISO 6579, 2002). The isolation involves three steps: pre enrichment broth media, enrichment in selective media, plating on selective media and biochemical confirmation of suspected colonies from selective agar media.

The sensitivity of 19 isolated Salmonella cultures was determined to 33 antibacterial drugs used to treat animals in the Iraq : gentamicin, kanamycin, polymyxin, tetracycline, cefazolin, ampicillin, amoxicillin, benzylpenicillin, ciprofloxacin, enrofloxacin, chloramphenicol, doxycycline, erythromycin, streptomycin, neomycin, furazolidone, tylosin, ofloxacin, norfloxacin, cephalexin, ertapinem, carbenicellin, lincomycin, cefotaxime, enromag, ditrim, penbex, disparcol, co-trimaxazole, furazolidone, oxycillin, amikacin, rifampicin. antibiotic susceptibility testing (AST)  by using VITEK system.

Statistical Analysis
Were Data  analyzed using IBM SPSS Statistics (v.19; IBM Corp., USA). the Differences in antibiotic resistance and associated species prevalence were evaluated using the Chi-square and Fisher’s exact tests.A significant association was observed between serotype and antimicrobial resistance (p < 0.05).
Research results. 

 samples of pathological and biological material were subjected to bacteriological testing, including 19 (19.1%) for salmonellosis. The number of tests for salmonellosis amounted to 100 (100% of the total volume of tests), the number of positive results was 81 (81.6% of the total number of positive results for bacterial diseases like E.coli).
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Fig1: salmonlla spp. On XLD agar

In 2022, the At the Faculty of Veterinary Medicine of the University of Kufa and also the Veterinary Teaching Hospital in Kufa detected 100 Salmonella cultures of 4 serotypes from farm and poultry.  A total of 100 Salmonella strains were detected The number of studies conducted by animal species for salmonellosis is presented in 

Table 1.

Table 1. number for salmonellosis

	Animal species
	2022
	

	
	Number of studies conducted
	Number of positive results
	

	poultry
	100
	19
	


Salmonella detection in poultry products. In 2022, the causative agent of salmonellosis was detected in  products in 19 cases, with the largest number of Salmonella cultures detected in poultry (19) .

Table 2. Serological variants serotyping (e.g., Kauffman-White scheme) of Salmonella isolated from food samples (2024).

	No. p/p
	Salmonella serotypes
	poultry meat
	Isolation percentage %

	1
	Salmonella Dublin
	1
	1/19 (5%)

	4
	Salmonella enteritidis
	8
	8/19 (42%)

	5
	Salmonella D
	2
	2/19 (10%)

	7
	Salmonella gallinarum pullorum
	1
	1/19 (5%)

	11
	Salmonella infantis
	1
	1/19 (5%)

	12
	Salmonella virchow
	2
	2/19 (10%)

	15
	Salmonella B
	2
	2/19 (10%)

	17
	Salmonella hingola


	1
	1/19 (5%)

	18
	Salmonella Muenchen
	1
	1/19 (5%)

	TOTAL number in 2022
	19
	


From the data presented in Table 2 it follows that during the control of food products for salmonellosis the greatest number of cultures were isolated from poultry meat (19), and S. enteritidis (8) being the most prevalent. A large number of cultures positive  (81) were 19 samplies salmonellosis positives (and the anthor areother bacteria), mainly these were cultures isolated from poultry meat (100). Due to the fact that salmonella typing is not mandatory during the control of food products, the explanatory note to the 4-vet report often lacks data on typing.

Analysis of antibiotic resistance studies of Salmonella isolated in the laboratory. In 2024, veterinary laboratories in the iraq conducted 19 antibiotic resistance tests, testing 19 Salmonella cultures isolated from animals, representing 19% of the total number of Salmonella cultures isolated.The largest number of cultures tested for antibiotic sensitivity (43%) were isolated from poultry.

Table 3: Salmonella  Antimicrobial Susceptibility Profile by VITEK system

	Antimicrobial Agent
	MIC
	Interpretation

	Ampicillin
	0,1
	R

	Amoxicillin/Clavulanic Acid
	0,1
	R

	Ampicillin / Sulbactam
	<=2
	S

	Ticarcillin
	0,1
	R

	Ticarcillin /Clavulanic Acid
	0,1
	R

	Piperacillin
	0,1
	R

	Piperacillin/Sulbactam
	0,1
	R

	Piperacillin/Tazobactam
	<=4
	S

	Cefotiam
	0,1
	R

	Cefoxitin
	0,1
	R

	Cefixime
	0,1
	R

	Cefotaxime
	1
	S

	Ceftazidime
	32
	R

	Ceftazidime/Avibactam
	>=16
	R

	Ceftolozane/Tazobactam
	8
	S

	Cefepime
	0.5
	S

	Cefpirome
	0,1
	R

	Cefquinome
	0,1
	R

	Imipenem
	<=0.25
	S

	Meropenem
	<=0.25
	S

	Amikacin
	<=1
	S

	Gentamicin
	<=1
	S

	Ciprofloxacin
	>=4
	R

	Tigecycline
	<0.5
	S

	Trimethoprim/Sulfamethoxazole
	<=20
	S


According to 2024 reporting, antibiotics commonly used to treat salmonellosis in animals include gentamicin, kanamycin, tetracycline, ampicillin, enrofloxacin, neomycin, and chloramphenicol. Gentamicin is the leading drug among these [9].

High resistance of salmonella cultures was revealed to drugs of the penicillin group (ampicillin - 61.8%, benzylpenicillin - 64.3%), to antibiotics from the aminoglycoside group of the 1st generation (neomycin - 74.2%, kanamycin - 52.8%), tetracyclines (tetracycline - 58%, doxycycline - 44.9%), cyclic peptides (polymexin - 48%).

High resistance of Salmonella isolated from poultry was observed to tetracycline (80%), cefozalin (61.5%), polymyxin (50%), and kanamycin (41.7%). In isolated tests, resistance was also observed to tylosin, enromag, ditrim, penbex, and disparcol. Salmonella cultures isolated from bees were less resistant to gentamicin, enrofloxacin, amoxicillin, ciprofloxacin, and norfloxacin.Analysis of antibiotic resistance of the most significant epizootic and epidemiological serotypes isolated during diagnostic studies of biomaterials from animals.

Serotype S. enteritidis. In the period 2022-2024 we tested antibiotic resistance of 8 strains of S. enteritidis to 20 most frequently used antibiotics. The results of the study showed that the percentage of antibiotic-resistant strains ranged from 23.1 to 100%. A high percentage of antibiotic-resistant strains was revealed when testing with such antibiotics as kanamycin, tetracycline, ampicillin, benzylpenicillin, erythromycin, neomycin, furazolidone, co-trimaxazole, tylosin - from 50 to 100%. Relatively low resistance of S. enteritidis (the number of antibiotic-resistant strains from 23.8% to 32.7%) was noted to such drugs as: ofloxacin, cefazolin, gentamicin, ciprofloxacin, amoxicillin. Overall, the analysis data show that salmonella cultures belonging to the S. enteritidis serotype are highly resistant to antibiotics[10].

S. enteritidis serotype. A total of 8. enteritidis strains were tested for antibiotic resistance, a total of 100 studies were conducted. The results of the studies showed that the percentage of antibiotic-resistant strains ranged from 17.3 to 93.7%. High resistance was found to the following drugs: streptomycin - 93.7%, benzylpenicillin - 80.9%, carbenicillin - 78.6%, co-trimaxazole - 71.7%, erythromycin - 69.1%, lincomycin - 63.9%, etc. Relatively low antibiotic resistance was found to gentamicin - 29.4%, ciprofloxacin - 17.3%, ofloxacin - 22.8%.

Overall, high resistance of S. typhimurium serotype cultures to 75% of the antimicrobial drugs used in testing was detected (resistance was 40% or more).

Serotype S. pullorum gallinarum. A total of 100 studies were conducted on 1 S. pullorum gallinarum cultures for antibiotic resistance. The results of antibiotic resistance analysis showed that the percentage of antibiotic-resistant strains ranged from 16.6 to 87.5%. A high percentage of antibiotic-resistant strains was detected when testing with such antibiotics as kanamycin, tetracycline, ampicillin, benzylpenicillin, erythromycin, neomycin, furazolidone, tylosin, chloramphenicol, and oxycillin—from 40.3 to 92.3%. Relatively low resistance (the number of antibiotic-resistant strains from 9.3% to 26.0%) of S. pullorum gallinarum was detected to norfloxacin - 9.3%, ciprofloxacin - 16.7%, amoxicillin - 26%. Thus, high antibiotic resistance of 40% or more was observed in relation to 69.5% of the antibacterial drugs used in testing[11].

Discussion 

The insights shared in this article shed light on an important and pressing issue regarding Salmonella contamination in poultry within Iraq. It’s clear that this challenge poses significant risks to both veterinary and public health, especially given the worrisome trend of multidrug resistance we’re facing. Among the various strains, S. Enteritidis and S. Typhimurium stand out as the most prevalent in poultry, and this is particularly troubling. These strains are known to be major contributors to human salmonellosis around the globe, creating a direct link between poultry production and potential illness in consumers. At the heart of this discussion is the alarming level of antibiotic resistance that has been documented. Data indicates a concerning resistance to several first-line antibiotics, including penicillins, cephalosporins, tetracyclines, and fluoroquinolones. This situation leaves us with limited options for effective treatment in both animals and humans, and it raises the risk of prolonged infections, more severe illness, and even increased mortality rates. The emergence and ongoing presence of such resistance appear to stem from the historical, and perhaps still continuing, overuse of these antibiotics in poultry farming for various purposes, including treatment, prevention, and growth enhancement. These findings highlight a critical issue that we cannot overlook—a One Health concern. The resistant strains that flourish in food animals can easily make their way to humans through the food we eat, complicating how we manage these health issues. Therefore, this study urges us to recognize the need for an urgent and comprehensive national strategy to address antimicrobial resistance. This includes fostering stricter antibiotic stewardship in agriculture, enhancing our surveillance of resistance patterns, and adopting better biosecurity and hygiene practices throughout every stage of poultry production and processing. It’s a growing threat that calls for our collective attention and action.

Conclusions:

In the etiological structure of animal salmonellosis, the leading role belongs to S. enteritidis (35.96%), S. typhimurium (13.7%), S. Dublin (11.19%), S. cholerae suis (10.13%), S. pullorum gallinarum (8%). It should be noted that such serotypes as S. typhimurium and S. enteritidis are also the most significant in epidemiological terms for humans.According to our data, high resistance of salmonellosis pathogens has been identified to penicillin group drugs, first-generation cephalosporins, polymyxin (cyclic peptides), erythromycin (macrolides), first-generation fluoroquinolones, chloramphenicol (amphenicol group), first-generation aminoglycoside antibiotics, tetracycline group, and sulfonamide drugs.Salmonella bacteria are isolated from both food-producing and non-food-producing pets (cats, dogs, turtles), which can directly transmit the bacteria to humans. Due to the emergence and spread of antibiotic-resistant strains, it is necessary to develop a strategy to contain the emergence and spread of antimicrobial resistance, taking into account international experience and WHO and OIE recommendations. Complex, multidrug medications containing two or more antibiotics are essential for treating animals. Currently, there is no methodology for testing and evaluating multidrug medications such as Cobactan.
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