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Introduction
Salmonella enterica is considered the most common 
foodborne pathogen which is responsible for food 
poisoning and zoonotic infections in humans and 
animal species such as birds (Jajere, 2019). More than 
2,600 serovars of this bacterium which mostly can be 
transmitted through food contamination to humans, 

especially by those that come from animal origin, and 
in particular chicken products (eggs, livers, and minced 
meat), and other kinds of meat (Chaudhary et al., 2022). 
These bacteria characterized by rod-shaped, Gram-
negative, facultative anaerobes, motile, belong to 
the family of Enterobacteriaceae (Crump et al., 
2015; Kanaan, 2023). Many disease syndromes are 
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Abstract
Background: Salmonella infections are considered the most common foodborne pathogens responsible for zoonotic 
infections and food poisoning in humans and animal species such as birds. Antimicrobial resistance is considered a 
global anxiety because it causes human public health repercussions, as well as leads to an increase in animal morbidity 
and death.
Aim: The aims of this study are the isolation and identification of Salmonella enterica, as well as to investigate the 
antimicrobial susceptibility test (AST) and the molecular characteristics using polymerase chain reaction (PCR) and 
sequences for isolates from chicken products (eggs, livers, and minced meat) and human in the Wasit Governorate of 
Iraq.
Methods: A total of 300 samples (150 chicken product samples including eggs, livers, and minced meat, and 150 
human fecal samples) were collected from the Wasit governorate of Iraq from January to December 2022. The bacterial 
isolation was done according to recommendations of ISO 6579 standard and the Global Foodborne Infections Network 
laboratory protocol. Serotyping test and AST were done by using 19 antibiotic agents according to the recommendations 
of the Clinical and Laboratory Standards Institute, 2022 by using disc diffusion susceptibility test and Vitik 2 test. 
Finally, the suspected isolates were confirmed using the conventional PCR method and sequencing for a unique rRNA 
gene.
Results: The results showed that the isolation percentage of S. enterica in chicken products was 8.66% (12% eggs, 
6% livers, and 8% minced meat), while in humans it was 4.6%. Also, showed 100% of Salmonella typhi in humans. 
While, in chicken eggs S. typhi, Salmonella typhimurium, and Salmonella enteritidis were 50%, 33.33%, and 16.66%, 
respectively. Also, showed 100% of S. typhimurium in both livers and minced meat. The AST in human isolates showed 
resistance to Ampicillin, Cefotaxime, Ceftazidime, Cefepime, Amikacin, Gentamicin, Ciprofloxacin, Norfloxacin, 
and Ceftriaxone, while no resistance to Amoxicillin, Pipracillin, Ertapenem, Imipenem, Meropenem, Fosfomycin, 
Nitrofurantoin, Trimethoprim, Azithromycin, and Tetracycline. In chicken products, isolates were resistant with 
different percentages to Amikacin, Gentamicin, Tetracycline, Ciprofloxacin, Norfloxacin, Nitrofurantoin, Ampicillin, 
Cefotaxime, Ceftazidime, Cefepime, and Trimethoprim; while no resistance to Amoxicillin, Pipracillin, Ertapenem, 
Imipenem, Meropenem, Fosfomycin, Azithromycin, and Ceftriaxone. Sequencing by using rRNA gene was done for 
four PCR products.
Conclusion: This study showed the presence of genetic mutations for S. enterica which led to variations in the 
molecular characteristics, and antimicrobial drug resistance of S. enterica isolated from chicken products and humans.
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http://dx.doi.org/10.5455/OVJ.2024.v14.i5.5
https://orcid.org/0009-0003-5828-3373
https://orcid.org/0000-0002-0395-231X


http://www.openveterinaryjournal.com 
A. A. J. Al-Shafee and M. T. Abdulwahid Open Veterinary Journal, (2024), Vol. 14(5): 1117-1129

1118

caused by different serovars of S. enterica ranging 
from Typhoid fever (Enteric or Systemic) which is 
caused by Salmonella typhi and Salmonella paratyphi 
A; to gastroenteritis (Intestinal or Diarrheal) caused 
by non-typhoidal Salmonella (NTS) (Salmonella 
typhimurium and Salmonella enteritidis); and the 
severity of infection was varies depending on the type 
of the host (Feasey et al., 2012; Jaslow et al., 2018; 
Hanoun and Al-Samrraae, 2019). Each year about 
37% of typhoidal Salmonella and 52% of NTS cases; 
also, approximately, 1.3 billion cases, with three 
million deaths occur yearly (CDC, 2015). There are 
many diseases significant to poultry; Fowl typhoid 
caused by S.enterica serovar Gallinarum; Pullorum 
disease caused by S. enterica serovar Pullorum; and 
Paratyphoid disease caused by S. typhimurium, S. 
enteritidis, and S. enterica subsp. Arizonae (Al-Juburi 
and AL-Sammarraae, 2023). 
Chickens are the most prevalent type of fowl around 
the world. Due to its lower amounts of cholesterol 
and saturated fat than meat from other animals, 
chicken is usually seen as being healthier than red 
meat (Abdulwahid et al., 2017; Sahib et al., 2021). 
Many virulence factors of Salmonella spp. play 
important roles in the pathogenesis of this bacterium 
that is used in invading, attaching, and by passing the 
host's intestinal defense mechanisms. These factors 
included biofilm, flagella, capsule, plasmids, adhesion 
systems, and type III secretion systems encoded on the 
Salmonella pathogenicity island (SPI), types 1 and 2, 
and other SPIs. The increase in the pathogenicity of 
microorganisms lead to increase in the resistance of 
antimicrobial drugs. Antimicrobial resistance (AMR) in 
human and animal considered a global anxiety, because 
it causes human public health repercussions, as well as 
lead to increase in animal morbidity and death. The 
multi-drug resistance (MDR) bacteria causes a threats 
to human and animal health and food safety (Xu et al., 
2020). AMR can result from a variety of mechanisms, 
such as: modifications to the target sites, permeability 
of bacterial cell walls, enzymatic drug modifications, 
biofilm formation and the energy-dependent clearance 
of antimicrobials by membrane-bound efflux pumps. 
Antimicrobial drug resistance indicates that the 
medication is ineffective for treating clinical disease 
brought on by a certain bacterial pathogen. Salmonella 
spp. is one of the most antimicrobial-resistant bacteria, 
and it is relatively simple for these organisms to 
develop resistance to new antibacterial medications 
due to genetic alterations that result in the failure of 
treatments for its infections in both humans and animals. 
Although misuse and excessive use of antibiotics result 
in resistant germs (Abraham et al., 2016). According 
to Al-Kassie (2009) and (Al-Khikani, 2020), the usage 
of Antibiotics in human and poultry is important as the 
following: 
1. Therapeutic agents: These medications used for 

treatments of diseases.

2. Prophylactic agents: These are medications that 
are taken to stay healthy.

3. Growth promoters: These chemicals speed up 
production and growth.

The effects of antibiotics on the intestinal microbiota 
and host physiology are by: preventing pathogen 
colonization, having an impact on the immune system, 
increasing fat absorption by reducing the hydrolysis of 
conjugated bile salts, and altering the intestinal wall and 
lamina propria. Overusing and abusing antimicrobial 
drugs hasten the development of the natural process. 
A section of the microbiome's DNA that controls 
susceptibility to a particular antibacterial causes a 
spontaneous mutation, which leads to the development 
of antibiotic resistance. Also, the resistance may occur 
due to transmission of genetic material across bacteria 
or may occur due to a variety of mechanisms, such 
as modifications to the target sites or permeability of 
bacterial cell walls, enzymatic drug modifications, 
biofilm formation, and the energy-dependent clearance 
of antimicrobials by membrane-bound efflux pumps 
(Cuong et al., 2020). 
There are many bacteria that are resistant to different 
antibiotics. Antibiotic resistance can be acquired 
or mutated suggesting that the alterations in the 
bacteria that prevent the antibiotics from reaching and 
damaging it are the target (Ansiliero et al., 2021). The 
antibiotic residues are molecules that persist in the 
flesh and organs of animals that have been slaughtered 
after receiving antibiotics without following the drug's 
withdrawal period. Due to their widespread availability 
and low cost, antibiotics have been utilized extensively 
in animal husbandry worldwide. As a result, chickens 
are a concern for human health due to their detrimental 
effects on consumer welfare. Additional research 
has demonstrated that continuous exposure to high 
levels of antimicrobials derived from animal sources 
may exacerbate immune responses in people with 
compromised immune systems and negatively affect 
the intestinal gut microbiome (Jammoul and El-
Darra, 2019). The liver and kidney typically have 
larger levels of medication residues than the muscles. 
Consumer health may suffer significantly as a result of 
the presence of antibiotic residues in food of animal 
origin, noncompliance with the dosage and withdrawal 
time recommendations, and poor livestock production 
methods. Consuming antibiotic residues through animal 
products may cause the development of antimicrobial 
drug resistance, hypersensitivity reaction, cancer, 
mutagenicity, nephropathy, hepatotoxicity, reproductive 
disorders, bone marrow toxicity, disruption of normal 
intestinal flora and allergy (Stella et al., 2020; Karasu 
and Öztürk, 2021; Arsène et al., 2022).

Materials and Methods
Collection of samples
A total of 300 samples (150 chicken product samples 
including 50 eggs, 50 livers, and 50 minced meat 
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from different local supermarkets, and 150 human 
fecal samples from different clinical cases of different 
Hospitals) were collected from Wasit Governorate of 
Iraq from January to December 2022, for the isolation 
and studying the molecular characteristics and AMR 
of S. enterica. The samples were collected in a sterile 
condition, then labeled with the information of the 
clinical cases, and by the enteric transport media 
(ETM® R060450) the samples were transported 
by cooler boxes to the microbiology laboratory of 
Al-Suwaira General Hospital for culturing. The 
isolation and identification of Salmonella spp. from 
chicken product samples were performed according 
to recommendations by the ISO 6579 standard (ISO 
6579, 2012). Each sample was weighed 25 g and 
mixed in a sterile flask with 225 ml of buffered peptone 
water, then incubated overnight at 37°C for 18–24 
hours, then, 1 ml of the suspension was added to 9 ml 
of Tetrathionate broth (Oxoid-England), followed by 
incubation for 18–24 hours at 42°C. After that, culturing 
by streaking on conventional media (MacConkey 
and blood agars) (Oxoid-England), and culturing 
on selective media (Salmonella- Shigella Agar (SS 
agar) (Condalab-Spain), Xylose Lysine Deoxycholate 
agar (XLD) (Oxoid-England), Hektoen Enteric Agar 
(HEA) (Liofilchem-Italy), and Chromogenic medium 
(Chrom-French)). Then incubation of plates at 37°C 
for 18–24 hours. After that molecular identification 
polymerase chain reaction (PCR) and sequencing of 
the isolates were done. The isolation and identification 
of Salmonella spp. from human stool specimens were 
performed according to the recommendation of the 
Global Foodborne Infections Network laboratory 
protocol, as the following: - Suspended 1 g of feces 
in 9 ml of buffered peptone water and incubated for 
18–24 hours. at 37°C, then, 1 ml of the suspension was 
added to 9 ml of Tetrathionate broth and incubated 
for 18–24 hours, at 42°C. For confirmation of the 
diagnosis, the blood samples were taken from the same 
patients with positive results. The culturing, diagnosis 
of the samples, serotyping, molecular identification, 
and sequencing of the isolates were done by the same 
steps mentioned above in chicken product samples. 
Biochemical test was done by using the Analytical 
Profile Index 20E (API 20E) and Vitik 2-test. 
Serotyping test and conventional PCR for Salmonella 
spp. isolates were performed in the Central Laboratory 
of the Iraqi Ministry of Health as described by Kipper 
et al. (2019). The antimicrobial susceptibility test 
(AST) was done by disc diffusion susceptibility test 
and Vitik 2 test, using 19 antibiotic agents according 
to the recommendations of the Clinical and Laboratory 
Standards Institute (CLSI, 2022).
Molecular detection
The technique PCR was used to detect S. enterica from 
environmental and clinical samples (Nakano et al., 
2012). Cycling conditions of PCR were accomplished 
to adjust the optimum temperature, time, number 

of cycles, denaturation, annealing, and extension 
stages. The conventional PCR for all isolates (20 
isolates) was done by amplifying the identity rRNA 
gene of S. enterica (865 bp) using primers (-F 5′– 
CGATGCGTTGAGCTAACCGG–3′) and (-R 5′– 
CAGAAGCGATAACCACGTCGTC –3′) that tested 
in the National Center for Biotechnology Information 
(NCBI) Genbank data base and used in the current 
study as described by Kipper et al. (2019). Finally, the 
sequencing for some isolates of S. enterica was done. 
Forward and reverse primers provided by Alpha DNA 
company, Canada were used to amplify specific DNA 
fragment of rRNA gene. 
Sequences and phylogeny analysis
Four PCR products for the identity rRNA gene of 
some isolates of S. enterica from clinical human and 
chicken product samples were stored at −20°C, then 
these DNA samples along with primer were sent to the 
Macrogen Company in Korea to perform sequencing 
of their nucleotides. Sequences were determined by an 
automatic sequencer (NovaSeq X Plus/Korea). These 
DNA sequences were analyzed and the similarity was 
achieved using Basic Local Alignment Search Tool 
(BLAST) in NCBI. By using the MEGA 11 method, 
the evolutionary history was inferred and evolutionary 
analyses were conducted. The tree was drawn to scale, 
with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic 
tree. By using the Maximum Composite Likelihood 
method, the evolutionary distances were detected in 
the units of the number of base substitutions per site. 
After PCR amplification, the products were separated 
on a 1.5% Agarose gel electrophoresis and visualized 
by exposure to ultra violate light (302 nm) after dyeing 
by using red safe dye (Nucleic acid staining solution). 
Sequencing of the gene was performed, and the applied 
Biosystem and Homology search was conducted using 
BLAST program of NCBI and BioEdit program. 

Results
Results of isolation
The results of the total collected 300 samples (150 
samples from chicken products (50 eggs, 50 livers, 
and 50 minced meat), and 150 fecal human samples) 
showed that the total percentage of isolation for S. 
enterica was 8.66% (13/150) in the chicken products 
where the highest percentage was recorded in eggs 
(12%) while the lower percentage was recorded in the 
livers (6%), also recorded (8%) in the minced meat. 
On the other hand, 4.6% of the isolates were recovered 
from humans (Table 1).  
For all isolates of S. enterica, the genomic DNA was 
successfully extracted, and the bands of DNA were 
detected on Agarose gel and visualized under a UV 
transilluminator that showed 100% extracted genomic 
DNA. The purity and concentration of extracted 
DNA were determined directly by a Nanodrop device 
that ranged between 1.8 and 2. The isolation and 
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identification characteristics by cultural examination of 
S. enterica isolates that including: colony morphology 
on MacConkey and blood agars, and selective media 
such as XLD agar, S.S agar, HEA, and Salmonella 
Chromogenic medium, also, Gram staining, and 
microscopic examination, along with conventional 
biochemical reactions were similar to the phenotypic 
characteristics that described by Markey et al. 
(2014). The results of API 20E and VITEK® 2 Test 
were explained according to the instructions of the 
manufactures' companies.
Results of serotyping test 
The results of the serotyping test showed that the 
total percentage of S. typhi was 50%, S. typhimurium 
was 45%, and S. enteritidis was 5% for all isolates of 
chicken products and human. Also, the results showed 
100% (7/7) of S. typhi in humans, while in the eggs were 

50% (3/6) of S. typhi, 33.33% (2/6) of S. typhimurium, 
and 16.66% (1/6) of S. enteritidis. Also, the results 
showed 100% of S. typhimurium in both livers (3/3) 
and minced meat (4/4) (Table 2 and Fig. 1). 
Results of molecular examination
The results of molecular detection for the identity 
rRNA gene of S. enterica from all isolates of chicken 
product and human showed in the Figure 2.
Results of sequencing test
To confirm the diagnosis of S. enterica, sequencing was 
done for four PCR products that were isolated from 
different sources by amplifying the primer set of the 
identity rRNA gene for S. enterica serovares (S. typhi, S. 
typhimurium, and S. enteritidis). All PCR products that 
sent for sequencing were registrated for the first time 
on the NCBI under the accession numbers: OQ259883, 
OQ259884, OQ259885, and OQ259886. 

Table 1. Distribution of total S. enterica isolates in human and chicken products samples.

Source No. of total samples No. of total isolates Percentage (%) p-value
Human 150 7 4.66%

0.16 NS
Chicken products 150 13 8.66%

Table 2. Isolation percentages of S. enterica and their serotypes in human and chicken products isolates.

Source
No. of total S. enteria 

(%)
S.typhi 
(%)

S. typhimurium 
(%)

S. enteritidis 
(%)

Chi-square 
value p-value

Samples Isolates
Human 150 7 4.66% 100% 0% 0%

17.37 <0.01
Eggs 50 6 12% 50 % 33.33% 16.66%
Livers 50 3 6% 0 % 100% 0%
Minced meat 50 4 8% 0% 100% 0%

Fig. 1. Percentages of S. enterica serotypes isolated from human and chicken products.
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The sequencing and analyzing for similarity by using 
BLAST in NCBI compare with the global isolates that 
showed for S. typhi isolates, there were 99% identity 
for OQ259883 and 99% identity for OQ259884 among 
global isolates of S. typhi as drown in Phylogenetic 
tree (Fig. 3). The nucleotide sequencing for these two 
isolates (OQ259883 and OQ259884) showed two 

nucleotide substitutions in the isolate OQ259883, 
which were, Guanine G>A to Adenine and Adenine A> 
G to Guanine. 
The isolate OQ259885 (S. typhimurium) showed 
98% identity among global isolates as drown in 
Phylogenetic tree (Fig. 4), and there was no nucleotide 
substitution. 

Fig. 2. Gel electrophoresis (2% agarose) of the rRNA gene (865 bp and 624 bp). *Lane M: DNA ladder. 
*Lane N: negative control. *Lanes (1-7): DNA bands of rRNA gene of S. enterica  isolated from human. 
*Lanes (8-20): DNA bands of rRNA gene of S. enterica isolated from chicken products.

Fig. 3. Phylogenetic tree of sense flanking the rRNA gene of two isolates (OQ259883 and OQ259884) 
of S. enterica (S. typhi) isolated from Iraq during 2022, compared with the related strains documented 
in the Genbank. Phylogenetic analysis was conducted using MEGA 11 program.
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Fig. 4. Phylogenetic tree of sense flanking the rRNA gene of S. enterica (S. typhimurium) (OQ259885) 
isolated from Iraq during 2022, compared with the related strains documented in the Genbank. 
Phylogenetic analysis was conducted using MEGA 11 program.

Fig. 5. Phylogenetic tree of sense flanking the rRNA gene of S. enterica (S. enteritidis) (OQ259886) 
isolated from Iraq during 2022, compared with the related strains documented in the Genbank. 
Phylogenetic analysis was conducted using MEGA 11 program.
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Fig. 6. The phylogenetic tree of sense flanking the rRNA gene of four diagnostic isolates (OQ259883, 
OQ259884, OQ259885, and OQ259886) with three S. enterica serovars (S. typhi, S. typhimurium, 
and S. enteritidis) that isolated from Iraq during 2022, and compared with the related all strains 
documented in the Genbank using MEGA 11 program.

Table 3. Sequencing analysis for rRNA gene of S. enterica, in compared with related identity to 
Genbank strains using BLAST software in NCBI.

No
Accession

No. in NCBI
Salmonella spp. Country

Compatibility

in NCBI
1 LR590082.1 S. typhi Taiwan 100%
2 OQ259883.1 S. typhi Iraq 99%
3 LT904777.1 S. typhi UK 100%
4 OQ259884.1 S. typhi Iraq 99%
5 CP04629.1 S. typhi USA 100%
6 CP018657.1 S. enteritidis Korea 100%
7 OQ259886.1 S. enteritidis Iraq 98%
8 MK000959.1 S. enteritidis Brazil 100%
9 CP035547.1 S. typhimurium Canada 100%
10 CP032494.1 S. typhimurium Mexico 100%
11 OQ259885.1 S. typhimurium Iraq 98%
12 CP012681.1 S. typhimurium USA 100%
13 CP032490.1 S. typhimurium Mexico 100%
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The isolate OQ259886 (S. enteritidis) showed 98% 
identity among global isolates as drown in Phylogenetic 
tree (Fig. 5), and there was no nucleotide substitution.
The results of evolutionary relationship of taxa S. 
enterica that were conducted among the Iraqi isolates 
and the global S. enterica serovars which documented 
on NCBI database, and that drown of the phylogenetic 
tree and nucleotide sequencing of sense flanking 
rRNA gene of four diagnostic isolates (OQ259883, 
OQ259884, OQ259885, and OQ259886) with three 
S. enterica serovars (S. typhi, S. typhimurium, and S. 
enteritidis) that isolated from Iraq during 2022, and 
compared with the related all strains documented in 
the Genbank, showed similarities with other nations, 
including the USA, UK, China, Taiwan, Thailand, and 
Korea (Fig. 6 and Table 3).
Results of AST
The results of AST showed in the chicken products 
isolates 100% resistance for Amikacin and Gentamicin; 
77% Tetracycline; 46.15% for Ciprofloxacin and 
Norfloxacin; 30.8% Nitrofurantoin; 23% Ampicillin; 
15.4% for Cefotaxime, Ceftazidime, and Cefepime; 
7.7% Trimethoprim; while no resistance (0%) for each 
of Amoxicillin, Pipracillin, Ertapenem, Imipenem, 
Meropenem, Fosfomycin, Azithromycin, and 
Ceftriaxone (Table 4 and Fig. 7). Also, we founded that 
the total percentage of resistance for antibiotic drugs 
in chicken products isolates were 15.79% (3/19), while 
the total percentage of susceptibility were 84.21% 
(16/19). The results of AST in human isolates showed 
complete resistance 100% for: Ampicillin, Cefotaxime, 
Ceftazidime, Cefepime, Amikacin, Gentamicin, 
Ciprofloxacin, Norfloxacin, and Ceftriaxone, while 
no resistance (0%) for: Amoxicillin, Pipracillin, 
Ertapenem, Imipenem, Meropenem, Fosfomycin, 
Nitrofurantoin, Trimethoprim, Azithromycin, and 
Tetracycline (Table 5 and Fig. 8). Also, we founded 
that the total percentage of resistance for antibiotic 
drugs in human isolates were 47.37% (9/19), while the 
total percentage of susceptibility were 52.63% (10/19).

Discussion
By observation the results of isolation of S. enterica 
from chicken products and humans, we found that 
there are significant differences between the serotypes 
of S. enterica at p < 0.05. The results of this study 
were agree with (Nader et al., 2015) who isolated S. 
enterica from raw chickens meat and diarrheic patients 
as 4% and 10%, respectively, from markets and Al-
Yarmmok hospital in Baghdad City of Iraq. Also, this 
study agree with (Kanaan et al., 2022) who recorded 
5% by isolating this bacterium from chicken meat 
and egg samples in Iraq. Additionally, this study with 
agreement of (Harb et al., 2019) who reported that 26% 
of fresh retail chicken meat samples and 39% of raw 
chicken carcasses were contaminated with Salmonella 
spp. In Iraq, the results of this study were lower than 
the results of (Jaffer, 2013) who isolated S. enterica in 

Iraq from chicken eggs and recorded 30%. Also were 
lower than the results of (Siddique et al., 2021) who 
isolated S. enterica from poultry and its associated 
food products in Pakistan, that recorded 25.67%. The 
results of this study considered higher than (Rahmani 
et al., 2011) who isolate Salmonella spp. in Iran from 
birds and recorded 2.8%. 
The variance in the percentages of high prevalence 
of S. enterica in chicken products compare with that 
in humans may be due to the location and timing of 
sampling, collection, geographic climate, immunity 
of human or chickens, age, consumption of drugs, and 
hygienic restrictions, that may be linked to the relative 
differences in results between different places. The 
handling with raw poultry carcasses, consumption of 
improperly cooked poultry meat, cross-contamination 
from workers' hands, tools, and utensils, also, handling 
and contamination with the feces of chickens may 
be the most frequent sources of Salmonella infection 
in humans. The high prevalence of Salmonella spp. 
in the previous studies that comparable to this study 
could due to the low hygienic standards during the 
handling in the processes of slaughtering, scalding, 
de-feathering, evisceration, and carcass cutting. These 
processes allow for the cross-contamination of healthy 
and clean birds with diseased ones or contaminated 
carcasses, and then with human beings. Additionally, 
the lack of veterinary oversight could result in the 
slaughter of sick chickens, then spread the infections 
(Kanaan, 2023). Associations between the detection 
of S. enterica and different sources of sample with 
additional factors were examined by using an exact test 
and a p-value <0.05 considered significant. 
The results of serotyping test of this study were agree 
with (Zubair et al., 2017). Who recorded 4.85% of 
Salmonella spp. isolated from poultry eggs in Duhok/ 
Iraq, also recorded, 11.75%, 29.4%, and 58.8% for S. 
typhi, S. typhimurium, and S. enteritidis, respectively. 
This study with agreement of Kanaan et al. (2022) 
who isolated S. enteritidis, from chicken meat and egg 
samples in Iraq, and recorded 5.1% and 4.9% from eggs 
and chicken meats, respectively. Also, this study agree 
with (Yousif and Harab, 2011) who isolated Salmonella 
spp. from children in Thi-Qar governorate of Iraq who 
recorded 11.17%; but disagree by recorded 42.1% for 
S. typhimurium and 5.27% for S. enteritidis. 
Fecal contamination is the main source of transmission 
for Salmonella spp., the transmission may occur 
horizontally and vertically. The horizontal transmission 
occur due to the contamination during the handling in 
the processes of slaughtering, scalding, de-feathering, 
evisceration and carcass cutting. Additionally, the 
infection may occur also through nutrition and water 
contamination that spread the infection individually 
or to whole chicken farm, and then to the human 
beings. In vertical transmission, this bacterium can 
pass from one generation of poultry to the next via 
the egg (Hassan et al., 2016). Salmonella spp. spreads 
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Table 4. Antibiotic susceptibility test for S. enterica isolated from chicken products.

No. Antibiotic drugs Codes g/disk Resistant (%) Susceptible (%) p-value
1 Amikacin AK 30 100 0 <0.01
2 Amoxicillin AMC 10 0 100 <0.01
3 Ampicillin AMP 10 23 77 0.05
4 Azithromycin AZM 15 0 100 <0.01
5 Cefepime FEP 30 15.4 84.6 <0.05
6 Cefotaxime CTX 30 15.4 84.6 <0.05
7 Ceftazidime CAZ 30 15.4 84.6 <0.05
8 Ceftriaxone CRO 30 0 100 <0.01
9 Ciprofloxacin CIP 5 46.15 53.85 0.78NS
10 Ertapenem ETP 10 0 100 <0.01
11 Fosfomycin FOF 200 0 100 <0.01
12 Gentamycin GEN 10 100 0 <0.01
13 Imipenem IMP 10 0 100 <0.01
14 Meropenem MEM 10 0 100 <0.01
15 Nitrofurantoin NIT 300 30.8 69.2 0.16NS
16 Norfloxacin NOR 10 46.15 53.85 0.78NS
17 Piperacilin PI 100 0 100 0.05
18 Tetracycline TE 30 77 23 <0.01
19 Trimethoprim TMP 25 7.7 92.3 <0.01

Fig. 7. Results of antibiotic susceptibility test for S. enterica isolated from chicken products.
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through the environment, even after the pathogenic 
bird has stopped shedding bacteria, the environment 
can still be infectious for a long time, but it becomes 
less infectious with time (Thomas et al, 2009). The 
presence of S. typhi in the chicken eggs, may be due 
to that the chicken considered as carrier or reservoir by 

this bacterium that presents inside and then transmitted 
to the eggs vertically; or may be horizontally by fecal 
contamination of the chicken eggs during the presence 
of eggs on the floor, handling of raw poultry carcasses 
and eggs, cross-contamination from hands of workers 
by handling with the fecal contamination to the chicken 

Table 5. Antibiotic susceptibility test for S. enterica isolated from human.

No. Antibiotic drugs Codes g/ disk Resistant (%) Susceptible (%) p-value
1 Amikacin AK 30 100 0 <0.01
2 Amoxicillin AMC 10 0 100 <0.01
3 Ampicillin AMP 10 100 0 <0.01
4 Azithromycin AZM 15 0 100 <0.01
5 Cefepime FEP 30 100 0 <0.01
6 Cefotaxime CTX 30 100 0 <0.01
7 Ceftazidime CAZ 30 100 0 <0.01
8 Ceftriaxone CRO 30 100 0 <0.01
9 Ciprofloxacin CIP 5 100 0 <0.01
10 Ertapenem ETP 10 0 100 <0.01
11 Fosfomycin FOF 200 0 100 <0.01
12 Gentamycin GEN 10 100 0 <0.01
13 Imipenem IMP 10 0 100 <0.01
14 Meropenem MEM 10 0 100 <0.01
15 Nitrofurantoin NIT 300 0 100 <0.01
16 Norfloxacin NOR 10 100 0 <0.01
17 Piperacilin PI 100 0 100 <0.01
18 Tetracycline TE 30 0 100 <0.01
19 Trimethoprim TMP 25 0 100 <0.01

Fig. 8. Results of antibiotic susceptibility test for S. enterica isolated from human.
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eggs in different stages starting from collecting eggs in 
the egg production fields, as well as direct contact with 
eggs in commercial markets, and ending with preparing 
food inside homes and dealing with preparing egg 
dishes (Al-Zuhariy, 2022). 
DNA sequences are crucial for basic biological 
research as well as for many applied sectors, 
including biological applications, forensic biology, 
biotechnology, as well as medical diagnosis. Rapid 
growth and development in the use of modern DNA 
sequencing technology plays a significant role in 
the complete DNA sequencing methods, or the 
sequencing genomes of many types and species in the 
life, including humans, animals, plants, and microbial 
species (Tang et al., 2019). The sequencing and 
analyzing for similarity by using BLAST in NCBI 
compare with the global isolates of this bacterium 
showed some nucleotide substitutions in some 
isolates that showed the ability of this bacterium to 
produce mutations. The results of AST for human 
and chicken products in this study were agree with 
(Gharieb et al., 2015) who isolated Salmonella spp. 
in Egypt from human and poultry meat, that recorded 
resistance of antimicrobial drugs with Ampicillin 
75%, Gentamycin 66.7%, Ciprofloxacin 25 %, and 
Ceftriaxone 16.7%; while disagree by Tetracycline 
100%, Amoxicillin 91.7%, and Trimethoprim 83.3%. 
The current study was agree with (Diab et al., 2019) 
who isolated Salmonella spp. in Egypt from human, 
layer chickens, and chicken eggs, that recorded 
resistance for Norfloxacin and Ampicillin 68.2%, but 
disagree by recorded high sensitivity for Gentamicin 
and Ciprofloxacin 90.9% and 72.7%, respectively.
The results of this study with agreement of (Siddique et 
al., 2021) who isolated S. enterica from poultry and its 
associated food products from Pakistan, that recorded 
resistant for Tetracycline 96%, Gentamycin 93%, 
Trimethoprim 91%, Ampicillin 86%, Ciprofloxacin 
19%, and Cefepime 9%; but, disagree by Amoxicillin 
81%, Imipenem 12%, and Meropenem 2%. Also, the 
results agree with (Yang et al., 2020) who isolated this 
bacterium from retail raw poultry meat in China, that 
recorded resistance percentage of Ampicillin 55.3%, 
and 84.1% for each of Ciprofloxacin and Ceftriaxone. 
This study was disagree with (Rahmani et al., 2011) 
who isolated this bacterium from birds in Iran, that 
recorded susceptible to Norfloxacin, Amikacin, and 
Gentamicin. 
By observing the results of AST in this study for 
human and chicken products isolates, we noticed 
that, there was high resistance percentage (47.37%) 
for antimicrobial drugs in human isolates compare 
with the low resistance percentage (15.79%) of 
antimicrobial drugs in chicken products isolates. 
Also, showed low susceptibility percentage (52.63%) 
for antimicrobial drugs in human isolates compare 
with the high susceptibility percentage (84.21%) for 
antimicrobial drugs in the chicken products; that is 

means, the treatment Salmonellosis cases in humans is 
more difficult and complex compared to the cases of 
Salmonellosis in the chickens. These variances may be 
due to a variances in the age, immunity system of human 
and chickens, over uses of antimicrobial drugs, the 
improper use of antibiotics in poultry farms, presence 
of antibiotic residues in foods, non-compliance with 
the dosage and withdrawal time recommendations 
nature of nutrition, Salmonella serotypes infection, and 
hygienic restrictions. Consuming antibiotic residues 
through animal products may result in the development 
of antimicrobial drug resistance and lead to increase 
the pathogenicity and virulence of this pathogen and 
made the treatments longer and more expensive. 
Humans, usually, are consuming more antibiotics 
every time, that is lead to increase the percentage of 
resistance for antimicrobial drugs (MDR). Resistance 
genes can be horizontally transferred from Salmonella 
strains or from other bacterial species to Salmonella 
bacterium, these additional species may contain 
antibiotic resistance genes that aren't always present in 
the Salmonella genetic pool (Hassan et al., 2016).
In this study, the results of AST showed that there are 
varies in the resistance and susceptibility percentages. 
There are complete resistance percentage (100%) 
for each of Amikacin, and Gentamicin in both of 
chicken products, and human isolates. Also, there are 
complete susceptibility percentage (100%) for each 
of: Amoxicillin, Pipracillin, Ertapenem, Imipenem, 
Meropenem, Fosfomycin, and Azithromycin. These 
results are very important in the selection of the 
appropriate and optimal drug (Antibacterial agent) 
for treatment of Salmonella infection in chickens and 
humans.

Conclusion
This study revealed the existence of S. enterica genetic 
mutations that resulted in differences in the bacteria's 
molecular traits and resistance to antibiotics. It also 
revealed similarities between the sequences found 
in the NCBI that were identified in Iraq and other 
nations, including the USA, UK, China, Taiwan, 
Thailand, and Korea. These similarities might result 
from the importation of foods like chicken products, 
such as meat and eggs, which might contain S. enterica 
serovars, or from the entry of people who were sick 
or carrying these bacteria, particularly foreign workers 
and military personnel. This could lead to the spread 
of these bacterial strains from other nations to Iraq 
and vice versa. It also shows the relationship and route 
of bacterial infection of S. enterica and the method 
of transmission of the disease among these bacteria 
isolated from chicken products and humans.
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