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Abstract 
 
 Background: Salmonella is considered as a main cause of community-acquired diarrhea in humans, however, sources of the 

multi-drug resistant (MDR) strains and their link with the disease are not well known. Aims: This study aimed to investigate the 

frequency, serogroup diversity, and antimicrobial susceptibility patterns of Salmonella strains in poultry meat and stool samples of 

patients with community acquired diarrhea in Tehran. Methods: We compared the frequency of non-typhoidal Salmonella serogroups, 

the similarities of their resistance patterns to 10 antimicrobial compounds, the prevalence of extended spectrum β-lactamase (ESBL) 

and ampicillinase C (AmpC) genetic determinants, and class 1 and 2 integrons in 100 chicken meat and 400 stool samples of 

symptomatic patients in Tehran during June 2018 to March 2019. Results: Salmonella was isolated from 75% and 5.5% of the 

chicken meats and human stool samples, respectively. The chicken meat isolates mainly belonged to serogroup C (88%, 66/75), 

while the human stool isolates were mainly related to serogroup D (59.1%, 13/22). The MDR phenotype and the most common rates 

of resistance to antibiotics, including tetracycline, trimethoprim/sulfamethoxazole (TS) and azithromycin, were detected in 4.5% and 

45.3%, 59% and 13.6%, 43% and 9.1%, 42% and 9.1% of the human stool and chicken meat samples, respectively. Carriage of 

blaCTX, blaSHV, and blaPER genes in the meat isolate with ESBL resistance phenotype and blaACC, blaFOX, and blaCMY-2 among the 7 

meat strains with AmpC resistance phenotype was not confirmed using polymerase chain reaction (PCR). High prevalence of class 1 

and 2 integrons was characterized and showed a correlation with resistance to TS and chloramphenicol. Conclusion: These findings 

showed a lack of association between chicken meats and human isolates due to discrepancy between the characterized serogroups 

and resistance phenotypes. 

 
Key words: Beta-Lactamases, Diarrhea, Drug resistance, Meat, Salmonella 

 

Introduction 
 

 Salmonella, a member of Enterobacteriacea, is 

globally considered as a main cause of foodborne 

diseases. This bacterium exists in the gastrointestinal 

tract of humans and animals, and could be detected in 

contaminated food, surface water, sewage water, and 

river (Da Silva et al., 2018). Salmonella consists of more 

than 2500 serotypes, among them some serotypes are 

host specific (Mietzner et al., 2016). Most of the 
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serotypes have various hosts, but they generally cause no 

complication in the gastrointestinal tract and do not need 

medication. However, infants, older- and debilitated 

patients, pregnant women, and immunodeficient patients 

are at higher risk of severe infection with this bacterium 

(Popoff, 1997). The disease occurs as enteric fever 

(Typhoid, caused by serotypes Typhi and Paratyphi), 

osteomyelitis, pyelonephritis, empyema, liver necrosis, 

and meningitis. Bacteremia is commonly linked with 

serotype Choleraesuis. While consumption of poultry 

meat and eggs is considered as a source of the infection 

in more than 50% of the cases, red meats, dairy products, 

fish, and shrimp also could cause the infection (Threlfall, 

2010). Transmission of this bacterium along the food 

chain is due to its resistance to a variety of 

environmental stresses as a risk factor for the consumers 

in the community. Salmonella enterica, mainly serotypes 

Enteritidis and Typhimurium, are among the most 

prevalent zoonotic pathogens associated with human 

infections (Mietzner et al., 2016; Da Silva et al., 2018). 

 Estimation of the burden of Salmonella infection and 

its link with the rate of food contamination in the 

community needs well designed pathogen-based 

epidemiological studies (Kretzschmar et al., 2012). This 

estimation should be performed with usage of standard 

and validated laboratory methods capable of detecting 

the bacterium, even the cells damaged (but remaining 

viable) during the food processing and storage 

conditions. Application of inappropriate methods could 

cause underestimation, affecting further interventions for 

the management of the disease and control of its spread. 

This is also the case for estimation of antibiotic 

resistance rate among the isolates when selection of 

inappropriate methods and reagents could affect 

therapeutic regimens against severe extraintestinal 

infections. Resistance to antibiotics could emerge early 

after first use. In the case of chloramphenicol, the 

resistance occurred two years after the first use in 

England (Kaur, 2013). It is believed that the 

administration of antibiotics in agriculture, as food 

preservatives or growth promoters, is responsible for the 

increase in the incidence of multi-drug resistant (MDR) 

serotypes of Salmonella in the community. Also, self-

medication and empirical therapy by physicians in 

outpatient services account as main risk factors for 

increased rates of resistance to antibiotics (Manyi-Loh et 

al., 2018). 

 Emergence of resistant strains of Salmonella to 

fluoroquinolones is a major challenge, not only among 

the invasive strains but also in non-invasive serotypes 

(Klemm et al., 2018a). Reports of infections with 

extensively drug resistant (XDR) strains, that are 

resistant to chloramphenicol, ampicillin, and 

trimethoprim/sulfamethoxazole (TS), as well as 

fluoroquinolones and third-generation cephalosporins, 

has increased new worldwide concerns (Klemm et al., 

2018b); These shows the importance of surveillance 

study at a global level. 

 Co-carriage of extended spectrum beta-lactamase 

(ESBL)-encoding genes, such as blaCTX-M, with qnr, a 

plasmid encoded gene linked to fluoroquinolones 

resistance, was reported among MDR and XDR-S. Typhi 

human isolates; however, data about their simultaneous 

spread among non-typhoidal Salmonella isolates in 

humans and food animals is spare (Hendriksen et al., 

2013; Le Hello et al., 2013; Wong et al., 2013; Wang et 

al., 2017). The XDR phenotype is mainly conferred 

through the acquisition of plasmids harboring resistance-

determining genes encoding by integrons (Britto et al., 

2018). 

 There are reports about rates of disability adjusted 

life years (DALYs) in human populations for typhoidal 

and non-typhoidal Salmonella infections in different 

countries (Stanaway et al., 2019). In Iran, 114 and 167 

DALYs per 100,000 were reported for typhoidal and 

non-typhoidal infections in 2017, respectively, which are 

higher than those reported in Qatar (18.1 per 100,000, 

2012) (Farag et al., 2016), Australia (53.0 per 100,000 in 

2013) (Ford et al., 2016), Central European countries (55 

DALYs per 100,000 in 2017), Central Asia (132.4 

DALYs per 100,000 in 2017), North America (103.27 

per 100,000 in 2017), but lower than North Africa and 

Middle East (378.4 and 321.2 DALYs per 100,000, 

respectively). To reduce disabilities related to these 

infections and to link them to the sources of 

contamination, surveillance studies on both patients and 

food products should be done. European Food Safety 

Authority and the European Centre for Disease Control 

and Prevention reported contamination with Salmonella 

in 1.47% of breeding flocks and 2.6% for broiler flocks 

(Hugas and Beloeil, 2014; Authority et al., 2018). A 

higher rate of the contamination may be predictable for 

the flocks in Iran, based on the higher rate of the reported 

human infections. To date, according to our knowledge, 

no surveillance study was conducted to link the 

involvement of raw chicken and poultry meat with 

human infections in Iran. In the current study we aimed 

to investigate the rate of contamination with Salmonella 

spp. in poultry meat and the rate of infection with this 

bacterium in a population of patients with diarrhea in 22 

regions of Tehran, Iran. Frequencies of antimicrobial 

drug resistance, similarities of the resistance patterns, 

homology among the common serogroups, and genetic 

determinants associated with the resistance phenotypes 

were also characterized between the chicken meat and 

human faeces isolates to show possible relationships 

among the isolates. 

 
Materials and Methods 
 
Study setting, epidemiological design, and 
sampling 
 A cross sectional study was designed to determine the 

contamination rate of Salmonella spp. in poultry meat 

samples distributed across 22 regions of Tehran and their 

correlations with the human isolates obtained in four 

hospitals from patients with symptomatic diarrhea. The 

isolation rates diversity based on the industrial brands 

and weights of the products was also estimated in each 
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region. This study was approved by ethical committee of 

National Institute for Medical Research Development, 

Islamic Republic of Iran (IR.NIMAD.REC.1396.105). 

The sampling was done from June 2018 to March 2019. 

One hundred fresh chicken carcasses were purchased 

from approved Tehran municipally daily fruit and 

vegetable markets. The date and region of the sampling 

were randomly determined. Each sample was packaged 

in a separate sterile plastic bag, labeled immediately, and 

was transported in a cool box. Four hundred stool 

samples were obtained from three general and one 

pediatric hospitals in Tehran. All samples were provided 

from symptomatic outpatients with diarrhea with no 

recent history of hospitalization and antibiotic therapy. 

Demographic data (age and sex), macroscopic 

appearance of the samples and excretion of leukocytes, 

blood, and epithelial cells, and related data for the food 

of the patients were recorded in a designed questionnaire. 

 

Salmonella isolation from poultry meat and stool 
samples 
 Pre-enrichment of meat samples for isolation of 

Salmonella spp. was performed according to a standard 

method (ISO 6579:2002) (Anonymous, 2002). Twenty-

five g of each poultry carcass was taken after cutting the 

whole carcass into small pieces in sterile conditions. The 

sections were selected from different parts of the carcass 

and enriched in 225 ml of buffered peptone water (PBW, 

pH = 7; Liofilchem, Teramo, Italy) at 37°C for 24 h. 

Then, 0.1 ml of the enriched sample was transferred into 

10 ml of Rappaport-Vassiliadis and Tetrathionate broth 

media, each incubated at 42°C and 37°C for an 

additional 24 h, respectively. A loopful of the grown 

cultures was inoculated on Xylose Lysine Deoxycholate 

(XLD) agar and Bismuth Sulfite agar plates (Liofilchem, 

Teramo, Italy). 

 Fresh stool samples, samples (transportation time <2 

h) or swab samples (in Cary Blair transport medium) 

were inoculated into Selenite F broth medium. A small 

amount of stool or a swab sample was streaked on 

MacConkey and XLD agar plates. Growth of suspected 

colonies was followed after incubation of the cultures at 

37°C for 18-24 h. The isolates were purified on Nutrient 

agar medium and stocked in Trypticase soy broth at -

70°C for further analyses. Identity of the colonies with 

black centers on XLD agar and colorless colonies on 

MacConkey agar was initially characterized by 

biochemical tests, including ornithine decarboxylation in 

Ornithine Decarboxylase (ODC) agar (Liofilchem, 

Teramo, Italy), sugar fermentation in Triple sugar iron 

agar (Liofilchem, Teramo, Italy), citrate use in Citrate 

agar (Liofilchem, Teramo, Italy), H2S, Indole, and 

Motility reactions in Sulfide, Indole, motility (SIM) agar 

(Liofilchem, Teramo, Italy), urease activity in Urea broth 

(Liofilchem, Teramo, Italy), and Methyl Red/Voges-

Proskauer (MRVP) reaction in MRVP broth (Liofilchem, 

Teramo, Italy) (Mikoleit, 2010; Organization, 2010). 

Escherichia coli strain ATCC 25922 (Molecular 

Microbiology Research Center, Faculty of Medicine, 

Shahed University, Tehran, Iran) was used for quality 

control of the test. 

 

Serogrouping of Salmonella isolates 
 Biochemically confirmed strains of Salmonella were 

serotyped according to the Kaufmann-White scheme 

(Popoff, 1997; Popoff and Le Minor, 2001). 

Serogrouping was done by agglutination method using 

antisera against serogroups A to D (Baharafshan, Iran). 

Briefly, a loopful of the freshly grown colonies on 

Nutrient agar was transferred onto a glass slide and 

mixed with the Salmonella antisera, separately for each 

sample. Agglutination was followed visually for 30 s. 

 

Antimicrobial susceptibility testing 
 Antimicrobial susceptibility of the isolates was tested 

according to Clinical Laboratory Standards Institute 

guideline (CLSI, 2018). Escherichia coli strain ATCC 

25922 was used for quality control of the test. The 

antimicrobial agents used were cefoxitin (30 μg), 
azithromycin (15 μg), ceftriaxone (30 μg), 
chloramphenicol (30 μg), tetracycline (30 μg), 
gentamicin (10 μg), ciprofloxacin (5 μg), cefotaxime (30 
μg), imipenem (10 μg) and TS (25 μg) (Mast Group Ltd., 
UK). Multi-drug resistance phenotype was defined as 

resistance to three or greater classes of antibiotics. 

Extended spectrum β-lactamase and ampicillinase C 

(AmpC) resistance phenotypes were determined using 

double disk synergy test (CLSI, 2018) and AmpC 

detection Set (Mast group Ltd. Co., UK). 

 

Phenotypic and genotypic study of ESBLs and 
AmpC 
 Phenotypic identification of ESBLs was performed 

using double disk method (CLSI, 2018). Salmonella 

strains that showed resistance phenotype to the 3rd 

generation cephalosporins and cefoxitin, but were not 

inhibited in the presence of clavulanic acid, were 

screened for AmpC phenotype using the Mast Group 

Ltd. AmpC detection set (MAST Group Ltd., UK). All of 

the strains that were phenotypically positive for ESBL 

and AmpC were examined genotypically for blaTEM, 

blaCTX, blaSHV, and blaPER genes (in the case of ESBLs) 

and blaACC, blaFOX, and blaCMY-2 (in the case of AmpC) 

by polymerase chain reaction (PCR). 

 

DNA extraction and PCR for screening of genes 
related to ESBLs, AmpC, and integrones 
 Polymerase chain reaction was assigned for 

Salmonella isolates confirmation using specific primers 

for invA gene detection (Table 1). DNA was isolated 

from freshly grown colonies of Salmonella by boiling 

method. Briefly, a crude suspension was provided in 

PBS (pH = 8) and after centrifugation at 14000 g (10 

min), its pellet boiled for 15 min at 95°C. The 

supernatant of the treated suspension serves as DNA 

template for PCR assays, done in the present study using 

specific primers for blaTEM, blaCTX, blaSHV, and blaPER for 

ESBLs, and blaACC, blaFOX, and blaCMY-2 for AmpC β-

lactamases, respectively (Table 1). All assays were done
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Table 1: Oligonucleotide primers used in this study 

Primers Sequences (5´-3´) Conditions 
Products 

(bp) 
References 

InvA F: GTGAAATTATCGCCACGTTCGGGCAA 

R: CTGACAGTTACCAATGCTTA 

94°C, 5 min, 30 cycles of 94°C, 1 min, 

57°C, 30 s, 72°C, 30 s, 72°C, 10 min 

285 Tajbakhsh et al. (2016) 

blaTEM F: TCAACATTTCCGTGTCG 

R: CTGACAGTTACCAATGCTTA 

94°C, 5 min, 30 cycles of 94°C, 1 min, 

57°C, 30 s, 72°C, 30 s, 72°C, 10 min 

445 Ghasemi et al. (2013) 

blaCTX-M F: ATGTGCAGYACCAGTAARGT 

R: TGGGTRAARTARGTSACCAGA 

94°C, 4 min, 40 cycles of 94°C, 1 min, 

57°C, 30 s, 72°C, 40 s, 72°C, 10 min 

593 Ghasemi et al. (2013) 

blaSHV F: TTTATCGGCCYTCACTCAAGG 

R: GCTGCGGGCCGGATAACG 

94°C, 5 min, 35 cycles of 94°C, 1 min, 

57°C, 30 s, 72°C, 57 s, 72°C, 7 min 

747 Monstein et al. (2007) 

ACC F: AACAGCCTCAGCAGCCGGTTA 

R: TTCGCCGCAATCATCCCTAGC 

94°C, 3 min, 30 cycles of 94°C, 30 s, 

61°C, 30 s, 72°C, 1 min, 72°C, 7 min 

345 Pérez-Pérez and Hanson 

(2002) 

FOX F: AACATGGGGTATCAGGGAGATG 

R: CAAAGCGCGTAACCGGATTGG 

94°C, 3 min, 30 cycles of 94°C, 30 s, 

64°C, 30 s, 72°C, 1 min, 72°C, 7 min 

190 Pérez-Pérez and Hanson 

(2002) 

blaCMY F: AACACACTGATTGCGTCTGAC 

R: CTGGGCCTCATCGTCAGTTA 

94°C, 3 min, 25 cycles of 94°C, 30 s, 

50°C, 30 s, 72°C, 1 min, 72°C, 7 min  

1226 Jørgensen et al. (2010) 

Integron 1 F: CAGTGGACATAAGCCTGTTC 

R: CCCGAGGCATAGACTGTA 

94°C, 3 min; 30 cycles of 94°C, 30 s, 

58°C, 30 s, 72°C, 1 min, 72°C, 7 min 

160 Fiett et al. (2006) 

Integron 2 F: CACGGATATGCGACAAAAAGGT 

R: GTAGCAAACGAGTGACGAAATG 

94°C, 3 min, 25 cycles of 94°C, 30 s, 

57°C, 30 s, 72°C, 1 min, 72°C, 7 min 

789 Derakhshan et al. (2014) 

 
separately, except blaTEM, blaCTX for which a multiplex 

PCR assay was used. Cycling conditions for PCR 

amplification of the targeted genes were similar: one 

cycle of initial denaturation at 94°C for 5 min, 35 cycles 

of 1 min denaturation at 94°C, annealing for 45 s at 

55°C, and extension for 30s at 72°C. The final 7 min 

extension was done at 72°C for one cycle. To show 

correlations of the resistance phenotypes with carriage of 

the integrons, all the isolates were screened for class 1 

and 2 integrons using PCR (Table 1). All the Salmonella 

isolates were screened for detection of class 1 and 2 

integrons by the primers depicted in Table 1. Positive 

control strains carrying related integrons and β-lactamase 

genes were kindly provided by Dr. Sh. Nazarian and Dr. 

K. Amini. 

 
Statistical analysis 
 Using PRISM software, correlation from contingency 

table was used for detection of possible correlations 

between weight of poultry carcasses or age groups of 

patients and infection rate with Salmonella. Correlations 

between serogroups of Salmonella isolates and types of 

antimicrobial resistance phenotypes were also 

determined. The P-values ≤0.05 were considered as 

significant in all the analyses. Homology in resistance 

phenotypes among the isolates was analyzed by NTSYS 

2.02 software. 

 

Results 
 
Poultry meat and patients’ samples 
 A total of 100 chicken meat and 400 patients’ stool 
samples (Male 58%, and Female 42%) were collected 

during the study period. The poultry carcass samples 

were from 41 different brands, which their weight ranged 

from 0.76 kg to 2.71 kg (mean 1.76 ± 0.46 kg). The stool 

samples were obtained from 4 hospitals in Tehran (three 

general hospitals and one pediatric hospital). The stool 

samples were belonged to children (1 month to 9 years 

old), adolescent (10 to 19 years old), and adults (>19 

years old). The samples showed loose (329/400), 

diarrheal (62/400), and dysenteric (9/400) forms in 

macroscopic and microscopic analysis. 

 

Salmonella prevalence in chicken meat and 
human stool samples 
 Salmonella was isolated from 75% (75/100) of the 

chicken meet samples carcasses. Comparison of the 

culture media for isolation of the chicken samples 

showed a relative preference for RVS vs Tethrathinate 

broth and XLD vs Bismuth sulfite agar. However, the 

contamination rate showed different frequencies in 

carcasses >1.5 kg (56/72; 77.7%) compared to those with 

a weight of ≤1.5 kg (19/28; 67.8%). Higher frequency in 

weight of the samples (19/28, 67.8% vs 56/72, 77.7% in 

the products with ≤1.5 kg [28/100] and >1.5 kg [72/100], 
respectively). Different frequencies were also observed 

during summer (15/21; 71.4%) and autumn (60/79; 

76%). However, these differences were not statistically 

significant (P=0.3 and P=0.7, respectively for the weight 

groups and the season). Higher frequencies of 

Salmonella contamination were detected in regions 3, 5, 

6, 9, 13, 17, 21, and 22 (contamination rate: 100%). In 

other regions (4, 7, 18, 19) the isolation rates were 0 to 

40% (Fig. 1). 

 In the case of stool samples, Salmonella was isolated 

from 5.5% (22/400) of the total samples. As shown in 

Table 2, the frequency was higher in children and infants 

than in young adults. The difference was not statistically 

significant (P=0.63). 

 
Table 2: Diversity in the frequency of Salmonella enterica in 

patients at different age groups 

Age groups 
Salmonella spp. 

Total 
Negative Positive 

Adolescent 15 2 17 

Adult 274 15 289 

Child 35 1 36 

Infant 49 4 53 

Unknown 5 0 5 

Total 378 22 400 
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Diversity of Salmonella serogroups among the 
human and chicken samples 
 The chicken meat isolates mainly belonged to 

serogroup C (88%, 66/75), while the remaining isolates 

were related to serogroup B (2.6%, 2/75), serogroup D 

(5.3%, 4/75), and non-A to D serogroups (4%, 3/75). All 

the serogroups, except non-A to D serogroups (100 vs 

0%), were more frequently isolated from chicken 

carcasses with >1.5 kg weights vs those with ≤1.5 kg 

weight, respectively (serogroup B 100% vs 0%; 

serogroup C 77.3% vs 22.7%; and serogroup D 75% vs 

25%). The difference was statistically significant 

(P=0.021). The human faecal isolates mainly belonged to 

serogroup D (59.1%, 13/22), while other strains were 

related to serogroup B (31.8%, 7/22), serogroup C (4.5%, 

1/22), and non-A to D serogroups (4.5%, 1/22). 

Investigation of the link between common serogroups of 

Salmonella isolates in the chicken meat and those 

isolated from stool of patients with diarrhea did not show 

statistically significant association. 

 
Antimicrobial resistance 
 The characterized resistance phenotypes in the 

chicken meat isolates were in the following order: 

tetracycline (59%), TS (43%), azithromycin (42%), 

chloramphenicol (27%), cefoxitin (7%), ciprofloxacin 

(4%), gentamicin (3%), ceftriaxone (1%), imipenem 

(1%), and cefotaxim (0%). The human isolates showed 

lower frequencies of the resistance patterns: tetracycline 

(13.6%), TS (9.1%), azithromycin (9.1%), cefotaxim 

(0%), chloramphenicol (0%), cefoxitin (0%), 

ciprofloxacin (0%), gentamicin (0%), ceftriaxone (0%), 

and imipenem (0%). Multi-drug resistant phenotype was 

detected in 4.5% (1/22) of the Salmonella isolates from 

the human stool samples, while it was more frequent 

among the chicken meat isolates (45.3%, 34/75). 

Concurrent resistance to 3 classes of antibiotics (3DR) 

was the most common MDR pattern among the chicken

isolates (76.4%, 26/34; Table 3). Azithromycin/ 

tetracycline/trimethoprim/sulfamethoxazole (26.4%, 9/ 

34), azithromycin/chloramphenicol/tetracycline/ 

trimethoprim/sulfamethoxazole (17.6%; 6/34) and 

azithromycin/chloramphenicol/tetracycline (11.7%; 4/34) 

were among common characterized MDR phenotypes in 

the chicken isolates. The only human isolate with MDR 

phenotype showed azithromycin/ tetracycline/ticarcillin 

pattern, which was detected in 1 chicken meat sample, 

similarly. Statistical analysis showed no association 

between resistance phenotypes detected in the chicken 

meat and the human isolates. No correlation was found 

between the characterized resistance phenotypes in 

Salmonella strains and the brands of chicken meat or the 

time of production. 

 

Comparison of homology based on the phenetic 
drug resistance patterns 
 Homology of the resistance patterns between the 

human and chicken meat samples was analyzed. As 

shown in Fig. 2, different isolates of Salmonella from 

faecal and chicken samples were placed in different 

clusters. The largest cluster (cluster A) contained the 

human and chicken strains sensitive to all antibiotics. 

Five isolates of poultry meat and 6 isolates of human 

stool in this cluster belonged to a common sampling 

period. Comparison of the poultry isolates based on their 

phenetic resistance patterns, sampling dates, and the

 

 
 

Fig. 1: Frequency of Salmonella in poultry meat samples distributed among Tehran municipally daily fruit and vegetable markets in 

different regions of Tehran 
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Table 3: Frequency of multi-drug resistant Salmonella enterica isolates from poultry meat and patients’ stool samples 

MDR phenotypes 
(%) In chicken meat (n=75)  (%) In patients’ stool (n=22) 

1 DR (%) 2 DR (%) 3 DR (%) 4 DR (%)  5 DR (%) 1 DR 2 DR 3 DR 

ATH/C  2 (2.6)        
ATH/C/CIP/T    1 (1.3)      
ATH/C/T   4 (5.3)       
ATH/C/T/TC   1 (1.3)       
ATH/C/T/TS   6 (8)       
ATH/C/TS  2 (2.6)        
ATH/CIP/T/TS    1 (1.3)      
ATH/CRO/TS   1 (1.3)       
ATH/FOX  1 (1.3)        
ATH/FOX/C/T/TS      2 (2.6)    
ATH/FOX/T   1 (1.3)       
ATH/FOX/T/TS    1 (1.3)      
ATH/T  6 (8)        
ATH/T/TC   1 (1.3)      1 (4.54) 
ATH/T/TS   9 (12)       
ATH/TS  3 (4)        
C/CIP/GM/IMP/T      1 (1.3)    
C/CIP/GM/T      1 (1.3)    
C/T  2 (2.6)        
C/T/TS   2 (2.6)       
C/TS  1 (1.3)        
FOX/C/T   1 (1.3)       
FOX/C/T/TS    1 (1.3)      
GM/T  1 (1.3)        
T 5 (6.6)      1 (4.54)   
T/TS  11 (14.6)        
TS 1 (1.3)         
T/TC        1 (4.54)  
ATH       1 (4.54)   
Susceptible 6 (8)      18 (81.8)   

MDR: Multidrug resistance, DR: Drug resistance, ATH: Azithromycin, C: Chloramphenicol, CIP: Ciprofloxacin, T: Tetracycline, 

TC: Ticarcillin, TS: Trimethoprim/Sulfamethoxazole, CRO: Ceftriaxone, FOX: Cefoxitin, GM: Gentamicin, and IMP: Imipenem 

 

 
 

Fig. 2: Homology in resistance phenotypes among the Salmonella isolates from stool of symptomatic patients with diarrhea and 

poultry meat samples. Scale bar shows percentage of homology. Arrows show homology of the isolates among human and meat 

samples in clusters A and B. P and S refer to poultry and stool samples, respectively 
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urban sampling areas showed spatial and temporal 

homology among some of the isolates. Other isolates 

with 100% homologies showed no specific temporal and 

spatial affinities. 

 

Frequency of ESBL and AmpC phenotypes 
among the Salmonella strains 
 Out of 75 chicken meat and 22 human stool isolates, 

resistance to the 3rd generation cephalosporines was 

detected in 1 and 0 of the Salmonella isolates, 

respectively. Resistance to cefoxitin was detected in 7 

strains of the chicken isolates. Screening of the resistant 

isolates with β-lactamase inhibitor, cefotaxime (30μg), 
cefotaxime-clavulanic acid (10 μg-30 μg) (MAST UK 
product), and AmpC detection set (Mast Group, UK) 

confirmed the existence of AmpC phenotype among 

14.2% (1/7) of these strains. The PCR results showed 

that none of the relevant genes, except blaTEM, were 

detected in the isolates with related resistance 

phenotypes. blaTEM was detected in 4 isolates of the 

chicken meat samples that were resistant to cefoxitin. 

 

Frequency of class 1 and 2 integrons among the 
Salmonella strains 
 The PCR assay was performed to identify class 1 and 

2 integrons among 97 Salmonella isolates from the 

chicken meat (75/97) and stool samples (22/97). The 

prevalence of class 1 and 2 integrons for human stool 

specimens was 40.9% (9/22) and 27.2% (6/22), 

respectively. Prevalence of class 1 and 2 integrons for 

chicken samples was 50.6% (38/75) and 29.3% (22/75), 

respectively. The frequency of class 1 integrons were 

higher than that of class 2 integrones in the Salmonella 

isolates. Multi-drug resistance phenotype among the 

integron encoding isolates was detected in 63.8% (23/36) 

of the chicken meat and 44.4% (16/36) and human stool 

samples. Resistance to TS was significantly higher in 

class 2 integron-bearing isolates in the poultry meat 

samples compared with integron-negative isolates 

(P=0.008). Moreover, resistance to chloramphenicol was 

about 2-fold higher in the integron positive strains (50% 

vs 25.6%). This association was also seen in the human 

stool isolates, where resistance to TS was only detected 

in the strains that carried class 1 and class 2 integrons. 

 

Discussion 
 
 An increase in population together with globalization 

of food supply, an increase in travel and tourism, and a 

tendency to consume ready-to-eat and outdoor foods 

have brought up foodborne diseases as global health 

problems. The longer timeframe of transmission could be 

considered as a possible reason for the increased 

microbial load of the collected samples from some areas. 

Raeisi and Ghiamirad (2015) in a study in Ardabil, Iran, 

showed that 10% of poultry samples were contaminated 

with Salmonella. This rate was lower than the results we 

obtained in our study, which can be due to the method of 

isolation of Salmonella (Anonymous, 2002). In similar 

studies, infection rates of 8.3% in Poland (Zdrodowska et 

al., 2014), 14.3% in China (Zeng et al., 2019), 17.9% in 

Ethiopia (Tibaijuka et al., 2003), and 34% in Egypt 

(Abd-Elghany et al., 2015) were reported. 

 In the case of infection rates of Salmonella in patients 

with community-acquired infection, Soltan Dallal and 

Moezardalan (2004) showed a prevalence of 2.6% in 

Tehran. In a study by Konaté et al. (2019) from 2013 to 

2015 in Africa, 16.8% (53/315) of patients with 

gastrointestinal symptoms showed Salmonella infection. 

 In this study, it was shown that the frequency of 

serogroup D, including Salmonella enterica serotype 

Enteritidis, was higher in the human cases, consistent 

with other studies in Europe. The most reported cases of 

Salmonella in Europe were related to serogroups D, C, 

and B, in agreement with our results (Authority et al., 

2018). 

 The observed difference in the frequency of dominant 

serogroups of Salmonella isolates between the human 

(Serogroup D) and chicken meat samples (Serogroup C) 

was similarly reported by Noda et al. (2010) from Japan. 

 The frequency of MDR phenotype was higher among 

the chicken isolates compared with the human ones. The 

MDR strains were resistant to tetracycline, TMP/SMX, 

and azithromycin. Concurrent resistance to 3DR was the 

most common type of MDR phenotype among the 

chicken isolates. In a similar study by Raeisi and 

Ghiamirad (2015) done on chicken meat samples in 

Ardabil, 100% of the isolates were resistant to at least 

two antibiotics. In the present study, the only human 

isolate with MDR phenotype was resistant to 

azithromycin/tetracycline/ticarcillin, similar to one of the 

chicken isolates. Possible relationship of these isolates 

was not confirmed due to their difference in serogroups. 

All of the chicken and human isolates were susceptible to 

cefotaxime and almost all of them were susceptible to 

imipenem and ceftriaxone. Regarding the prohibition of 

the use of chloramphenicol in poultry industry, the high 

rate of resistance to this antibiotic in poultry may 

indicate its illegal use (White et al., 2000). Results of our 

study showed that quinolones (e.g. ciprofloxazine) and 

cephalosporins (e.g. ceftriaxone) have good in vitro 

effects against the human isolates, in consistent with the 

studies in Saudi Arabia (Ramadan et al., 1992) and the 

USA (Travers and Michael, 2002). 

 Despite the increased incidence of resistance to 

ciprofloxacin among Salmonella strains in some 

countries, this resistance phenotype was detected only in 

4% of poultry meat and none of the human isolates in our 

study Prohibition of the usage of some antibiotics, 

including gentamicin and ciprofloxacin as feed additives 

in Iran, as implemented by many countries, could explain 

these results (Gehring et al., 2006; Davis et al., 2009). 

The observed resistance phenotype in some of the strains 

could be due to the illegal use of antibiotics in some 

poultry farms or through the evolutionary genetic 

changes that can lead to the emergence of the resistant 

strains (Hur et al., 2011). 

 The human isolates with tetracycline and TS 

resistance phenotypes showed statistically a correlation 
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with carriage of class 1 and class 2 integrons. Moreover, 

resistance to tetracycline, TS and chloramphenicol in 

Salmonella isolates from poultry meat samples was 

correlated with carriage of these integrons. These results 

highlighted the role of the integrons in the distribution of 

MDR pattern across Salmonella strains. The role of 

integrons in generating multiple drug resistance 

phenotypes was established by studies of Hur et al. 

(2011), Firoozeh et al. (2014), and Miriagou et al. 

(2006). In our study, the prevalence of class 1 and 2 

integrons was higher than that of the other studies in Iran 

(varying between 20% to 60% and 15% to 30%, 

respectively) (Amini, 2016). In the study of Raeisi and 

Ghiamirad that performed on Salmonella isolates, 

resistance to tetracycline, chloramphenicol, TS, 

ampicillin, and amoxicillin was reported higher in 

integron positive strains than in negative ones (Raeisi 

and Ghiamirad, 2015). The present study showed that the 

frequency of class 1 integrons was higher than that of 

class 2. This study also showed a significant relationship 

between the presence of blaTEM gene and MDR 

phenotype in chicken isolates (P=0.04). The presence of 

class 1 integrons showed the highest association with 

azithromycin resistance among the chicken isolates. 

Confirmation of this link needs further investigation. 

 Our study revealed the prevalence of ESBL and 

AmpC producing strains among 4% and 1% of the 

isolates, respectively. Although sequencing of blaTEM 

product, as the only gene associated with ESBL 

phenotype, was not done in our study, its dominance in 

poultry isolates has been confirmed by others. In a study 

by Chuma et al. (2013), 24.7% of blaTEM genes were 

found in Salmonella isolates with ESBL phenotype. The 

low frequency of AmpC among the chicken meat isolates 

was similarly reported in the study of Jeon et al. (2018) 

in the Republic of Korea. Among 336 chicken meat 

samples that was analyzed by these authors, AmpC 

positive Salmonella was detected in only one isolate 

(1.8%), while ESBL genes detected in 14.8% of them 

(Jeon et al., 2018). 

 Results of the present study confirmed Salmonella as 

a cause of community-acquired diarrhea in Tehran. 

Although high frequency of Salmonella in chicken meat 

samples proposed its potential risk of infection for 

consumers, such a correlation was not confirmed in our 

study due to the discrepancy between the characterized 

serogroups and the resistance phenotypes between the 

meat and human isolates. To find the main sources of the 

infection in humans, its other sources including livestock 

and vegetables should also be investigated in future 

studies. Our results showed a higher frequency of MDR 

and ESBL/AmpC phenotypes among the chicken isolates 

compared with the human ones. The higher rate of 

resistance to some antibiotics in the poultry isolates may 

indicate illegal use of these drugs during the rearing 

period, showing the need for special consideration. The 

high frequency of class 1 and class 2 integrons among 

the MDR Salmonella strains in chicken meat and the 

human stool samples indicated their possible 

involvement in the transmission of resistance genetic 

determinants. 
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