
1. Introduction
Human campylobacteriosis is the most common food-
borne disease in the United States, accounting for 1.9 
million cases per year [1,2]. Campylobacteriosis is one 
of the most important diseases transmitted through 
the gastrointestinal, especially in children younger 
than 5 years. According to the latest reports by the 
European Center for Disease Control and Prevention, 
campylobacteriosis was reported as the most prevalent 
zoonotic disease in 2012 [3]. Commonly, in developing 
countries, there is no national surveillance program for 
campylobacteriosis, thus the exact amount of its incidence 
in these countries is unavailable [4]. This disease is 
associated with self-limiting dysentery, abdominal 
cramps, and fever; however immunodeficient people may 
need antibiotic therapy [2,5].

Thermophilic campylobacters, especially 
Campylobacter jejuni, and Escherichia coli have been 
recognized as the most important causes of intestinal 
infections in humans in many countries [6-8]. In addition 
to intestinal disease, C. jejuni is known as one of the 
important causes of Guillain-Barre syndrome [9,10].

Campylobacter is a Gram-negative and spiral 

bacterium, which is sensitive to oxygen and grows in 
microaerophilic conditions, including 3-5% oxygen 
and 3-10% carbon dioxide with a temperature range 
of 40-42 ºC [8,11]. Further, water activity (aw) < 0.987, 
NaCl > 2%, and pH < 4.9 inhibit bacterial growth [12]. 
The main mechanisms for Campylobacter pathogenesis 
are adhesion, invasion, and toxin production [11-15]. 

Contaminated poultry meat has been reported as 
the major source of human campylobacteriosis in the 
food supply [16,17]. Overall, 50-80% of human cases of 
Campylobacteriosis are related to the consumption of 
poultry meat [18]. The Campylobacter contamination rate 
in poultry carcasses at slaughterhouses has been found to 
be between 34.9% and 100% [19]. Weak hygiene practices 
and subsequently carcass contamination with feces and 
intestinal contents during slaughter processing lead to an 
increase in the contamination rate by campylobacter [20]. 
Inappropriate handling, preparation, and consumption 
of raw or semi-cooked poultry meat increase the risk of 
campylobacteriosis in humans. Poultries such as chicken, 
turkey, duck, goose, and wild birds are infected with 
campylobacters and mainly with C. jejuni and E. coli [21]. 

Campylobacters are fastidious bacteria [22], and 
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the isolation and identification of campylobacters via 
conventional microbiological culture methods require 
enrichment culture, subculture to selective media, 
optimization of growth condition, and antibiotic support 
to reduce the co-cultured bacteria [23,24]. In addition, 
these methods are time-consuming and do not provide 
an accurate measure of the frequency and diversity of 
Campylobacter species associated with food [25,26]. 
Furthermore, rapid, specific, and sensitive molecular 
techniques such as the polymerase chain reaction (PCR) 
have become increasingly routine for the detection of 
foodborne pathogens in food supply and feces [26-28]. 
The numbers of PCR assay methods and target genes 
have been described previously for the detection of 
campylobacters in foods, water, feces, and environmental 
samples [29-31].

Considering the importance of the poultry industry 
in Iran, the significant role of Campylobacter in human 
infections, and the limited information about the 
contamination status of poultry herds in Hamedan, 
this study sought to investigate the prevalence of 
Campylobacter species among poultry carcasses at 
slaughterhouses in Hamedan province, west of Iran using 
the PCR method. 

2. Materials and Methods
2.1. Sample Collections and Culture Conditions
This study was performed on 100 specimens collected 
from broiler chickens at two slaughterhouses in Hamedan 
province, west of Iran from February to June 2018. 

After the scalding stage, the samples were collected 
from all areas of chicken skin using a sterile swab. Then, 
they were enriched by inoculation in Brucella broth 
media (Condalab, Spain) supplemented with vancomycin 
(1.0 mg/mL), trimethoprim (5.0 mg/mL), and polymyxin 
B (25 000 IU/mL) at 42 °C in microaerophilic conditions 
for 48-72 hours.

2.2. DNA Extraction
Genomic DNA was extracted from bacterial strains using 
FavorPrepTM Genomic DNA Extraction Kit (Favorgen 
Biotech, Taiwan). For this purpose, all enriched bacterial 
suspensions were centrifuged at 13 000 rpm for 2 minutes. 
Moreover, the supernatant was discarded, and the DNA 
of the pellet was extracted according to the manufacturer’s 
instructions. The quality and quantity of genomic DNA 
were checked by NanoDrop 2000™ (Thermo Scientific, 
Wilmington, USA) and gel electrophoresis in a 1% (W/V) 
agarose.

2.3. PCR Assay and Sequencing 
Campylobacter isolates were detected and identified by 
the PCR using primers described in Table 1. cadF.F and 
cadF.R primers flanking the outer membrane protein-
encoding gene (cadF), a conserved gene in Campylobacter 

species, were used for the detection of Campylobacter 
species. The HIP400F and HIP1134R primers targeting 
the hippuricase (hip) gene, which is absent from 
campylobacters other than C. jejuni, were used to amplify 
the DNA of C. jejuni [32].

PCR assay for molecular detection was performed 
in a 25 µL reaction mixture containing 12.5 μL of Taq 
DNA Polymerase 2X Master Mix® (Ampliqon, Odense, 
Denmark), 0.25 μL of each primer pair (10 pmol– 
Bioneer, Daejeon, South Korea), 5 μL template DNA, 
and 7 μL distilled deionized water. PCR amplification 
was performed in a SimpliAmp® thermal cycler (Applied 
Biosystem, USA) with conditions including initial 
denaturation at 95°C for 5 minutes, followed by 30 cycles 
of denaturation at 95°C for 45 seconds, 60 seconds at the 
annealing temperature specific for each primer (Table 1), 
extension at 72°C for 1 minute, and a final extension at 
72°C for 5 minutes. 

The amplified products were analyzed by agarose gel 
electrophoresis in a 1.5% (W/V) agarose gel stained with 
ethidium bromide (0.5 µg/mL, SinaClon, Iran) at 110V 
for 55 minutes. The gels were viewed under UV light 
and photographed using UV Imager (Transluminator, 
France). Further, a 100 bp molecular weight marker 
(SinaClon, Iran) was used as the size standard. The 
Campylobacter strain, kindly provided by Staji [33], and 
distilled deionized water were employed as positive and 
negative controls, respectively.

After the amplification of the target genes, the PCR 
product of three samples amplified by the cadF gene 
was sequenced, and all DNA sequencing of the PCR 
product was performed by Takapouzist Company 
(DynaBioTM, Iran) in an applied Biosystems 3500 (ABI) 
genetic analyzer (Applied Biosystems Inc, USA). The 
obtained nucleotide sequences were compared with the 
other sequences of Campylobacter species, deposited in 
GenBank by using the BLAST search tool (https://blast.
ncbi.nlm.nih.gov/Blast.cgi).

3. Results
Out of 100 DNA extracts, 81 isolates were determined to 
be positive for Campylobacter spp. using genus-specific 
primers (Figure 1), and 31 strains were identified as C. 
jejuni using C. jejuni-specific primers (Figure 2). 

The obtained nucleotide sequence revealed > 98% 
identity to various Campylobacter species deposited in 
NCBI. The nucleotide sequences of the cadF gene were 
deposited in GenBank® (accession number: MN603165). 

4. Discussion
Nowadays, the vital role of poultry in providing animal 
protein for humans is noticeable in different communities. 
This role is mainly due to low production costs, short 
breeding periods, high food efficiency, and white meat 
nutritional superiority. Continuous monitoring to ensure 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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that poultry meat is free of pathogens seems important 
and necessary due to the valuable role of poultry in the 
food supply. Campylobacter is one of the most important 
zoonotic pathogens that has a potential risk for poultry 
meat consumers. Extensive studies have been conducted 
on the contamination sources of campylobacteriosis 
in humans in many countries, and identifying and 
controlling these sources could play an important role in 
campylobacteriosis control and prevention [34].

Campylobacter species are the intestinal microflora 
in many domestic animals, thus they are considered a 
potential risk to food safety due to the contamination 
of carcasses in slaughterhouses. Campylobacter 
contamination can occur at various stages throughout the 
food chain including production, processing, mishandling 
distribution, transportation, and preparation [12].

In Iran and other countries, various investigations have 
focused on the contamination of industrial poultries with 
Campylobacter, indicating different contamination rates 
in feces and chicken meat [35-37]. In this study, out of 
100 samples collected from broiler carcasses at Hamedan 
slaughterhouses, 81 and 31 Campylobacter species and 
C. jejuni were isolated and identified, respectively. These 
results are in accordance with those of other studies 
conducted in different regions of Iran.

The high prevalence of Campylobacter in feces, meat, 
and other poultry-related products has been reported 
worldwide. The prevalence of Campylobacter species 
was reported at 68.8% (40.2% of E. coli and 28.5% of 
C. jejuni) in chicken carcasses at the slaughterhouse 
in the south of Spain [38]. The results of the study 
by Panzenhagen et al showed that the prevalence of 
campylobacter infections was 45% (53.66% of C. jejuni 
and 46.34% of E. coli) in the poultry carcasses at the 
six slaughterhouses in Rio de Janeiro, Brazil [39]. Han 
et al reported that the campylobacter infection rate was 
56.1%, 31.0%, and 17.0% in caecal samples, carcasses, 
and carcass parts, respectively, at slaughter in China [40]. 
Gonsalves et al demonstrated that infection rates for C. 
jejuni and E. coli were 72% and 38%, respectively [41]. In 
the study conducted in India, the contamination rate of 
campylobacter in both whole and sliced chicken was 13.2% 
and 30%, respectively [42]. Huang et al compared the 
prevalence of Campylobacter in chickens slaughtered by 
traditional and industrial methods in China. The results 
of this study represented that the highest rate of infection 
was related to conventional slaughter, while the overall 
prevalence of Campylobacter was 51.3%. The results 
of this study indicated that Campylobacter infection is 
present in live chickens; therefore, weak hygiene practices 
during slaughter processes will increase the spread of 
the disease [43]. In the study performed on 200 samples 
collected from chicken meat from retailers in Lahore, 
Pakistan, the infection rate of Campylobacter species was 
29% using the conventional culture method and the PCR 
technique [44]. In a study conducted in Accra, Ghana 

Table 1. Oligonucleotide primers used for the detection and identification of Campylobacter species and Campylobacter jejuni 

Primer Oligonucleotide sequence (5′→3′) Target gene Annealing temperature (ºC) Amplicon size(bp) Reference

cadF.F TTGAAGGTAATTTAGATATG
cadF 44 400 (32)

cadF.R CTAATACCTAAAGTTGAAAC

HIP400F GAAGAGGGTTTGGGT GGTG
hip 66 735 (32)

HIP1134R AGCTAGCTTCGCATAATAACTTG

Figure 1. PCR identification of Campylobacter species isolated from 
broiler carcasses. Note. PCR: Polymerase chain reaction; Lanes 1-20: 
Campylobacter species isolated from broiler carcasses; Lane P: Positive 
control; Lane N: Negative control (distilled water); Lane L: Molecular 
weight ladder.

Figure 2. PCR identification of Campylobacter jejuni isolated from broiler 
carcasses. Note. PCR: Polymerase chain reaction; Lanes 1 and 4-8: C. 
jejuni isolated from broiler carcasses; Lane P: Positive control; Lane N: 
Negative control (distilled water); Lane L: Molecular weight ladder
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to compare the level of the contamination of chicken 
meat with C. jejuni in wet markets and supermarkets, 
the chicken meat offered in wet markets showed a higher 
level of C. jejuni contamination, confirming the necessity 
of keeping chicken meat in proper storage conditions 
after transferring the chicken to the slaughterhouse [45].

In Iran, several studies have been conducted on the 
prevalence rate of C. jejuni in chicken carcasses. Sari et al 
reported a contamination rate of 28% in poultry carcasses 
by C. Jejuni in Mashhad Industrial Slaughterhouse [46]. 
Babaie Najad Basiri et al found that out of 150 fecal 
swab samples collected from healthy broilers, 98 (65.3%) 
samples were infected with the thermophilic strains of 
Campylobacter. Out of 98 Campylobacter isolates, 79.59% 
and 20.4% belonged to C. jejuni and E. coli, respectively 
[47]. The prevalence of Campylobacter in chicken skins 
at a slaughterhouse in Urmia was reported at 58.75% 
using bacterial culture methods [48]. In the study by 
Zendehbad et al, the prevalence of Campylobacter in 
broiler poultry in Mashhad was 63%, and the highest 
infection rate belonged to jejuni species and occurred 
in the summer season (78.9%). The prevalence of 
contamination reported in this study was higher than 
in the current research [49]. In Shiraz, Ansari-Lari et al 
investigated the infection rate of broiler carcasses with C. 
jejuni and E. coli. Based on this study, 33.31% to 35% and 
36.7% to 40% of broiler carcasses were infected with C. 
jejuni and E. coli, respectively [35]. Nouri Gharajalar et 
al concluded that the prevalence of C. jejuni and E. coli 
in the chicken liver was 72% and 28%, respectively [36]. 
Rahimi et al found that improving the poultry diet by 
adding probiotics and prebiotics to the diet is effective 
in the maturation of the intestinal immune system of 
poults, which, in turn, prevents the contamination of the 
poultry intestine with pathogenic microorganisms such 
as salmonella and Campylobacter [37]. 

The conflict between the results of the mentioned 
studies with the present study could be attributed to 
temporal and spatial differences between the studies, 
including differences in the method of slaughter and the 
application of hygienic practices during the slaughter 
process.

5. Conclusion
The results of this study revealed that 81% of broiler carcass 
samples taken from chicken slaughterhouses in Hamedan 
province were positive for the presence of Campylobacter 
species. Further, the results of this study showed that PCR 
is a fast, sensitive, and accurate molecular method for the 
identification of Campylobacter. Therefore, to determine 
the definitive identification of campylobacter, in addition 
to culture, the simultaneous use of other methods such 
as PCR can be extremely helpful. In conclusion, it is 
necessary to make good hygiene practices during different 
slaughter stages and distribution chains to prevent the 

occurrence of human campylobacteriosis.

Acknowledgments
The author would like to thank Ms. Sakineh Azami and Dr. Pejman 
Mahmoodi for their technical help.

Authors’ Contributions
Investigation: Seyedeh Sahar Mirmoeini.
Conceptualization: Abbas Ali Sari, Hamid Staji.
Methodology: Abbas Ali Sari, Ali Goudarztalejerdi, Mohammadreza 
Pajohi Alamoti, Hamid Staji.
Supervision: Abbas Ali Sari.
Writing–original draft: Seyedeh Sahar Mirmoeini.
Writing–review & editing: Abbas Ali Sari, Ali Goudarztalejerdi.

Competing Interests
The authors declared no conflict of interests.

Ethical Approval
Samples were collected with the permission of the Ethics 
Committee of Bu-Ali Sina University, Hamedan, Iran (code: 
IR.BASU.REC.406903).

Funding
This work was supported by a grant from the Bu-Ali Sina University, 
Hamedan, Iran (Grant No. 98-64 to Abbas Ali Sari). 

References
1.	 Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro 

C, et al. Food-related illness and death in the United 
States. Emerg Infect Dis. 1999;5(5):607-25. doi: 10.3201/
eid0505.990502.

2.	 Brunette GW, Nemhauser JB. CDC Yellow Book 2020: Health 
Information for International Travel. New York: Oxford 
University Press; 2020.

3.	 Barati M, Taghipour A, Bakhshi B, Shams S, Pirestani M. 
Prevalence of intestinal parasitic infections and Campylobacter 
spp. among children with gastrointestinal disorders in Tehran, 
Iran. Parasite Epidemiol Control. 2021;13:e00207. doi: 
10.1016/j.parepi.2021.e00207.

4.	 Mobaien A, Moghaddam F, Talebi S, Karami A, 
Amirmoghaddami H, Ramazani A. Studying the prevalence 
of Campylobacter jejuni in adults with gastroenteritis from 
northwest of Iran. Asian Pac J Trop Dis. 2016;6(12):957-60. 
doi: 10.1016/s2222-1808(16)61164-7.

5.	 Zhang Q, Sahin O. Campylobacteriosis. In: Diseases of Poultry. 
Wiley; 2020. p. 754-69. doi: 10.1002/9781119371199.ch17.

6.	 Rossler E, Olivero C, Soto LP, Frizzo LS, Zimmermann J, 
Rosmini MR, et al. Prevalence, genotypic diversity and 
detection of virulence genes in thermotolerant Campylobacter 
at different stages of the poultry meat supply chain. Int 
J Food Microbiol. 2020; 326:108641. doi: 10.1016/j.
ijfoodmicro.2020.108641.

7.	 Humphrey T, O’Brien S, Madsen M. Campylobacters as 
zoonotic pathogens: a food production perspective. Int 
J Food Microbiol. 2007;117(3):237-57. doi: 10.1016/j.
ijfoodmicro.2007.01.006.

8.	 Ghorbani Marghmaleki E, Ahmadi A, Arjomandzadegan 
M, Akbari M, Karamghoshchi A. Molecular detection of 
Campylobacter species: comparision of 16SrRNA with slyD, 
cadF, rpoA, and dnaJ sequencing. Rep Biochem Mol Biol. 
2020;9(3):257-63. doi: 10.29252/rbmb.9.3.257.

9.	 Habib I, Berkvens D, De Zutter L, Dierick K, Van Huffel X, 
Speybroeck N, et al. Campylobacter contamination in broiler 
carcasses and correlation with slaughterhouses operational 

https://doi.org/10.3201/eid0505.990502
https://doi.org/10.3201/eid0505.990502
https://doi.org/10.1016/j.parepi.2021.e00207
https://doi.org/10.1016/s2222-1808(16)61164-7
https://doi.org/10.1002/9781119371199.ch17
https://doi.org/10.1016/j.ijfoodmicro.2020.108641
https://doi.org/10.1016/j.ijfoodmicro.2020.108641
https://doi.org/10.1016/j.ijfoodmicro.2007.01.006
https://doi.org/10.1016/j.ijfoodmicro.2007.01.006
https://doi.org/10.29252/rbmb.9.3.257


Arch Hyg Sci.  Volume 12, Number 2, 2023 97

Campylobacter spp. among broiler carcasses

hygiene inspection. Food Microbiol. 2012;29(1):105-12. doi: 
10.1016/j.fm.2011.09.004.

10.	 Nyati KK, Nyati R. Role of Campylobacter jejuni infection in the 
pathogenesis of Guillain-Barré syndrome: an update. Biomed 
Res Int. 2013;2013:852195. doi: 10.1155/2013/852195.

11.	 Silva J, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P. 
Campylobacter spp. as a foodborne pathogen: a review. Front 
Microbiol. 2011;2:200. doi: 10.3389/fmicb.2011.00200.

12.	 Soro AB, Whyte P, Bolton DJ, Tiwari BK. Strategies and novel 
technologies to control Campylobacter in the poultry chain: a 
review. Compr Rev Food Sci Food Saf. 2020;19(4):1353-77. 
doi: 10.1111/1541-4337.12544.

13.	 Haddad N, Marce C, Magras C, Cappelier JM. An overview 
of methods used to clarify pathogenesis mechanisms of 
Campylobacter jejuni. J Food Prot. 2010;73(4):786-802. doi: 
10.4315/0362-028x-73.4.786.

14.	 van Vliet AH, Ketley JM. Pathogenesis of enteric 
Campylobacter infection. Symp Ser Soc Appl Microbiol. 
2001(30):45S-56S. doi: 10.1046/j.1365-2672.2001.01353.x.

15.	 Kreling V, Falcone FH, Kehrenberg C, Hensel A. 
Campylobacter sp.: pathogenicity factors and prevention 
methods-new molecular targets for innovative antivirulence 
drugs? Appl Microbiol Biotechnol. 2020;104(24):10409-36. 
doi: 10.1007/s00253-020-10974-5.

16.	 Lanier WA, Hale KR, Geissler AL, Dewey-Mattia D. 
Chicken liver-associated outbreaks of campylobacteriosis 
and salmonellosis, United States, 2000-2016: identifying 
opportunities for prevention. Foodborne Pathog Dis. 
2018;15(11):726-33. doi: 10.1089/fpd.2018.2489.

17.	 Ramires T, de Oliveira MG, Kleinubing NR, de Fátima Rauber 
Würfel S, Mata MM, Iglesias MA, et al. Genetic diversity, 
antimicrobial resistance, and virulence genes of thermophilic 
Campylobacter isolated from broiler production chain. Braz 
J Microbiol. 2020;51(4):2021-32. doi: 10.1007/s42770-020-
00314-0.

18.	 Sahin O, Kassem II, Shen Z, Lin J, Rajashekara G, Zhang 
Q. Campylobacter in poultry: ecology and potential 
interventions. Avian Dis. 2015;59(2):185-200. doi: 
10.1637/11072-032315-Review.

19.	 Melero B, Juntunen P, Hänninen ML, Jaime I, Rovira J. 
Tracing Campylobacter jejuni strains along the poultry 
meat production chain from farm to retail by pulsed-field 
gel electrophoresis, and the antimicrobial resistance of 
isolates. Food Microbiol. 2012;32(1):124-8. doi: 10.1016/j.
fm.2012.04.020.

20.	 Perez-Arnedo I, Gonzalez-Fandos E. Prevalence of 
Campylobacter spp. in poultry in three Spanish farms, 
a slaughterhouse and a further processing plant. Foods. 
2019;8(3):111. doi: 10.3390/foods8030111.

21.	 García-Sánchez L, Melero B, Rovira J. Campylobacter in 
the food chain. Adv Food Nutr Res. 2018;86:215-52. doi: 
10.1016/bs.afnr.2018.04.005.

22.	 Linton D, Lawson AJ, Owen RJ, Stanley J. PCR detection, 
identification to species level, and fingerprinting of 
Campylobacter jejuni and Campylobacter coli direct from 
diarrheic samples. J Clin Microbiol. 1997;35(10):2568-72. 
doi: 10.1128/jcm.35.10.2568-2572.1997.

23.	 Sails AD, Fox AJ, Bolton FJ, Wareing DR, Greenway DL. A 
real-time PCR assay for the detection of Campylobacter jejuni 
in foods after enrichment culture. Appl Environ Microbiol. 
2003;69(3):1383-90. doi: 10.1128/aem.69.3.1383-
1390.2003.

24.	 Corry JE, Post DE, Colin P, Laisney MJ. Culture media 
for the isolation of campylobacters. Int J Food Microbiol. 
1995;26(1):43-76. doi: 10.1016/0168-1605(95)00044-k.

25.	 Inglis GD, Kalischuk LD. Use of PCR for direct detection 

of Campylobacter species in bovine feces. Appl 
Environ Microbiol. 2003;69(6):3435-47. doi: 10.1128/
aem.69.6.3435-3447.2003.

26.	 Yang C, Jiang Y, Huang K, Zhu C, Yin Y. Application of real-
time PCR for quantitative detection of Campylobacter jejuni 
in poultry, milk and environmental water. FEMS Immunol 
Med Microbiol. 2003;38(3):265-71. doi: 10.1016/s0928-
8244(03)00168-8.

27.	 Giesendorf BA, Quint WG, Henkens MH, Stegeman H, Huf FA, 
Niesters HG. Rapid and sensitive detection of Campylobacter 
spp. in chicken products by using the polymerase chain 
reaction. Appl Environ Microbiol. 1992;58(12):3804-8. doi: 
10.1128/aem.58.12.3804-3808.1992.

28.	 Jackson CJ, Fox AJ, Jones DM. A novel polymerase chain 
reaction assay for the detection and speciation of thermophilic 
Campylobacter spp. J Appl Bacteriol. 1996;81(5):467-73. doi: 
10.1111/j.1365-2672.1996.tb03534.x.

29.	 O’Sullivan NA, Fallon R, Carroll C, Smith T, Maher M. 
Detection and differentiation of Campylobacter jejuni and 
Campylobacter coli in broiler chicken samples using a 
PCR/DNA probe membrane based colorimetric detection 
assay. Mol Cell Probes. 2000;14(1):7-16. doi: 10.1006/
mcpr.1999.0274.

30.	 Waage AS, Vardund T, Lund V, Kapperud G. Detection of 
small numbers of Campylobacter jejuni and Campylobacter 
coli cells in environmental water, sewage, and food samples 
by a seminested PCR assay. Appl Environ Microbiol. 
1999;65(4):1636-43. doi: 10.1128/aem.65.4.1636-
1643.1999.

31.	 Wegmüller B, Lüthy J, Candrian U. Direct polymerase 
chain reaction detection of Campylobacter jejuni and 
Campylobacter coli in raw milk and dairy products. Appl 
Environ Microbiol. 1993;59(7):2161-5. doi: 10.1128/
aem.59.7.2161-2165.1993.

32.	 Al Amri A, Senok AC, Ismaeel AY, Al-Mahmeed AE, Botta GA. 
Multiplex PCR for direct identification of Campylobacter spp. 
in human and chicken stools. J Med Microbiol. 2007;56(Pt 
10):1350-5. doi: 10.1099/jmm.0.47220-0.

33.	 Staji H, Birgani SF, Raeisian B. Comparative clustering and 
genotyping of Campylobacter jejuni strains isolated from 
broiler and turkey feces by using RAPD-PCR and ERIC-PCR 
analysis. Ann Microbiol. 2018;68(11):755-62. doi: 10.1007/
s13213-018-1380-9.

34.	 Shekarforoush SS, Rokni N, Karim G, Razavi Rohani SM, 
Kiaie SMM, Abbasvali M. Study on the overview on food 
borne bacteria in foodstuffs with animal origin in Iran; part 
two: meat and meat products. Food Hygiene. 2012;2(3):1-14. 
[Persian]

35.	 Ansari-Lari M, Hosseinzadeh S, Shekarforoush SS, Abdollahi 
M, Berizi E. Prevalence and risk factors associated with 
Campylobacter infections in broiler flocks in Shiraz, southern 
Iran. Int J Food Microbiol. 2011;144(3):475-9. doi: 10.1016/j.
ijfoodmicro.2010.11.003.

36.	 Nouri Gharajalar S, Hassanzadeh P, Hosseinali Nejad N. 
Molecular detection of Campylobacter species and cytolethal 
distending toxin isolated from chicken livers in Tabriz. 
Comp Immunol Microbiol Infect Dis. 2020;71:101474. doi: 
10.1016/j.cimid.2020.101474.

37.	 Rahimi S, Kathariou S, Fletcher O, Grimes JL. The effectiveness 
of a dietary direct-fed microbial and mannan oligosaccharide 
on ultrastructural changes of intestinal mucosa of turkey 
poults infected with Salmonella and Campylobacter. Poult 
Sci. 2020;99(2):1135-49. doi: 10.1016/j.psj.2019.09.008.

38.	 Torralbo A, Borge C, García-Bocanegra I, Méric G, Perea 
A, Carbonero A. Higher resistance of Campylobacter coli 
compared to Campylobacter jejuni at chicken slaughterhouse. 

https://doi.org/10.1016/j.fm.2011.09.004
https://doi.org/10.1155/2013/852195
https://doi.org/10.3389/fmicb.2011.00200
https://doi.org/10.1111/1541-4337.12544
https://doi.org/10.4315/0362-028x-73.4.786
https://doi.org/10.1046/j.1365-2672.2001.01353.x
https://doi.org/10.1007/s00253-020-10974-5
https://doi.org/10.1089/fpd.2018.2489
https://doi.org/10.1007/s42770-020-00314-0
https://doi.org/10.1007/s42770-020-00314-0
https://doi.org/10.1637/11072-032315-Review
https://doi.org/10.1016/j.fm.2012.04.020
https://doi.org/10.1016/j.fm.2012.04.020
https://doi.org/10.3390/foods8030111
https://doi.org/10.1016/bs.afnr.2018.04.005
https://doi.org/10.1128/jcm.35.10.2568-2572.1997
https://doi.org/10.1128/aem.69.3.1383-1390.2003
https://doi.org/10.1128/aem.69.3.1383-1390.2003
https://doi.org/10.1128/aem.69.6.3435-3447.2003
https://doi.org/10.1128/aem.69.6.3435-3447.2003
https://doi.org/10.1016/s0928-8244(03)00168-8
https://doi.org/10.1016/s0928-8244(03)00168-8
https://doi.org/10.1128/aem.58.12.3804-3808.1992
https://doi.org/10.1111/j.1365-2672.1996.tb03534.x
https://doi.org/10.1006/mcpr.1999.0274
https://doi.org/10.1006/mcpr.1999.0274
https://doi.org/10.1128/aem.65.4.1636-1643.1999
https://doi.org/10.1128/aem.65.4.1636-1643.1999
https://doi.org/10.1099/jmm.0.47220-0
https://doi.org/10.1007/s13213-018-1380-9
https://doi.org/10.1007/s13213-018-1380-9
https://doi.org/10.1016/j.ijfoodmicro.2010.11.003
https://doi.org/10.1016/j.ijfoodmicro.2010.11.003
https://doi.org/10.1016/j.cimid.2020.101474
https://doi.org/10.1016/j.psj.2019.09.008


Mirmoeini et al

 Arch Hyg Sci.  Volume 12, Number 2, 202398

Comp Immunol Microbiol Infect Dis. 2015;39:47-52. doi: 
10.1016/j.cimid.2015.02.003.

39.	 Panzenhagen PHN, Aguiar WS, da Silva Frasão B, de Almeida 
Pereira VL, da Costa Abreu DL, dos Prazeres Rodrigues 
D, et al. Prevalence and fluoroquinolones resistance of 
Campylobacter and Salmonella isolates from poultry carcasses 
in Rio de Janeiro, Brazil. Food Control. 2016;61:243-7. doi: 
10.1016/j.foodcont.2015.10.002.

40.	 Han X, Zhu D, Lai H, Zeng H, Zhou K, Zou L, et al. Prevalence, 
antimicrobial resistance profiling and genetic diversity of 
Campylobacter jejuni and Campylobacter coli isolated from 
broilers at slaughter in China. Food Control. 2016;69:160-70. 
doi: 10.1016/j.foodcont.2016.04.051.

41.	 Gonsalves CC, Borsoi A, Perdoncini G, Rodrigues LB, do 
Nascimento VP. Campylobacter in broiler slaughter samples 
assessed by direct count on mCCDA and Campy-Cefex 
agar. Braz J Microbiol. 2016;47(3):764-9. doi: 10.1016/j.
bjm.2016.04.025.

42.	 Lone JA, Kotwal SK, Rehman MU, Wani N, Malik MA, 
Singh M. Prevalence and antimicrobial resistance pattern of 
Campylobacter species among poultry and poultry handlers 
of Jammu. J Anim Res. 2016;6(2):351-5.

43.	 Huang J, Zong Q, Zhao F, Zhu J, Jiao X-a. Quantitative 
surveys of Salmonella and Campylobacter on retail raw 
chicken in Yangzhou, China. Food Control. 2016;59:68-73. 
doi: 10.4315/0362-028X.JFP-11-104.

44.	 Nisar M, Ahmad MUD, Mushtaq MH, Shehzad W, Hussain A, 
Nasar M, et al. Occurrence of Campylobacter in retail meat in 
Lahore, Pakistan. Acta Trop. 2018;185:42-5. doi: 10.1016/j.
actatropica.2018.04.030.

45.	 Asuming-Bediako N, Kunadu AP, Jordan D, Abraham 
S, Habib I. Prevalence and antimicrobial susceptibility 
pattern of Campylobacter jejuni in raw retail chicken 
meat in Metropolitan Accra, Ghana. Int J Food Microbiol. 
2022;376:109760. doi: 10.1016/j.ijfoodmicro.2022.109760. ‏

46.	 Sari AA, Hamshidi A, Basami M. Isolation and identification 
of Campylobacter jejuni from poultry carcasses using 
conventional culture methods and multiplex PCR assay. Iran 
J Vet Med. 2011;5(1):31-5. doi: 10.22059/ijvm.2011.22668. 
[Persian].

47.	 Babaie Najad Basiri F, Haghighi Khoshkhoo P, Akbariazad 
G. Prevalence and antibacterial susceptibility of thermophilic 
Campylobacter spp. in broiler chickens. J Mazandaran Univ 
Med Sci. 2016;26(136):185-9. [Persian].

48.	 Ebrahimi Lagha F, Zeynali F, Rezazadeh Bari M. Identification 
of Campylobacter spp. from poultry skin using methods based 
on bacterial culture and polymerase chain reactions. J Vet Res. 
2016;71(4):431-6. doi: 10.22059/jvr.2016.59999. [Persian].

49.	 Zendehbad B, Khayatzadeh J, Alipour A. Prevalence, 
seasonality and antibiotic susceptibility of Campylobacter 
spp. isolates of retail broiler meat in Iran. Food Control. 
2015;53:41-5. doi: 10.1016/j.foodcont.2015.01.008.

https://doi.org/10.1016/j.cimid.2015.02.003
https://doi.org/10.1016/j.foodcont.2015.10.002
https://doi.org/10.1016/j.foodcont.2016.04.051
https://doi.org/10.1016/j.bjm.2016.04.025
https://doi.org/10.1016/j.bjm.2016.04.025
https://doi.org/10.4315/0362-028X.JFP-11-104
https://doi.org/10.1016/j.actatropica.2018.04.030
https://doi.org/10.1016/j.actatropica.2018.04.030
https://doi.org/10.1016/j.ijfoodmicro.2022.109760
https://doi.org/10.22059/ijvm.2011.22668
https://doi.org/10.22059/jvr.2016.59999
https://doi.org/10.1016/j.foodcont.2015.01.008

