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Abstract 

Objective Campylobacter species are major causes of foodborne illnesses, with unpasteurized milk being a signifi-
cant carrier of these bacteria, posing a public health risk. One of the challenges in managing Campylobacter infections 
is the emergence and spread of antibiotic resistance. We conducted a study in Qazvin, Iran, testing 84 raw cow’s milk 
samples to determine the frequency of C. jejuni and C. coli using culture-based and multiplex PCR methods. Addition-
ally, the disk diffusion and RAPD-PCR approaches were utilized to evaluate the phenotypic antibiotic resistance profile 
and genetic diversity of Campylobacter strains.

Results The findings indicated that Campylobacter spp. was present in 19.05% of the samples, with C. coli being 
the predominant isolate. We tested eight antibiotic agents, and the resistance levels of the isolates were as fol-
lows: erythromycin 100%, tetracycline 75%, doxycycline 56.25%, ceftriaxone 43.75%, chloramphenicol 37.5%, 
amoxicillin-clavulanic acid 25%, nalidixic acid 12.5%, and azithromycin 6.25%. Genetic diversity analysis categorized 
Campylobacter isolates into 39 clusters, indicating a wide diversity among strains. However, no significant correla-
tion was observed between antibiotic resistance and cluster patterns. These findings underscore the role of raw 
milk as a reservoir for Campylobacter spp. and highlight the substantial antibiotic resistance and genetic diversity 
within the species population.
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Introduction
Campylobacter spp. are widely recognized as prevalent 
enteric pathogens, significantly contributing to bacterial 
gastroenteritis in humans worldwide. These Gram-
negative bacteria are responsible for over 500  million 

infections, which can be fatal for vulnerable individuals, 
such as children or the elderly [1]. As zoonotic foodborne 
pathogens, they can colonize the intestinal tracts of 
animals and are primarily transmitted to humans through 
direct contact or the consumption of contaminated 
animal-derived food, such as poultry and raw milk [2]. 
The two main strains responsible for contamination 
and illness are C. jejuni and C. coli. [3]. Campylobacter 
infection can manifest with various symptoms, 
including diarrhea, abdominal pain, fever, nausea, and, 
in severe cases, prolonged digestive problems. While 
Campylobacter typically induces self-limiting symptoms, 
it may necessitate antimicrobial treatment in severe 
cases [3, 4]. Antibiotics are frequently employed for 
disease prevention and treatment, but their overuse 
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leads to the emergence of antimicrobial resistant (AMR) 
bacteria. An alarming trend is the growing resistance 
observed in Campylobacter spp. to multiple antibiotics, 
including macrolides, aminoglycosides, quinolones, and 
tetracyclines [5, 6]. These microorganisms lead to a yearly 
increase in mortality and result in significant economic 
costs [7]. Moreover, the existence of antibiotics and 
their metabolic residues in the environment profoundly 
impacts the structure and diversity of microbial 
populations [8]. Understanding the genetic diversity 
and population structure of Campylobacter can aid 
epidemiological investigations, outbreak management, 
and the development of effective control strategies. 
RAPD-PCR is widely used for molecular genotyping, 
revealing genetic variability through distinct banding 
patterns from random bacterial genome regions, which 
provides valuable insights into the genetic variability 
within populations of organisms [9].

In recent years, the supply and distribution of raw 
milk in Iran has increased. Nevertheless, limited studies 
have examined the associated risks of its consumption. 
Therefore, this study aims to enhance our understanding 
of Campylobacter spp. prevalence, explore antibiotic 
resistance, and genetic variations in isolates from raw 
milk samples collected in Qazvin, Iran.

Materials and methods
Collection of samples
In July 2021, a total of 84 random samples of 
unpasteurized cow’s milk were purchased from retail 
markets located in three areas of Qazvin Province, Iran 
[10]. All samples were collected under strict sanitary 
conditions, and placed in an insulated icebox at 4 °C until 
delivery to the laboratory of food microbiology at Qazvin 
University of Medical Science for further analysis.

Isolation of Campylobacter spp.
Twenty-five milliliters of each milk sample was 
centrifuged at 20,000 × g for 35  min at 8  °C. After 
discarding the supernatant, the pellet was mixed with 45 
mL of Bolton broth containing Campylobacter-selective 
supplement (HiMedia, India) and 5% defibrinated sheep 
blood (Baharafshan, Iran), and then incubated for 48 h at 
42  °C under microaerophilic conditions (10% CO2, 85% 
N2 and 5% O2) using a Gas Pack C (Merck, Germany). 
Following incubation, a 30 µL aliquot of enriched 
cultures was streaked onto mCCDA (QUELAB,Canada) 
with antibiotic Campylobacter-selective supplement 
(Oxoid, UK) and incubated as previously mentioned. 
The suspected Campylobacter colonies were subjected to 
examination of morphology, oxidase, and catalase activity 
[11, 12]. Subsequently, these colonies were preserved in 

BHI broth with glycerol, and kept at − 80 °C for further 
investigation.

Identification of Campylobacter spp.
A boiling procedure was employed for the extraction of 
DNA from isolates. A multiplex PCR technique targeting 
the 16  S rRNA gene was employed for molecular 
identification. Specifically, the primer pair 0301 (F, CTT 
AAA GCN ATG ATA GTR GAY AAR) and 0304 (R, 
ACA GGR ATT CCR CGY TTT GTY TC), was used to 
target all Campylobacter species, and the isolates were 
differentiated as C.jejuni and C.coli using specific IpxA 
genes [13]. The PCR mixture reaction (20 µL) consisted 
of 10 µL Master Mix (Ampliqon, Denmark), 2 µL of each 
primer, 5 µL DNA template, and 1 µL deionized water. 
The PCR proceeded as follows: initial denaturation at 
95 °C for 5 min, followed by 45 cycles of denaturation at 
95 °C for 40 s, annealing at 55 °C for 40 s, and extension 
at 72 °C for 1 min. The final extension phase lasted 7 min 
at 72  °C. Subsequently, the PCR products underwent 
electrophoresis on a 1.5% w/v agarose gel in 0/5× TBE 
buffer with DNA-safe stain (CinnaGen, Iran), running at 
110 V for 75 min. The results were photographed using a 
gel documentation system (NovinPars Co., Iran) [14]. C. 
jejuni ATCC 33,291 and C. coli ATCC 43,478 were used 
as control strains.

Genotyping by RAPD‑PCR
In the RAPD genotyping analysis of Campylobacter 
isolates, a primer with the sequence 5′-CGC GTG CCAG-
3′ was employed. A 25 µl reaction volume was prepared, 
consisting of 2 µl of DNA template (50 ng/µl), 12.5 µl of 
PCR master mix, 1 µl of primer (0.2 M/µl), and deionized 
sterile water was used for RAPD amplification. The 
thermal cycling program proceeded as follows: 95 °C for 
5 min, 1 min at 36 °C, 4 min at 72 °C, and then 35 cycles 
of 95 °C for 1 min, 36 °C for 1 min, with a final extension 
at 72 °C for 4 min. Amplified RAPD-PCR products were 
electrophoresed on a 1.5% w/v agarose gel containing 
0.5X TBE buffer with staining, running at 100 V for 1 h. 
The gels were visualized using a Gel Doc system. All 
analyses of UPGMA dendrograms were performed using 
PyElph and NTsys software [15].

Antibiotic susceptibility testing
In this study, eight antibiotic disks (Padtan teb) were 
used, including tetracycline (30 g), erythromycin (15 g), 
doxycycline (30  g), azithromycin (15  g), nalidixic acid 
(30  g), chloramphenicol (30  g), ceftriaxone (30  g), and 
amoxicillin/clavulanic acid (30 g) [16]. The disc diffusion 
technique was conducted using the Kirby-Bauer method 
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on Mueller-Hinton agar, following CLSI guidelines 
[17]. CLSI Enterobacteriaceae breakpoints were used to 
interpret resistance.

Statistical analysis
We employed the Chi-squared test and Fisher’s exact test 
to assess significant differences (P value ≤ 0.05) among 
the incidence rates. We conducted these analyses using 
SPSS version 22.0.1 (SPSS, Chicago, IL, USA).

Results
Our study yielded significant findings regarding 
Campylobacter contamination in the tested samples. 
Campylobacter was found in 16 samples (19.05%, n = 84), 
with 10 (62.5%) identified as C. coli and 6 (37.5%) as C. 
jejuni. The highest contamination rates were observed in 
the southern regions of the city (24%) (Table 1).

Furthermore, all sixteen Campylobacter isolates 
were assessed for antimicrobial resistance against eight 
antibiotic agents, and the results are presented in Table 2. 
A striking observation was that all isolates exhibited 
resistance to erythromycin. Tetracycline resistance was 
also notably prevalent compared to other antibiotics. 
Both C. jejuni and C. coli strains demonstrated 
considerable resistance to doxycycline and ceftriaxone, 
while the lowest resistance rates among Campylobacter 
isolates were observed against azithromycin.

The UBC245 arbitrary primer in RAPD-PCR amplified 
Campylobacter isolates, producing diverse patterns with 
three to ten bands ranging from 200 to > 2200  bp. This 
primer effectively differentiated the Campylobacter iso-
lates from the eighty-four milk samples into 39 distinct 
clusters (R1-R39), with at least a 50% similarity coeffi-
cient (Fig.  1). Simpson’s index of diversity, calculated as 
0.93, indicated a high genetic diversity among the inves-
tigated isolates. Genotypic diversity in these bacteria can 
signify their ability to thrive and evolve within a reservoir. 
However, there was no significant relationship observed 
between antibiotic resistance and genotyping patterns.

Discussion
Milk has been identified as a common vehicle for Campy-
lobacter contamination, with several outbreaks in dif-
ferent countries, such as the Netherlands [18], the USA 
[19, 20], Sweden [21], Denmark [22], and England [23], 
highlighting the dangers associated with the consump-
tion of unpasteurized dairy and the subsequent rise in 
Campylobacter infections. In this study, we aimed to 
determine Campylobacter prevalence in milk within dif-
ferent regions of Qazvin, Iran. The prevalence rate of 
Campylobacter spp. was observed at 19.05%, which was 
higher than rates reported in Pakistan (10.2%) [24], Erbil, 
Iraq (12.6%) [25], Northern Italy (12%) [26], Sweden 
(9%) [27], and Poland (11.8%) [28]. In contrast, the fre-
quencies observed here were lower than those reported 

Table 1 Prevalence of Campylobacter isolates from different sources in Qazvin City, Iran

Examined 
samples
(Raw Milk)

No.of samples No.of 
Campylobacter
Spp.

(%) No.of 
Campylobacter
Jejuni

(%) No.of 
Campylobacter
Coli

(%)

North 26 3 11.54% 1 33.33% 2 66.67%

Center 33 7 21.21% 4 57.15% 3 42.86%

South 25 6 24% 1 16.67% 5 83.33%

Total 84 16 19.05% 6 37.5% 10 62.5%

Table 2 Antibiotic resistance phenotype of C. jejuni and C. coli isolated from the raw milk samples

n (%)

Antibiotic Class Antibiotic Agent C. jejuni (n = 6) C. coli (n = 10) Total (n = 16)

β-lactams Amoxicillin-clavulanic acid 2(33.34) 2(20) 4(25)

Ceftriaxone 2(33.34) 5(50) 7(43.75)

Quinolone Nalidixic acid 0(0) 2(20) 2(12.5)

Phenicol Chloramphenicol 3(50) 3(30) 6(37.5)

Tetracyclines Tetracycline 6(100) 6(60) 12(75)

Doxycycline 4(66.67) 5(50) 9(56.25)

Macrolides Erythromycin 6(100) 10(100) 16(100)

Azithromycin 1(16.67) 0(0) 1(6.25)
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from Tanzania (35.4%) [29], and Egypt (82.98%) [3]. On 
the other hand, a previous study in Iran by Haghi et  al. 
reported the absence of Campylobacter in milk sam-
ples obtained from dairy bovines, suggesting that infec-
tions typically arise from secondary contamination [30]. 
In general, the Campylobacter prevalence variations in 
findings among studies make it challenging to establish 
a direct link. Influential factors such as farm location, 
climate, seasonal elements, and husbandry systems may 
contribute to these differences [31, 32].

The majority of Campylobacter infections are primarily 
caused by C. jejuni, which is commonly found in milk 
samples [10]. In our study, we identified C. coli as the 
dominant strain in isolates, with a detection frequency of 
65.5%. This finding is consistent with some reports [33, 
34]. Conversely, more studies, such as those conducted 
by Kabir et  al. [35], Andrzejewska et  al. [28] and Raeisi 
et al. [36], have reported C. jejuni as the prevailing strain. 
Based on Kalantar et  al. ‘s research [37], one possible 
reason for the rising prevalence of C. coli strains, may be 
linked to the repetitive administration of antimicrobial 
treatments in specific areas and its selective impact on 
a particular population, which can lead to subsequent 
resistance development in this particular species.

The proliferation of AMR bacteria is a serious global 
concern. This issue is particularly significant in some 
parts of Asia, as indicated by the findings of the WHO 
[38]. In Iran, widespread antimicrobial usage, self-
medication practices, limited public knowledge, and 

a lack of veterinary legislation have contributed to 
the rise of multidrug resistant (MDR) strains, posing 
significant challenges to the healthcare system [39]. 
In this study, all the isolates displayed significant 
resistance to erythromycin, a first-generation macrolide 
antibiotic. This finding is consistent with previous 
research in Egypt by Naeni et  al., which reported 
100% resistance to erythromycin in Campylobacter 
isolates from various sources [3]. The high prevalence 
of erythromycin resistance is concerning, as it is 
commonly used for treating human Campylobacter 
infections [6]. Furthermore, tetracycline, doxycycline, 
and chloramphenicol are often considered alternative 
therapies for diarrhea patients [2]. Our examination 
revealed a significant level of resistance to both 
tetracycline and doxycycline. This result aligns with 
a report by Igwaran and Okoh (2020), who found a 
high rate of phenotypic resistance to tetracycline and 
doxycycline in Campylobacter isolates (83.33% and 
87.65%, respectively) [34]. Nalidixic acid testing showed 
12.5% resistance, lower than in prior studies [12, 40]. 
This could be attributed to limited exposure of this 
antibiotic to farm environments. Furthermore, when 
assessing β-lactam antibiotics, isolates demonstrated 
notable resistance. These findings underscore the 
diverse applications of the β-lactam family in veterinary 
medicine [41]. Our findings indicate that all isolates 
were resistant to multiple antimicrobial agents. The 
excessive use of antibiotics in farming contaminates 

Fig. 1  Phylogenetic tree of Campylobacter strains isolated from raw milk samples (with at least a 50% similarity coefficient)
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the environment, fostering resistance in animals and 
facilitating gene transfer. Addressing this issue requires 
implementing strategies such as rational antibiotic 
use, improved infection control, and the development 
of new antibiotics to safeguard the food chain and the 
well-being of both humans and animals.

We observed a high level of genetic diversity among 
strains isolated from raw milk samples, resulting in 39 
distinct clusters within the Campylobacter isolates. 
These results are in agreement with those reported by 
Chuma et  al. [9]. Horizontal gene transfer and genomic 
reconfiguration are potential mechanisms contributing 
to the genetic diversity observed among Campylobacter 
strains. Similar patterns of diversity have been observed 
in other Enterobacteriaceae family strains, such as 
Shigella, E. coli, and Salmonella, in previous studies 
of food samples. This substantial diversity is likely 
influenced by various sources of contamination. These 
sources include the transfer of Campylobacter strains 
from farm animals and food production environments to 
humans. Additionally, it may arise from the consumption 
of foods contaminated with various foodborne pathogens 
and international travel.

Conclusions
This study showed a high incidence of Campylobacter 
isolation, predominantly C. coli, emphasizing the risks of 
consuming raw milk. Additionally, significant antibiotic 
resistance and genetic variations were found among 
Campylobacter spp. The data presented in this study 
are alarming and magnify the need for monitoring, 
detecting, and controlling the spread of foodborne 
bacteria, particularly MDR species.

Limitations
To assess the genetic relatedness and antimicrobial 
susceptibility, 16 Campylobacter isolates from milk 
samples are not sufficient, and inadequate funding has 
been a limiting factor for this research project.
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