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Campylobacter species are the most common bacterial cause of diarrhea 

in humans. The present study investigated the prevalence and antibiotic 

resistance of Campylobacter spp. isolated from raw milk in Urmia, Iran. 

Eighty raw cow milk samples were randomly collected from traditional 

dairy retailers in different regions of Urmia by sterile conditions in 2018. 

First, the samples were enriched in supplemented Preston broth, and then 

they were streaked onto supplemented Campylobacter agar and 

incubated at 42 °C for 48 h in microaerophilic conditions. Biochemical 

tests, such as hippurate hydrolysis and susceptibility or resistance to 

nalidixic acid, were performed to identify the species of isolates. 

Antibiotic sensitivity test on isolates was performed by the Kirby-Bauer 

disc diffusion method. Thirteen samples (16.25%) were contaminated 

with Campylobacter spp. The prevalence of Campylobacter jejuni 

(13.75%) was higher than Campylobacter coli isolates (2.5%). The 

Campylobacter isolates showed high resistance against tetracycline 

(100%), co-trimoxazole (84%), ampicillin, ceftriaxone, and 

chloramphenicol (69.2%) while exhibiting moderate resistance to 

ciprofloxacin and nitrofurantoin (46.2%) and low resistance to 

gentamicin (30.8%). Moreover, nine isolates (69.2%) showed multi-drug 

resistance (MDR). It can be concluded the prevalence of Campylobacter 

spp. and their MDR strains in distributed raw cow milk in Urmia is high. 

It is recommended to improve animal health  and milk hygiene, prevent 

the overuse of antibiotics in dairy farms, and pasteurize milk. 
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 چکيده 
گاو  خام    نمونه شیر  80.  ندشدخام شهرستان ارومیه بررسی  جدا شده از شیر  کمپیلوباکترهای  گونه  بیوتیکیآنتی  باشند. در تحقیق حاضر شیوع و مقاومت میترین عامل اسهال باکتریایی در انسان  شایع   کمپیلوباکترهای  گونه 

و  به تصادفی  شرایط  صورت  فروشیبا  خرده  از  ارسترون  مناطق مختلف  سنتی  لبنیات  سال  ومیه  های  شدند.جمع   1397در  ابتدانمونه  آوری  پرستون   ها،  آبگوشت  غنیتکمیل  در  و سپسشده،  آگار  سازی  شده    در  تکمیل 
و در دمای    کمپیلوباکتر بهدرجه   42کشت  آزمایش گرمخانه میکروآیروفیل  ساعت در شرایط    48مدت  سلسیوس  بیوشیمیاییگذاری شدند.  و  از  های  نالیدیکسیک اسید  جمله هیدرولیز هیپورات  به  یا مقاومت  برای  حساسیت 

 کمپیلوباکتر    هایشیوع جدایه  بودند.   کمپیلوباکترهای  درصد( آلوده به گونه   25/16نمونه )  13شد.  بائر انجام  -روش انتشار دیسک کربیبهها  بیوتیکی روی جدایهآنتیحساسیت  آزمایش شدند.  ها انجام  ی جدایهشناسایی گونه

  2/69سیلین، سفتریاکسون و کلرامفنیکل )درصد(، آمپی   84درصد(، کوتریموکسازول )   100مقاومت بالا در برابر تتراسایکلین )  کمپیلوباکتری  هادرصد( بود. جدایه   5/2)   کولای کمپیلوباکتر   درصد( بالاتر از   75/13)   ججونای
دادند   آنها  حالی در درصد( نشان  و    بهمقاومت متوسط  که  پایین    2/46نیتروفورانتوئین )سیپروفلوکساسین  و مقاومت  )  بهدرصد(  دادند.  8/30جنتامایسین  )  9چنین  هم  درصد( نشان  دارویی   2/69جدایه  درصد( مقاومت چند 

(MDR  نشان )نتیجهدادند. می نمود که شیوع گونه توان  بالا می توزیعی    گاو  خام  آنها در شیر  MDRهای  و سویه   کمپیلوباکترهای  گیری  از حد  ارومیه  از مصرف بیش  و بهداشت شیر، جلوگیری  ارتقا سلامت دام  باشد. 
 گردد. ها در مزارع گاوان شیری و پاستوریزاسیون شیر پیشنهاد میبیوتیکآنتی

ران یا ه، ی اروم ، یکی وتی ب یمقاومت آنت  یالگو لوباکتر، ی کمپ  یهاگونه رخام، ی ش  :كليدی  های  واژه

http://creativecommons.org/licenses/by/4.0/
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INTRODUCTION 

Campylobacter jejuni and Campylobacter coli 

are recognized as the leading cause of human 

bacterial diarrhea worldwide [1]. 

Campylobacter species are small, motile, non-

spore-forming, curved, or spiral gram-negative 

rods [2,3] which are microaerophilic 

organisms and grow best in an atmosphere 

containing 3-6% oxygen [4,5]. In addition, 

Campylobacter spp. are known as capnophilic 

organisms, and their growth is enhanced in the 

presence of 2–10% CO2 [4,5]. Although 

Campylobacter spp. grow at 37 °C, the 

optimum temperature for the multiplication of 

thermophilic species, including C. jejuni, C. 

coli, and C. lari, is 42 °C [2,3,5]. The 

thermophilic Campylobacters can be 

differentiated based on nalidixic acid 

susceptibility and hippurate hydrolysis [3]. 

The infectious dose of C. jejuni is low, and it 

can lead to infection by surviving in small 

numbers (50 to 500 organisms) in 

contaminated foods [1,3,5]. Campylobacter 

spp. can cause gastrointestinal or 

extraintestinal infections [1,3]. Campylobacter 

enteritis typically occurs in healthy individuals 

by ingestion of Campylobacter-contaminated 

food or water or occupational contact with 

Campylobacter-infected animals [1,3,5]. 

Extraintestinal infection, including bacteremia 

and various organ infections, usually occurs 

following the systemic spread of 

Campylobacter in immunocompromised 

individuals [1,3]. Milk is a nutrient medium 

for the growth of microorganisms [6]. 

Microbial contamination of raw milk results 

from three leading sources: inside of the udder 

(systemic infections and mastitis), outside of 

the udder (feces), and through the milk contact 

surfaces (milker’s hands, milking machine, 

and storage equipment) [7].  In recent years 

raw milk has been a common source of 

Campylobacter spp. [3]. These organisms are 

commonly found as commensal organisms in 

the gastrointestinal tracts of cattle, and their 

presence in raw milk usually results from fecal 

contamination during the milking stages [8]. A 

few publications have reported the direct 

excretion of Campylobacter into milk in 

mastitis [8]. Campylobacteriosis outbreaks 

related to raw milk consumption have been 

reported worldwide [8-11]. However, these 

outbreaks have significantly decreased with 

the pasteurization of milk and raised public 

awareness in developed countries [3]. 

Campylobacter infections are self-limiting, 

and antibiotic treatment is not usually required 

[12]. However, antibiotic treatment is 

necessary under certain clinical conditions, 

such as severe cases, infections in 

immunocompromised patients, and long-term 

infections [12]. Currently, macrolide 

antibiotics, such as erythromycin and 

azithromycin, and fluoroquinolone antibiotics, 

such as ciprofloxacin, are considered as choice 

drugs for treating campylobacteriosis [12,13]. 

Furthermore, tetracycline and gentamicin are 

used as alternative antibiotics in 

Campylobacter infections [12,13]. In 

developing countries, the inappropriate use of 

antibiotics in the treatment of human and 

animal infections, the lack of strict regulations 

in this field, and allowing to use of antibiotics 

as growth enhancers in food animal farms lead 

to the emergence of antibiotic-resistant 

bacterial strains, especially multi-drug 

resistant (MDR) strains [12]. The bacterial 

strains resistant to three or more antibiotic 

classes are frequently known as MDR strains 

[14]. Campylobacter spp. have a high capacity 

to transfer genetic components [15]. This 

characteristic allows antibiotic-resistance 

genes to be transferred easily [15]. In recent 

years, the concern about Campylobacter 

infections has grown due to the increase of 

multidrug-resistant isolates in patients with 

enteritis and diarrhea in developing and 
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developed countries [16]. Currently, the 

resistance of Campylobacter spp. to penicillin, 

cephalosporin, and sulfonamides has been 

observed [13]. The present study investigates 

the prevalence and antibiotic resistance pattern 

of Campylobacter spp. isolated from 

distributed raw cow milk in Urmia, Iran.  

MATERIALS AND METHODS 

Sampling 

The current research is a cross-sectional 

descriptive study. Eighty raw cow milk 

samples were randomly gathered from 

traditional dairy retailers in different regions of 

Urmia, Iran, from October to December 2018. 

Isolation and Identification of Campylobacter 

spp.  

The pH of the samples was adjusted to 7.50 ± 0.20 

with a digital pH meter (Oriba, Japan) using a 

sterile 1 N NaOH (1.06462, Merck KGaA, 

Darmstadt, Germany) solution. 50 ml of the pH-

adjusted samples were centrifuged (Universal 

Centrifuge Premium 20000, Pole Ideal Tajhiz Co., 

Tehran, Iran) at 12000 g for 40 min. Then, the 

supernatant was discarded, and the sediment was 

suspended in 10 ml of Preston enrichment broth 

base (M899, Himedia laboratories, Mumbai, India) 

containing Campylobacter supplement IV (FD042, 

Himedia Laboratories), 5% (v/v) sterile 

defibrinated sheep blood, and then transferred to 

the bottle containing 90 ml of Preston enrichment 

broth with the same characteristic. The tested 

bottles were incubated at 42 °C for 24 h in a 

microaerophilic environment using a sealed jar 

with CampyGen gas-generating envelope 

(CN025A, Oxoid, UK). The enriched samples 

were streaked onto Campylobacter agar (M994, 

Himedia Laboratories) containing Campylobacter 

supplement I (FD006, Himedia Laboratories), 5% 

(v/v) sterile defibrinated sheep blood, and 

incubated at 42 °C for 48 h under the same 

condition. To identify the species of isolates, 

typical colonies (non-hemolytic, flat, gray, round 

with a mucoid appearance) were subjected to 

growth at 25 °C, catalase, nitrate reduction, H2S 

production, hippurate hydrolysis, and susceptibility 

or resistance to nalidixic acid and cephalothin tests 

[17-21].  

Antimicrobial Susceptibility Testing  

The antimicrobial sensitivity test on isolates was 

carried out using the Kirby-Bauer disk diffusion 

method [22-24]. First, the isolates sub-cultured on 

blood agar base (M073, Himedia Laboratories) 

containing 5% (v/v) sterile defibrinated sheep 

blood. Then, some colonies were suspended in 

sterile saline, and the turbidity of the suspension 

was adjusted visually with 0.5 McFarland standard 

solution (approximately 1.5 x 108 CFU/ml). The 

inoculum was streaked with swabs thoroughly onto 

Mueller-Hinton agar (MV1084, Himedia 

Laboratories) supplemented with 5% (v/v) sterile 

defibrinated sheep blood and then the desired 

antibiotic disks (Padtan Teb, Tehran, Iran), 

including ampicillin (10 μg), ceftriaxone (30 µg), 

ciprofloxacin (5 μg), chloramphenicol (30 μg), co-

trimoxazole (trimethoprim and 

sulphamethoxazole) (1.25/23.75 µg), gentamicin 

(10 μg), nitrofurantoin (300 µg) and tetracycline 

(30 μg), were placed on the inoculated agar. The 

tested plates were incubated at 42 ˚C for 24 h in a 

microaerophilic condition. The growth inhibition 

zone of each disk was measured (mm), and the 

results were interpreted by the clinical laboratory 

standard institute (CLSI) criteria [22].  

RESULTS 
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Thirteen samples (16.25%) of raw milk were 

contaminated with Campylobacter spp. The 

frequency of samples contaminated with C. jejuni 

(13.75%) was higher than the samples 

contaminated with C. coli (2.5%) (Fig. 1). As 

shown in Table 1, Campylobacter isolates 

exhibited high resistance against tetracycline 

(100%), co-trimoxazole (84.6%), ampicillin, 

ceftriaxone, and chloramphenicol (69.2%). Also, 

the isolates showed moderate resistance against 

ciprofloxacin and nitrofurantoin (46.2%) and low 

resistance to gentamicin (30.8%) (Table 1). 

Moreover, resistance to one or more antibiotic 

classes was observed in all isolates (Table 2). The 

MDR strains of Campylobacter were found in nine 

isolates (69.2%) (Table 2). In addition, the 

frequency of the MDR strains in C. coli isolates 

(100%) was more than in C. jejuni isolates (72.7%) 

(Table 2).    

 

Figure 1. Prevalence of Campylobacter spp. isolated from raw milk in Urmia, Iran. 

 

 

Table 1. Antibiotic susceptibility profile of Campylobacter spp. isolated from raw milk 

Antibiotics Campylobacter spp. (N=13) C. jejuni (N=11) C. coli (N=2) 

S I R S I R S I R 

Ampicillin 0 (0.0%) 4 (30.8%) 9 (69.2%) 0 (0.0%) 3 (27%) 8 (73%) 0 (0.0%) 1 (50%) 1 (50%) 

Ceftriaxone 2 (15.4%) 2 (15.4%) 9 (69.2%) 2 (18%) 1 (9%) 8 (73%) 0 (0.0%) 1 (50%) 1 (50%) 

Chloramphenicol 0 (0.0%) 4 (30.8%) 9 (69.2%) 0 (0.0%) 4 (36.4%) 7 (63.6%) 0 (0.0%) 0 (0.0%) 2 (100%) 

Ciprofloxacin 6 (46.2%) 1 (7.6%) 6 (46.2%) 6 (54.5%) 1 (9.1%) 4 (36/6%) 0 (0.0%) 0 (0.0%) 2 (100%) 

Co-trimoxazole 0 (0.0%) 2 (15.4%) 11 (84.6%) 0 (0.0%) 2 (18%) 9 (82%) 0 (0.0%) 0 (0.0%) 2 (100%) 

Gentamicin 6 (46.2%) 3 (23%) 4 (30.8%) 4 (36.4%) 3 (27.2%) 4 (36.4%) 2 (100%) 0 (0.0%) 0 (0.0%) 

Nitrofurantoin 7 (53.8%) 0 (0.0%) 6 (46.2%) 7 (63.6%) 0 (0.0%) 4 (36.4%) 0 (0.0%) 0 (0.0%) 2 (100%) 

Tetracycline 0 (0.0%) 0 (0.0%) 13 (100%) 0 (0.0%) 0 (0.0%) 11 (100%) 0 (0.0%) 0 (0.0%) 2 (100%) 

N: number; S: susceptible; I: intermediate; R: resistant 

 

 

Table 2. Antibiotic resistance pattern and frequency of multi-drug resistant strains in Campylobacter spp. isolated from raw milk 

Isolates Antibiotic resistance MDR 

R1 R2 R3 R4 R5 R6 R7 R8 

Campylobacter spp. 

(N=13) 

2 (15.4%) 2 (15.4%) 0 (0.0%) 0 (0.0%) 3 (23.1%) 0 (0.0%) 2 (15.4%) 4 (30.7%) 9 (69.2%) 

C. jejuni (N=11) 2 (18.2%) 1 (9.1%) 0 (0.0%) 1 (9.1%) 3 (27.3%) 0 (0.0%) 0 (0.0%) 4 (36.3%) 8 (72.7%) 

C. coli (N=2) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 0 (0.0%) 1 (50.0%) 0 (0.0%) 2 (100%) 

N: number; R1: resistance to one; R2: resistance to two; R3: resistance to three; R4: resistance to four; R5: resistance to five; R6: 

resistance to six; R7: resistance to seven; R8: resistance to eight antibiotics; MDR: multi-drug resistance (resistance to three or more 

antibiotics) 
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DISCUSSION 

According to the results, the prevalence rate of 

Campylobacter spp. in distributed raw cow milk in 

Urmia was 16.25%. The frequency of C. jejuni 

isolates (13.75%) was higher than C. coli isolates 

(2.5%). The existance of Campylobacter spp. in 

raw milk primarily occurs after fecal 

contamination [8,25,26]. Dairy cows are known as 

Campylobacter reservoirs [25]. National Animal 

Health Monitoring System (NAHMS) surveys in 

the United States have detected Campylobacter 

spp. on dairy farms, especially in feces samples 

[25]. Furthermore, Campylobacter organisms have 

been isolated from bulk tank milk (BTM) in dairy 

farms [26,27]. It has been shown that 

Campylobacter spp. are occasionally implicated in 

mastitis [8,28,29]. Taylor et al. reviewed 262 

campylobacteriosis outbreaks in the United States 

from 1997 to 2008. They reported that 225 

outbreaks (86%) were foodborne, and dairy 

products and poultry meat were implicated in 65 

(29%) and 25 (11%) outbreaks, respectively [30]. 

In a review, the global prevalence of 

Campylobacter spp. in raw milk was reported by 

Taghizadeh et al. at approximately 4% [31]. In this 

review, the lowest prevalence was perceived in 

Europe (1%), and the highest prevalence was 

observed in Oceania (9%) and Asia (7%), followed 

by Africa (6%) and America (5%) [31]. Moreover, 

the contamination rate of the raw cow milk 

samples with Campylobacter spp. in different 

regions of Iran has been studied. In a survey in 

Mazandaran province, the contamination rate of 

raw cow milk samples from traditional dairy 

retailers with C. jejuni was reported by 

Khoshbakht et al. at 7% [32]. In another survey in 

Mazandaran province, the contamination rate of 

raw milk in a dairy cattle farm with Campylobacter 

spp., C. jejuni, and C. coli was obtained by Raeisi 

et al. at 8.75%, 6.25%, and 2.5%, respectively 

[33]. Furthermore, in a survey in Amol city, the 

prevalence rate of C. jejuni in raw cow milk  

samples from milk collection centers was reported 

by Dabiri et al. at 13.88% [34]. Kazemini et al. 

obtained the prevalence rate of C. jejuni in raw 

milk samples in dairy bovine herds in Isfahan city 

at 2.5 % [35]. Khanzadi et al. also reported the 

contamination rate of BTM samples from dairy 

cattle farms in Mashhad city with C. jejuni at 8% 

[36]. Therefore, as observed, the prevalence 

of Campylobacter spp. in raw cow milk in various 

regions of Iran and the world is different. These 

differences can be due to changes in geographical 

location, season, sample type, sample size, 

sampling methods, isolation methods, farming 

system, milking method, and sanitary conditions in 

dairy farms [31]. In the present study, similar to 

the findings of other researchers in the world and 

Iran [31-34], C. jejuni was the most common 

isolate from raw cow milk. The prevalence rate of 

C. jejuni in our survey was consistent with the 

results of Dabiri et al. [34]. Compared to the 

findings of Khoshbakht et al. [32], Raeisi et al. 

[33], Kazemini et al. [35], Khanzadi et al. [36], the 

global prevalence of Campylobacter spp. in milk 

[31] was high. It can be attributed to traditional 

cattle farms with manual milking systems and poor 

animal hygiene in the region. Therefore, it is 

recommended to improve the hygienic status of 

dairy farms, especially traditional types, by using 

livestock health and milk hygiene standards. 

However, even with strict implementation of 

hygiene measures in dairy farms, low levels of 

Campylobacter contamination may be observed. 

Thus, avoiding the consumption of raw milk and 

milk pasteurization is suggested. Fluoroquinolones, 

particulaly ciprofloxacin, are commonly used 

antibiotics for treating Campylobacter infections in 

human [12,13]. A tendency to the expansion of 

fluoroquinolone-resistant Campylobacter strains 

from human and animal origin in the United States 

and Canada (19-47%), Europe (17-99%), Africa, 

and Asia (>80%) has been reported [37]. The rapid 

emergence of fluoroquinolone‐resistant 

Campylobacter strains worldwide may be partially 

attributed to the extensive use of fluoroquinolones 

in veterinary medicine, especially in poultry farms 

[12]. In a review, the resistance of Campylobacter 

isolates from humans and animal samples to 

quinolone and fluoroquinolone antibiotics, 

including nalidixic acid, ciprofloxacin, 

enrofloxacin, and ofloxacin, was reported by 

Khademi and Sahebkar at 0% to 87.3% [13]. The 

difference in the prevalence rate appears to be 

related to the type of sample (human or animal 
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origin) and the low or high use of these antibiotics 

in human or animal infections. Based on our 

results, Campylobacter isolates showed moderate 

resistance to ciprofloxacin (46.2%). This finding 

may be due to the low usage of fluoroquinolone 

antibiotics in dairy farms. The resistance to 

ciprofloxacin is primarily mediated through point 

mutations in the quinolone resistance-determining 

region (QRDA) of DNA gyrase A (GyrA) [37]. In 

addition to fluoroquinolones and macrolides, 

tetracycline and gentamicin are used as alternative 

antibiotics in human campylobacteriosis [13]. 

Tetracycline is extensively used in veterinary 

medicine. According to our results, Campylobacter 

isolates exhibited high resistance to tetracycline 

(100%). This finding is consistent with the results 

of other researchers in Iran and other countries 

[20,21,25,38-42]. The tet(O) gene is responsible 

for tetracycline resistance in Campylobacter and is 

widely found in animal isolates [37]. In most 

strains, the tet(O) gene is encoded by a plasmid, 

but in some isolates, there is a chromosomal-

encoded copy of the gene [37]. In the present 

research, Campylobacter isolates showed low 

resistance to gentamicin (30.8%). This finding is 

similar to the results of other researchers 

[20,21,33,43]. The use of aminoglycoside 

antibiotics in food animal farms is limited due to 

toxicity and long withdrawal period [44]. The low 

resistance of isolates to gentamicin may be 

associated with the restricted usage of this 

antibiotic in food animal farms. Gentamicin 

resistance in Campylobacter spp. is mainly caused 

by aminoglycoside modifying enzyme [37]. In our 

study, Campylobacter isolates showed high 

resistance to ampicillin and ceftriaxone (69.2%). 

The high resistance of Campylobacter isolates to 

beta-lactam antibiotics may be due to their 

excessive use in dairy farms, especially in mastitis. 

Intrinsic resistance and beta-lactamase production 

are two leading mechanisms in the resistance of 

Campylobacter spp. to beta-lactam antibiotics [37]. 

According to the results, Campylobacter isolates 

exhibited moderate resistance to nitrofurantoin 

(46.2%). Also, low to moderate resistance to 

nitrofurantoin in human or animal isolates of 

Campylobacter has been reported [45,46]. It may 

be related to the limited usage of nitrofurantoin in 

medicine and veterinary medicine. Interestingly, C. 

jejuni and C. coli are intrinsically resistant to 

trimethoprim and sulfamethoxazole [48,49]. 

Therefore, the high resistance of Campylobacter 

isolates to co-trimoxazole (84.6%) is justified. 

Although some studies have shown that the 

prevalence of chloramphenicol-resistant 

Campylobacter strains is very low [43,49], in our 

research, Campylobacter isolates showed high 

resistance to chloramphenicol (69.2%). Resistance 

to chloramphenicol in Campylobacter spp. is 

achieved with the cat gene [48]. The cat gene is 

carried on a plasmid and encodes the 

chloramphenicol acetyltransferase (CAT) enzyme 

and prevents the binding of the chloramphenicol to 

ribosomes [48]. Furthermore, the cat gene has been 

identified in C. coli [50]. To account for the 

adverse findings of the current research, more 

studies are required on the identification of cat 

genes in Campylobacter isolates.  Also, the MDR 

strains of Campylobacter were found at a high 

level in the present study (69.2%). This finding is 

consistent with the results of other researchers in 

Iran [20,21,33,51-53]. The emerge and spread of 

MDR strains of Campylobacter is a public health 

issue worldwide. The high rate of MDR strains 

may be attributed to the overuse of antibiotics in 

dairy farms and the lack of strict regulations in this 

field. The existence of an efflux system causes 

resistance to a broad range of antibiotics in 

Campylobacter spp. In the current research, the 

frequency of MDR strains in C. coli isolates was 

higher than in C. jejuni isolates. Other researchers 

have also found the same findings [33]. It appears 

that receiving antibiotic resistance genes in C. coli 

occurs better than in C. jejuni; the mutation of the 

target genes in C. coli happens faster than in C. 

jejuni [51,52]. Therefore, the formulation and 

implementation of strict regulations about the 

usage of antibiotics in food animal farms and the 

appropriate use of antibiotics in veterinary 

medicine and medicine are recommended.  

CONCLUSION 

The prevalence of Campylobacter spp. in 

distributed raw cow milk samples in Urmia was 

high. C. jejuni was the most frequent 
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Campylobacter isolates. Improvement of animal 

health and milk hygiene in dairy cattle farms of the 

region, especially traditional type, is highly 

recommended. Also, Campylobacter isolates 

showed high resistance to tetracycline, moderate 

resistance to ciprofloxacin, and low resistance to 

gentamicin. The frequency of MDR strains in 

Campylobacter isolates in raw cow milk samples 

was high. Limited and appropriate usage of 

antibiotics in food animal farms is suggested. 

Considering that sampling was restricted to only a 

few months in the current research, it is 

recommended to conduct a comprehensive study 

with an annual sampling plan in the region. 
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