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SUMMARY

RÉSUMÉ

The objective of this study was to determine the prevalence of Campylobacter
spp. in milk and dairy products in Isfahan and Chaharmahal va Bakhtyari
provinces, Iran. From July 2011 to July 2012, a total of 552 of various milk
and dairy products were obtained from randomly selected retail stores. In
this study, 13 of 552 samples (9.3%) were contaminated with Campylobacter
The highest prevalence of Campylobacter spp. was found in raw cow milk
(6.25%), followed by traditional cheese (5.0%), and traditional butter
(4.0%). The most prevalence Campylobacter species isolated from samples
was Campylobacter jejuni (76.92%); the remaining isolates were C. coli
(23.08%). Susceptibilities of 13 Campylobacter isolates were determined for
ten antimicrobial drugs using the disk diffusion assay. Resistance to nalidixic
acid was the most common finding (46.15%), followed by resistance to
tetracycline (38.46%), and ciprofloxacin (30.77%). All Campylobacter
isolates were susceptible to amoxicillin, chloramphenicol, and gentamicin.
To our knowledge, the present study is the first report of the isolation of
Campylobacter spp. from raw milk and dairy products in Iran. The results
of this study indicate the potential risk of infection with Campylobacter in
people consuming raw and unpasteurized milk and dairy products.

Prévalence de Campylobacter dans le lait et les produits laitiers en Iran
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Introduction
Campylobacter is the leading cause of zoonotic infections
in many countries, and the public health burden of
Campylobacteriosis is increasing [10], of the 17 species within
the genes Campylobacter [7], C. jejuni and C. coli are the most
important from a food safety point of view [29]. Disease
caused by Campylobacter usually manifests as diarrhoea,
fever, malaise and severe abdominal pain. However, it may
lead to Guillain-Barre syndrome or Miller Fisher syndrome,
which is a serious neurological disease with symptoms that
include flaccid paralysis [24]. More recent studies suggest
that C. jejuni infections can lead to inflammatory bowel
disease such as Caohn’s disease [10].
The consumption and/ or handled of raw or undercooked
poultry or other meats were identified as important risk
factors for Campylobacter infection in sporadic cases, while
consumption of milk and water were usually found to be the
cause of outbreaks of infection [14, 15]. Cross contamination
of ready to eat foods during food preparation as well as direct
contact with animals have been identified [12, 30].
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L’objectif de cette étude était de déterminer la prévalence de Campylobacter
spp. dans le lait et les produits laitiers dans les provinces de Ispahan et
Chaharmahal va Bakhtyari, en Iran. De Juillet 2011 à Juillet 2012, un total
de 552 prélèvement ont été obtenus à partir de magasins sélectionnés de
manière aléatoire. Dans cette étude, 13 des 552 échantillons (9,3%) étaient
contaminés par Campylobacter. La plus forte prévalence de Campylobacter
spp. a été trouvé dans le lait cru de vache (6,25%), suivi du fromage
traditionnel (5,0%), et di beurre traditionnel (4,0%). La plupart des espèces
de Campylobacter était Campylobacter jejuni (76,92%), les isolats restants
étaient C. coli (23,08%). La susceptibilité des 13 isolats de Campylobacter
a été déterminée pour dix antimicrobiens par la méthode de diffusion sur
disque. Une résistance à l’acide nalidixique était la plus fréquente (46,15%),
suivie d’une résistance à la tétracycline (38,46%) et la ciprofloxacine (30,77%).
Tous les isolats étaient sensibles à l’amoxicilline, le chloramphénicol et la
gentamicine.

Mots-clés: Campylobacter, lait, fromage, produits laitiers,
résistance, antimicrobiens, antibiotiques, Iran

Most patients with Campylobacter infections have a
self-limited illness and do not require antimicrobial drugs
except in cases with sever or prolonged symptoms, or in
immunocompromised patients [16]. The use of antimicrobial
agents in food animals has resulted in the emergence and
dissemination of antimicrobial-resistant bacteria, including
antimicrobial-resistant Campylobacter, which has potentially
serious impact on food safety in both veterinary and human
health [28]. Although Campylobacter with resistance to
antimicrobial agents has been reported worldwide [13, 28],
the situation seems to deteriorate more rapidly in developing
countries, where there is widespread and uncontrolled use of
antibiotics [9].
Currently, there is limited information regarding the
prevalence and antimicrobial susceptibility patterns of
Campylobacter in raw milk and dairy products in Iran. The
present study was conducted to determine the prevalence and
antimicrobial resistance of Campylobacter spp. isolated from
retail raw milk, pasteurized, and traditional and industrial
dairy products in Isfahan and Chaharmahal va Bakhtyari ,
Iran.
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Materials and Methods
Sample collection
From July 2011 to July 2012, total of 552 samples of
various milk and traditional and commercial dairy products
were obtained from randomly selected retail stores located
in 9 major cities of Isfahan and Chaharmahal va Bakhtyari
provinces, Iran (Table II). These cities are the most prominent
national cultural and tourist center located in the center of
the country. From each city 25-35 samples (0.5-1 kg or litter
/ sample) were purchased monthly. Kashk and doogh are
two popular dairy products in Iran that are available both

as traditional and commercial products. Kashk is prepared
by prolonged boiling yogurt and doogh which is also called
yogurt soda is prepared by beating unflavored yogurt until
smooth, and then diluting with water to a consistency
similar to whole milk. Traditional dairy products in Iran
are produced in small productive centers mostly located in
urban areas and distributed unpacked. These products may
be produced from unpasteurized milk.
All samples were immediately transferred to the food
microbiology laboratory, Islamic Azad University of
Shahrekord Branch, in portable insulated cold-boxes. The
samples were analyzed on the day they were collected.

Organism

Primer

PCR product (bp)

Sequence

Campylobacter spp.

16SrRNA

857

5′ ATC TAA TGG CTT AAC CAT TAA AC 3′
5′ GGA CGG TAA CTA GTT TAG TAT T 3′

Campylobacter jejuni

mapA

589

5′ CTA TTT TAT TTT TGA GTG CTT GTG 3′
5′ GCT TTA TTT GCC ATT TGT TTT ATT A 3′

Campylobacter coli

ceuE

462

5′ AAT TGA AAA TTG CTC CAA CTA TG 3′
5′ TGA TTT TAT TAT TTG TAG CAG CG 3′

Table I: Primers for polymerase chain reaction (PCR) amplification of campylobacterial DNA for identification DNA

Type of food
Raw cow milk
Pasteurized cow milk
Raw sheep milk
Raw goat milk
Raw camel milk
Cheese
Commercial cheese
Traditional cheese a
Ice cream
Commercial ice cream
Traditional ice cream
Yogurt
Commercial yogurt
Traditional yogurt
b
Doogh
Commercial doogh
Traditional doogh
Butter
Commercial butter
Traditional butter
Kashk c
Commercial doogh
Traditional doogh
Total

No. of
samples
80
30
60
60
37
80
30
60
50
15
35
35
10
25
30
10
20
40
15
25
50
15
35
552

No. of
Campylobacter spp. (%)
5 (6.25)
1 (1.67)
2 (3.33)
3 (3.75)
3 (5.0)
1 (2.0)
1 (2.86)
1 (2.50)
1 (4.0)
13 (2.36)

No. of
C. jejuni (%)
4 (5.0)
1 (1.67)
2 (3.33)
2 (2.50)
2 (3.33)
1 (2.50)
1 (4.0)
10 (1.81)

No. of
C. coli (%)
1 (1.25)
1 (1.67)
1 (2.0)
1 (2.0)
1 (2.86)
3 (0.54)

Made from raw sheep or cow milk.
A dairy product prepared by beating unflavored yogurt until smooth, and then diluting with water to a consistency similar to whole milk; it is also called
yogurt soda.
c
A dairy product prepared by prolonged boiling yogurt.
a

b

Table II: Prevalence of Campylobacter spp. in milk and dairy products in Iran
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Campylobacter spp. in milk and dairy products
Microbiological analysis
The samples were processed immediately upon arrival
using aseptic techniques. Of each milk or dairy product
samples, 25 g/mL was homogenized and transferred to
225 mL of Preston enrichment broth base containing
Campylobacter selective supplement IV (HiMedia
Laboratories, Mumbai, India) and 5% (v/v) defibrinated
sheep blood. After inoculation at 42 oC for 24 h in a
microaerophilic condition (85% N2, 10% CO2, 5% O2), 0.1
mL of the enrichment was then streaked onto Campylobacter
selective agar base (HiMedia Laboratories, Mumbai, India)
supplemented with an antibiotic supplement for the selective
isolation of Campylobacter species (HiMedia Laboratories,
Mumbai, India) and 5% (v/v) defibrinated sheep blood.
The composition of Campylobacter selective agar base (pet
liter of medium) was follows: proteose peptone (15.0 g),
Liver digest (2.5 g), Yeast extract (5.0 g), Sodium chloride
(5.0 g) and Agar (12.0 g). After incubation at 42 oC for 48 h
under the same condition, one presumptive Campylobacter
colony from each selective agar plate was subcultured and
identification of presumptive Campylobacter species was
performed using standard microbiological and biochemical
procedures including Gram staining, production of catalase,
oxidase, hippurate hydrolysis, urease activity, indoxyl acetate
hydrolysis, and susceptibility to cephalotin [2, 30].

DNA Extraction and PCR Conditions
Only Campylobacter isolates identified by bacteriological
methods were tested by PCR. The PCR procedures used
in this study have been described previously [4]. Briefly, 1
mL of pure culture of Campylobacter was centrifuged at
13000 g for 5 min at room temperature. The DNA was then
extracted using a genomic DNA purification kit (Fermentas,
GmbH, Germany, K0512) according to the manufacturer’s
protocol. Three genes selected for the identification of
the Campylobacter spp., C. jejuni, and C. coli were the 16S
rRNA gene [17], the mapA gene [26], and the ceuE gene [8],
respectively. The sequences of the three sets of primers used
for gene amplification are presented in Table I. Amplification
reactions were performed in a 30 mL mixture containing 0.6
U Taq polymerase (Fermentas, GmbH, Germany), 100 mmol
1-1 of each dNTP, 0.11 mmol 1-1 of MD16S1 and MD16S2
primers, and 0.42 mmol 1-1 of MDmapAl, MDmapA2, COL3
and MDCOL2 primers in the Fermentas buffer (Fermentas,
GmbH, Germany). Amplification reactions were carried
out using a DNA thermal cycler (Master Cycle Gradiant,
Eppendrof, Germany) with the following program: one cycle
of 10 min at 95 °C, 35 cycles each consisting of 30 s at 95 °C,
1 min and 30 s at 59 °C, 1 min at 72 °C and a final extension
step of 10 min at 72 °C. The amplification generated 857 bp,
589 bp, and 462 bp DNA fragments corresponding to the
Campylobacter genus, C. jejuni and C. coli, respectively. C.
coli (ATCC 33559) and C. jejuni (ATCC 33560) were used
as the positive controls and DNase free water was used as
the negative control. The PCR products were stained with 1%
Revue Méd. Vét., 2013, 164, 5, 283-288
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solution of ethidium bromide and visualized under UV light
after gel electrophoresis on 1.5% agarose.

Antimicrobial susceptibility testing
One strain from each Campylobacter-positive sample was
selected for susceptibility tests. Antimicrobial susceptibility
testing for 172 C. jejuni and 15 C. coli isolated strains were
performed by the Kirby-Bauer disc diffusion method using
Mueller-Hinton agar (HiMedia Laboratories, Mumbai,
India) supplemented with 5% defibrinated sheep blood,
according to the Clinical Laboratory Standards Institute [3].
The following antimicrobial impregnated disks (HiMedia
Laboratories, Mumbai, India) were used: nalidixic acid
(30 µg), ciprofloxacin (15 µg), erythromycin (15 µg),
tetracycline (15 µg), streptomycin (30 µg), gentamicin (10
µg), amoxicillin (30 µg), ampicillin (10 µg), chloramphenicol
(30 µg), and enrofloxacin (10 µg). After incubation at 42 °C
for 48 h in a microaerophilic atmosphere, the susceptibility
of the Campylobacter spp. to each antimicrobial agent was
measured and the results were interpreted in accordance with
interpretive criteria provided by CLSI [3]. Staphylococcus
aureus and Escherichia coli were used as quality control
organisms in antimicrobial susceptibility determination.

Statistical analysis
Data were transferred to a Microsoft Excel spreadsheet
(Microsoft Corp., Redmond, WA, USA) for analysis. Using
SPSS 16.0 statistical software (SPSS Inc., Chicago, IL, USA),
a chi-square test and fisher’s exact two-tailed test analysis
was performed and differences were considered significant
at values of P < 0.05.

Results
In the present study, a total of 552 samples of various
commercial and traditional milk and dairy products were
tested for Campylobacter species (Table II). Using cultural
techniques, 13 of 552 samples (2.36%) were positive for
Campylobacter spp. No Campylobacter spp. was isolated from
pasteurized milk, camel milk and commercial dairy product
samples and all yogurt, doogh, and kashk samples were
negative for Campylobacter spp. In contrast, 5 raw cow milk
(6.25%), 1 raw sheep milk (1.67%), 2 raw goat milk (3.33%), 3
traditional cheese (5.0%), 1 traditional ice cream (2.86%), and
1 traditional butter (4.0%) samples were contaminated with
Campylobacter spp. There were not significant differences
(P > 0.05) in the level of contamination with Campylobacter
between different milk and traditional dairy product
samples. The most prevalence rate of Campylobacter species
isolated from samples was C. jejuni (76.92%); the remaining
isolates were C. coli (23.08%). All 13 Campylobacter isolates
identified as C. jejeuni and C. coli by using conventional
bacteriological methods were also positive using the PCR
assay. No significant differences in the prevalence rates were
observed between milk and dairy product samples isolated in
Isfahan and Chaharmahal va Bakhtyari.
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Antimicrobial agent

Amoxicillin
Ampicillin
Chloramphenicol
Ciprofloxacin
Enrofloxacin
Erythromycin
Gentamicin
Nalidixic acid
Streptomycin
Tetracycline

Campylobacter spp.
(N = 13)

Campylobacter jejuni
(N = 10)

Campylobacter coli
(N = 3)

0 (0.0%)
1 (7.69%)
0 (0.0%)
4 (30.77%)
1 (7.69%)
1 (7.69%)
0 (0.0%)
6 (46.15%)
1 (7.69%)
5 (38.46%)

0 (0.0%)
1 (10.0%)
0 (0.0%)
3 (30.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
5 (50.0%)
1 (10.0%)
4 (40.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
1 (33.33%)
1 (33.33%)
1 (33.33%)
0 (0.0%)
1 (33.33%)
0 (0.0%)
1 (33.33%)

Table III: Antibiotic resistance profiles of Campylobacter strains isolated from milk and traditional dairy products in Iran.

The resistance pattern of Campylobacter isolates to 10
antimicrobial agents tested in this study is shown in Table
III. Overall, 9 of 13 Campylobacter isolates (69.23%) were
resistant to one or more antimicrobial agent. Three strains
(23.07%) were resistant to single antibiotic and 4 strains
(30.77 %) showed resistance to two antimicrobial agents.
Multiresistance which was defined as resistance to three of
drug tested was found in only 7.69% of Campylobacter strains.
Resistance to nalidixic acid was the most common finding
(46.15%), followed by resistance to tetracycline (38.46%),
and ciprofloxacin (30.77%). All Campylobacter isolates were
susceptible to amoxicillin, chloramphenicol, and gentamicin.
The highest prevalence of Campylobacter spp. occurred
in summer (4.44%) followed by spring (1.46%). The
prevalence rates of Campylobacter spp. in fall and winter
were 2.11% and 0.72%, respectively. No significant
differences in the prevalence rates of Campylobacter spp.
were observed for milk and dairy product samples taken in
different seasons in Isfahan and Chaharmahal va Bakhtyari.

Discussion
Milk and dairy products have been previously reported
as vectors in the transmission of Campylobacter spp. [18].
Consumption of raw milk, inadequately pasteurized milk,
and cheese contaminated with Campylobacter was shown to
be responsible for six enteric infection outbreaks reported in
England and Wales since 1981 [5, 19].
In the present study, No Campylobacter spp. was isolated
from 115 pasteurized milk and commercial dairy product
samples, although 13 of the 437 raw milk and traditional
(3.0%) dairy product samples were positive for Campylobacter
spp. and the difference was statistically significant (P <
0.05). This result is in agreement with the results reported
by Salihu et al. [23] from Nigeria, El-Sharoud [6]
from Egypt and Whyte et al. [30] from Ireland. The
high occurrence of Campylobacter spp. in traditional dairy
products could be due to environmental contamination with
infected animal wastes or unsanitary food production and

storage practices. However, this could be also due to the use
of unpasteurized milk.
Among all the various milk and dairy products tested
in this study, traditional cheese (made from raw sheep or
cow milk) and raw milk samples had the highest prevalence
rate of Campylobacter spp. Although the prevalence of
Campylobacter spp. may vary in different dairy products, it
has been shown that Campylobacter isolates can be found
more frequently in raw milk samples and soft cheeses [6,
12, 23]. In a study in Pakestan, Campylobacer spp. were
detected in 10.2% and 11.7% of raw milk and cheese samples
[12]. In a study in Egypt, 2 of 50 raw milk samples (4.0%)
and 4 of 38 fresh domiati cheese samples (11.0%) were
positive for Campylobacter spp., in which Campylobacter
isolates recovered from these two product were all identified
as C. jejuni [6]. Also, Whyte et al. [30] reported that 1
of 62 raw milk samples were positive for C. coli. Similarly,
Humphrey and Hart [11] and Rohrbach et al. [22]
recovered Campylobacter from raw milk with prevalence up
to 12.3%.
The results of this study show that camel milk is not an
important source for Campylobacter infection. No previous
report could be found on the occurrence of Campylobacter
spp. on the camel milk. Methanogenic bacteria are common
residents of the digestive tract of ruminant animals [14].
However, population of these bacteria in intestinal tract of
camels due to their diet is not as much as the other ruminants.
It seems that the low populations of heterogenic bacteria in
the rumen of camel cause an accumulation of H2 which affects
survival of sensitive bacteria such as Campylobacter spp. In a
study on feces samples from camels (Camelus dromedarius)
only 2.0% of feces were positive for Campylobacter spp. [1].
Also, absence of Campylobacter in camel milk samples in this
study may be a result of good hygienic practices of milking.
However, further intensive prevalence studies on camel milk
and other dairy products will be needed.
In the present study, no Campylobacter isolate was detected
in yogurt, doogh, and kashk samples and only 1 traditional
Revue Méd. Vét., 2013, 164, 5, 283-288

Campylobacter spp. in milk and dairy products
butter samples were positive with Campylobacter spp. These
results are consistent with those reported by El-Sharoud
[6]. The absence of Campylobcter spp. in yogurt, doogh, and
kashk samples and low prevalence of Campylobcter spp. in
butter found in this study could possibly be accounted for by
the acidity of these products; however, it could also be due to
the boiling stage performed during the processing of these
products.
In this study, C. jejuni was the most prevalence
Campylobacter species recovered from milk and dairy
product samples. Campylobacter jejuni has been reported
to be the most frequent species recovered from food of
animal origin [6, 12, 18]. Variation in the prevalence of
Campylobacter isolates from raw milk and traditional
dairy product samples reported in other studies may be a
result of different sampling techniques employed, seasonal
effects [25] and/or laboratory methodologies employed in
different studies (bacteriological and biochemical testing vs.
polymerase chain reaction assays).
The results of antimicrobial susceptibility testing in
the present study indicate that there is a high resistance
of Campylobacter spp. to tetracycline, ciprofloxacin, and
nalidixic acid. These results are comparable to those reported
by other investigators [21, 27, 28, 31]. Erythromycin is one
of the first choice of treatment for man and high resistance
rate to erythromycin by C. coli observed in this study is
comparable with the results reported in several other studies
including PAYOT et al. [20].
The results of antimicrobial resistance found in this
study are correlated to antibiotics that are being used to treat
infection in food animals in Iran. Due to the high number
of antimicrobial-resistant isolates, we recommend that in
vitro antimicrobial susceptibility testing of Campylobacter be
performed and appropriate treatment be instituted especially
for those cases of food borne campylobacteriosis with sever
or prolonged symptoms or in immunocompromised patients.
In conclusion, the presence of Campylobacter spp. in a
variety of raw milk and traditional dairy products indicate
the potential risk of infection with Campylobacter in people
consuming raw milk, unpasteurized milk, or traditional
dairy products in Iran. To our knowledge, the present study
is the first report of the isolation of Campylobacter spp. from
raw milk and dairy products in Iran.
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