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Summary
The objective of this study was to investigate the genotypic characteristics of Campylobacter isolates in Shiraz, Iran. A total of
40 Campylobacter isolates including 20 C. jejuni and 20 C. coli were recovered from both cattle and sheep faeces by cultivation
methods. The isolates were identified on the basis of polymerase chain reaction (PCR) detection of 16SrRNA and multiplex PCR to
determine two species. For confirmed isolates, PCR was carried out for the presence of virulence genes using specific primers. Other
than verifying the genetic diversity of thermophilic Campylobacter isolates, flaA PCR-RFLP was performed. Results showed the
high prevalence (100%) of the cadF gene and three genes associated with cytolethal distending toxin (CDT). Plasmid virB11 gene
was not found in any Campylobacter isolate, and dissimilarities and discrepancies occurred in pldA, iamA, wlaN, waaC and cgtB
genes. Among the 40 Campylobacter isolates studied, nine different types were defined by flaA-typing. Results indicated genetic
diversity among Campylobacter isolates recovered from cattle and sheep faecal samples. Findings showed the potential ability of C.
jejuni and C. coli with cattle and sheep origins to cause infection in humans.
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Introduction
In humans, infections caused by thermophilic
campylobacters, mainly Campylobacter jejuni and C.
coli are well recognized, with symptoms ranging from
mild diarrhea to more serious neuropathies (Scallan et
al., 2011). Campylobacters are usually transmitted
through water, milk, and food animals (Litrup et al.,
2007; Huang et al., 2009). These bacteria are present in
the intestinal tract of a wide range of warm blooded
mammals and have been isolated from the faeces of farm
animals including beef cattle, dairy cows and sheep,
risking the contamination of food products in the case of
dairy animals (Fitzgerald et al., 2001; Jamshidi et al.,
2008). Molecular genetics of Campylobacter have not
been comprehensively studied and the pathogenesis of
infections is not clearly understood; nevertheless, several
virulence-associated genes have been described in
Campylobacter, most of which associated with
pathogenicity (Zilbauer et al., 2008). As Campylobacter
can be transferred from animals and their food products
to man, it is necessary to formulate strategies for proper
control and prevention of the infections it causes. To
achieve this goal, it is imperative to characterize sources
of contamination and to distinguish the Campylobacter
isolates obtained from varied animal sources which are
more virulent. Therefore, the first aim of the present
study was to determine the occurrence of 10 virulence

genes among sheep and cattle isolates. In this study,
cadF (Ziprin et al., 2001), was selected as the pathogenic
gene responsible for the expression of adherence and
colonization, virB11 (Bacon et al., 2000) and pldA
(Ziprin et al., 2001) were selected as pathogenic genes
responsible for the expression of invasion, cdtA, cdtB,
and cdtC (Lara-Tejero and Galan, 2001) were selected as
pathogenic genes responsible for the expression of toxin
production, and waaC, wlaN and cgtB were selected as
genes that are presumably involved in the expression of
ganglioside mimics in Guillian-Barré syndrome and
heptosyltransfrase and β-1,3-galactosyltransfrase production (Linton et al., 2000; Datta et al., 2003). Another
virulence gene linked with Campylobacter invasiveness
is the invasion-associated marker (iam) gene whose
prevalence was examined in the present study (Carvalho
et al., 2001).
Strain discrimination is required to recognize sources
of contamination and transmission routes. Despite being
a significant aspect of campylobacteriosis risk
assessment, the heterogeneity of Campylobacter strains
isolated from cattle and sheep faecal samples has not
been identified or studied in Iran yet. Restriction
fragment length polymorphism (RFLP) analysis of the
flaA gene has been shown to be a useful epidemiological
tool (Wassenaar and Newell, 2000; Fitzgerald et al.,
2001). Therefore, the second objective of this study was
to determine the genetic diversity of cattle and sheep
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feacal associated with C. jejuni and C. coli to better
understand the molecular epidemiology of the isolates in
Shiraz, southern Iran.

Materials and Methods
Bacterial isolates and culture method
A total of 40 Campylobacter isolates including 20 C.
jejuni and 20 C. coli were recovered from sheep and
cattle faeces during January 2012, from Shiraz
slaughterhouse, Iran. Briefly, faecal samples were
collected in Tryptic Soy Broth (TSB) tubes using sterile
gloves, cooled and brought to the laboratory in less than
6 h. To eliminate other bacteria, a 0.8 µm membrane
filter was used and 250 µl of the filtered samples were
cultured in an enriched broth media [TSB (30 g/L),
dextrose (2.5 g/L), sodium thioglycolate (0.5 g/L),
Rifampicin (10 mg/L), Trimethoprim (10 mg/L),
Vancomycin (10 mg/L), Ceftriaxone (10 mg/L), and
Amphotracin-B (10 mg/L)], incubated in a
microaerophilic atmosphere (Anaerocult C, Merck) at
37°C for 4 h, followed by incubation at 42°C for 44 h.
Thereafter, 50 µl of the enriched samples in TSB were
cultured on a selective agar [brucella agar base (41 g/L),
and the above mentioned antibiotics with identical doses]
(Ansari-Lari et al., 2011). The growth of thermophilic
campylobacters was detected by their typical appearance
on culture media, i.e. the presence of flat grayish
colonies like droplets of water sprayed on the medium.
Preliminary identification of Campylobacter species was
based on phenotypic characteristics such as colony
appearance, Gram staining, microscopic morphology,
oxidase and catalase reaction, fermentation of glucose
and nitrate reduction. C. jejuni (ATCC 33291) and C.
coli (RTCC 2541) type strains were included as positive
controls for both culture and PCR identification of
isolates.

DNA preparation
DNA extraction was carried out using phenolchloroform extraction techniques. Briefly, a loopful
colony of each isolate on an agar plate was picked and
suspended in 200 µl distilled water. After vortexing, the
samples were centrifuged at 10,000 × g, and the
supernatants were discarded before adding 250 µL buffer
1 (the resuspension solution contained 100 µg/ml RNase)
and 250 µL buffer 2 (Lysis buffer). 550 µL saturated
phenol was then added, mixed thoroughly and
centrifuged at 8000 × g. The supernatant was then
collected into a new tube and the same volume of phenol
was added and centrifuged as above. The clear phase was
collected into a new tube before adding sodium acetate
(2 M, pH = 5.2, 0.1 × volume of each aliquot). The
aliquots were mixed with 1.5 ml 100% ethanol, kept at 20°C for 1 h and centrifuged at 12,000 × g. The
supernatant was then discarded and the DNA pellet
washed by 80% ethanol before being dried and
suspended in 30 µL of 1 x TE buffer until further use
(Ansari-Lari et al., 2011).

PCR assay
Simple and multiplex PCR reactions were carried out
to identify of Campylobacter genus and C. jejuni and C.
coli species. PCR was then carried out to detect the 10
virulence factors listed in Table 1 for each confirmed
isolate. PCR amplifications were performed in a final
volume of 25 µL. The reaction mixtures consisted of 2
µL of the DNA template, 2.5 µL 10 x PCR buffer [75
mM Tris-HCl, pH = 9.0, 2 mM MgCl2, 50 mM KCl, 20
mM (NH4)2SO4], (CinnaGen, Iran), 1 µL dNTPs (50
µM), (CinnaGen, Iran), 1 µL (1 U Ampli Taq DNA
polymerase), (CinnaGen, Iran), and 1 µL (25 pmol) from
the forward and reverse primers (CinnaGen, Iran) shown
in Tables 1 and 2. The volume of the reaction mixtures
were received to 25 µL using distilled deionized water.

Table 1: Nucleotide sequences used as primers in the PCR reaction to identify 10 virulence genes
Name of primer
DS-18
DS-15
cdtB-113
cdtB-713
cdtC-192
cdtC-351
6virB-232
virB-701
iamA F
iamA R
wlaN F
wlaN R
waaC1
waaC2
cgtB F
cgtB R
pldA-84
pld-981
cadF F
cadF R
Fla1
Fla2

Sequence (5΄ to 3΄)
CCTTGTGATGCAAGCAATC
ACACTCCATTTGCTTTCTG
CAGAAAGCAAATGGAGTGTT
AGCTAAAAGCGGTGGAGTAT
CGATGAGTTAAAACAAAAGATA
TTGGCATTATAGAAAATACAGTT
TCTTGTGAGTTGCCTTACCCCTTTT
CCTGCGTGTCCTGTGTTATTTACCC
GCGCAAAATATTATCACCC
TTCACGACTACTATGCGG
TGCTGGGTATACAAAGGTTGTG
AATTTTGGATATGGGTGGGG
TAATGAAAATAGCAATTGTTCGT
GATACAAAAATCACTTTTATCGA
TTAAGAGCAAGATATGAAGGTG
GCACATAGAGAACGCTACAA
AAGCTTATGCGTTTTT
TATAAGGCTTTCTTCA
TTGAAGGTAATTTAGATAT
CTAATACCTAAAGTTGAAAC
GGATlTCGTATTAACACAAATGGTGC
CTGTAGTAATCTTAAAACATTTG
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Target gene

Annealing
temperature

Product size (bp)

Reference

cdtA

49°C

370

(Hickey et al., 2000)

cdtB

51°C

620

(Datta et al., 2003)

cdtC

48°C

182

(Datta et al., 2003)

virB11

53°C

494

(Datta et al., 2003)

iamA

52°C

518

(Carvalho et al., 2001)

wlaN

56°C

330

(Wassenar et al., 2002)

waaC

42°C

1029

(Godschalk et al., 2007)

cgtB

56°C

562

(Linton et al., 2000)

pldA

45°C

913

(Datta et al., 2003)

cadF

42°C

400

(Konkel et al., 1999)

flaA (RFLP)

45°C

1725

(Nachamkin et al., 1993)
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Table 2: Nucleotide sequences used as primers in the PCR reaction to identify Campylobacter genus and C. jujeni and C. coli
species
Name of primer
MapAF
MapAR
Coli F
Coli R
PLO6
CAMPC5

Sequence (5΄ to 3΄)

Annealing
temperature

Product size (bp)

mapA

52°C

589

(Denis et al., 1999)

ceuE

52°C

462

(Denis et al., 1999)

16SrRNA

50°C

283

(Cardarelli-Leite et al., 1996)

Target gene

CTATTTTATTTTTGAGTGCTTGTG
GCTTTATTTGCCATTTGTTTTATTA
AATTGAAAATTGCTCCAACTATG
TGATTTTATTATTTGTAGCAGCG
GGTTAAGTCCCGCAACGAGCCGC
GGCTGATCTACGATTACTAGCGAT

Reference

Table 3: Occurrence of 10 virulence genes and flaA-typing results of thermophilic Campylobacter isolated from cattle faecal samples
Species
C. jejuni

No.
10

No. of bovine isolates positive for virulence genes (%)

Number of flaA-types
(most prevalent pattern)

cdtA

cdtB

cdtC

cadF

virB11

iamA

wlaN

cgtB

waaC

pldA

5 (2, 4)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

0 (0%)

0 (0%)

10 (100%)

4 (40%)

10 (100%)

0 (0%)

C. coli

10

8 (4, 8)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

0 (0%)

5 (50%)

5 (50%)

0 (0%)

6 (60%)

0 (0%)

Total

20

9 (4)

20 (100%)

20 (100%)

20 (100%)

20 (100%)

0 (0%)

5 (25%)

15 (75%)

4 (20%)

16 (80%)

0 (0%)

Table 4: Occurrence of 10 virulence genes and flaA-typing results of thermophilic Campylobacter isolated from sheep faecal
samples
Species
C. jejuni

No.
10

No. of sheep isolates positive for virulence genes (%)

Number of flaA-types
(most prevalent pattern)

cdtA

cdtB

cdtC

cadF

virB11

iamA

wlaN

cgtB

waaC

pldA

5 (2)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

0 (0%)

9 (90%)

3 (30%)

7 (70%)

10 (100%)

2 (20%)

C. coli

10

7 (8)

10 (100%)

10 (100%)

10 (100%)

10 (100%)

0 (0%)

10 (100%)

3 (30%)

6 (60%)

7 (70%)

3 (30%)

Total

20

8 (2)

20 (100%)

20 (100%)

20 (100%)

20 (100%)

0 (0%)

19 (95%)

6 (30%)

13 (65%)

17 (85%)

0 (25%)

The thermal cycler (MJ mini, BioRad, USA) was
adjusted under the following conditions: initial
denaturation at 94°C for 5 min, followed by 35 cycles of
denaturation at 94°C for 1 min, annealing as shown in
Tables 1 and 2 for 1 min and extension at 72°C for 1
min. The final extension was carried out at 72°C for 10
min and the PCR products were left in the thermal cycler
at 4°C until collected. Amplified products were separated
by electrophoresis in 1.5% agarose gel stained with
ethidium bromide. Visualization was undertaken using a
UV transilluminator (BTS-20, Japan), and the 100 bp
DNA ladders were used as molecular size markers.

The flaA-typing of C. jejuni and C. coli isolates
Isolates identified as C. jejuni and C. coli by m-PCR
were typed by PCR-RFLP for the flaA gene. A fragment
of 1725 bp of the flaA gene was amplified in a PCR
reaction using a pair of specific primers listed in Table 2
(previously described by Nachamkin et al., 1993). All
amplicons were restricted with 4 U DdeI (Thermo
Scientific, Germany) in a 1.5 µl 10x recommended
restriction buffer and were then incubated at 37°C for 15
h. The digested PCR products (15 µl) were immediately
separated on 2.5% agarose gel stained with ethidium
bromide. Bands were photographed under a UV
transilluminator and the results were evaluated manually.
A 50 bp DNA ladder (CinnaGen, Iran) was used as a
molecular marker to estimate the size of the bands.

Statistical analysis
Statistical analysis was performed using SPSS
version 12.0.1. Discrete variables were expressed as
percentages and proportions were compared using a Chisquared test with the significance level of P<0.05. The
significance of the association between the flaA PCR-

RFLP pattern and Campylobacter species was evaluated
by Fisher’s exact test. P-values less than 0.05 were
considered as significant.

Results
Detection of virulence genes by PCR
Among 40 Campylobacter isolates including 10 C.
jejuni and 10 C. coli recovered from sheep samples and
10 C. jejuni and 10 C. coli recovered from cattle
samples, the prevalence of cdtA, cdtB, cdtC and cadF
virulence genes were 100% (40/40). The plasmid
associated virulence marker, virB11 gene, was not
present in any of the isolates. The frequency of the pldA
gene among C. jejuni and C. coli strains was 2/20 (10%)
and 3/20 (15%), respectively, which included only sheep
isolates; cattle isolates did not show the presence of the
gene. Furthermore, for all 40 Campylobacter isolates, the
presence of iamA, wlaN, cgtB and waaC genes were 60,
52.5, 42.5 and 82.5%, respectively. Detailed results of
the PCR detection of the 10 virulence genes in the two
thermophilic Campylobacter species obtained from cattle
and sheep faeces are shown in Tables 3 and 4.

The flaA-typing results
In total, nine different types (p1-p9) were defined by
flaA-typing (Fig. 1). Among 20 C. jejuni originating
from both cattle and sheep faecal samples, six different
types (p1-p6) were defined (Tables 3 and 4), the most
common type being type p2 (35%). The occurrence of
p1, p3, p4, p5, and p6 types among C. jejuni isolates
were 15% (3/20), 5% (1/20), 25% (5/20), 15% (3/20) and
5% (1/20), respectively. Among 20 C. coli originating
from both cattle and sheep faecal samples, nine types
were defined, and the most common type being type p8
IJVR, 2014, Vol. 15, No. 2, Ser. No. 47, Pages 138-144
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Fig. 1: Different flaA-typing patterns of Campylobacter isolates obtained from faecal samples of cattle and sheep using restriction
endonuclease DdeI. Lanes p1-p9: Different restriction types of flagellin A gene, Lane +: Un cut flaA gene PCR product, and Lane M:
Molecular weight marker (CinnaGen, Iran)

(35%). The occurrence of p1, p2, p3, p4, p5, p6, p7 and
p9 types among C. coli isolates were 15% (3/20), 5%
(1/20), 5% (1/20), 10% (2/20), 10% (2/20), 5% (1/20),
10% (2/20), and 15% (3/20), respectively. Between the
nine different types, three patterns (p7, p8 and p9) were
specific for C. coli strains. The most prevalent types
among sheep and cattle isolates were p2 and p4,
respectively. The p6 and p7 types were not detected
among sheep and cattle isolates. The frequencies of p1 to
p9 types among 20 sheep isolates were 1, 3, 5, 2, 2, 2, 0,
1 and 4, respectively. The frequencies of p1 to p9 types
among 20 cattle isolates were 1, 2, 3, 1, 5, 3, 2, 0 and 3,
respectively.

Results of the statistical analysis
The occurrence of iamA, cgtB and pldA genes in
Campylobacter isolated from sheep faecal samples were
significantly (P<0.05) more than those of cattle faecal
isolates. The incidence of the wlaN gene in
Campylobacter isolated from cattle faecal samples was
significantly (P<0.05) more than that of sheep faecal
isolates. The occurrence of other virulence markers did
not differ significantly between cattle and sheep samples.
Furthermore, the presence of the waaC gene in C. jejuni
isolates was significantly more than that of C. coli
strains. Statistical analysis of flaA-typing data showed
that RFLP pattern 2 and RFLP pattern 8 were
significantly predominant among C. jejuni and C. coli
isolates, respectively. No correlation was observed
between the presence of any virulence gene and the
particular RFLP type.
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Discussion
Research on the occurrence of potentially pathogenic
Campylobacter in domestic animals and food with
animal origins is essential to the consumers’ safety. The
primary objective of this study was to investigate the
presence of 10 putative virulence markers among C.
jejuni and C. coli isolated from cattle and sheep faecal
samples. The first genes tested in this study were
cytolethal distending toxin (CDT) associated genes. The
CDT of Campylobacter, encoded by the cdtA, cdtB, and
cdtC genes, damages host enterocytes and makes the
penetration of the intestinal epithelium possible. The
carrying of these genes can be variable, and can clarify
virulence differences among strains (Rozynek et al.,
2005). Another gene which was tested in the present
study was the cadF gene, an adhesin and fibronectinbinding protein involved in the process of invasion,
influencing microfilament organizations in host cells
(Monteville et al., 2003). Analysis of the prevalence of
the cadF, cdtA, cdtB, and cdtC genes revealed that all
thermophilic Campylobacter isolates carried these
markers, regardless of their origin and species. Similar
observations have indicated the high prevalence of these
genes in Campylobacter species isolated from various
sources (Bang et al., 2003; Datta et al., 2003; Müller et
al., 2006). The high percentage of these genes among
isolates may indicate the important role of these
virulence markers in Campylobacter pathogenesis.
Another virulence gene linked with Campylobacter
adherence and invasion and localized on the pVir
plasmid, is the virB11 gene (Bacon et al., 2000). Unlike
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the above mentioned genes, virB11 gene was not
detected in Campylobacter isolates. Some investigations
have reported similar results (Müller et al., 2006; Feng et
al., 2009), while in other studies, this gene was identified
in 7-20% of the tested isolates (Bang et al., 2003; Datta
et al., 2003; Wieczorek and Osek, 2008). These
differences may be due to genetic variations of the
isolates from diverse geographical areas and the plasmid
nature of virB11. Carvalho et al. (2001) showed the
presence of the genetic marker of Campylobacter strains,
isolated from children with diarrhea and symptom-free
children, to be associated with adherence and invasion
and named it “invasion-associated marker” (IAM).
However, Al-Mahmeed et al. (2006) discussed the
absence of this marker in isolates from clinical cases in
children but not from older patients, and suggested more
research on its prevalence. Similar to the iamA gene, the
pldA gene is responsible for the expression of invasion
(Ziprin et al., 2001). The results of the present study
showed dissimilar occurrences of iamA and pldA genes
in cattle and sheep isolates. The pldA gene was not
present in cattle isolates and the presence of the iamA
gene in Campylobacter isolated from sheep samples was
more than that of cattle isolates, causing them to be
potentially more virulent and invasive than cattle
isolates. The next virulence markers examined in the
present study were the three lipooligosaccharide (LOS)associated genes, wlaN, cgtB and waaC. The results
showed differences in the occurrence of LOS-associated
genes among cattle and sheep isolates, where the
occurrence of the cgtB gene was higher in sheep isolates
and that of the wlaN gene higher in cattle isolates.
Molecular mimicry between LOS in the Campylobacter
cell wall and gangliosides in peripheral nerves plays a
crucial role in the pathogenesis of the Guillain-Barré
Syndrome (GBS), an acute paralytic human neuropathy
(Ang et al., 2004). Several genetic mechanisms
responsible for producing variation in LOS have been
described as variation in homopolymeric tracts, singlebase deletions, insertions, and mutations that can lead to
gene inactivation or glycosyltransferases with different
acceptor specificities, resulting in the expression of
different LOS structures (Gilbert et al., 2002). In
addition, previous studies show that a C. jejuni strain
without GM1-like molecules acquires large DNA
fragments, including lipooligosaccharide synthesis
genes, from a strain expressing GM1-like molecules, and
transforms consequently into a number of potential GBSinducible transformants, which exhibit a high degree of
genetic and phenotypic diversity (Phongsiasay et al.,
2006). Therefore, the recognition of the genes involved
in LOS synthesis and the study of their regulation is of
great interest to obtain better understanding of the
pathogenesis mechanisms used by these bacteria (Gilbert
et al., 2000). In the presence of different LOS-associated
genes, these diversities may lead to variations in LOS
antigenic structure of Campylobacter strains and change
antigenic properties of campylobacters originating from
different sources (Nakari et al., 2005). Results showed
that cattle and sheep Campylobacter isolates have
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different LOS-associated genetic properties in this
geographical area. Moreover, this result shows that C.
jejuni was not identifiable from C. coli based on the
distribution of these virulence genes. Aiming at assessing
strain diversity, isolates were characterized by flaA PCRRFLP. Comparisons of molecular types of Campylobacter spp. originating from different origins will help
obtain a better understanding of the epidemiology of
campylobacteriosis in humans. The presence of highly
conserved and variable regions in the flaA gene makes
this locus suitable for PCR-RFLP analysis (Shi et al.,
2002); furthermore, among different restriction enzymes,
DdeI has been reported to provide the best discrimination
for veterinary isolates (Ayling et al., 1996). According to
the results, C. coli isolates showed higher diversity
compared with C. jejuni strains. In addition, the
predominant flaA-typing pattern of C. jejuni strains was
significantly different from that of C. coli isolates
(Tables 3 and 4). In a total of 20 Campylobacters
isolated from cattle, the predominant flaA-typing pattern
was pattern p4 (20%) and among 20 Campylobacters
isolated from sheep, the predominant flaA-typing pattern
was pattern p2 (20%). There were no significant
differences in the numbers of distinct RFLP patterns (p8
and p9) among sheep and cattle isolates (Tables 3 and 4).
In the current study, a total number of nine distinct flaAtypes were obtained not showing high diversity in
isolates compared with other similar studies on cattle and
sheep Campylobacter isolates (Fitzgerald et al., 2001;
Bang et al., 2003; Açik and Etinkaya, 2005; Oporto et
al., 2007). These differences in genetic variation among
thermophilic Campylobacter strains can be explained by
the geographical diversity of strains. Although it is
known that chickens are major reservoirs for
Campylobacter spp., it is also essential to establish the
importance of other reservoirs, particularly cattle and
sheep, to evaluate their relative contribution to human
infection. In the present study, a high prevalence of
different putative virulence-associated genes among C.
jejuni and C. coli isolates was determined. These
markers and determinants show a potential Campylobacter pathogenicity for people; however, they do not
imply direct bacterial virulence. The results did not show
any correlation between profiles generated by molecular
techniques and the presence of virulence markers.
In conclusion, the role of cattle and sheep as
reservoirs of these pathogens might be important for
understanding the epidemiology of Campylobacter
infections. However, Campylobacter characteristics and
pathogenic properties and diversities have not been
extensively described in the peer reviewed literature,
particularly in Iran. These finding should be taken into
account in future investigations towards developing
effective control strategies against C. jejuni and C. coli
infections.

Acknowledgement
This work was supported by a grant from Shiraz

IJVR, 2014, Vol. 15, No. 2, Ser. No. 47, Pages 138-144

143

University.

References
Açik, MN and etinkaya, BC (2005). The heterogeneity of
Campylobacter jejuni and Campylobacter coli strains
isolated from healthy cattle. Lett. Appl. Microbiol., 41:
397-403.
Al-Mahmeed, A; Senok, AC; Ismaeel, AY; Bindayna, KM;
Tabbara, KS and Botta, GA (2006). Clinical relevance of
virulence genes in Campylobacter jejuni isolates in
Bahrain. J. Med. Microbiol., 55: 839-843.
Ang, CW, Jacobs, BC and Laman, JD (2004). The GuillainBarré syndrome: a true case of molecular mimicry. Trends.
Immunol., 25: 61-66.
Ansari-Lari, M; Hosseinzadeh, S; Shekarforoush, SS;
Abdollahi, M and Berizi, E (2011). Prevalence and risk
factors associated with campylobacter infections in broiler
flocks in Shiraz, southern Iran. Int. J. Food. Microbiol.,
144: 475-479.
Ayling, RD; Woodward, MJ; Evans, S and Newell, DG
(1996). Restriction fragment length polymorphism of
polymerase chain reaction products applied to the
differentiation of poultry campylobacters for epidemiological investigations. Res. Vet. Sci., 60: 168-172.
Bacon, DJ; Alm, RA; Burr, DH; Hu, L; Kopecko, DJ;
Ewing, CP; Trust, TJ and Guerry, P (2000).
Involvement of a plasmid in virulence of Campylobacter
jejuni 81-176. Infect. Immun., 68: 4384-4390.
Bang, DD; Møller Nielsen, E; Scheutz, F; Pedersen, K;
Handberg, K and Madsen, M (2003). PCR detection of
seven virulence and toxin genes of Campylobacter jejuni
and Campylobacter coli isolates from Danish pigs and
cattle and cytolethal distending toxin production of the
isolates. J. Appl. Microbiol., 94: 1003-1014.
Cardarelli-Leite, P; Blom, K; Patton, C; Nicholson, MA;
Steingerwalt, AG; Hunter, SB; Brenner, DJ; Barret, TJ
and Swaminathan, B (1996). Rapid identification of
Campylobacter species strains by restriction fragment
length polymorphism analysis of a PCR-amplified fragment
of the gene coding for 16SrRNA. J. Clin. Microbiol., 34:
62-67.
Carvalho, ACT; Ruiz-Palacios, GM; Ramos-Cervantes, P;
Cervantes, LE; Jiang, X and Pickering, LK (2001).
Molecular characterization of invasive and noninvasive
Campylobacter jejuni and Campylobacter coli isolates. J.
Clin. Microbiol., 39: 1353-1359.
Datta, S; Niwa, H and Itoh, K (2003). Prevalence of 11
pathogenic genes of Campylobacter jejuni by PCR in
strains isolated from humans, poultry meat and broiler and
bovine faeces. J. Med. Microbiol., 52: 345-348.
Denis, M; Soumet, C; Rivoal, K; Ermel, G; Blivet, D;
Salvat, G and Colin, P (1999). Development of a m-PCR
assay for simultaneous identification of Campylobacter
jejuni and C. coli. Lett. Appl. Microbiol., 29: 406-410.
Feng, X; Yuan, J; Fei, X; Xiao-Rong, Z; Jun, L; ChangQing, Z and Hao, C (2009). Isolation and characterization
of Campylobacter from red-crowned cranes in China. J.
Anim. Vet. Adv., 12: 2442-2446.
Fitzgerald, C; Stanley, K; Andrew, S and Jones, K (2001).
Use of pulsed-field gel electrophoresis and flagellin gene
typing in identifying clonal groups of Campylobacter jejuni
and Campylobacter coli in farm and clinical environments.
Appl. Environ. Microbiol., 67: 1429-1436.
Gilbert, M; Brisson, JR; Karwaski, MF; Michniewicz, J;
Cunningham, AM; Wu, Y; Young, NM and
IJVR, 2014, Vol. 15, No. 2, Ser. No. 47, Pages 138-144

Iranian Journal of Veterinary Research, Shiraz University

Wakarchuk, WW (2000). Biosynthesis of ganglioside
mimics in Campylobacter jejuni OH4384: identification of
the glycosyltransferase genes, enzymatic synthesis of
model compounds, and characterization of nanomole
amounts by 600-MHz 1H and 13C NMR analysis. J. Biol.
Chem., 275: 3896-3906.
Gilbert, M; Karwaski, MF; Bernatchez, S; Young, NM;
Taboada, E; Michniewicz, J; Cunningham, AM and
Wakarchuk, WW (2002). The genetic bases for the
variation in the lipo-oligosaccharide of the mucosal
pathogen, Campylobacter jejuni. Biosynthesis of sialylated
ganglioside mimics in the core oligosaccharide. J. Biol.
Chem., 277: 327-337.
Godschalk, PC; van Belkum, A; van den Braak, N; van
Netten, D; Ang, CW; Bart, CJ; Gilbert, M and Hubert,
PE (2007). PCR-restriction fragment length polymorphism
analysis of Campylobacter jejuni genes involved in
lipooligosaccharide biosynthesis identifies putative
molecular markers for Guillain-Barré syndrome. J. Clin.
Microbiol., 45: 2316-2320.
Hickey, TE; McVeigh, AL; Scott, DA; Michielutti, RE;
Bixby, A; Carroll, SA; Bourgeois, AL and Guerry, P
(2000). Campylobacter jejuni cytolethal distending toxin
mediates release of interleukin-8 from intestinal epithelial
cells. Infect. Immun., 68: 6535-6541.
Huang, JL; Xu, HY; Bao, GY; Zhou, XH; Ji, DJ; Zhang, G;
Liu, PH; Jiang, F; Pan, ZM; Liu, XF and Jiao, XA
(2009). Epidemiological surveillance of Campylobacter
jejuni in chicken, dairy cattle and diarrhea patients.
Epidemiol. Infect., 137: 1111-1120.
Jamshidi, A; Bassami, MR and Farkhondeh, T (2008).
Isolation and identification of Campylobacter spp. and
Campylobacter coli from poultry carcasses by
conventionalculture method and multiplex PCR in
Mashhad, Iran. Iranian J. Vet. Res., 9: 132-137.
Konkel, ME; Gray, SA; Kim, BJ; Garvis, SG and Yoon, J
(1999). Identification of the enteropathogens Campylobacter jejuni and Campylobacter coli based on the cadF
virulence gene and its product. J. Clin. Microbiol., 38: 510517.
Lara-Tejero, M and Galan, JE (2001). CdtA, CdtB, and CdtC
form a tripartite complex that is required for cytolethal
distending toxin activity. Infect. Immun., 69: 4358-4365.
Linton, D; Gilbert, M; Hitchen, PG; Dell, A; Morris, HR;
Wakarchuk, WW; Gregson, NA and Wren, BW (2000).
Phase variation of a b-1,3 galactosyltransferase involved in
generation of the ganglioside GM1-like lipooligosaccharide of Campylobacter jejuni. Mol. Microbiol.,
37: 501-514.
Litrup, E; Torpdahl, M and Nielsen, EM (2007). Multilocus
sequence typing performed on Campylobacter coli isolates
from humans, broilers, pigs and cattle originating in
Denmark. J. Appl. Microbiol., 103: 210-218.
Monteville, MR; Yoon, JE and Konkel, ME (2003).
Maximal adherence and invasion of INT 407 cells by
Campylobacter jejuni requires the CadF outer-membrane
protein and microfilament reorganization. Microbiology.
149: 153-165.
Müller, J; Schulze, F; Müller, W and Hänel, I (2006). PCR
detection of virulence-associated genes in Campylobacter
jejuni strains with differential ability to invade Caco-2 cells
and to colonize the chick gut. Vet. Microbiol., 113: 123129.
Nachamkin, I; Bohachick, K and Patton, CM (1993).
Flagellin gene typing of Campylobacter jejuni by restriction fragment length polymorphism analysis. J. Clin.
Microbiol., 31: 1531-1536.

Iranian Journal of Veterinary Research, Shiraz University

Nakari, U; Laaksonen, K; Korkeila, M and Siitonen, A
(2005). Comparative typing of Campylobacter jejuni by
heat-stable serotyping and PCR-based restriction fragment
length polymorphism analysis. J. Clin. Microbiol., 43:
1166-1170.
Oporto, B; Esteban, JI; Aduriz, G; Juste, RA and Hurtado,
A (2007). Prevalence and strain diversity of thermophilic
campylobacters in cattle, sheep and swine farms. J. Appl.
Microbiol., 103: 977-984.
Phongsisay, V; Perera, VN and Fry, BN (2006). Exchange of
lipooligosaccharide synthesis genes creates potential
Guillain-Barré syndrome-inducible strains of Campylobacter jejuni. Infect. Immun., 74: 1368-1372.
Rozynek, E; Dzierzanowska-Fangrat, K; Jozwiak, P;
Popowski, J; Korsak, D and Dzierzanowska, D (2005).
Prevalence of potential virulence markers in Polish
Campylobacter jejuni and Campylobacter coli isolates
obtained from hospitalized children and from chicken
carcasses. J. Med. Microbiol., 54: 615-619.
Scallan, E; Griffin, PM; Angulo, FJ; Tauxe, RV and
Hoekstra, RM (2011). Foodborne illness acquired in the

144

United States-unspecified agents. Emerg. Infect. Dis., 17:
16-22.
Shi, F; Chen, YY; Wassenaar, TM; Woods, WH; Coloe, PJ
and Fry, BN (2002). Development and application of a
new scheme for typing Campylobacter jejuni and
Campylobacter coli by PCR-based restriction fragment
length polymorphism analysis. J. Clin. Microbiol., 40:
1791-1797.
Wassenaar, TM and Newell, DG (2000). Genotyping of
Campylobacter spp. Appl. Environ. Microbiol., 66: 1-9.
Wieczorek, K and Osek, J (2008). Identification of virulence
genes in Campylobacter jejuni and C. coli isolates by PCR.
Bull. Vet. Inst. Pul., 52: 211-216.
Zilbauer, M; Dorrell, N; Wren, BW and Bajaj-Elliott, M
(2008). Campylobacter jejuni-mediated disease pathogenesis: an update. Trans. R. Soc. Trop. Med. Hyg., 102:
123-129.
Ziprin, RL; Young, CR; Byrd, JA; Stanker, LH; Hume,
ME; Gray, SA; Kim, BJ and Konkel, ME (2001). Role
of Campylobacter jejuni potential virulence genes in cecal
colonization. Avi. Dis., 45: 549-557.

IJVR, 2014, Vol. 15, No. 2, Ser. No. 47, Pages 138-144

