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Background: Campylobacter is one of the leading bacterial species causing foodborne illnesses in humans. Antimicrobial agents have 
been extensively used for treatment of Campylobacter infections; but in the recent years, both animal and human isolates of this bacterium 
have shown resistance to several antibiotics such as tetracycline.
Objectives: The aim of this study was to investigate the presence of genetic determinants of tetracycline resistance in Campylobacter spp. 
recovered from poultry carcasses in Shiraz, Iran.
Materials and Methods: Eighty-three thermophilic Campylobacter spp. Isolates were first identified based on multiplex polymerase chain 
reaction (PCR) and then screened for presence of tetracycline resistance genes (tet (A), tet (B), tet (O) and te (S)) by PCR.
Results: The overall prevalence of Campylobacter jejuni and C. coli among the examined isolates was 51.8% and 48.2%, respectively. 
Tetracycline resistance genes of tet (B) and tet (S) were not seen among these Campylobacter spp. Isolates, whereas the most common tet 
gene identified was tet (O), found in 83.1% (69/83) of all the isolates. The tet (O) gene sequence comparison between C. jejuni and C. coli 
showed 100% similarity and these sequences (JX853721and JX853722) were also identical to the homologous sequences of other strains 
of Campylobacter spp. existing in the GenBank databases. In addition, tet (A) was found in 18% (15/83) of Campylobacter spp. isolates. To our 
knowledge, this represents the first report of tet (A) in Campylobacter spp. There was 100% homology between the sequences of tet (A) from 
this study (JX891463 and JX891464) and the tet (A) sequences mentioned for other bacteria in the GenBank databases.
Conclusions: The high prevalence of tet (O) resistance gene along with new detection of tet (A) resistance gene in Campylobacter 
spp. isolated from poultry carcasses revealed an extensive tetracycline resistance among Campylobacter isolates from poultry in 
Iran. It emphasized the need for cautious use of tetracycline in poultry production to decrease the extension of tetracycline-resistant 
Campylobacter spp.
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1. Background
Campylobacter spp. has now emerged as one of the 

leading bacterial species, causing foodborne illnesses in 
humans around the world. Poultry products, especially 
poultry meat, are major sources of Campylobacter infec-
tion in humans (1). Campylobacter infections produce 
little or no clinical diseases in poultry (2), but poultry car-
casses have frequently been contaminated in processing 
plants due to the high prevalence of Campylobacter in the 
intestinal tract of market-age poultry and can be trans-
ferred to human via poultry carcasses (3). For many years, 
Campylobacter was considered susceptible to various an-
timicrobial agents; but in the recent years, both animal 
and human isolates of this bacterium have shown resis-
tance to several antibiotics such as fluoroquinolones and 
tetracycline (4). Tetracycline is a broad-spectrum antibiotic 
with inhibitory activity against Gram-positive and Gram-

negative bacteria as well as some other atypical and non-
infectious microorganisms via inhibition of protein syn-
thesis in these harmful agents (5).

In recent years, tetracycline resistance has emerged 
among many pathogenic and nonpathogenic species 
of bacteria. This resistance is due to different tetracy-
cline resistance (tet) genes (6). The efflux pump and ri-
bosomal protection genes are the two most important 
mechanisms of tetracycline resistance in various genera 
of bacteria and acquisition of new tetracycline resistance 
genes is mostly associated with mobile components 
such as plasmids or transposons, which are often conju-
gative elements (6). These pathways of resistance genes 
acquisition are along with the selection pressure hy-
potheses, saying that tetracycline resistance genes can be 
exchanged by different bacteria in different ecosystems 
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and also between human and animals isolates of micro-
organisms (6). Tetracycline resistance in Campylobacter 
spp. is primarily mediated by a ribosomal protection pro-
tein (tetO), which is transferred as plasmid-encoded gene 
(7), or in the chromosome where it is not self-mobile (5). 
Another ribosomal protection protein (tetS) has a same 
characters and can be transferred as plasmid-encoded 
gene or be in the chromosome (5). The efflux genes, tet (A) 
and tet (B), code for an approximately 46-kDa membrane-
bound efflux protein for membrane-associated proteins 
that export tetracycline from the cell (5).

2. Objectives
In recent years, polymerase chain reaction (PCR) assay 

has increasingly been applied for detection and identifi-
cation of tetracycline resistance genes, but there was no 
report about the distribution of tetracycline resistance 
genes among Campylobacter isolates in Iran. Accordingly, 
in this study, we tried to determine the prevalence of tet 
(O) gene in C. jejuni and C. coli, isolated from broiler flocks 
in Shiraz, southern Iran. Along with tet (O), the preva-
lence of two common efflux protein genes (tetA and tetB) 
as well as a ribosomal protection protein (tetS) was inves-
tigated in these isolates. In our knowledge, this is one of 
the first evidences for presence of tetracycline resistance 
genes other than tet (O) in Campylobacter spp. isolates.

3. Materials and Methods

3.1. Samples
Samples were obtained from the Microbiology Depart-

ment of Shiraz Veterinary School. These isolates were col-
lected from 100 broiler flocks at the slaughterhouses of 
Shiraz county during August to September 2009 (8).

3.2. DNA Extraction
Eighty-three culture media containing Campylobacter 

spp. isolates were taken out from a 20°C refrigerator. The 
melted samples were cultured in an enriched broth me-
dia containing tryptic soy broth (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), amphotericin-B (10 mg/L), incu-
bated in a microaerophilic atmosphere (Anaerocult C, 
Merck) and at 37°C for  hours, followed by incubation 
at 42°C for 44 hours (8). Unfortunately, due to the sensi-
tive nature of this bacterium in frozen conditions (9), we 
could not retrieve the live bacteria. The DNA extraction 
was carried out directly on the culture media, using phe-
nol-chloroform extraction (10).

3.3. Multiplex Polymerase Chain Reaction for Iden-
tification of Campylobacter Species

Multiplex PCR was used for simultaneous detection of C. 
jejuni and C. coli, with amplification of the mapA gene (11) 

and the ceuE gene, respectively (12). The primer sequence 
data and the annealing temperature of the three primers 
sets used for gene amplification are shown in Table 1.

Amplification reactions were performed in a 25-µL mix-
ture, containing 1 U AmpliTaq polymerase (CinnaGen, 
Iran), 2 µL DNA template, 1 µL dNTPs (50 µM), 2.5 µL 10x PCR 
buffer (75 mM Tris-HCl, pH: 9.0, 2 mM MgCl2, 50 mMKCl, 20 
mMNH42SO4 (CinnaGen, Iran)) and 1 µL (25pmoL) of each 
primer (CinnaGen, Iran) (Table 1). The final reaction mix-
ture volume was adjusted to 25 µL, using distilled deion-
ized water. The amplification reactions were carried out 
using a DNA thermocycler (MJ mini, BioRad, USA) with the 
following program: initial denaturation at 94°C for five 
minutes, followed by 35 cycles of denaturation at 94°C 
for one minute, annealing (with temperatures shown in 
Table 1) for one minute, and extension at 72°C for one min-
ute, and a final extension step at 72°C for 10 minutes.

The PCR products were determined by electrophoresis 
of 7 μL of each reaction product in a 1.5% (w/v) agarose gel 
in Tris-borate-ethylenediamine tetraacetic acid (EDTA) 
electrophoresis buffer and visualized under the UV light. 
The positive controls for C. jejuni (ATCC 33291) and C. coli 
(RTCC 2541) were provided by Mast International Co. 
(USA) and Razi Vaccine and Serum Research Institute 
(Tehran, Iran), respectively.

3.4. Tetracycline Resistance Gene Polymerase 
Chain Reaction

Four tetracycline resistance genes (tet (O), tet (A), tet (B) 
and tet (S)) were investigated among the Campylobacter 
isolates, using PCR. Genes, primers and annealing tem-
peratures are given in Table 2. The PCR reaction (25 μL) 
was performed in 10 Mm Tris-HCl, pH = 8.3-8.8, 50 mM 
KCl, 1.5 mM MgCl2, 0.2 mM dNTPs, 25 pmoL of forward and 
reverse primers (CinnaGen Inc., Tehran, Iran) for each 
tet gene stated in Table 2, and 1 U Taq DNA polymerase 
(Fermentas; Glen Burnie, Maryland), using 2 μL of the 
extracted DNA as template. The final volume of the reac-
tion mixture was adjusted to 25 µL, using distilled deion-
ized water. The similar amplification reactions and visual 
evaluation performed for Campylobacter species detec-
tion were used at this level. Only a different annealing 
temperature (56°C) was used for detection of tetracycline 
resistance genes. The positive controls for tetracycline re-
sistance genes were obtained from the Aquatic Animal 
Health Unit, School of Veterinary Medicine, Shiraz Uni-
versity, Iran. Aeromonas sobria strain CW4 (JN806155), Lac-
tococcus garvieae strain Ira.1s (JN998084), and Pseudomo-
nas putida strain Fars 110 (JN937120) were used as positive 
controls for tet (M), tet (S), and tet (A), respectively.

3.5. Sequencing
The PCR products generated from different tet (O) and 

tet (A) genes in C. coli and C. jejuni were purified and se-
quenced (ABI 3730 capillary DNA analyzer; Applied Bio-
systems, Foster City, CA, USA) to assess the diversity of the 
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Table 1.  Primer Sequences, Annealing Temperatures, and Product Sizes of the Primers Used For Genus- and Species-Specific Gene Am-
plifications

Gene Primer Name Primer Sequence (5׳3-׳) Annealing Temperature, °C Product Size, bp

mapA MapAF CTATTTTATTTTTGAGTGCTTGTG 52°C 589

MapAR GCTTTATTTGCCATTTGTTTTATTA

ceuE ColF AATTGAAAATTGCTCCAACTATG 52°C 482

ColR TGATTTTATTATTTGTAGCAGCG

Table 2.  Genes, Primers, and Annealing Temperatures Used for Detection of Tetracycline Resistance Genes

Target Gene Sequence (5'-3') Temperature,°C Amplicon Size, bp Reference

Tet(O) F: AACTTAGGCATTCTGGCTCAC 56°C 515 (28)

R: TCCCACTGTTCCATATCGTCA

Tet(A) F: GTGAAACCCAACATACCCC 56°C 888 (29)

R: GAAGGCAAGCAGGATGTAG

Tet(B) F: CCTTATCATGCCAGTCTTGC 56°C 774 (29)

R: ACTGCCGTTTTTTCGCC

Tet(S) CATAGACAAGCCGTTGACC 56°C 667 (28)

Figure 1. Polymerase Chain Reaction Amplification of the tet (O) Gene

M, 100bp DNA ladder (Vivantis, Malaysia); L1, negative control (distilled 
water); L2, tet (O) positive control (JX853721); L3, L4, L7, L8 and L9, tet (O) 
positive samples; L5, L6 and L10, tet (O) negative samples.

Figure 2. Polymerase Chain Reaction Amplification of the tet (A) Gene

M, 100bp DNA ladder (Vivantis, Malaysia); L1: tet (A) positive control 
(JX891463); L2, tet (A) negative control (distilled water); L3-L9, tet (A) posi-
tive samples.

genes and they were compared to the GenBank databases 
using the BLAST program maintained by the National Cen-
ter for Biotechnology Information (http://www.ncbi.nlm.
nih.gov). In addition, multiple sequence alignments were 
made by the ClustalW method, using MEGA4 software (13).

4. Results
The multiplex PCR results showed that 51.8% (43/83) 

and 48.2% (40/83) of the 83 thermophilic Campylobacter 
spp. isolates were C. jejuni and C. coli, respectively. In the 
screening of tetracycline resistance genes, 83.1% of Campy-
lobacter spp. isolates (69/83) were positive for tet (O) (Fig-
ure 1). tet (O) was seen in 92.5% of C. coli isolates (37/40) 
and 74.4% of C. jejuni isolates (32/43). tet (A) was found 
in 18% of Campylobacter spp. isolates (15/83), including 
7 (16.3%) C. jejuni and 8 (20%) C. coli (Figure 2). Nine (11%) 
Campylobacter spp. isolates were positive for both tet (O) 
and tet (A). tet (B) and tet (S) resistance genes were not 
seen in these Campylobacter spp. isolates.

Four amplified PCR products (tetO and tetA from both 
C. jejuni and C. coli sources) were sequenced and aligned 
with the other related tet gene sequences obtained from 
GenBank. The tet (O) genes from C. jejuni (JX853722) and C. 
coli (JX853721) detected in this study showed 100% homol-
ogy with the sequences of tet (O) gene, previously report-
ed for Campylobacter spp. The sequences of tet (A) genes 
for C. coli and C. jejuni have been deposited in the Gen-
Bank database under the accession numbers JX891463 
and JX891464, respectively. tet (A) sequence was not men-
tioned previously for Campylobacter spp.; thus, the tet (A) 
sequences from this study was compared with the tet (A) 
gene of other bacteria instead of Campylobacter. In com-
mon with tet (O), there was 100% homology between the 
present Iranian tet (A) sequence and other tet (A) sequenc-
es mentioned in GenBank database.
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5. Discussion
There is a significant concern about the increasing an-

tibiotic resistance in Campylobacter spp. isolated from 
both humans and animals. In developing countries like 
Iran, most of the antimicrobial agents in human phar-
macopeia are also used in poultry industry (14). Between 
these antimicrobial agents, tetracycline family is the most 
commonly used antibiotic in domestic animals farming, 
including poultry industry, because of its low cost, effi-
cacy, and lack of side effects (5). Tetracycline has been ex-
tremely used in poultry industry of Iran for many years 
and mass application of this antibiotic for grow promo-
tions and treatment aims has led to a high tetracycline 
resistance in different bacteria isolated from different 
poultry samples in Iran (14-17). Campylobacter spp. is one 
of the most important bacteria separated from poultry 
carcasses in Iran poultry slaughterhouses, with high re-
sistance to different antimicrobial agents. Resistance to 
tetracycline has been one of the most common findings 
among antimicrobial susceptibility tests of Campylo-
bacter isolates from poultry carcasses and meats in Iran 
(15-17). Moreover, there were some reports from Iran 
about the increasing tetracycline resistance in human 
Campylobacter isolates (18).

Due to the fastidious and slowly growing nature of 
Campylobacter spp., detection and species differentiation 
of this organism by biochemical tests is not reliable and 
leads to controversial results. These difficulties have led 
to introducing various DNA-based PCR methods for ge-
nus and species detection of Campylobacter spp. Among 
these methods, multiplex PCR proved to be accurate and 
simple to perform (19). In our study, multiplex PCR re-
sults showed that of 83 thermophilic Campylobacter spp. 
isolates, 51.8% were C. jejuni and 48.2% were C. coli. Among 
tetracycline resistance determinants investigated in these 
isolates, tet (O) was detected in 83.1% of Campylobacter 
spp. isolates. The high prevalence of tet (O) genes in these 
isolates represents high tetracycline resistance in Campy-
lobacter spp. isolates obtained from poultry carcasses in 
Iran, because the tet (O) gene is the most commonly re-
ported determinant conferring resistance to tetracycline 
in the Campylobacter genus, and in many previous study, 
this gene was detected in all tetracycline-resistant Campy-
lobacter spp. isolates (20-23). 

Previous studies via antimicrobial susceptibility testing 
in Iran have reported the prevalence rates of tetracycline 
resistance of Campylobacter spp.to be 70.6% and 78.3% in 
chicken carcasses of Shahrekord and Ahvaz, respectively 
(15, 16). High rates of tetracycline resistance in these stud-
ies might be due to this fact that tetracycline has been 
commonly used in the poultry industry of Iran as a thera-
peutic or prophylactic agent (16). Therapeutic and sub 
therapeutic uses of tetracycline for a long period may evo-
lutionally generate tetracycline-resistant Campylobacter 
species and lead to widespread distribution of tetracy-
cline-resistant Campylobacter in animal reservoirs (2).

Most of C. coli isolates harbored the tet (O) resistance 
gene, so that the presence of tet (O) gene in C. coli (92.5%) 
was higher than C. jejuni (74.4%). C. coli has demonstrated 
faster resistance increasing ability to larger number of 
antimicrobial agents, compared with C. jejuni (24). There 
was no evidence of tet (B) or tet (S) existence, but tet (A) 
was found in 18% of the Campylobacter spp. isolates. This 
is the first evidence for tet (A) presence in Campylobacter 
spp. isolates. Tetracycline resistance in Campylobacter spp. 
is primarily mediated by a ribosomal protection protein, 
tet (O); however, in recent years, with the finding of a 
novel transferable antibiotic resistance gene, tet (24), in 
C. fetus, this monopoly has been questioned (25). Between 
different tetracycline resistance genes, tet (A) has some 
special features, predisposing its spread to new genera. 
Tet (A) has a broad host range and is carried by various 
environmental genera (26). Furthermore, recent studies 
have demonstrated that tet (A) gene can be located on mo-
bile elements such as plasmids and can be horizontally 
transferred among bacterial strains (27). Falsafi et al., (14) 
reported high prevalence (50%) of tet (A) resistance gene 
among Escherichia coli isolates from the Iranian poultry 
farms samples. Poultry E. coli strains with this high preva-
lence of tet (A) resistance gene can be a reservoir for this 
antimicrobial resistance gene and may play a role in dis-
tribution of this resistance gene to other bacteria such as 
Campylobacter spp. in poultry industry.

Sequencing of tet (O) and tet (A) showed 100% homoge-
neity with other related tet (O) and tet (A) sequences in 
GenBank. This homogeneity is a persist finding in recent 
years; for example, sequence analysis was performed for 
tetracycline resistance (Tcr) plasmids from C. jejuni by 
other groups and our sequences appeared to be highly 
conserved, in view of the fact that recently sequenced Tcr 
plasmids are identical with first Tcr plasmid isolated in 
the late 1970s (24). Presence of efflux genes such as tet (A) 
has not been demonstrated in previous studies in genus 
Campylobacter (24), but our study showed new evidence 
of tet (A) presence in this genus that may have a comple-
mentary rule in the appearance of high level resistance to 
tetracycline in Campylobacter spp.

High prevalence of tet (O) resistance gene along with 
new detection of tet (A) resistance gene in Campylobacter 
spp. isolated from poultry carcasses, revealed an exten-
sive tetracycline resistance among Campylobacter isolates 
obtained from poultry in Iran. It emphasizes the need 
for cautious use of tetracycline in poultry production to 
decrease the extension of tetracycline-resistant Campylo-
bacter spp.
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