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ABSTRACT

Aims: Campylobacter is a major cause of gastroenteritis in humans worldwide, particularly in developed countries and is
reported to show an increased trend in antibiotic resistance. The purpose of this study was to determine the occurrence
of Campylobacter in wild birds, poultry and in poultry environments in Selangor, Malaysia as well as to determine the
rate of antibiotic resistance among Campylobacter isolates from poultry and wild birds.

Methodology and results: The wild birds were trapped near poultry farm areas and in open areas which were more
than 5 km away from poultry farms (refered to as open environment). Of 57 wild birds trapped near the farm
environment, 17.5% were positive for Campylobacter and out of these, 90% were Campylobacter jejuni. Of a total of 77
birds in the open environment, 22.1% were positive for Campylobacter and of these 88.7% were C. jejuni. The poultry
farms consisted of 3 chicken and 2 duck farms. About 60% of the chickens and 44.8% of the ducks were positive for
Campylobacter of which 80% were C. jejuni, while 20% were Campylobacter coli. The Campylobacter isolates were
subjected to antibiotic susceptibility test using disk diffusion method against 12 antibiotics. All the isolates (100%) from
wild birds around poultry houses were resistant to at least one antibiotic.

Conclusion, significance and impact of study: The findings showed 93% of the isolates from wild birds were resistant
to at least two antibiotics. Campylobacter isolates from poultry in the farms were resistant to at least one antibiotic. The
antibiotic resistant Campylobacter is of public health importance.
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INTRODUCTION

Thermophilic Campylobacter is one of the most common
causes of human gastroenteritis worldwide particularly in
developed countries. Campylobacter jejuni is reported to
be the most frequent Campylobacter species isolated
from humans and animals (Haruna et al., 2013; Komba et
al., 2015). Most Campylobacter cause acute but usually
self-limiting illness characterized by diarrhea, fever and
abdominal cramps. However, in some instances severe
infections can occur (Shin et al., 2015). Antimicrobial
treatment can shorten the duration of illness and may be
lifesaving in serious infections (Komba et al., 2015).
Poultry is recognized as an important reservoir for
Campylobacter and poultry meat contaminated with this
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pathogen may results in high percentage of human
campylobacteriosis (Colles et al., 2016). The presence of
Campylobacter in poultry farms mainly results from
contaminated water, contaminated air from adjacent
poultry houses, poultry litter, contamination during
transportation, presence of other infected livestock on the
farm, mechanical transmission such as via insects, and
infected wild birds (Bull et al., 2006; Cox et al., 2012).
There is strong evidence supported by reports
highlighting that wild birds in countries where studies
have been carried are reservoirs and potential sources of
Campylobacter infection in farm animals and humans.

ISSN (print): 1823-8262, ISSN (online): 2231-7538


mailto:saleha@upm.edu.my
mailto:saleha@upm.edu.my

Malays. J. Microbiol. Vol 15(2) 2019, pp. 143-151
DOI: http://dx.doi.org/10.21161/mjm.180096

Several studies had shown that Campylobacter were
isolated from humans, animals, as well as the
environment and that the reservoirs for Campylobacter
are typically domestic animals in particular poultry, pigs
and wild birds. These birds have great mobility that they
can spread these pathogens in the environment (Saleha
et al., 2001; Sensale et al., 2006; Tsiodras et al., 2008;
Rahimi et al., 2011). The presence of these birds around
recreational areas, areas of food processing plants,
farms, pastures, water reservoirs and residential areas
can threaten human health. Among the wild birds that
were found to carry Campylobacter include wild fowls,
shore birds, gulls (Waldenstrém et al., 2002), pigeons
(Rahimi et al., 2011) and crows (Matsuda et al., 2003).
Owing to the excessive mobility of the wild birds, it is
reported that they might work as effectual spreaders of
disease through fecal contamination of poultry farms
environment (equipment, soil, water, and feed) (Bull et al.,
2006; Patriarchi et al., 2011).

For clinical therapy of campylobacteriosis,
erythromycin (a macrolide) is considered as the drug of
choice, but fluoroquinolones (e.g., ciprofloxacin) are also
commonly used owing to their expansive continuum of
activity against enteric pathogens (Luangtongkum et al.,
2009). The results from a study on Campylobacter (Chen
et al., 2010) showed that a vast majority of the isolates
from birds appeared to be resistant to fluoroquinolones by
more than 98%. In the same study, C. jejuni was resistant
to gentamicin at 27.2%. Importantly, a previous study
from The Netherlands revealed a substantial increase in
fluoroquinolone resistance among human cases since the
use of enrofloxacin in veterinary medicine (Endtz et al.,
1991). According to Zendehbad et al. (2013),
Campylobacter spp. isolates from chicken, quail, and
turkey meat in Mashhad (Iran) showed low resistance to
streptomycin at 4.9%, 7.4% and 5.4%, respectively.
Alternative drugs used in cases of systemic infection with
Campylobacter include tetracycline and gentamicin (Ge et
al., 2002). However, the growing resistance to
Campylobacter is of a serious concern globally.
Campylobacter is continuously exposed to antibiotics
used in animal production and human medicine; thus,
causing it to become resistant to antibiotics which can
create limited therapeutic options (Luangtongkum et al.,
2009).

In an attempt to reduce vaccination or combat
respiratory problems due to E. coli, fluoroquinolone
(enrofloxacin) is administered in broiler chickens in the
first week of life. However, such use of antibiotics can
lead to the development of antibiotic resistance
(Jacobs-Reitsma et al., 1994; Landoni and Albarellos,
2015). In New Zealand and Iran, high percentage of wild
birds in children playgrounds were found positive for C.
jejuni (French et al., 2009; Abdollahpour et al., 2015).
Thus, the objectives of this study were to determine the
occurrence of Campylobacter in wild birds and poultry
and the antibiotic resistance profile of Campylobacter
isolated from these wild birds and poultry.
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MATERIALS AND METHODS
Samples collection
Wild birds

The wild birds were collected from five selected locations
which were more than 5 km away from poultry farms
(referred as open environment) and in five poultry farms.
In open environment, three locations were near forest
areas, one was a residential area and the remaining one
was in a wetland. The wild birds were trapped using a
mist net which was set up in the morning and placed for 6
h. Every 20 minutes the trap was checked, and the
captured birds were photographed, marked and sampled
by taking a cloacal swab before their release. Similarly,
the trap was set up between the poultry houses in poultry
farms. Seventy-seven birds in the open environment and
57 birds in poultry farms were sampled.

Poultry

Five farms were visited which consisted of three chicken
and two duck farms. The cloacal swab samples were
collected from 31-37 chickens or ducks per farm. A total
of 101 chickens and 103 ducks were sampled.

Isolation and identification of Campylobacter species

Each cloacal swab was streaked onto a plate of Modified
Campylobacter Blood Free Selective Agar (mCCDA)
(Oxoid) supplemented with cefoperazone, amphotericin
and teicoplanin (CAT) selective supplement. The plates
were then incubated for 48 h at 42 °C in gas jars under
microaerophilic conditions generated by gas packs (BD
CampyPakTM; Becton, Dickinson and Company, UK).
Presumptive Campylobacter colonies were subjected to
Gram staining for cellular morphology observation and
hanging drop method under phase contrast microscopy to
observe the motility characteristics and were then
subcultured onto a freshly prepared Columbia blood agar
(CBA) (Oxoid) supplemented with 5% defribinated horse
blood and incubated at 42 °C for 24-48 h. All suspected
Campylobacter isolates were further identified by oxidase,
catalase production, hippurate hydrolysis and indoxyl
acetate hydrolysis tests.

Confirmation of Campylobacter isolates using
multiplex Polymerase Chain Reaction (mPCR) assay

DNA Extraction

A suspension of each fresh overnight culture was
prepared in a 1.5 mL Eppendorf tube containing 1 mL of
Brucella broth (Oxoid). The suspension was centrifuged
at 16000x g for 2 min. The extraction of the genomic DNA
was conducted using Wizard Purification Systems
(Promega) according to the manufacturer's protocol. A
total of 600 pL of nuclei lysis solution was added to the
suspension and pipetted gently to mix. The suspension
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was incubated at 80 °C for 5 min and then allowed to cool
at room temperature. Three microliters of RNase solution
were added, mixed well and incubated at 37 °C for 60
min. Then 200 uL of the Protein Precipitate was added
and vortexed. The suspension was then incubated on ice
for 5 min. Subsequently, it was centrifuged at 16,000 g
for 3 min. The supernatant was transferred into a clean
1.5 mL Eppendorf tube containing 600 pL of isopropanol
kept at 25 °C. The mixture was centrifuged for 2 min at
16000x g. Then, an aliquot of 600 pL 70% ethanol was
added and mixed. The suspension was further
centrifuged for 2 min at 16000x g. The supernatant was
discarded and was allowed to air-dry for 15 min. Finally,
the DNA pellet was rehydrated in 100 uL of Rehydration
Solution for 1 h at 65 °C.

Multiplex Polymerase Chain Reaction (mPCR) assay

The mPCR was performed in a 50 pL reaction volume.
The reaction mixture consisted of 2 pL, 25 pL of PCR
Master Mix (Promega), 18 pL of RNase free water.of
genomic DNA and 5 pL of forward and reverse primers.
Table 1 shows the primers (Bio Basic Inc., Canada) used
in PCR assay for Campylobacter isolates confirmation.
The mPCR assay procedure was performed in a Veriti™
96-Well Eppendorf Thermal Cycler as described by
Yamazaki-Matsune et al. (2007) as follows: initial
activation step at 95 °C for 15 min, followed by 30 cycles
of denaturation at 95 °C for 30 sec, annealing at 58 °C for
90 sec and extension of 72 °C for 60 sec and final
extension at 72 °C for 7 min. The following well
characterized reference strains, namely Campylobacter
jejuni (LMG 8841T), Campylobacter coli (JCM 2529T),
Campylobacter upsaliensis (ATCC 43954T) and
Campylobacter lari (JCM 2530T) were used as positive
controls. Equal volume of RNase free water was used as
negative control.

Agarose gel electrophoresis

Amplified PCR products were resolved in a 2% agarose
gel (Agarose, LE Analytical Grade) prepared in a 1x Tris-
Borate-EDTA (TBE) buffer (40 mM Tris-Borate, 2 mM
EDTA, PH 7.5) and Gel-red (3 pL/mL) at 75V for 90 min.
The electrophoresed gel was then observed under
ultraviolet (UV) transilluminator using a gel documentation
system Alpha Imager (BIO-RAD).

Antibiotic susceptibility test

Confirmed Campylobacter isolates were kept at —20 °C
for future use. The frozen isolates were thawed at room
temperature. Each isolate was subcultured on Colombia
blood agar (Oxoid) and then incubated at 42 °C for 48 h
under microaerophilic condition. Susceptibility antibiotic
test was performed using the disc diffusion method as
described by CLSI (2010) The isolates were tested
against twelve antibiotics: ampicillin (A), 20 ug;
gentamicin (Cn), 10 pg; cefotaxime (Ctx) 30 ug;
ciprofloxacin (Cip) 5 pg; nalidixic acid (Na) 30 pg;
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erythromycin (E), 15 pg; streptomycin (S) 10 pg;
tetracycline (Te), 30 pg; enrofloxacin (Enr) 5 pg;
clindamycin (Da) 2 pg; sulfamethoxazole trimethoprim
(Sxt) 25 pg; chloramphenicol (C) 30 pg. which were
selected from the lists of Critically Important Antimicrobial
for Human Medicine (WHO, 2011) and Antimicrobial
Agents of Veterinary Importance (OIE, 2015).

Multidrug drug resistance (MDR) is defined as
resistance to at least one antibiotic in four or more
classes of antibiotic as reported in several European
countries (Kumarasamy et al., 2010).

Data analysis

Data for the occurrence of Campylobacter in wild birds
from different locations were analyzed by Chi square test.
The statistical significance was considered at P< 0.05.

RESULTS

Isolation and identification of Campylobacter in the
birds and poultry

Wild birds in open and poultry farms environment

The occurrence of Campylobacter in wild birds from open
environment and in poultry farms is shown in Table 2.
There was no significant difference in the occurrence of
Campylobacter in wild birds from the two locations (22.1
vs 17.5%). From the open environment, four species of
birds were identified which consisted mainly of 31 Rock
Pigeons (Columba livia), 24 Spotted Doves (Streptopelia
chinesis), 14 Zebra Dove (Geopelia striata) and 8
Eurasian Tree Sparrow (Passer montanus) (Table 3). Out
of the 77 birds trapped and sampled from the open
environment, 22.1% were positive for Campylobacter
(Table 2). In poultry farm locations, 57 wild birds were
sampled with only three species identified which made up
of 25 Eurasian Tree Sparrows, 23 Rock Pigeons and 9
Zebra Dove (Table 3) and of these, 17.5% were positive
for Campylobacter (Table 2).

Table 4 shows the occurrence of Campylobacter spp.,
C. coli and C. jejuni in wild birds’ species. The location
had no significant (P>0.05) effect on the occurrences in
Eurasian Tree Sparrow and Zebra Dove. However, the
location showed a significant (P<0.05) effect in Rock
Pigeon as the occurrence of Campylobacter spp. was
high in these birds in the open environment compared to
those in poultry farms.

Poultry

The prevalence of Campylobacter in chickens was 60.3%
and all the isolates (100%) were identified as C. jejuni
(Table 4). In ducks, the prevalence of Campylobacter was
44.8% with 80% of the isolates found to be C. jejuni and
20% C. coli (Table 4).

Moreover, mPCR assay was used for the confirmation
of Campylobacter, C. jejuni and C. coli isolated from
poultry and wild birds (Figure 1).
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Table 1: The primers used in PCR assay to confirm Campylobacter isolates.

Species Primer Oligonucleotide sequence Size

Genus Campylobacter CH412F 5-GGATGA CAC TTT TCG GAGC-¥ 816bp
C1228R 5-CAT TGT AGC ACG TCT GTC-3’

C. jejuni C-1 5-CCATAAGCACTAGCTAGCTGAT-3’ 161bp
C-3 5-CCATAAGCACTAGCTAGCTGAT-3’

C. coli CC18FR 5-GGTATGATTTCTACAAAGCGAG-3’ 502bp
CC519R 5-ATAAAAGACTATCGTCGCGTG-3’

C.lari CLF 5-TAG AGA GAT AGC AAA AGA GA-3 251bp
CLR 5-TAC ACA TAA TAA TCC CAC CC-3

C. upsaliensis CUBLF 5-CGA TGA TGT GCA AAT TGA AGC-3’ 86bp
CU146R 5-TTC TAG CCC CTT GCT TGATG-%

Source: Yamazaki-Matsune et al. (2007)

Table 2: Occurrence of Campylobacter in wild birds in open environment and near poultry farms.

Open environment

No. of wild birds

No. of birds positive

Occurrence of Campylobacter (%)

A 2 1
B 16 11
C 18 2
D 17 0
E 24 3
Total 77 17 22.1
Poultry farms
F 7 1
G 10 0
H 5 5
I 24 4
J 11 0
Total 57 10 17.5

P-value P>0.05
Table 3: Occurrence of Campylobacter, C. coli and C. jejuni in wild birds, chickens and ducks.
Wild birds in open environment
Wild birds species (Scientific No. of birds No. of Campylobacter No. of C. coli No. of C. jejuni
name) (No.) positive isolates isolates isolates
Eurasian Tree Sparrow
(Passer montanus) (8) 5 0 1 4
Rock Pigeon (Columba livia) (31) 8 0 0 8
Zebra Dove (Geopelia striata)
(14) 1 1 0 0
Spotted Dove
(Streptopelia chinesis) (24) 3 0 0 3

Total 77 17 (22.1%) 1 1 15
Wild birds in poultry farms
Eurasian Tree Sparrow (Passer 9 1 0 8
montanus) (25)
Rock Pigeon (Columba livia) (23) 1 0 0 1
Zebra Dove (Geopelia striata) (9) 0 0 0 0

Total 57 10 (18.2%) 1 0 9
Poultry in farms No. of _p_oultry

positive
Chicken (101) 61 (60.4%) 0 0 61
Ducks (67) 30 (44.8%) 0 6 24
Total 168 91 85
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Table 4: Occurrence (%) of Campylobacter, C. coli and C. jejuni in wild birds, chickens and ducks.

Wild birds’ species

Eurasian Tree Sparrow (%)

Rock Pigeon (%)

Zebra Dove (%) Spotted Dove (%)

No. of positive samples

Open environment 62.5 25.8 7.1 125

In poultry farms 36.0 4.3 0 -

P-value >0.05 * >0.05 NA

Campylobacter isolated

Open environment 0 0 100.0 0

In poultry farms 11.0 0 0

P-value >0.05 >0.05 >0.05 NA

C. jejuni

Open environment 80.0 100.0 0 100.0

In poultry farms 88.9 100.0 0 -

P-value >0.05 >0.05 >0.05 NA

C. coli

Open environment 1.0 0 0 0

In poultry farms 0 0 0

P-value >0.05 >0.05 >0.05 NA
Poultry

Chickens (%)

Ducks (%)

Campylobacter isolated 61 (60.3) 30 (44.8)
C. jejuni 61 (100.0) 24 (80.0)
C. coli 0(0) 6 (20.0)
NA= not applicable

*= P <0.05

M 1 2 3 45 6 7 8

9 10 M

1000
800
500

100

Figure 1: mPCR amplification of representative
Campylobacter isolated from poultry and wild birds.

Lane: M 100-bp molecular DNA, Lane 1: C. jejuni
reference strain (LMG 884IT), Lane 2: C. coli reference
strain (JCM 2529T), Lane 3: C. lari reference strain (JCM
2530T), Lane 4: C. upsaliensis (ATCC 43954T), Lane 5:
negative control, Lanes 6,7,8: C. jejuni isolates, Lanes 9,
10: C. coli isolates.

Antibiotic resistance

Data on the antibiotic resistance of Campylobacter
isolated from wild birds and poultry is shown in Table 5. A
total of 84 isolates (15 and 3 isolates from wild birds in
open environment and in poultry farm, respectively, and
66 isolates from poultry) were subjected to antibiotic
susceptibility test. The Campylobacter isolates for birds in
the open environment showed resistance to all antibiotics
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except to ciprofloxacin. The highest resistance was to
clindamycin and cefotaxime (92.2% each) and lowest to
enrofloxacin (14.3%).

It is unfortunate that not all Campylobacter isolates
were able grow despite several attempts. This is
particularly so for the isolates from wild birds near poultry
farms as only 3 out of 9 isolates were viable and
culturable, and they showed resistance to clindamycin
(66.6%). Campylobacter isolates from chicken and ducks
showed resistance to all antibiotics. Higher resistance
was observed to clindamycin (87.7%) and erythromycin
(69.2%) and lowest resistance was to chloramphenicol
(10.8%).

The resistance profile of isolates obtained from wild
birds in the open environment and around poultry houses
revealed that 42.9%, 64.3%, 21.4% and 92.2% were
resistant to ampicillin, tetracycline, gentamicin and
cefotaxime, respectively. However, none of the isolates
obtained from birds around poultry houses were resistant
to ampicillin, tetracycline, gentamicin, cefotaxime, and
clindamycin. Similarly, none of the isolates obtained from
birds around poultry houses were resistant to
ciprofloxacin, enrofloxacin, sulfamethoxazole-
trimethoprim, and nalidixic acid. However, 33% were
resistant to cefotaxime, sulfamethoxazole-trimethoprim,
chloramphenicol and streptomycin. Isolates obtained from
birds in the open environment were also resistant to
clindamycin (92.9%), erythromycin (50%), ciprofloxacin
(0%), enrofloxacin (14.3%), and nalidixic acid (18.6%),
sulfamethoxazole-trimethoprim (42.9%), chloramphenicol
(57.1%) and streptomycin (78.6%).
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Table 5: Antibiotic resistance of Campylobacter isolated from wild birds and poultry.

Wild birds from wild birds
Percentage of near Percentage of Poultr Percentage of
Antibiotics open antibiotic poultry antibiotic . OE y antibiotic
environment . . (n=66) .
*(n=15) resistance farms resistance resistance
*(n=3)

Ampicillin (A) 6** 42.9% O** 0 27 41%
Streptomycin (S) 11 78.6% 1 33.0% 28 42.4%
Enrofloxacin (Enr) 2 14.3% 0 0 14 21.2%
Gentamicin (Cn) 3 21.4% 0 0 18 27.2%
Cefotaxime (Ctx) 13 92.9% 1 33.0% 32 48.5%
Erythromycin (E) 7 50.0% 0 0 45 68.2%
Ciprofloxacin (Cip) 0 0 0 0 13 19.7%
Nalidixic Acid (Na) 11 78.6% 0 0 16 24.2%
Clindamycin (Da) 13 92.9% 2 66.6% 57 86.4%
Tetracycline (Te) 9 64.3% 0 0 41 62.1%
Sulfamethoxazole 6 42.9% 1 33.0% 12 18.2%
Trimethoprim (Sxt)
Chloramphenicol (C) 8 57.1% 1 33.0% 7 10.6%

* No. of Campylobacter isolates.
**No. of isolates resistant to antibiotics

It was found that the MDR Campylobacter isolates in
birds ranged from 33.3 to 87.5%, while Campylobacter
isolates from chicken and duck varied according to farms,
with the highest rate at 94.7 % and lowest at 11.1%.

DISCUSSION

In this study, the prevalence of Campylobacter in all the
wild birds was 18%, with the occurrence of
Campylobacter in wild birds in open environment was
numerically but not statistically higher (22.1%) compared
to those in poultry farms (17.5%). Other studies showed
prevalence of Campylobacter in birds varied from low to
high. A study on wild birds in the United States reported
an occurrence of 21.6% (Waldenstrom et al., 2002). In
another study conducted in the United Kingdom by Colles
et al. (2008) showed out of 331 geese that were sampled,
50.2% were positive for C. jejuni and 0.3% were positive
for C. coli. In their study, Adhikari et al. (2002) detected C.
jejuni from urban sparrows (39.6%) and farm sparrows
(37.7%). In another study, Rahimi et al. (2011) isolated
16.7% C. jejuni from pigeons. Fernandez et al. (1996)
isolated 24.2% Campylobacter spp. from waterfowl and
C. jejuni was found to be most frequently isolated at
69.5% followed by C. coli at 23.1%. As in most studies, C.
jejuni was largely isolated at 60% with C. coli only at 1%.
The reports from similar studies on other species of birds
also indicated the presence of various species of
Campylobacter (Saleha et al., 2001; Adhikari et al., 2002;
Waldenstrom et al., 2002; Colles et al., 2008; lbrahim et
al., 2018). In Malaysia, Saleha et al. (2001) reported the
isolation of 18.1% Campylobacter spp. from flying birds
near poultry farms. Also, Ganapathy et al. (2007) isolated
57.3% Campylobacter spp. from crows. Apart from
Campylobacter, birds are known to be healthy carriers of
many types of zoonotic viruses, bacteria, fungi and
protozoa (Dhama et al, 2008). Considering their
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capability to fly without restrictions covering great
distances such as migratory birds, these birds have the
potential to disperse these pathogens in the environment
such as grazing pastures, park areas, surface water and
particularly to the animals and the farm environment
(Abulreesh et al., 2006). In a study in Georgia (USA) it
was discovered that birds caught near chicken houses
carry Salmonella spp., C. jejuni and Clostridium
perfringens and the study suggested that by gaining
access to poultry houses, the birds have the capability to
spread these pathogens to poultry.

According to a study on Salmonella by Andrés et al.
(2013) who compared the presence of Salmonella in wild
birds trapped in and near pig farms and in areas far (>2
km) from the pig farms, they found the group of birds
trapped in and around the pig farms were reported as 16
times more of being Salmonella positive than the other
group of birds that were far from pig farms. Among the
many sources of Salmonella in the pig farms, were the
insects which could be carrying Salmonella. When the
wild birds feed on these insects, they can get infected
with Salmonella. Such a similar situation could possibly
occur with Campylobacter in poultry farms environment.
Insects such as house flies and beetles are attracted to
the litter, water and feed. Cokal et al. (2011) and Hald et
al. (2004) had identified likely sources of Campylobacter
in poultry houses which included flies and drinking water.

In this study, the occurrence of Campylobacter was
higher in open environment compared to those in poultry
farms in Rock Pigeon but not in other wild birds’ species.
The occurrence of Campylobacter in wild birds in open
environment could be caused by a number of factors,
among which are environmental factors associated with
feeding habits of these birds. This may give rise to the
bacterial infection in the birds (Waldenstrém et al., 2002).
Different feeding habits influence the presence of
Campylobacter in wild birds, as reported by some surveys
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(Waldenstrém et al., 2002; Sensale et al., 2006; Antilles
et al., 2015). From this present study, it was found that
the birds sampled near the housing area exhibited higher
prevalence of Campylobacter. This could be due to the
fact that these groups of birds had the feed which ranged
from vegetation to human garbage that were probably
contaminated with Campylobacter. Some studies
suggested that wild birds can get infected with
Campylobacter from the river water and other surface
water. According to Van Dyke et al. (2010), the study
showed 30% C. jejuni, 9% C. coli and 66% C. lari were
found in river water samples. Also, infected farm animals
excrete  Campylobacter spp. in feces thereby
contaminating the farms environment, which can be the
source of Campylobacter to the wild birds. According to
numerous studies in different animal farms, such as pigs
(Thakur and Gebreyes, 2010; Carrique-Mas et al., 2014),
cattle (Sanad et al., 2011), sheep (Salihu et al., 2009),
goats (Rapp and Ross, 2012) and poultry (Hermans et al.,
2012) they showed that these farm animals play an
important role in contamination of the environment.

The Campylobacter from wild birds showed more than
50% resistance to six antibiotics (50-93%) with highest
resistance to clindamycin and cefotaxime. While isolates
from poultry showed more than 50% resistance to three
antibiotics  (63-88%) with highest resistance to
clindamycin. This is possible because the birds may have
been exposed to antibiotic resistant Campylobacter in the
open environment, poultry or other animals in the farm.
The use of antibiotics in the farm may provide the

selective pressure for development of antibiotic
resistance.
Poultry isolates showed Ilow resistance to

fluoroquinolones (ciprofloxcin and enrofloxcin) (20-21.5%)
and from wild birds at 14%, which may be due to the
lesser use of such drugs as recommended by World
Organization for Animal health (OIE). According to
Adzitey et al. (2012), C. jejuni showed high resistance to
tetracycline (96%), sulfamethoxazole-trimethoprim (96%),
nalidixic acid (84%) and ampicillin (81%). In this study,
the poultry isolates showed more than 50% resistance to
tetracycline but low resistance to ampicillin, nalidixic acid
and sulfamethoxazole-trimethoprim. The low level of
resistance may be attributed in part, to the fact that these
antibiotics are less used in the poultry industry, either
prophylactically or therapeutically, due to its intramuscular
route of administration, which may be impracticable for
large scale application on poultry farms. Wild birds in the
open environment of which one location is near the
residential area, were probably exposed to antibiotic
resistant Campylobacter in the area, such as
contaminated human garbage, pests and litter. The rate
of resistance to chloramphenicol was reported to be high
in wild birds in the open environment (57.1%) and among
the birds in poultry farms (30%), but resistance was low in
poultry (10.8%). In poultry, the reason may be that they
were not exposed to the drug.

It is interesting to note that while the chickens and
ducks showed low resistance to chloramphenicol and
sulfamethoxazole trimethoprim the birds showed
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otherwise. None of the isolates from bird were resistant to
ciprofloxacin compared to those isolated from poultry.

The very small number of antibiotic resistant
Campylobacter isolates in wild birds in poultry farms limits
the discussion. However, it could be possible that the
Campylobacter isolates, which were not culturable
showed resistance to antibiotics. It has been reported that
Campylobacter has several mechanisms to resist
antibiotics; it could be possible that each Campylobacter
may have more than one mechanism of resistance or
may carry several resistant genes (Martinez, 2009).

CONCLUSION

In conclusion, wild birds may play an important role in the
spread of antibiotic resistant Campylobacter to the
environment and poultry farms.
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