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ABSTRACT. Pet birds can harbor human pathogens and contribute to the transmission of infectious agents to hu-
man. Since many people are interested in keeping pet birds, this study was conducted in pet birds from Mazandaran 
province, northern Iran. Totally, 174 fecal samples of pet birds (cockatiel, canary, lovebird, parrot, mynah, goldfinch, 
budgerigar, macaw, dove, pigeon, and bulbul) were collected with sterile cotton swabs and submitted to Faculty of 
Veterinary Medicine, Department of Pathobiology (Amol, Iran). After extraction of total DNA, the samples subjected 
to molecular detection of the Campylobacter, Salmonella, and Arcobacter using polymerase chain reaction. A total of 
114 (65.5%), 28 (16%), and 86 (49.4%) samples were found positive for Campylobacter, Salmonella, and Arcobacter, 
respectively. Furthermore, some birds showed contamination with two or all three of these bacteria. Results showed 
that mentioned bacteria can be detected from the apparently healthy pet birds. Therefore pet birds can be considered as 
potential carriers of these enteropathogens.
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INTRODUCTION

Infectious diarrhea is a major concern for public 
health worldwide and it caused by contamination 

of water and food with pathogenic bacteria, viruses, 
or parasites. Diarrheal disease is the primary cause of 
morbidity and mortality among children in develop-
ing countries (Kotloff et al., 2013). The common bac-
teria agents causing diarrhea are E.coli, Salmonella, 
Campylobacter and with less importance Arcobacter 
(Neupane et al., 2017). Pet birds have an important 
role as potential vectors of disease, especially regard-
ing human health. People especially children and the 
elderly interests to keep pet birds, thus there is po-
tential ability to transmit mentioned pathogens to hu-
mans. 

In recent years, an increased number of human in-
fections with bacteria of the Campylobacter type are 
observed (Grzybowska-Chlebowczyk et al., 2013). 
Worldwide, campylobacteriosis is the most common-
ly reported enteric bacterial infection in the human 
population in developed countries (Lyngstad et al., 
2008). Although poultry products are important trans-
mission vehicles to humans, the bacterium is common 
in pet birds, which live in close contact with humans 
(Griekspoor et al., 2013). Birds are ideal hosts for 
campylobacters, due to their relatively high body 
temperature (42 °C), also, the occurrence of Campy-
lobacter spp. in the gut of apparently healthy birds 
has frequently been reported (Lillehaug et al., 2005). 
Transmission to humans can occur by aerosols, direct 
or indirect contact (Belén et al., 2010).

Salmonellosis is an important zoonotic infection 
seen in all species of animals. A variety of Salmonella 
species have been found in both apparently healthy 
and obviously diseased birds (Benskin et al., 2009). 
Transmission to humans was reported in different 
cases. Salmonellae in humans can cause enteric fe-
ver (typhoid) resulting from bacterial invasion of the 
bloodstream, and acute gastroenteritis resulting from 
food-borne infection/intoxication (Boseret et al., 
2013).

Arcobacter spp. have been considered as potential 
zoonotic foodborne and waterborne agents and can 
be found in meat (veal, beef, pork and poultry), milk 
and water (Lehner et al., 2005). Infection in human 
patients causes diarrhea, abdominal pain and other 
symptoms including nausea, vomiting and fever. No 
association of Arcobacter with pathologies in poultry 
has been reported (Vandenberg et al., 2004).

Understanding the spread of bacterial pathogens in 
pet birds may help as a useful model for examining 
the spread of other disease organisms, both amongst 
birds, and from birds to other species. Thus, the aim 
of this study was to molecular identification of Cam-
pylobacter, Salmonella, and Arcobacter from pet or 
companion birds.

MATERIALS AND METHODS
Sampling: From July to November 2017, 174 fe-

cal swab samples were collected from different spe-
cies of the companion birds. Fantail pigeon (Columba 
livia) were the most represented species with 19.5% 
of the samples, followed by Budgerigar (Melopsit-
tacus undulatus) with 11.5%, White-eared bulbul 
(Pycnonotus leucotis) 10.3%, Goldfinch (Carduelis 
carduelis) 9.1%, Cockatiel (Nymphicus hollandicus) 
8%, Common mynah (Acridotheres tristis) 6.8%, and 
Rock pigeon (Columba livia) 5.7%. Other bird spe-
cies composed less than 30% of the samples. All sam-
ples placed in separate sterile plastic bags to prevent 
spills and cross contamination and immediately trans-
ported to the laboratory in a cooler with ice packs. All 
birds were apparently in healthy condition and none 
received any antimicrobial treatment during the study 
period.

DNA extraction and PCR: The cotton swabs 
were placed in 1.5-ml tubes in 300 µl peptone water 
and vortexed thoroughly. Fifty microliters of each 
fecal suspension was used as input for the DNA ex-
traction procedure. DNA extraction was done using 
stool DNA extraction kit (Bioneer, Daejeon, South 
Korea) according to the manufacturer recommenda-
tions with some modifications. Briefly, 100 mg of each 
pooled sample was mixed with 20 μl proteinase K and 
incubated for 10 min at 55 °C. After centrifugation 
of the mixture at 13000 rpm, the supernatant was 
mixed with 200 μl binding solution in a new tube and 
incubated again for 10 min at 60 °C. After incubation, 
100 μl isopropanol was added to the tube and then 
the liquid transferred into the binding column, and 
centrifuged for 1 min at 8000 rpm. This step was 
repeated using 500 μl for both washing buffer 1 and 
2; then, DNA was precipitated using 100 μl elution 
buffer and centrifugation at 13000 rpm for 1 min. 
Extracted DNA was kept at -20 °C until use in PCR. 
Conventional PCR reaction was done for detection of 
Salmonella spp., Arcobacter spp., and Campylobacter 
genus using specific primers (Table 1). 
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The PCR reaction mixtures consisted of 100 ng 
DNA template, 2.5 μl 10x PCR buffer (75 mM Tris 
HCl, pH 9.0, 2 mM MgCl2, 50 mM KCl, 20 mM 
(NH4)2SO4; Bioneer, Daejeon, So uth Korea), 0.2 
mM dNTPs (Bioneer, Daejeon, South Korea), 1.5 
U AmpliTaq DNA polymerase (Bioneer, Daejeon, 
South Korea), and 10 pmol each primer (Takapouzist, 
Tehran, Iran). The volume of the reaction mixture was 
reached to 25 μl using distilled deionized water. The 
thermal cycler (MJ mini, BioRad, USA) was adjusted 
under optimum conditions. Briefly, Initial denatur-
ation at 94 °C for 4 min, followed by 33 cycles of de-
naturation at 94 °C for 1 min, annealing as shown in 
Table 1 for 1 min and extension at 72 °C for 1 min. Fi-
nal extension was carried out at 72 °C for 7 min. Am-
plified products were separated by electrophoresis in 
1.5% agarose gel electrophoresis stained with ethid-
ium bromide (Cinnaclone, Tehran, Iran). The 100 bp 

DNA ladder was used as molecular size marker.

Statistical analysis: Using Chi-squared, all statis-
tical analyses were performed by SPSS Inc., Chicago, 
IL (v. 18.0). P value less than 0.05 was considered for 
statistical significance.

RESULTS
Among 174 fecal samples collected from pet birds, 

a total of 114 (65.5%), 28 (16%), and 86 (49.4%) 
samples were found positive for Campylobacter, Sal-
monella, and Arcobacter, respectively. Also, simulta-
neous contamination with Campylobacter and Salmo-
nella were shown in 12 (6%) of samples. 50 (28%) and 
2 (1%) of samples were positive with dual infection of 
Campylobacter and Arcobacter, and Salmonella and 
Arcobacter, respectively. In 14 (8%) of samples, the 
presence of all three bacteria were confirmed. Results 
are summarized in Table 2 and Figures 1 and 2.

Table 1. The primers used in this study for detection of Salmonella, Campylobacter and Arcobacter

Primer sequence (5’ to 3’) Target gene Annealing 
temperature (ºC) Product size (bp)

F:ATCTAATGGCTTAACCATTAAAC
R: GGACGGTAACTAGTTTAGTAT

16S rRNA 
(Campylobacter spp.) 59 875

F: GTGAAATTATCGCCGCCACGTTCGAA
R: TCATCGCACCGTCAAAGGAACC

Inv A
(Salmonella spp.) 58 284

F: AGAACGGGTTATAGCTTGCTAT
R: GATAVAATACAGGCTAATCTCT

16S rRNA
(Arcobacter spp.) 44 181

Table 2. Overall percentages of different types of bacteria isolated from fecal samples collected from pet birds

Birds (Scientific name) Name of Bacteria
Campylobacter Salmonella Arcobacter

Linnet (Carduelis cannabina) 2/4 (50%) 0/4 (0%) 4/4 (100%)
Goldfinch (Carduelis carduelis) 12/16 (75%) 0/16 (0%) 12/16 (75%)
Rosy-faced lovebird (Agapornis roseicollis) 8/8 (100%) 0/8 (0%) 4/8 (50%)
Rose-ringed parakeet (Psittacula krameri) 4/6 (66.6%) 0/6 (0%) 4/6 (66.6%)
Canary (Serinus canaria) 4/6 (66.6%) 2/6 (33.3%) 6/6 (100%)
Cockatiel (Nymphicus hollandicus) 10/14 (71.4%) 2/14 (14.2%) 6/14 (42.8%)
Common mynah (Acridotheres tristis) 2/12 (16.6%) 2/12 (16.6%) 4/12 (42.8%)
Budgerigar (Melopsittacus undulatus) 8/20 (40%) 2/20 (10%) 8/20 (40%)
Grey parrot (Psittacus erithacus) 4/8 (50%) 2/8 (25%) 2/8 (25%)
Alexandrine parakeet (Psittacula eupatria) 2/2 (100%) 0/2 (0%) 0/2 (0%)
Blue-winged parrot (Neophema chrysostoma) 2/2 (100%) 0/2 (0%) 0/2 (0%)
Eastern rosella (Platycercus eximius) 2/2 (100%) 0/2 (0%) 0/2 (0%)
Sun conure (Aratinga solstitialis) 2/2 (100%) 0/2 (0%) 0/2 (0%)
Blue-and-yellow macaw (Ara ararauna) 2/2 (100%) 0/2 (0%) 0/2 (0%)
Diamond dove (Geopelia cuneata) 2/2 (100%) 0/2 (0%) 2/2 (100%)
Rock pigeon (Columba livia) 8/10 (80%) 4/10 (40%) 0/10 (0%)
Old dutch capuchine (Columba livia) 2/6 (33.3%) 0/6 (0%) 4/6 (66.6%)
Fantail pigeon (Columba livia) 26/34 (76.4%) 14/34 (41.1%) 18/34 (52.9%)
White-eared bulbul (Pycnonotus leucotis) 12/18 (66.6%) 0/18 (0%) 12/18 (66.6%)

Total 114/174 (65.5%) 28/174 (16%) 86/174 (49.4%)
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DISCUSSION
The risk of getting a disease from pet bird is typ-

ically highest in people who already have chronic 
diseases, such as the very young, the elderly, HIV-in-
fected individuals, organ-transplant recipients, and 
people receiving chemotherapy. Some of the most 
commonly reported bacterial diseases that can be 
transmitted through pet birds include Salmonellosis, 
and Campylobacteriosis. Thus, diagnosis and control 

of mentioned disease in birds is very important.

Birds are usually considered to be the reservoir of 
Campylobacter, because the body temperature of the 
birds provides conditions for bacterial growth (Dha-
ma et al., 2013). The overall prevalence of Campylo-
bacter spp. for all pet birds sampled in this study was 
65.5%. However, the prevalences of Campylobacter 
spp. in members of different pet bird families were 

Fig. 1. Agarose gel electrophoresis of PCR of the invA gene (284 bp) for the characterization of the Salmonella species. M: 100-bp 
ladder as molecular DNA marker; Lane 3: negative control; Lane 4: positive control; Lanes 5-8: positive samples.

Fig. 2. Agarose gel electrophoresis of PCR amplification products using 16S rRNA (857 bp) as a specific primer to identify the Campy-
lobacter species. M: 100-bp ladder as molecular DNA marker; Lane 2: negative control; Lane 3: positive control; Lanes 4-5: negative 
samples; Lanes 6-10: positive samples.
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from 16.6% to 100%. Compared with the results of 
other studies describing Campylobacter in pet bird 
populations, which reported prevalences ranging from 
0% to 50% (Waldenstrom et al., 2002; Colles et al., 
2008; Zamani Moghaddam et al., 2011; Ehsannejad et 
al., 2015), the prevalence reported in this study is rel-
atively high. Prevalence differences between studies 
may due to the use of different sampling and culture 
methods, which vary in sensitivity. High prevalence 
rate of Campylobacter Spp. (75%) in broiler flocks of 
Iran was reported by Ansari-Lari et al. (2011), but low 
detection rate of these bacteria from pet birds men-
tioned in a previous study (Ehsannejad et al., 2015). 
In a recent research, Dipineto et al. (2017) reported 
13.6% of the cage samples of pet birds were positive 
for Campylobacter coli. One of the possible reasons 
for the difference in the prevalence can be due to the 
difference between the bird species. Survival of Cam-
pylobacter spp. in fecal samples from different bird 
species is variable (Waldenstrom et al., 2007). More-
over, the type of sample (e.g., cloacal swab vs. fecal 
sample) and time of sampling (e.g., seasonal variation) 
collected from birds to assess the prevalence of this 
organism can influence research findings. The sensi-
tivity of culture techniques should also be considered 
as a source of variation for prevalence estimates, es-
pecially given the fastidious nature of organisms such 
as Campylobacter (Mi’kanatha et al., 2012).

Out of 174 sample tested, 28 samples (16%) were 
positive for salmonella spp. Salmonella were detect-
ed from Canary, Cockatiel, Common mynah, Budger-
igar, Grey parrot, Rock pigeon and Fantail pigeon. 
Results of present study showed high prevalence of 
Salmonella spp. in pet birds in comparison of other 
researches. Rahmani et al. (2011), reported from 668 
samples tested from birds kept in parks and pet shops 
in Tehran, Iran, 19 isolates (2.8%) were identified. 
Similar to some previous study, high prevalence of 
Salmonella spp., was shown in canaries (Georgiades 
and Iordanidis, 2002; Madadgar et al., 2009; Rahmani 
et al., 2011). On the other hand, our results is in line 
with results of Brobey et al. (2017), which reported 
17% infection rates of Salmonella in wild birds from 
southeast Texas. In current research, high prevalence 
of Salmonella was detected in pigeons. These results 
are in agreement to Osman et al. (2013) who reported 
33.3% incidence in pigeons. Lower incidence rates 
were recorded by other researchers who recorded in-
cidence rates of 0%, 3.9%, 4% and 7.9%, respectively 
(Lillehaug et al., 2005; Tanaka et al., 2005; González-
Acuña et al., 2007; Sousa et al., 2010). 

High percentage of Campylobacter and Salmonel-
la detection in this study may be due to geographical 
and environmental connection. Mazandaran is in the 
north of Iran (53°6′E, 36°23′N) and located along the 
southern coast of the Caspian Sea which shares bor-
ders with Russia, Kazakhstan, Azerbaijan, and Turk-
menistan. Each year when the cold seasons arrive, mi-
gratory birds come to Mazandaran wetlands and stay 
until early March. It is possibility that migratory birds 
to be an important sources for mentioned bacteria and 
moving of migratory bird can help to spread infection 
by direct or indirect contact with carrier, reservoir, 
Salmonella-infected animals and birds.

Regarding to detection of Arcobacter in cloacal 
swabs, in our study, the highest detection was in Lin-
net, Canary, Diamond dove, and Goldfinch with in-
cidence rates of 100% for the first three and 75% for 
the last. Data about the presence of Arcobacter spp. 
in wild birds are rare. This is the first report of Ar-
cobacter detection in pet birds in Iran. Di Frances-
co et al. (2014) showed that 19% detection of Arco-
bacter from Eurasian collared doves in Northern Italy. 
Khoshbakht et al. (2017) reported no detection of 
Arcobacter from quail farms in Northern Iran. Some 
researchers showed high isolation of Arcobacter from 
chicken farms (Son et al., 2007; Ho et al., 2008).

In conclusion, this study shows that Campylo-
bacter, Salmonella, and Arcobacter may be excreted 
in the faeces of apparently healthy pet birds; there-
fore, pet birds may be a potential source of these 
bacteria transmission to humans. Furthermore, some 
birds showed contamination with two or all three of 
these bacteria. To our knowledge, the molecular de-
tection of Arcobacter was reported for the first time in 
pet birds in Iran. Close physical contact with pet birds 
that are uncertain about their status, can be a potential 
risk for public health.

ACKNOWLEDGMENTS
This research has been financially supported by a 

grant from the Amol University of Special Modern 
Technologies, Amol, Iran.

CONFLICT OF INTEREST
The authors do not have any potential conflicts of 

interest to declare.



J HELLENIC VET MED SOC 2019, 70(4)
ΠΕΚΕ 2019, 70(4)

1776 S. SEIFI, R. KHOSHBAKHT, A. AZIZPOUR

REFERENCES

Ansari-Lari M, Hosseinzadeh S, Shekarforoush SS, Abdollahi M, Berizi 
E. (2011) Prevalence and risk factors associated with Campylobacter 
infections in broiler flocks in Shiraz, southern Iran. Int J Food Micro-
biol 144: 475-479.

Belén V, Esperón F, Neves E, López J, Ballesteros C, Muñoz MJ (2010) 
Screening for several potential pathogens in feral pigeons (Columba 
livia) in Madrid. Acta Vet Scand 52(1): 45.

Benskin CMWH, Wilson K, Jones K, Hartley IR (2009) Bacterial patho-
gens in wild birds: a review of the frequency and effects of infection. 
Biol Rev 84: 349-373.

Brobey B, Kucknoor A, Armacost J (2017) Prevalence of Trichomonas, 
Salmonella, and Listeria in Wild Birds from Southeast Texas. Avian 
Dis 6: 347-352. 

Boseret G, Losson B, Mainil JG, Thiry E, Saegerman C (2013) Zoonoses 
in pet birds: review and perspectives. Vet Res 44: 36.

Colles FM, Dingle KE, Cody AJ, Maiden MC (2008) Comparison of 
Campylobacter populations in wild geese with those in starlings and 
free range poultry on the same farm. Appl Environ Microbiol 74: 
3583-3590.

Dhama K, Karthik K, Chakraborty S, Tiwari R, Kapoor S (2013) Wildlife: 
a hidden warehouse of zoonosis - a review. Int J Curr Res 5: 1866-
1879.

Di Francesco A, Delogu M, Giacometti F, Stancampiano L, Grilli E, Guar-
niero I, Serraino A (2014) First detection of Arcobacter sp. in Eurasian 
collared doves (Streptopelia decaocto). Vet Italiana 50: 313-315.

Dipineto L, Borrelli L, Pace A, Romano V, D’Orazio S, Varriale L, Rus-
so TP, Fioretti A (2017) Campylobacter coli infection in pet birds in 
southern Italy. Acta Vet Scand 59: 6. 

Ehsannejad F, Sheikholmolooki A, Hassanzadeh M, Shojaei Kavan R; 
Soltani M (2015) Detection of cytolethal distending toxin (cdt) genes 
of Campylobacter Jejuni and Coli in fecal samples of pet birds in Iran. 
Iranian J Vet Med 9(1): 49-56.

Georgiades GK, Iordanidis P (2002) Prevalence of Salmonella infection 
in pigeons, canaries and psittacines. J Hellenic Vet Med Soc 53: 113-
118.

González-Acuña D, Silva GF, Moreno SL, Cerda LF, Donoso ES, Ca-
bello CJ, López MJ (2007) Detection of some zoonotic agents in the 
domestic pigeon (Columba livia) in the city of Chillán, Chile. Rev 
Chilena Infectol 24: 199-203.

Griekspoor P, Colles FM, McCarthy ND, Hansbro PM, Ashhurst-Smith C, 
Olsen B, Hasselquist D, Maiden MC, Waldenström J (2013). Marked 
host specificity and lack of phylogeographic population structure of 
Campylobacter jejuni in wild birds. Mol ecol 22: 1463-1472.

Grzybowska-Chlebowczyk KB, Wancerz A, Martyna J, Więcek S, Wo-
jcieszyn M, Horowska-Ziaja S, Chlebowczyk W, Woś H (2013) Clini-
cal course of Campylobacter infections in children. Polish Paediatrics 
88: 329-334.

Ho, HT, Lipman LJ, Gaastra W (2008) The introduction of Arcobacter 
spp. in poultry slaughterhouses. Int J Food Microbiol 125: 223-229.

Khoshbakht R, Seifi S, Karimi A, Khosravi M (2017) Molecular identi-
fication of Campylobacter, Arcobacter, and Salmonella in Japanese 
quail (Coturnix japonica) reared in farms of northern Iran. J Food 
Qual Hazards Control 4: 58-62.

Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalin-
gam S, Wu Y, Sow SO, Sur D, Breiman RF, Faruque AS, Zaidi AK, 
Saha D, Alonso PL, Tamboura B, Sanogo D, Onwuchekwa U, Manna 
B, Ramamurthy T, Kanungo S, Ochieng JB, Omore R, Oundo JO, 

Hossain A, Das SK, Ahmed S, Qureshi S, Quadri F, Adegbola RA, 
Antonio M, Hossain MJ, Akinsola A, Mandomando I, Nhampossa T, 
Acácio S, Biswas K, O’Reilly CE, Mintz ED, Berkeley LY, Muhsen 
K, Sommerfelt H, Robins-Browne RM, Levine MM (2013) Burden 
and aetiology of diarrheal disease in infants and young children in 
developing countries (the Global Enteric Multicenter Study, GEMS): 
a prospective, case-control study. Lancet 382: 209-222. 

Lehner A, Tasara T, Stephan R (2005) Relevant aspects of Arcobacter spp. 
as potential foodborne pathogen. Int J Food Microbiol 102: 127-135.

Lillehaug A, Monceyron Jonassen C, Bergsjø B, Hofshagen M, Tharald-
sen J, Nesse LL, Handeland K (2005) Screening of feral pigeon (Co-
lomba livia), mallard (Anas platyrhynchos) and graylag goose (Anser 
anser) populations for Campylobacter spp., Salmonella spp., avian 
influenza virus and avian paramyxovirus. Acta Vet Scand 46:193-202.

Lyngstad TM, Jonsson ME, Hofshagen M, Heier BT (2008) Risk factors 
associated with the presence of Campylobacter species in Norwegian 
Broiler Flocks. Poult Sci 87: 1987-1994.

Madadgar O, Zahraei Salehi T, Ghafari MM, Tamai IA, Madani SA, Yahy-
areyat R (2009) Study of an unusual paratyphoid epornitic in canaries 
(Serinus canaria). Avian Pathol 38: 437-441.

Mi’kanatha NM, Dettinger LA, Perry A, Rogers P, Reynolds SM, Na-
chamkin I (2012) Culturing stool specimens for Campylobacter spp., 
Pennsylvania, USA. Emerg Infect Dis 18: 484-487.

Neupane A, Parajuli P, Bastola R., Paudel A (2017) Bacterial etiology of 
diarrheal disease in children and antibiogram of the isolates. Clin Mi-
crobiol 6(2): 1-8.

Osman KM, Mehrez M, Erfan AM, Nayerah A (2013) Salmonella enterica 
isolated from pigeon (Columba livia) in Egypt. Food borne Pathog 
Dis 10: 481-484.

Rahmani M, Peighambari SM, Yazdani A., Hojjati P (2011) Salmonella 
infection in birds kept in parks and pet shops in Tehran, Iran. Int J Vet 
Res 5: 145-148.

Son I, Englen MD, Berrang ME, Fedorka-Cray PJ, Harrison MA (2007) 
Antimicrobial resistance of Arcobacter and Campylobacter from 
broiler carcasses. Int J Antimicrob Agents 29: 451-455.

Sousa E, Berchieri AJ, Pinto AA, Machado RZ, de Carrasco AO, Marcia-
no JA, Werther K (2010) Prevalence of Salmonella spp. antibodies 
to Toxoplasma gondii, and Newcastle disease virus in feral pigeons 
(Columba livia) in the city of Jaboticabal, Brazil. J Zoo Wild Med 
41: 603-607.

Tanaka C, Miyazawa T, Watarai M, Ishi- guro N (2005) Bacteriological 
survey of feces from feral pigeons in Japan. J Vet Med Sci 67: 951-
953.

Vandenberg O, Dediste A, Houf K, Ibekwem S, Souayah H, Cadranel S, 
Douat N, Zissis G, Butzler JP, Vandamme P (2004) Arcobacter spe-
cies in humans. Emerg Infect Dis 10: 1863-1867.

Waldenstrom J, Broman T, Carlsson I, Hasselquist D, Achterberg RP, Wa-
genaar JA, Olsen B (2002) Prevalence of Campylobacter jejuni, Cam-
pylobacter lari, and Campylobacter coli in different ecological guilds 
and taxa of migrating birds. Appl Environ Microbiol 68: 5911-5917.

Waldenstrom J, On SL, Ottvall R, Hasselquist D, Olsen B (2007) Species 
diversity of Campylobacteria in a wild bird community in Sweden. J 
Appl Microbiol 102: 424-432.

Zamani Moghaddam A, Tahmasby H, Mehrabiyan S, Barati S., Hashemi 
Babaheidari SH, Safarpour M (2011) Molecular detection of Campy-
lobacter in domestic pigeons from Shahrekord, Iran. J Vet Microbiol 
7: 63-71.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

