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Abstract: Avian infl uenza (AI) is an infectious disease of birds caused by type A strains of the infl uenza virus. Among 

these AI viruses, only serotypes H5 and H7 are considered highly pathogenic in poultry. However, serotype H9N2 has 

also been found to produce severe respiratory tract infections in chickens. Migratory birds of the world are a natural 

reservoir of infl uenza viruses of all subtypes. Th is is the fi rst report of isolation and molecular survey of AI virus from 

migratory and wild resident birds in Boushehr, Iran. Th ese areas are at risk for the spread and transmission of infl uenza 

A viruses. A total of 443 fecal specimens (fresh droppings and cloacal swabs) were collected from migratory and 

wild resident birds in the Boushehr wetlands from October 2009 to June 2010. Th e AI virus was identifi ed by reverse 

transcriptase polymerase chain reaction (RT-PCR) using a set of primers specifi c to the nucleoprotein of AI virus, 

and for positive samples, it was tested again by RT-PCR with specifi c primers for the H9, H7, and H5 subtypes. Low 

pathogenic AI viruses (H9 subtype) were detected by RT-PCR and virus isolation, but no highly pathogenic viruses 

were found during the period of study. Th e 1st and 2nd positive cases were in slender-billed gulls (Larus genei) from 

resident birds in the Helleh wetlands, and the 3rd positive case was in a mallard (Anas platyrhynchos) hunted on the 

Helleh wetland. 
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Migratory birds are important to public health 
because they can be infected by a number of 
pathogenic microorganisms that are transmissible 
to humans (1). Avian infl uenza (AI) is a contagious 
viral disease and is worldwide in distribution. It is 
thought that wild living water birds, particularly wild 
waterfowls, are natural reservoirs for all of the AI 
viruses (2,3). All of the known subtypes of infl uenza 
A virus have been isolated from wild birds living in 

aquatic environments, mainly dabbling ducks. Th is 
indicates that surveillance for infl uenza A virus in 
migratory birds can be of major value as a sentinel 
system to prevent outbreaks in domestic poultry (3). 
Th e fi rst documented outbreak of highly pathogenic 
avian infl uenza (HPAI) in the wild bird population 
was in 1961, when an outbreak in common terns 
(Sterna hirundo) killed about 1600 birds in South 
Africa (4). When screening wild birds in search of 
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the Newcastle disease virus (known to be spread by 
wild birds), during an outbreak of Newcastle disease 
in poultry, in California in 1974 (5), revealed that 
low pathogenic avian infl uenza (LPAI) A virus could 
be isolated from wild birds. Further screening soon 
revealed that species living in aquatic environments 
such as ducks, gulls, geese, and shorebirds harbored 
the LPAI A virus strains of many diff erent subtypes 
and probably acted as a reservoir for these strains (6). 
Th e infl uenza A virus, including all of its subtypes and 
most of their subtype combinations, is commonly 
found in aquatic birds such as ducks, geese, gulls, and 
shorebirds, while only a limited number of subtypes 
have been found in non-avian hosts. Th erefore, 
waterfowl, in particular wild dabbling ducks (genus 
Anas), are thought to constitute the main natural 
viral reservoir for the LPAI virus, from which strains 
occasionally arise that are transmitted to other 
species, including humans and poultry. Th is paper 
reports the isolation of AI from migratory birds in 
the wetlands of Boushehr province of Iran, which is 
close to some major broiler and layer breeder areas 
during the avian migratory season and resident birds, 
from October 2009 to June 2010.

Th e present study was conducted in the wetlands 
of Boushehr in southern Iran (Table). A total of 443 
fecal specimens (212 fresh droppings from migratory 
birds and 110 fresh droppings from wild resident 
birds, and 121 cloacal swabs from migratory birds) 
were collected. Some of the birds were trapped 
and for the bird species that could not be trapped, 
fresh dropping samples were collected from the 
ground at locations where large numbers of the birds 
congregated. Fecal samples of both migratory and 
resident birds were collected from several sites in 
Bushehr Province, which is known for the arrival of 
migratory birds during the avian migratory season 
(Table). Only fresh and wet samples were collected. 
Cloacal swabs and fresh dropping samples were 
collected using cotton swabs and immediately put 
into vials containing virus transport media (Hanks 
balanced salt solution containing 0.5% lactalbumin, 
10% glycerol, 200 U/mL penicillin, 200 μg/mL 
streptomycin, 200 μg/mL polymyxin B sulfate, 250 
μg/mL gentamicin, and 50 U/mL nystatin) on wet ice 
and then frozen to –70 °C. All of the samples were 
processed for virus isolation in embryonated chicken 
eggs and tested by reverse transcriptase polymerase 
chain reaction (RT-PCR). 

Virus isolation and characterization of the samples 
collected were performed at the Razi Vaccine and 
Serum Research Institute, Shiraz, Iran. According to 
the method described by Swyane (7), 200 μL of the 
original specimens were inoculated into the allantoic 
cavity of 9- to 11-day-old embryonated chicken 
eggs. Th e amino-allantoic fl uids were harvested and 
analyzed for hemagglutination activity (HA) (7). 
When the HA titers were negative, the allantoic fl uids 
were passaged once again in embryonated chicken 
eggs. A hemagglutination inhibition (HI) assay was 
used for virus isolate subtyping, and was performed 
using H5, H7, and H9 subtype-specifi c reference 
anti-sera obtained from Istituto Zooprofi lattico 
Sperimentale delle Venezie, Italy (7). Samples were 
collected from diff erent species, with the majority 
of the samples originating from ducks, geese, gulls, 
Ardeidae, and common fowls (Table).

RNA was extracted from all of the amnio-
allantoic fl uid samples using viral Gene-spinTM viral 
DNA/RNA extraction kit (Vetek, Korea), following 
the manufacturer’s instructions.

To identify the AI virus by RT-PCR, 2 primers 
based on a conserved sequence of the nucleoprotein 
(NP) gene of infl uenza viruses were used (8). 
Th e NP specifi c primers used were: NP1200 
(forward): 5’-CAG (A/G) TACTGGGC (A/T/C) 
ATAAG (A/G) AC-3’ and NP1529 (reverse): 
3’-GCATTGTCTCCGAAGAAATAAG-5’ (8). Each 
positive reaction was tested for H9, H7, and H5. To 
detect specifi c subtypes of the AI virus by RT-PCR, 3 
sets of primers, each based on conserved sequences 
of a single HA subtype, were used (8). Samples were 
amplifi ed by 1-step RT-PCR. RT-PCR was carried 
out as previously described (8) in a reaction mixture 
(25 μL) containing 2.5 μL of 10X reaction buff er 
(Promega, Madison, WI, USA), 2.5 μL of dNTP blend 
(2.5 mM each of 4 dNTPs, Promega), 0.2 μL of AMV 
reverse transcriptase (9 units/μL, Promega), 0.3 μL 
of RNase inhibitor (40 units/μL, Promega), 0.5 μL of 
Taq DNA polymerase (9 units/μL, Promega), 1 μL of 
each primer (10 pmol each), 1 μL of RNA template 
(about 1 ng), and 17 μL of water. Th e PCR condition 
for the amplifi cation of H5, H7, and H9 was 42 °C for 
45 min (reverse transcription), 95 °C for 3 min, 35 
cycles of 95 °C for 30 s (denaturation), 50 °C for 40 s 
(annealing), and 72 °C for 40 s (extension), followed 
by 72 °C for 10 min (fi nal extension) (8).
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From October 2009 to June 2010, fresh dropping 
samples and cloacal swabs were collected from 
migratory and resident birds in the wetlands of 
Bushehr in Iran, and were tested for the presence 
of the infl uenza A virus by virus isolation and RT-
PCR. Eff orts were made to ensure the majority of 
these samples were collected at diff erent locations 
in Bushehr Province. RT-PCR was performed with 
H5, H7, and H9, an expected amplifi cation of 488 bp 
with H9 subtype specifi c. Th e AI virus was isolated 
from 3 of 443 samples processed for virus isolation 
and confi rmed by RT-PCR. Positive HI results were 
shown only by the specifi c serum against H9N2. 
Specifi c serums against H5N1 and H7N1 were unable 
to inhibit HA activity of the virus. Viruses of the H9 
subtype were obtained from 2 resident birds and the 
other was from a migratory bird. Th e 1st and 2nd 
LPAI positive cases were in slender-billed gulls (Larus 
genei) from resident birds in the Helleh wetlands, 
and the 3rd H9 positive case was in a mallard (Anas 
platyrhynchos) hunted on the Helleh wetland (9). No 
samples from the fresh dropping samples and cloacal 
swabs in any of the wetlands in Bushehr province 
were positive for H5 and H7 by RT-PCR and virus 
isolation during the study period. 

Wetlands birds are thought to constitute the 
major natural reservoir for the AI A virus. Oslen 
(10) stated that LPAI viruses can be found in 
numerous bird species, but it is unclear in which of 
these species infl uenza viruses are endemic, and in 
which the virus is a temporary pathogen. Species in 
which infl uenza viruses are endemic share the same 

habitat, at least part of the year, with other species 
in which infl uenza viruses are frequently detected, 
including geese, swans, rails, petrels, and cormorants. 
In these birds, infl uenza virus prevalence seems to 
be lower than in dabbling ducks, but it should be 
noted that studies on these species are limited, and 
it is possible that peak prevalence has been missed 
because of its seasonal nature or location (10,11). All 
infl uenza virus subtypes and most hemagglutinin/
neuraminidase combinations have been detected in 
the bird reservoir and poultry, whereas relatively few 
have been detected in other species. LPAI viruses can 
be found in numerous bird species (10). Although 
many wild bird species may harbor infl uenza viruses, 
the birds of wetlands and aquatic environments 
constitute the major natural LPAI virus reservoir. 

LPAI viruses have been isolated from at least 105 wild 
bird species of 26 diff erent families (10). Infl uenza 
A virus has been detected in 1 shorebird sample 
obtained from Delaware Bay (United States) and 1 
from South Korea (11). In the present study, we found 
2 positive samples in slender-billed gulls, which were 
resident in Boushehr Province. Infl uenza A H9N2 
viruses have been detected worldwide in poultry, 
and currently are endemic among poultry species in 
Asia (12,13). Between 1998 and 2000, H9N2 viruses 
were reported in Middle Eastern countries and were 
responsible for widespread and serious disease in 
commercial chickens in Pakistan (14), Iran (15,16), 
the United Arab Emirates (17), and Saudi Arabia (18). 
Numerous infections of poultry and other birds with 
the subtype H9 during 1995 originated from separate 
introductions from feral and migratory birds (18). 
In northern Iran, 5 subtypes of the AI virus, H3N8, 
H7N3, H8N4, H9N2, and H10N7, were isolated 
from migratory birds during a surveillance campaign 
in 2003 and 2004 (19). During this campaign in 
the autumn and winter of 2003 and 2004, 472 fecal 
samples were collected from migratory birds in 
northern Iran, and AI viruses were detected from the 
samples (19). Feridouni (19) reported that AI viruses 
can easily reach the wetlands of Iran from Siberia, 
and that these viruses could perpetuate in water 
fowl in this region during autumn and winter. Th us, 
Iran is one route of migratory wild, local wild, and 
feral birds. Holdings where wild birds and domestic 
birds share the same habitat due to agricultural 
practices are at the highest risk for outbreaks (20), 
suggesting that wild bird transmission is the most 
common route. Th e H9 AI virus has been isolated in 
wild ducks throughout the world (21). An important 
result is that wild bird surveillance maybe a tool for 
obtaining strains of the infl uenza virus that can be 
used for vaccine development as well as diagnostic 
tests and reagents, as they are indeed similar to 
outbreak strains. However, a LPAI outbreak at a 
poultry farm could cause a large economic loss for 
the poultry industry; therefore, it could be expected 
that LPAI would be transmitted to poultry farms in 
Iran. Th e current increased interest in infl uenza virus 
surveillance in wild and domestic birds provides a 
unique opportunity to increase our understanding 
not only of HPAI epidemiology, but also of the 
ecology of LPAI viruses in their natural hosts, at 
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the same time and for the same cost. Th is is the fi rst 
study on migratory and resident birds in southern 
Iran. Although our fi ndings support a circulation of 
H9N2 subtype in migratory birds, it seems further 
samples of migratory birds are necessary for better 
understanding of the ecology of the infl uenza virus 
in migratory birds.
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