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ABSTRACT: Wild waterbirds sampled July
2006–September 2009 in Mongolia were tested
for antibodies to avian influenza (AI) virus
with the use of a commercially available
blocking enzyme-linked immunosorbent assay.
Antibodies were detected in 25% (572/2,282)
of tested birds representing 26 species,
and all antibody-positive samples were from
12 species in the orders Anseriformes and
Charadriiformes. The highest antibody preva-
lence was in Ruddy Shelducks (Tadorna
ferruginea; 61.7%; n5261; 95% confidence
interval [CI] 55.8–67.6%), Whooper Swans
(Cygnus cygnus; 38.4%; n5242; 95% CI
32.3–44.5%), Swan Geese (Anser cygnoides;
15%; n5127; 95% CI 8.6–21.4%), Bar-headed
Geese (Anser indicus; 13%; n5738; 95% CI
10.3–15.1%), and Mongolian Gulls (Larus
mongolicus; 3.9%; n5255; 95% CI 1.3–6.5%).
There was no significant temporal or spatial
variation in the presence of antibodies in the
sampled species. However, Bar-headed Geese
and Mongolian Gulls showed spatial variation
in antibody prevalence in 2007 and 2008,
respectively. Our study provides insights into
the hatch year waterbirds’ exposure to AI virus
at their natal and molting sites in Mongolia.

Key words: Antibodies, avian influenza virus,
bELISA, Mongolia, serology, wild waterbirds.

Wild waterfowl are considered the main
reservoir of all subtypes of avian influenza
(AI) viruses. With the use of real-time
reverse transcription–polymerase chain re-
action (RT-PCR) and virus isolation, nine
low-pathogenic AI viruses were detected
from 2,139 oropharyngeal or cloacal swabs
from live and dead birds and fecal samples
from single-species flocks collected at 43
locations across Mongolia from 2005
through 2008 (Spackman et al., 2009).
H12N3 virus was isolated from a Bar-
headed Goose (Anser indicus), a Whooper
Swan (Cygnus cygnus), and two Ruddy

Shelducks (Tadorna ferruginea). H13N6
and H16N3 viruses were isolated from two
individual Black-headed Gulls (Chroicoce-
phalus ridibundus). A Red-crested Pochard
(Rhodonessa rufina) and two Mongolian
Gulls (Larus mongolicus) were positive for
H3N6 and H13N6 viruses, respectively.
Likewise, highly pathogenic AI viruses of
H5N1 subtype have been isolated from four
Bar-headed Geese, nine Whooper Swans,
three Common Goldeneyes (Bucephala
clangula), and two Ruddy Shelducks, which
were found as carcasses in Mongolia
between May and July in 2005–2010
(Sakoda et al., 2010). Because of seasonal
variation in prevalence and the transitory
nature of AI virus shedding, surveillance
based on virus detection assays, such as RT-
PCR and virus isolation, often require large
sample sizes and repeated sampling to
identify populations in which AI virus is
circulating. Serologic assays for detection of
antibodies to AI virus potentially provide an
alternative approach to identify species that
are naturally infected with these viruses
(Brown et al., 2009), and can provide insight
into the epidemiology of AI virus in wild
bird populations (Brown et al., 2010).
Herein, we report the results of serological
testing for AI virus antibodies in multiple
waterbird species sampled in Mongolia from
2006 to 2009.

Wild birds were captured between July
and September at 22 sampling sites from
2006 through 2009 (Fig. 1, Table 1). Birds
were captured with the use of mist nets,
herding, or spotlighting and were identified
to species. Individuals were classified based
on plumage characters as after-hatch-year
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(AHY) or hatch-year (HY) birds represent-
ing the respective year’s brood. All HY
Mongolian Gulls were estimated to be .5–
8 wk old, whereas HY birds of other species
were estimated to be .10 wk of age. At
most of the sampling sites, waterbirds were
predominantly represented by nonbreed-
ing groups; therefore, HY birds were
underrepresented in these sampled spe-
cies. However, exceptions include Mongo-
lian Gulls (sampled on their natal sites),
Ruddy Shelducks (sampled at molting
sites), and Great Cormorants (Phalacro-
corax carbo; sampled at a premigratory
staging site). All captured birds were
weighed and a blood sample taken from
the jugular vein; #0.3 ml blood was
collected per 100 g body weight. Birds
were marked with neck collars or metal
rings as appropriate to species to prevent
resampling in a given year. Samples were
placed in serum separator tubes, centri-
fuged within 6 hr of collection, and serum
was aliquoted into cryotubes and frozen at
220 C for up to 1 mo, and 280 C
thereafter. Serum samples were tested for
antibodies directed against the nucleopro-
tein of type A influenza virus with the use of
a commercially available blocking enzyme-
linked immunosorbent assay (bELISA) kit
(FlockCheck AI MultiS-Screen Antibody
Test Kit, IDEXX Laboratories, Westbrook,
Maine, USA) in accordance with manufac-
turer’s instructions.

We assessed temporal and spatial dif-
ferences in antibody prevalence within
species across same age classes and sites,
with the use of chi-square tests in SPSS
statistical software version 9.0 (SPSS Inc.,
Chicago, Illinois, USA). For an unbiased
comparison of the prevalence across
species or years at each site, we only
tested species that were sampled at two or
more sites and included $5 individuals
per site. The adjusted Wald method was
used to estimate 95% confidence intervals
(CIs) for the estimates of antibody prev-
alence (Agresti and Coull, 1998).

In total, 2,282 wild birds belonging to
six orders, eight families, and 26 species

were sampled. The corresponding virus
isolation and RT-PCR results from these
birds have been reported (Spackman et
al., 2009; Table 1). Antibodies to AI virus
were detected in 572 individuals (25%,
95% CI 22.6–26.2%). Positive samples were
detected in 12 species, all in the orders
Anseriformes and Charadriiformes (Table 1).
The prevalence of antibodies to AI virus was
16.7% (n554, 95% CI 6.2–27.2%), 19.7%

(n5390, 95% CI 15.7–23.7%), 24.5%

(n5935, 95% CI 21.7–27.3%), and 29%

(n5897, 95% CI 25.9–31.9%) in 2006, 2007,
2008, and 2009, respectively. Within the
well-represented species, there was no
temporal variation in antibody prevalence
within a site. Significant spatial differences
were only detected for Mongolian Gulls
sampled in 2008 and Bar-headed Geese
sampled in 2008 and 2009 (Table 2).
Variation in the age structure of the
sample cohorts for each species restricted
valid comparison of antibody prevalence
between HY and AHY birds. Among
Anseriformes, AHY predominated, with
large numbers of birds positive for anti-
bodies to AI virus. However, sampled
populations of Mongolian Gulls (Chara-
driiformes) and Great Cormorants (Pele-
caniformes) were biased to HY birds, and
were found to have low prevalence or no
antibodies, respectively.

Antibody prevalence estimates and species-
specific prevalence reported herein are con-
sistent with trends from West and Central Asia
and the Middle East (Fereidouni et al., 2010),
with no detectable antibodies in Grey Herons
(Ardea cinerea) or Great Cormorants and
high prevalence in Anseriformes. The latter
is consistent with patterns observed in
Europe (Arenas et al., 1990; Astroga et al.,
1994; De Marco et al., 2003), and North
America (Brown et al., 2010) among wintering
waterbirds. The prevalence of AI virus in
a population is highly variable and is
dependent on host species, season,
geographic location and age. The absence
of antibodies from particular hosts and
localities could be accounted for by insuf-
ficient sampling, whereas differences in

SHORT COMMUNICATIONS 769



the timing of sampling could have
resulted in variation in prevalence between
different species.

Our study provides insights into the
exposure of HY birds to AI virus at their
natal as well as molting sites. Mongolia is a
breeding ground for many sampled species
within the orders Anseriformes and Chara-
driiformes (May–June). Many waterbird
species are long-distance migrants, breed
in (mixed species) colonies, and congregate
in large numbers in staging areas outside the
breeding season (July–September; Braun-
lich et al., 2002) except for Mongolian Gulls,
which breed in July(Nyambayar et al., 2007;
M. Gilbert, pers. obs.). In mixed-species
colonies, viruses may readily be transmitted
between individuals from the same or
different species. Extensive surveillance

studies of wild ducks in the northern
hemisphere have revealed high prevalence
of influenza virus primarily in HY birds, with
a peak in virus recovery in early fall prior to
southbound migration (Krauss etal., 2004;
Fouchier et al., 2007; Wallensten et al.,
2007). Similar patterns have been observed
in northern Europe and Siberiaprior to
winter migration (Okazaki et al., 2000).
Given this timing of AI transmission, our
sampling period (July–September) should
have coincided with the increased seasonal
transmission of AI virus; however, HY Great
Cormorants, Ruddy Shelducks, and Mon-
golian Gulls showed either no or low
prevalence of antibodies to AI.

Within the antibody-positive HY birds,
there are two explanations: first, presence of
maternally derived antibodies and second,

FIGURE 1. Location of serum sampling sites in Mongolia from 2006 through 2009: 115Achmagg Nuur
(49u399N, 100u309E); 21=Airag Nuur (48u519N, 93u219E); 315Baga Nuur (49u559N, 93u499E);
42,3,4=Darkhad Valley (51u129N, 99u259E); 51=Delger Nuur (49u439N, 114u369E); 64=Doroo and
Deed Tsagaan Nuur (49u39N, 101u109E); 71,2,3,4=Erhel Nuur (49u589N, 99u549E); 81=Khaichiin
Tsagaan Nuur (49u419N, 114u399E); 91=Khorin Tsagaan Nuur (49u409N, 114u379E); 103=Khovsgol
Nuur (50u319N, 100u249E); 113,4=Khunt Nuur (48u269N, 102u359N); 121,2,3,4=Ogii Nuur (47u469N,
102u499E); 132,3=Tsangiyn Dalai Nuur (49u169N, 99u49E); 141=Sharbart Nuur (49u559N, 93u439E);
152,3,4=Sharga Nuur (48u579N, 101u569E); 161=Small lake Southeast of Boontsagaan Nuur (45u319N,
99u159E); 172,3=Tsegeen Nuur (49u69N, 101u529E); 182,3,4=Tsengel Nuur (49u469N, 101u19E);
1915Taigam Nuur (46u229N, 97u229E); 2015Tunamal Nuur (49u269N, 98u359E); 2115Ulaan Nuur
(49u349N, 98u449E); 221=Zost Nuur (48u539N, 93u199E). Sites sampled listed in bold were tested for
both antibodies with a commercial blocking enzyme-linked immunosorbent assay (bELISA), and avian-
influenza-virus genetic material by reverse transcription–polymerase chain reaction or viral isolation; the rest
were tested only with bELISA. Superscripts 1, 2, 3, and 4 identify sites sampled in 2006, 2007, 2008, and
2009, respectively.

770 JOURNAL OF WILDLIFE DISEASES, VOL. 48, NO. 3, JULY 2012



T
A

B
L

E
1
.

C
o
m

p
ar

is
o
n

o
f

p
re

va
le

n
ce

o
f

an
ti

b
o
d

ie
s

(A
b

)
to

av
ia

n
in

fl
u

e
n

za
(A

I)
vi

ru
se

s
in

af
te

r-
h

at
ch

-y
e
ar

(A
H

Y
)

an
d

h
at

ch
-y

e
ar

(H
Y

)
w

il
d

w
at

e
rb

ir
d

sp
e
ci

e
s

fr
o
m

M
o
n

g
o
li

a.
A

ll
b

ir
d

s
w

e
re

te
st

e
d

fo
r

an
ti

b
o
d

ie
s

w
it

h
a

co
m

m
e
rc

ia
l

b
lo

ck
in

g
e
n

zy
m

e
-l

in
k
e
d

im
m

u
n

o
so

rb
e
n

t
as

sa
y

(b
E

L
IS

A
),

an
d

te
st

e
d

fo
r

A
I

vi
ru

s
g
e
n

e
ti

c
m

at
e
ri

al
b

y
re

ve
rs

e
tr

an
sc

ri
p

ti
o
n

–
p

o
ly

m
e
ra

se
ch

ai
n

re
ac

ti
o
n

(R
T

-P
C

R
)

o
r

vi
ra

l
is

o
la

ti
o
n

(V
I)

.

S
p

e
ci

e
sa

n
T

im
e

o
f

sa
m

p
li

n
g

R
T

-P
C

R
/V

Ib
+/

to
ta

l
(%

)
b

E
L

IS
A

A
b

+/
to

ta
l

(%
)

A
H

Y
c

A
b

+/
to

ta
l

(%
)

H
Y

c
A

b
+/

to
ta

l
(%

)

2
0
0
6

G
re

at
C

o
rm

o
ra

n
t

(P
h

al
ac

ro
co

ra
x

ca
rb

o)
5

A
u

g
u

st
an

d
O

ct
o
b

e
r

0
/5

(0
)

0
/5

(0
)

0
/1

(0
)

0
/4

(0
)

R
u
d

d
y

S
h
el

d
u

ck
(T

ad
or

na
fe

rr
u

gi
ne

a)
4

Ju
ly

–
A

u
g
u

st
1
/2

(5
0
)

1
/4

(2
5
)

0
/2

(0
)

1
/2

(5
0
)

S
w

an
G

o
o
se

(A
n

se
r

cy
gn

oi
d

es
)

2
8

Ju
ly

0
/2

2
(0

)
4
/2

8
(1

4
.3

)
4
/1

7
(2

4
)

0
/1

1
(0

)
W

h
o
o
p

e
r

S
w

an
(C

yg
n

u
s

cy
gn

u
s)

1
2

A
u

g
u

st
1
/9

(1
1
)

2
/1

2
(2

5
)

3
/1

2
(2

5
)

–

2
0
0
7

B
ar

-h
e
ad

e
d

G
o
o
se

(A
n

se
r

in
d

ic
u

s)
1
1
8

Ju
ly

3
/1

1
8

(2
.5

)
1
2
/1

1
8

(1
0
)

1
2
/1

1
8

(1
0
)

–
B

e
an

G
o
o
se

(A
n

se
r

fa
b

al
is

)
2
1

Ju
ly

4
/2

1
(1

9
)

8
/2

1
(3

8
)

8
/2

1
(3

8
)

–
G

re
at

C
or

m
or

an
t(

P
h

al
ac

ro
co

ra
x

ca
rb

o)
7
0

S
e
p

te
m

b
e
r

1
/7

0
(1

.4
)

0
/7

0
(0

)
0
/1

(0
)

0
/6

9
(0

)
R

u
d

d
y

S
h

el
d

u
ck

(T
ad

or
n

a
fe

rr
u

gi
n

ea
)

4
Ju

ly
1
/4

(3
3
)

1
/4

(3
3
)

1
/3

(3
3
)

0
/1

(0
)

R
u

d
d

y
S

h
el

d
u

ck
(T

ad
or

n
a

fe
rr

u
gi

n
ea

)
2
8

A
u

g
u

st
3
/2

8
(1

0
.7

)
1
0
/2

8
(3

4
)

1
0
/1

8
(1

7
.2

)
0
/1

0
(0

)
S

w
an

G
o
o
se

(A
n

se
r

cy
gn

oi
d

es
)

1
7

Ju
ly

0
/1

7
(0

)
4
/1

7
(2

3
.5

)
4
/1

7
(2

3
.5

)
–

W
h

o
o
p

e
r

S
w

an
(C

yg
n

u
s

cy
gn

u
s)

1
2
0

Ju
ly

–
A

u
g
u

st
7
/1

2
0

(5
.8

)
4
1
/1

2
0

(3
4
)

4
1
/1

2
0

(3
4
)

–

2
0
0
8

B
ar

-h
ea

d
ed

G
oo

se
(A

n
se

r
in

d
ic

u
s)

3
1
3

Ju
ly

8
/3

1
3

(2
.5

)
3
8
/3

1
3

(1
2
)

3
8
/3

1
3

(1
2
)

–
B

e
an

G
o
o
se

(A
n

se
r

fa
b

al
is

)
6
9

Ju
ly

3
/6

9
(4

.3
)

4
3
/6

9
(6

2
)

4
3
/6

9
(6

2
)

–
G

re
at

C
o
rm

o
ra

n
t

(P
ha

la
cr

oc
or

ax
ca

rb
o)

8
2

S
e
p

te
m

b
e
r

1
2
/8

2
(1

4
.6

)
0
/8

2
(0

)
0
/1

7
(0

)
0
/6

5
(0

)
M

on
go

lia
n

G
u
ll

(L
ar

us
m

on
go

lic
us

)d
1
3
5

Ju
ly

-A
u

g
u

st
1
/1

3
5

(0
.7

4
)

1
0
/1

3
5

(7
.4

)
7
/1

5
(4

6
)

3
/1

2
0

(2
.5

)
R

u
d

d
y

S
h
el

d
u

ck
(T

ad
or

na
fe

rr
u

gi
ne

a)
e

1
4
9

A
u

g
u

st
6
/1

4
9

(4
)

8
6
/1

4
9

(5
7
.7

)
8
4
/1

1
7

(7
2
)

2
/3

2
(6

.2
)

S
w

an
G

o
o
se

(A
n

se
r

cy
gn

oi
d

es
)

1
0
1

Ju
ly

1
8
/1

0
1

(1
7
.8

)
1
8
/1

0
1

(1
7
.8

)
1
8
/1

0
1

(1
7
.8

)
–

W
h

o
o
p

e
r

S
w

an
(C

yg
n

u
s

cy
gn

u
s)

8
6

Ju
ly

–
A

u
g
u

st
2
/8

6
(2

.3
)

2
9
/8

6
(3

3
.7

)
2
9
/8

6
(3

3
.7

)
–

2
0
0
9

B
ar

-h
e
ad

e
d

G
o
o
se

(A
n

se
r

in
d

ic
u

s)
3
0
9

Ju
ly

0
/3

0
9

(0
)

4
5
/3

0
9

(1
5
)

4
5
/2

9
9

(1
5
)

0
/1

0
(0

)
G

re
y

H
e
ro

n
(A

rd
ea

ci
n

er
ea

)
1
4

Ju
ly

0
/1

4
(0

)
0
/1

4
(0

)
–

0
/1

4
(0

)
M

on
go

lia
n

G
u
ll

(L
ar

us
m

on
go

lic
us

)
1
2
6

Ju
ly

0
/1

2
6

(0
)

2
/1

2
6

(1
.6

)
–

2
/1

2
6

(1
.6

)
R

u
d

d
y

S
h

el
d

u
ck

(T
ad

or
n

a
fe

rr
u

gi
n

ea
)

2
6
5

A
u

g
u

st
4
/2

6
5

(1
.5

)
1
6
2
/2

6
5

(6
1
)

1
6
2
/2

4
5

(6
6
)

0
/2

0
(0

)

SHORT COMMUNICATIONS 771



antibody response to AI virus exposure. For
example, presence of antibody positives
among HY Mongolian Gulls could either
represent exposure to AI virus at the natal
site, or presence of maternally derived
antibodies in HY birds. However, as mater-
nally derived antibodies to AI virus decrease
to zero in 3–4 wk posthatching (Maas et al.,
2011), and the age of sampled Mongolian
Gulls was greater than 5 wk old, then the
antibodies detected in this age class most
likely represent exposure to virus at the natal
site. Transfer of AI virus specific maternal
antibodies is known to catabolize within 2 wk
posthatching in Kittiwakes (Rissa tridactyla;
Staszewski et al., 2007); thus, chicks should
be susceptible to infection thereafter.

Second, based on the corresponding
viral isolation/RT-PCR data, the results
show consistent patterns of seroconversion
at natal site (Velarde et al. 2010). First,
fledgling Ruddy Shelducks may have
acquired antibodies during exposure at
staging areas, which is supported by
negative RT-PCR in these individuals in
2008 (see Table 1). These results indicate
that our sampling was either conducted
before the peak transmission period or
that the spread of AI virus is very slow in
sampled Ruddy Shelducks. Alternatively,
these individuals had been recently infect-
ed but had not yet seroconverted at the
time of testing. In Great Cormorants, virus
was detected with the use of RT-PCR in
individuals without detectable antibodies,
suggesting that 1) either Great Cormo-
rants had been recently infected and had
not yet seroconverted, 2) Great Cormo-
rants do not produce detectable levels of
antibodies, 3) the RT-PCR results were
false positives, 4) the bELISA was unable
to detect AI virus antibodies produced by
the cormorants. Most serological tests are
developed for use in domestic poultry and
vary in their ability to detect antibodies in
nongallinaceous wild birds accurately. It is
possible that serologic tests are ineffective
in Great Cormorants, which also might
have a reduced antibody response com-
pared to other avian species.
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With the use of antibody and RT-PCR
prevalence data, our study highlights that
1) HY birds are being exposed to AI virus
at natal and staging areas in Mongolia,
albeit at low levels, and 2) the importance
of age-specific data in serologic studies for
understanding of the underlying epidemi-
ologic dynamics of AI infections in the
population.
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