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Haemagglutination-inhibiting activity to type A
influenzaviruses in the sera of wild birds from
the far east of the USSR
A. N. SLEPU9KIN,1 T. V. PYSINA,2 F. K. GONSOVSKY,1 A. A. SAZONOV,l
V. A. ISACENKO,1 N. N. SOKOLOVA,1 V. M. POLIVANOV,3 D. K. LVOV,1 &
L. Ja. ZAKSTEL'SKAJA1

The discovery in migrating birds of influenzaviruses and the demonstration of relation-
ships between strains found in man and in birds show the importance of these investigations
for influenzavirus ecology. Investigation of birds in the far-east regions of the USSR
is particularly important as many of them migrate to South-East Asia and China, the
regions from which human influenza pandemics seem to originate. A total of 262 bird sera
from these regions were titrated by the HI method with 20 different influenzavirus antigens
(5 human, 2 equine, 1 swine, and 12 avian influenzaviruses). Haemagglutination-inhibiting
activity was found in 16.8 % of the tested sera, most frequently in sera of Anas formosa,
Gallinago gallinago, Anas falcata, and Larus crassirostris. HI activity to A/turkeyl
Wisconsin/66(Hav6N2) was found in 7.3 % of the sera.

Extensive influenza A pandemics occur among
the population of the world each decade but the
origin of the pandemic strains still remains obscure.
One point of view is that pandemic strains arise as a
result of antigenic variation of previously existing hu-
man influenzaviruses (Smorodincev, 1948; Zdanov,
1953,1962; Francis, 1955,1960). However, alternative
suggestions have been made: first that new pandemic
strains might originate from animal and bird reser-
voirs of influenzaviruses and subsequently become
adapted to man (Andrewes, 1958; Andrewes &
Worthington, 1959; Shope, 1958; Mulder & Masurel,
1958; Kaplan & Payne, 1958; Zakstel'skaja et al.,
1969) and second that recombination between human
and animal influenzaviruses might give rise to new
strains that derive their surface antigens from animal
or bird influenzavirus strains (Kilbourne & Schulman,
1965; Schild & Newman, 1969).
The fact that influenza pandemics appear to ori-

ginate in China is well known and there is evidence
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to suggest that the Asian influenzavirus originated
in 1957 in south-east China (Sokolov et al., 1959).

Slepuskin (1967, 1968) put forward an hypothesis
that endemic foci among the birds (suborder Galli)
existing in south-east China might be a reservoir
from which the virus that causes the Asian influenza
pandemic in man originated. A long-term study of
the ecology of influenzaviruses in such bird popu-
lations was therefore undertaken, with particular
attention to populations of wild birds in the far-
eastern regions of the USSR, which migrate in
winter to South-East Asia and China, and this
paper presents the preliminary results.

MATERIALS AND METHODS

For investigation we chose the species of birds
that migrate in winter in large numbers to South-
East Asia and that return in the summer to nest in
the far-eastern regions of the USSR, the Khanka
lake and Peter the Great's Bay (Zaliv Petra Velikogo).

Field expeditions to these regions were organized
by the D. I. Ivanovskij Institute of Virology during
the spring and autumn of 1970.
The birds collected were identified and their sex

and age were determined. Swabs and nasal washings
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and specimens of lung, liver, spleen, and brain
tissue were collected and blood samples were also
taken. The specimens were stored at between +40
and - 5°C. Material was collected during the spring
from 262 birds belonging to 28 species and 6 orders.
Some of the laboratory investigations were carried

out at the Vladivostok Institute of Epidemiology
and Microbiology. Attempts were made to isolate
virus from nasal washings and from lung tissue
taken from 132 birds.
Lung tissue was suspended in PBS at pH 7.0

to give a 10% suspension and penicillin and strepto-
mycin were added to this suspension and to the
nasal washings at the level of 200 IU per ml. Four
or five chick embryos were infected with each speci-
men by the amniotic route and blind amniotic
passages in embryo were also carried out.
For the HI tests, sera were heated to 56°C for

30 min and treated with carbon dioxide to remove
thermostabile nonspecific inhibitors (Gorbunova &
Sokolov, 1960).
At the Vladivostok institute, HI tests were per-

formed on 262 bird sera using 0.2 ml of serum
in each dilution and 0.75% chicken red cells; 5 non-
infective antigens of avian influenzaviruses of the
following strains were prepared by the method of
Eremeev (1960): A/duck/England/56 (Hav3Navl),
A/duck/Czechoslovakia/56 (Hav4Navl), A/duck/
England/62 (Hav4Navl), A/chicken/Scotland/59
(Hav5NI), A/tern/South Africa/61 (Hav5Nav2),
and A/swine/Iowa/15/30 (HswlNI). At the Ivanov-
skij Institute of Virology, HI tests were performed
with 192 bird sera with the following noninfective
influenzavirus antigens: A/duck/Ukraine/2/60 (Hav7
Neq2), A/chicken/USSR/314 (Hav5NI), A/quail/
Italy/11 17/65 (Hav2Neq2), A/turkey/Canada/63
(Hav6Neq2), A/turkey/Massachusetts/65 (Hav6N2),
A/turkey/Wisconsin/66 (Hav6N2), A/turkey/Ontario/
6828/67 (Hav5N?), A/equine/Prague/56 (HeqlNeql),
A/equine/Miami/63 (Heq2Neq2), A/PR8/34 (HONI),
A/Iksha/57 (H2N2), A/Moscow/21/65 (H2N2), A/
Hong Kong/1/68 (H3N2), and B/Dushanba/l/66.

In Moscow, the HI tests were performed by a
micromethod with 0.5% chicken red cells. Non-
specific inhibitors were removed from the sera by
heating to 56°C for 30 minutes and by treatment
with carbon dioxide.

RESULTS

Viruses were not isolated from the nasal washings
and lung suspensions of 132 birds. The results of

the serological investigations are shown in Table 1.
Haemagglutination-inhibiting activity to one or more
of the antigens was found in 16.8% of 262 bird
sera tested. Antibodies were found most frequently
in the sera of Anas formosa, Gallinago gallinago,
Anas falcata, and Larus crassirostris.

Haemagglutination-inhibiting activity was found
in 22 of the 262 sera tested in Vladivostok: 6 of
them had activity against A/tern/South Africa/61,
3 against A/chicken/Scotland/59, and 9 against
A/swine/Iowa/15/30. These results were confirmed in
tests carried out in Moscow on 192 of the 262 serum
samples.
HI activity to A/turkey/Wisconsin/66 and A/quail/

Italy/65 viruses occurred more frequently (7.3%
and 3.6% of sera, respectively). HI activity to
A/duck/Czechoslovakia/56, A/duck/England/62, and
A/tern/South Africa/61 viruses was found only in
the sera of birds from the family Anatidae and the
titres were low. Antibody to A/equine/Prague/56
virus was detected in 5 duck sera. No serum con-
tained HI activity against A/duck/England/56,
A/turkey/Canada/63, A/equine/Miami/63, or A/
duck/Ukraine/2/60 viruses or against human in-
fluenzaviruses with the exception ofA/Moscow/21/65
virus. HI activity to A/Moscow/21/65 virus was
detected at a titre of 1: 40 in two sera of Larus
crassirostris.

:DISCUSSION

The conclusion that the haemagglutination-inhi-
bition reactions detected with bird sera were in
fact due to specific anti-influenza antibodies is
supported by the findings that only a low proportion
of birds gave positive reactions (suggesting that the
reactions were not attributable to nonspecific inhi-
bitors). Furthermore, the frequency of positive tests
with avian influenzaviruses was approximately 3
times that with influenzaviruses from nonavian
hosts.
The finding of antibodies in bird sera against

swine and equine influenzaviruses was unexpected.
However, the findings might be the result of anti-
genic relationships between the virus strains pro-
ducing infections in birds and those from mammalian
hosts.
The results of this preliminary study suggest that

the investigations should be extended and appear to
indicate the presence of influenzaviruses circulating
amongst wild bird populations that migrate to and
from south-east China.
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co

N4 N N N N N N N N

_ N N N N N N N

t '- Ns C) _

10

N

N

Lo
N

(0
N

w-

(o
N N

1N

0

to

C'-

N

Nr N

N

(0

N

N N Nq1- -- --
s- Ns T-

N N

- 1

N)

N N

(0
1-1- W

0

LO

N

-

N

|-

N
-

N N

LO

N

N

(0

co

a >

r 10o0co

> z

zNM > > 0> (LO
4) > LC) > 4

) -1 .- CO 0I CO '-

.~~~~ ~~L .2.~0DT-
C O.O m 0 M co- U)

Lu LL-- ---

529

0

040

CD0

0 0

qco

0

co

3 t

co

C
e

._

a

c
.0

.C

c
c

._

.0c

E

0

Q

CZ

0
a,

-c

10

0

10

-

C10

CD

0

10

1-

-1

10

-

0

co

w-

C',
-)

z

co
co

0

N

>
Cd

0

NCC

z,

,-4.a

C)

<0

> z

*^

CM

w

o

W0-

>5be

IC

a

CC
0m

0.'

EC

N

ncON

I

(0

CV

*= O-

Y z
_

co



530 A. N. SLEPUSKIN ET AL.

ACKNOWLEDGEMENTS

The authors express their thanks to G. V. Eremeev who prepared the antigens of the human influenzaviruses.

R1SUME
ACTIVITE INHIBITRICE DE L'HEMAGGLUTINATION A L'EGARD DE VIRUS GRIPPAUX A

DANS LES SERUMS D'OISEAUX SAUVAGES DES REGIONS EXTRtME-ORIENTALES DE L'URSS

Les presentes recherches, destinees 'a deceler la pre-
sence d'anticorps antigrippaux dans les serums d'oiseaux
de 1'extreme est de l'URSS, sont particulierement inte-
ressantes 6tant donn6 que la plupart des especes examinees
migrent vers le sud-est asiatique et la Chine, regions oiu
semblent prendre naissance les pandemies grippales
humaines.

L'epreuve d'inhibition de l'hemagglutination (IH) a
servi a 6tudier 262 s6rums d'oiseaux; on a utilis6 comme
antigenes 20 virus grippaux dont 5 d'origine humaine,
2 d'origine equine, 1 d'origine porcine et 12 d'origine
aviaire.

Des anticorps IH ont ete trouves dans 16,8% des
serums d'oiseaux appartenant a 28 especes diff6rentes,
parmi lesquels ceux d'Anas formosa, Gallinago gallinago,
Anas falcata et Larus crassirostris etaient le plus fre-
quemment positifs. Des r6actions IH positives ont ete
enregistrees en presence des virus A/turkey/Wisconsin/66
(7,3% des serums) et A/quail/Italy/i 117/65 (3,6Y). Seuls
les serums d'Anatidae ont reagi faiblement en presence
des antigenes A/duck/Czechoslovakia/56, A/duck/Eng-
land/62 et A/tern/South Africa/61. Cinq s6rums de
canards renfermaient des anticorps IH pour le virus
A/equine/Prague/56.
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