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Age Distribution of Antibodies to Animal
Influenza A Viruses in Human Sera

A. S. GORBUNOVA1 & T. V. PYSINA2

A total of 394 sera from persons in different age-groups among the inhabitants of the
Vladivostok area were studied by the haemagglutination-inhibition (HI) test for the
presence of influenza antibodies. Each serum was examined against 12 antigens of in-
fluenza A virus ofhuman (AO, Al, and 2 strains ofA2) and animal (I swine, 2 equine and
5 avian strains) origin. All the sera were collected 8-9 months after the outbreak of A2
influenza in 1965. Antibodies to some animal viruses were present: Swine/Iowa, Equi/2/
Miami, Tern/South Africa and Chicken/Scotland strains; negative results were found to
Equi/l/Prague, Duck/England and Duck/Czechoslovakia and fowl plague strains. The
pattern of HI antibody distribution to animal strains showed an increase in the range in
relation to age; the largest was found in the older age-group (70 years and over).

The authors suggest that antibodies in the human sera to animal strains are not neces-
sarily an indication ofpast infection with those strains.

There is little information regarding the pathogen-
icity to man of animal myxoviruses sharing the
ribonucleoprotein antigen common to influenza A
viruses. When the first human influenza A virus was
isolated in 1933, it was shown to be closely related to
the swine influenza virus which had been isolated
2 years previously (Shope, 1936). Later, pigs were
found to be susceptible to human influenza A virus
(Shope & Francis, 1936). Antibodies related to
swine influenza strains were detected in many sera
taken in 1952 from persons who were born before
1918 (Davenport et al., 1953); the age distribution of
these antibodies suggests that swine influenza virus
was involved in the 1918-20 pandemic (Francis,
1955). Such results, together with other indications,
point to the possibility that animals may serve as
reservoirs of influenza viruses capable of affecting
man (Gompels, 1953). The sudden appearance of
the A2 influenza pandemic in 1957 stimulated the
study of the role of animals as possible sources of
virus in the new human influenza outbreaks.
So far, no proof of the natural infection of man by
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animal influenza viruses has been presented. How-
ever, serological studies have been made to ascertain
the possibility of the circulation of animal viruses
among the human population at different age-
groups. Zdanov & Stahanova (1960) presented
negative results in relation to haemagglutination-
inhibition (HI) antibodies to Equi/l, Duck/England
and Duck/Czechoslovakia strains; positive results to
swine strains were shown in the sera of people born
before 1920 (Davenport et al., 1953). Recently, some
new positive data on the presence of antibody against
Equi/2 in the sera of aged people were published
(Minuse et al., 1965; Schild & Stuart-Harris, 1965).

In the present study, 394 sera from people of
different ages living in Vladivostok and the sur-
rounding area were examined for the presence of
influenza A antibodies by HI tests; a battery of
12 antigens of influenza A virus was used: 4 human
(AO, Al and 2 strains of A2), and 8 animal (1 swine,
2 equine and 5 avian) strains. The aims of this study
were to establish the antibody spectrum in the sera
of different age-groups and to clarify the presence
or lack of correlations between antibody content
of the sera and the antigenic pattern of several
closely related strains, whether of human or animal
origin.
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MATERIAL AND METHODS

Virus strains
The following list shows the 12 strains of virus used

in this study:
(1) A/PR8/34 (AO),
(2) Al/FM 1/47 (Al),
(3) A2/Electrosteel/57, inhibitor-insensitive
(A2/57),
(4) A2/Gorky/65, inhibitor-insensitive (A2/65),
(5) A/Swine/Iowa/15/31 (Swine),
(6) A/Equi/l/Prague/56 (Equi/l),
(7) A/Equi/2/Miami/63 (Equi/2),
(8) A/Duck/England/56 (Duck/Eng).
(9) A/Duck/Czechoslovakia/56 (Duck/Cz),

(10) A/Chicken/Scotland/59, strain " Smith"
(Chick),

(11) A/Tern/South Africa/59 (Tern),
(12) A/Fowl plague, strain " Weybridge " (FP).
The strains 1-5 and 12 were received from the

WHO Regional Reference Centre in the Ivanovskij
Institute of Virology, Academy of Medical Sciences,
Moscow, and the strains 6-11 from the World
Influenza Centre, London. All the strains were
grown in embryonated eggs.

Antigens
Non-infective standard antigens prepared in the

Ivanovskij Institute according to Eremeyev's (1960)
method were used in this study.

Human sera
A total of 394 human sera were collected from the

following age-groups: (1) young children from
I to 6 years of age, 100 specimens; (2) schoolchildren
and young adults from 10 to '19 years, 72 sera;
(3) adults in the 20-50 years age-group, 110 sera;
(4) from persons over 70 years of age, 112 sera. All
these sera were collected 8-9 months after the out-
break of A2 influenza that occurred early in 1965.

Antisera
To determine the antigenic relationships between

the 12 influenza strains under study, antisera were
prepared in white rats and guinea-pigs. The animals
were given 2 intraperitoneal injections of antigen at a
30-day interval (Eremeyev, 1960).

Serological methods
Haemagglutination-inhibition tests were per-

formed in plastic trays as previously described

(Eremeyev, 1960), using 2 types of red cells (chicken
and human), and different durations of contact be-
tween the serum and the antigen at different tempera-
tures: 30 minutes at room temperature (about 20°C),
2 hours at 37°C, 18 hours at 40°C, 24 hours at 37°C
and 2 hours at 37°C plus 18 hours at 37°C. All sera
were inactivated by heating at 56°C for 30 minutes
and were then treated with carbon dioxide.
The geometrical mean of serum titres were de-

termined by the method described by Vorosilova et
al. (1964).

RESULTS

Antigenic relationships between the 12 strains
The results of the HI tests show that all strains

could be distinguished from one another (Table 1).
However, certain 2-way or 1-way cross-reactions
were observed, confirming the previously detected
(Pereira et al., 1965) antigenic grouping: Chick-Tern,
Equi/l-FP. A close relationship between Equi/2
and Duck/England was observed in our experiments;
it was demonstrated that a 2-way cross-reaction was
present. In addition, the haemagglutinating activity
of both Equi/2 and Duck/England strains with the
same A0 antiserum was inhibited.

Antibodies in the human sera

A preliminary experiment with 23 sera of an
18-47 age-group was carried out to compare the
5 modifications of the HI tests, described above
(Table 2). Most of the positive sera were obtained by
the titration with human AO, Al and A2 strains.
Antibodies to swine influenza virus were found with
all the modifications of the HI test, but the reactions
with horse and avian strains were frequently nega-
tive. Modification No. 3 (chicken red cells, 18 hours
contact at 4°C) was chosen for testing the sera of the
4 age-groups.
The age distribution of the antibodies has been

studied with 356 human sera. The accompany-
ing figure summarizes the antibody pattern of the
sera of the 4 age-groups to the 12 influenza A viruses
of human and animal origin. There were no anti-
bodies to animal viruses in persons under 20 years
of age. The fourth age-group (70 years and over)
showed the wider range of antibodies to the different
strains. Besides antibody to swine virus, antibodies
to Equi/2, Chick and Tern viruses were also found,
although no antibodies to Equi/1, Duck/England,
Duck/Cz or FP viruses were present.
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TABLE I

ANTIGENIC ANALYSIS BY MEANS OF HAEMAGGLUTINATION-INHIBITION TEST OF
12 INFLUENZA A VIRUSES OF HUMAN AND ANIMAL ORIGIN WITH STRAIN-SPECIFIC ANTISERA FROM WHITE RATS

Antigen a

Antisera Ducki
AO Al A2/57 A2/65 Swine Equi/1 Equi/2 Duck/ Czecho- Chick Tern FPEngland slovakia

AO 1280 80 0 0 40 0 320 320 0 0 0 0

Al 0 2560 0 0 0 0 0 0 0 0 0 0

A2/57 0 0 160 80 0 0 0 0 0 0 0 0

A2/65 0 0 40 1 280 0 0 0 0 0 0 0 0

Swine 80 20 0 0 1280 0 0 0 0 0 0 0

Equi/1 0 0 0 0 0 1280 0 0 0 0 0 0

Equi/2 0 0 0 0 0 0 320 160 0 0 0 0

Duck/England 0 0 0 0 0 0 160 320 0 0 0 0

Duck/Czechoslovakia 0 0 0 0 0 0 0 0 80 0 0 0

Chick 0 0 0 0 0 0 0 0 0 320 160 0

Tern 0 0 0 0 0 0 0 0 0 160 320 0

FP 0 0 0 0 0 80 0 0 0 0 0 320

a The values represent the reciprocals of the rat serum titre in Hi tests. Zero results indicate titres of less than 1 10. The
serum-antigen mixture was incubated for 18 hours at 4°C and the tests were performed with human red cells.

TABLE 2

ANTIBODY DETECTION IN 23 HUMAN SERA USING DIFFERENT MODIFICATIONS
OF THE HAEMAGGLUTINATION-INHIBITION TEST

Numb
Modi- Antigen-serum Red
tion- contact cells ation ~~~~~AO Al A2 bSwine

1 30 min at room C 23 23 22 3
temperature H 21 23 20 9

2 2 hr at 37C C 20 23 23 6
H 21 23 21 6

3 18 hr at 4°C C 20 23 21 8
H 20 22 19 7

24 hr at 37°C

5 2 hr at 37°C + 18 hr
at 37°C

C 19 23 2 14
H 20 22 1 13

C 22 23 22 12
H 23 23 23 21

ier of positive Hi tests with antigens:

Equi/1 Equi/2

0 0

0 0

0
0

0
0

21
13

0
2

0
0

0
0

0
0

0
2

Dc Duck/

England Czecho Chick Tern FP
slovakia

0 0 0 0 0

3 0 3 0 0

A A Av
2

0
2

0
0

0
5

0

0
0

0
0

0
0

2

0
3

0
0

0 1

0 0
0 0

0

0 0 0

11 0 0
a C = chicken; H = human. b,A2/65.

4

b A2/65.a C = chicken; H = human.
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FIG. I
A PATTERN OF HI-ANTIBODY DISTRIBUTION TO 12
INFLUENZA A VIRUSES OF HUMAN AND ANIMAL ORIGIN

IN THE SERA OF 4 AGE-GROUPS a

a I = AO,2= Al,3= A2/57,4= A2/65,6= Equi/1,7= Equi/2
8 = Duck/England, 9 = Duck/Czechoslovakia, 10 = chick,
11 = tern, 12 = FP. Radii of the circle are regarded as 1: 100
titres.

DISCUSSION

Our findings are in close agreement with the data
concerning swine influenza viruses. Although swine
viruses have been considered as possible agents of the

1918-20 pandemic, our results do not necessarily
imply that many animal viruses have infected man
in the past.
The antisera of old people had a significantly

broader spectrum of HI antibody than those of
other age-groups. The antibodies to animal viruses
may be due to cross-reactions (Fazekas de St Groth
& Webster, 1966).
The presence of HI antibodies to chicken and tern

viruses in the sera of old people may have been pro-
duced by closely related antigens. On the other hand,
no antibodies were found to both antigenically
related subtypes Equi/l and FP viruses. The anti-
genic relationship between Equi/2 and Duck/England
strains has not been revealed in our studies with
human sera; antibody to Equi/2 was not accom-
panied by antibody to Duck/England, although
cross-reactions between them were clearly shown in
studies with sera from rats and guinea-pigs. It seems
possible, therefore, that the detection of antigenic
relationships between strains of animal origin
depends mostly on the species of animal that pro-
duces the antibody.

It seems clear that our study does not solve the
problem of animal reservoirs of human influenza,
but it raises some problems in the production of anti-
bodies to strains antigenically related which have
been isolated from different hosts. Further informa-
tion on sero-epidemiology is needed before rational
comments can be made on the antibody pattern of
the human sera to the various animal influenza
viruses.
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RItSUME

On a recherche, au cours d'une enquete portant sur
394 habitants de la ville de Vladivostok et de ses envi-
rons, la presence d'anticorps seriques pour les virus de
la grippe A. Le but de cette etude etait de pr6ciser la
fr6quence de ces anticorps dans divers groupes d'age
et d'etablir une correlation eventuelle entre les donn6es
de l'examen serologique et les caracteristiques antige-
niques de souches de virus grippaux, d'origine humaine
ou animale, etroitement apparentees.

Les serums, recueillis 8-9 mois apres l'epidemie de
grippe A2 de 1965, ont ete preleves dans les groupes
d'age suivants: 1-6 ans, 10-19 ans, 20-50 ans, 70 ans
et plus. Chacun d'eux a fait l'objet d'une epreuve d'inhi-
bition de l'hemagglutination vis-a-vis de 12 antigenes
de virus grippal A d'origine humaine (1 souche AO,
1 souche Al et 2 souches A2) ou animale (1 souche
porcine, 2 souches equines et 5 souches aviaires).
On a decel6 la presence d'anticorps pour certains
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virus d'animaux: les souches Swine/Iowa, Equi/2/Miami,
Tern/South Africa et Chicken/Scotland. En revanche,
on a obtenu des resultats negatifs avec les souches
Equi/1/Prague, Duck/England, Duck/Czechoslovakia et
une souche de peste aviaire. La gamme des anticorps
pour les souches d'origine animale s'elargissait en fonc-
tion de lage des sujets: absents chez les personnes

ag&s de moins de 20 ans, ils presentaient une variete
maximale chez les sujets ages de 70 ans et plus.

Selon les auteurs, la presence d'anticorps pour les
souches grippales d'origine animale dans les serums
examin6s n'implique pas n6cessairement une infection
anterieure par ces types de virus, etant donne la possi-
bilite de reactions croisees.
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