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Antigenic Variation Among Avian Influenza A Viruses
H. G. PEREIRA, 1 A. RINALDI 2 & L. NARDELLI 3

A total of 16 strains of influenza A virus isolated in 1965-66from quail, ducks, turkeys,
pheasants and chickens bred in poultry farms situated in Pavia and surrounding districts
in northern Italy were investigated from the point of view of antigenic grouping by the
complement-fixation test.

All strains were antigenically related but not identical to each other. Most but not all
strains were antigenically related to virusNandsome to Duck/England/62, Turkey/Canada/63
and Turkey/Massachussets/65. There was a suggestion of an antigenic shift away from
virus N but replacement ofgiven strains by subsequent variants was not constant.

The findings do not support the view that animal influenza viruses do not show antigenic
variation comparable to that seen among human strains. There was no correlation between
antigenic structure and host range and thus no indication that different kosts are infected
preferentially by viruses of a particular antigenic character.

Antigenic variation of human influenza A viruses
has been followed now for a number of years and is
characterized by the following features:

(1) a gradual antigenic shift is constantly observed
among strains prevalent in human populations;

(2) from time to time influenza A viruses com-
pletely distinct from formerly prevalent strains in
respect to their surface antigens appear and become
established as new subtypes;

(3) each successive antigenic variant or subtype
replaces the preceding ones.

It is generally accepted that this behaviour of
influenza A viruses results from the interplay of the
mutability of the virus and the selective pressure
exerted by immunity of host populations. Opinions
differ, however, regarding the origin of new subtypes
and no convincing explanation for their sudden
appearance has been put forward.

Antigenic variation of animal influenza A viruses
has received relatively little attention. Subtypes
equivalent to those of human origin have been
described among equine influenza A strains, but the
same cannot be said for porcine or avian strains
although antigenic variation of considerable mag-
nitude are observed among these. In contrast to

1 World Influenza Centre, National Institute for Medical
Research, Mill Hill, London, England.

'Istituto Zooprofilattico sperimentale della Lombardia e
dell'Emilia, Pavia, Italy.

' Istituto Zooprofilattico sperimentale della Lombardia e
dell'Emilia, Brescia, Italy.

the situation in humans, animal influenza viruses
differing considerably from each other may circulate
concurrently and strains of a given antigenic cha-
racter may persist for long periods after the emer-
gence of new antigenic forms. This may well be due
to lack of a build-up of herd immunity in short-
lived or relatively isolated animal populations. Some
of the irregularities of behaviour of animal influenza
viruses may, however, merely reflect our lack of
knowledge. Study of these viruses has been fragmen-
tary and it is becoming apparent that only a small
proportion of existing viruses, especially of avian
origin, have been identified so far. With a recent
increase in interest in the study of these viruses, a
surprisingly large number of new isolates have been
received for investigation at the World Influenza
Centre over the past few years. A particularly fertile
source of such viruses has been the region surround-
ing Pavia in northern Italy. A study of avian influenza
A strains isolated in this area over the period from
June 1965 to December 1966 is reported in the
present paper.

MATERIALS AND METHODS

Virus strains
The isolation and passage histories of established

antigenic variants of avian influenza viruses used in
this study have been described (Pereira et al., 1965,
1966). Additional strains isolated in Italy are listed
in Table 1.
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Source of new isolates
All the new strains described in the present paper

were isolated from birds bred in captivity, usually
under conditions of intensive rearing. Their source,
date of isolation and associated morbidity and
mortality are shown in Table 1.

Virus isolation techniques
Exudate from trachea and sinuses of dead or

slaughtered animals was homogenized with mortar
and pestle, diluted 1: 4 in broth (pH 7.2) containing
antibiotics (penicillin 10 000 IU/ml and streptomycin
20 mg/ml), centrifuged and inoculated into 9-day-
old embryonated eggs (0.2 ml per egg) following the
technique described by Fabricant (1957). After
2 or 3 passages in eggs by allantoic inoculation,
infective allantoic fluids were lyophilized and sent
to the World Influenza Centre for further study.
On receipt of the materials they were reconstituted

and plated at varying dilutions on chick embryo
fibroblast cultures overlaid with agar as described
by Porterfield (1960). Isolated plaques were picked,
suspended in 0.5 ml of 10% nutrient broth in saline
and inoculated into the allantoic cavity of 10-day-
old embryonated eggs. The resulting fluids were
considered to represent clones derived from single
virus particles. With the exception of strains Quail/
1655/65, Quail/54-66, Duck/946/66, Quail/1577/
66 and Duck/1671/66, which did not cause visible
plaque formation in chick embryo fibroblasts, all
the remaining strains were investigated after plaque
purification.

Antisera
Anti-V and anti-S sera were prepared by guinea-

pig inoculation according to the techniques de-
scribed by Lief & Henle (1959).

Complement-fixation tests
These were performed in WHO plastic trays as

described by Pereira et al. (1964).

RESULTS

Between June 1965 and December 1966, 16 strains
were isolated from different species of birds. A total
of 4 strains were isolated from turkeys, 4 from ducks,
6 from quail, 1 from pheasants and 1 from chickens
(see Table 1). All strains were identified as influenza
A by complement-fixation tests against anti-S
guinea-pig sera. The first two strains isolated in June
1965 were found to be closely related to virus N.
A study of these strains, including circumstances

of their isolation and identification has been reported
by Rinaldi et al., (1965, 1966a, 1966b). Some of the
subsequent isolates were found to react poorly or
not at all with virus N anti-V serum. Strain-specific
antisera were prepared against three of these isolates
(Quail/Italy/i 117/65, Quail/Italy/544/66 and Phea-
sant/Italy/647/66) and their reciprocal relationships.
with previously described strains were established
as shown in Table 2, where strains are arranged
according to antigenic relationships rather than to
chronological order or host range. The Italian
strains show a relatively broad spectrum of reacti-
vity, crossing on one side with virus N and on the
other with Duck/England/62 and Turkey/Canada/63
(Wilmot) which are themselves related to each other.
These Italian strains constitute therefore an antigenic
bridge between strains not previously considered to
be interrelated (Pereira et al., 1966).

Table 3 shows the reactivity of each of the Italian
isolates with antisera covering the whole range of
antigenic variants. In this table, viruses are listed
according to date of isolation. A considerable
amount of antigenic variation is seen to have taken
place and a trend to greater reactivity with antisera
situated towards the right side of the series is discern-
ible although not all strains with approximately
identical behaviour are situated next to each other.

If titres up to 15 are arbitrarily excluded as possibly
of little or no significance, the Italian isolates may
be divided into 6 antigenic groupings:

(1) A total of 5 strains, 1 from ducks (858) and
4 from turkeys (741, 811, 983 and 1031), gave titres
above 15 only with antisera to virus N and Quail/
Italy/1117/65. This group comprises all the strains
isolated in June and July 1965.

(2) A group of 3 quail strains, 2 isolated in
October 1965 (1117 and 1655) and 1 in January 1966
(54), reacted with antisera to virus N, Quail/Italy/
1117/65, Quail/Italy/554/66, Pheasant/Italy/647/66,
Duck/England/62 and Turkey/Canada/63.

(3) A group of 3 duck strains isolated in May
(574), July (946) and December (1671) 1966 reacted
with antisera to virus N, Quail/Italy/1117/65 and
Turkey/Massachusetts/65.

(4) Two strains, both from quails, isolated in May
(544) and July 1966 (690) reacted with antisera to
Quail/Italy/i 117/65, Quail/Italy/544/66, Pheasant/
Italy/647/66, Duck/England/62 and Turkey/Can-
ada/63.

(5) Two strains, one of which was isolated from
pheasants (647) in June 1966 and the other from
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TABLE 2
RESULTS OF STRAIN-SPECIFIC COMPLEMENT-FIXATION TESTS WITH PREVIOUSLY

AND THREE OF THE NEWLY ISOLATED AVIAN VIRUSES
DESCRIBED STRAINS

Antisera b

Le) O c

0

a) C
N c WL

3
>. 0

a a

640

20

30

1 920 15

320

10 960

160

CY CY

10

320

40

120

640

80

60

40

40

10

320

480

120

320

240

5

60

240

120

15

40

240

120

480

480

80

40

80

160 120

960

480

a Hosts: Ch= chicken; D= duck; P= pheasant; Q= quail; Tn= tern; Ty= Turkey.
b Values given represent reciprocals of serum dilutions giving 50 % complement fixation. All blank spaces signify absence

of reaction.
c Newly isolated strains.

chickens (1166) in August 1966, reacted only with
antisera to the Italian strains (Quail/Italy/ 1117/65,
Quail/Jtaly/544/66 and Pheasant/Italy/647/66.

(6) One strain isolated from quail (1577) in No-
vember 1966 was similar to those in group 5 but
reacted poorly with the antisera to the 3 Italian
strains, reaching a titre of 1/20 only with Quail/
Italy/11 17/65.

COMMENTrS

Inclusion of the Italian strains in the present study
brings to light antigenic relationships not previously
suspected. Thus, an indirect relationship is revealed
between classical fowl plague virus, which may be
considered as the first influenza A virus isolate, and
the currently prevalent strains such as Turkey/
Canada/63 and Turkey/Massachusetts/65. This find-

ing supports the notion that antigenic variation
among influenza A viruses is a continuous process
without sharp demarcations between subtypes (Pe-
reira et al., 1966). Extension of the studies to
influenza A viruses from mammalian hosts is in pro-
gress with results suggesting that a continuous
spectrum of antigenic variation may cover the whole
range of these viruses.
Of the strains included in the present study only

Duck/England/56 on the one hand and Chicken/
Scotland/59 together with Tern/South Africa/61
on the other remain unrelated to all others. It is
likely, however, that inclusion of further strains in
studies of this kind will bring to light antigenic
bridges between these and other strains.

It has been suggested in the past (WHO Expert
Committee on Respiratory Virus Diseases, 1959) that
animal influenza viruses do not show antigenic

'D co

c 0

0 <
Cl) C

a

!I

Antigens a

D/Czech/56

DIEngland/56
Ty/England/63

Fowl plague

Virus N

Q/Iltaly/1117/65 c

Q/Italy/544/66 C

P/ltaly/647/66 c

D/England/62

Ty/Canada/63

Ty/Mass./65

Ty/Wisc./66

Ch/Scotland/59

Tn/S.Africa/61

15

160

480

480

480

480
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TABLE 3
RESULTS OF STRAIN-SPECIFIC COMPLEMENT-FIXATION TESTS ON THE RECENTLY ISOLATED

ITALIAN AVIAN VIRUSES

_t _ _ Antiseraa, _

Hoste 81No. Locality Date12 4

Turkey 741 Torre d'lsola June 1965 1 210 240 1

Turkey 1031 Torre d'lsola July 1965 120 240 15

Quail 1117 Garlasco July 1965 40 640 320 60 240 80

Quail 1655 Casorate Primo Oct. 1965 60 240 240 20 320 120

Quail 54 Retorbido Jan. 1 966 60 240 120 20 1 60 60

Duck 574 Soriasco May 1966 120 160 10 120

Quail 544 Milano May 1966 80 480 240 120 40

Pheas-
ant 647 Milano June 1966 60 120 120

Duck 946 Voghera July 1966 10 160 240 10 240

Quail 690 Casorate Primo June 1966 80 120 60 80 20

en 1166 Voghera Sept. 1966 40 60 120

Quail 1577 Casorate Primo Nov. 1966 20 10 15

Duk 17 Barona Dec. 1966 | | 8.0 i240 5 120

a Ch = chicken; D = duck; P = pheasant; Q = quail; Tn =tern; Ty= Turkey.
b Values given represent reciprocals of serum dilutions giving 50 % complement fixation. Blank spaces signify absence of

reaction.

variation comparable to that seen among human
strains and this has been explained as a consequence
of the lack of immunological selective pressure. This
is not supported by our present findings which reveal
clear evidence of antigenic variation taking place
within a relatively short period of 18 months in
animal populations bred under conditions unlikely
to favour the operation of selective forces. Seen
from a more general point of view, it is obvious that
selective pressures should only act on the elimina-
tion rather than on the genesis of antigenic variants
and this may explain the persistence of old variants
in animal but not in human populations.

The degree of antigenic variation observed among
the Italian strains is of comparable magnitude to
that seen within subtypes of human viruses. Cross-
protection experiments with these avian strains may
be of value in establishing the importance of antigenic
shifts of this kind on the choice of strains to be used
for vaccination.
A final point worthy of notice is the confirmation

of the lack of correlation between antigenic character
and host range, at least among avian strains. Thus
there was no indication that different hosts are
infected preferentially by viruses of a particular
antigenic character.
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RESUME

Les variations antigeniques des virus grippaux de
type A ont e peu etudiees chez les animaux, sauf en
ce qui conceme certaines souches de virus de la grippe
equine. Cependant l'inter& pour ce genre de recherches
s'est fortement accru durant ces dernieres annees et de
nombreuses souches nouvelles ont et adressees pour
examen au Centre mondial de la grippe.
De juin 1965 a decembre 1966, 16 souches de virus

grippaux de type A ont W isole;s chez des poulets (1),
des canards (4), des faisans (1), des cailles (6) et des
dindons (4) dans la region de Pavie, Italie, et identifiees
par des epreuves de fixation du compl6ment utilisant
des serums de cobaye anti-S. Malgre certaines affinit6s
antigeniques, toutes ces souches etaient differentes.
On a pu les repartir en six groupes: la plupart d'entre
elles etaient apparent6es au virus N et quelques-unes

aux virus Duck/England/62, Turkey/Canada/63 et
Turkey/Massachusetts/65. L'appartenance des souches
isolees en Italie au groupe des virus grippaux a r6vele
de nouvelles relations antigeniques entre le virus classique
de la peste aviaire et des souches frequemment ren-
contr6es, comme Turkey/Canada/63 et Turkey/Massa-
chusetts/65. II apparait que les mutations antigeniques
au sein des virus grippaux du groupe A s'effectuent
suivant un processus continu et qu'il n'existe aucune
difference bien tranch6e entre les divers sous-types.
L'ampleur des variations affectant les souches italiennes
est comparable a celle que l'on constate parmi les sous-
types de virus grippaux humains. On n'a pu mettre en
evidence aucune correlation entre les caracteristiques
antig6niques des souches aviaires isolees et la gamme
des animaux h6tes.
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