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Avian Influenza A Viruses
H. G. PEREIRA,1 B. TJMOVA,2 & V. G. LAW1

The antigenic structure ofeight strains of influenza A viruses ofavian origin was invest-
igated by haemagglutination inhibition, virus neutralization and strain-specific complement
fixation. All strains could be distinguished from each other, but certain cross-reactions
were observed allowing the establishment of four antigenic groupings, as follows: (1)
classic fowl plague virus (" Dutch" strain), Turkey/England/63 ("Langham" strain)
and virus N; (2) two strains isolatedfrom ducks, one in Czechoslovakia in 1956 and one
in England in 1962; (3) a third strain isolated from ducks in England in 1956; (4) the
"Smith " strain (Chicken/Scotland/59) and the tern virus (Tern/South Africa/61).

This article also reports the results of tests to determine the capacity of the above-
mentioned viruses to infect monkey-kidney cultures and to produce plaques in chick-embryo
fibroblasts. It concludes with a discussion of problems connected with the classification
and nomenclature of these viruses.

A number of myxoviruses morphologically in-
distinguishable from influenza virus and possessing
the ribonucleoprotein antigen common to influenza
type A have been isolated from different species of
birds. The first agent to fall into this category was
the classic fowl-plague virus, identified as influenza A
by Schiifer (1955). Another virus related but not
identical to fowl-plague virus was described by
Dinter (1949) as virus N and identified as the
influenza A type by Rott & Schafer (1960). In 1963,
a strain of fowl-plague virus isolated from turkeys
in Norfolk, England, was shown to possess the
influenza A type-specific antigen (Wells, 1963).
Three strains isolated from ducks-one in Czecho-
slovakia (Koppel et al., 1956) and two in England
(G. B. Simmins & F. D. Asplin, personal communi-
cation, 1956; Roberts, 1964)-were also identified as
influenza A. Finally, two influenza A strains closely
related to each other were isolated from chickens in
Scotland, in 1959 (J. E. Wilson, personal communi-
cation, 1960) and from terns in South Africa in
1961 (Rowan, 1962; Becker, 1962) respectively.
Although all these viruses are identical when

compared by the type-specific complement-fixation
test, some of them have been shown to differ anti-
genically from each other in respect of the V antigen.
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In the present study, antigenic relationships
between the viruses mentioned above were investi-
gated by haemagglutination inhibition (HI), virus
neutralization (VN) and strain-specific complement
fixation (CF). All the strains could be distinguished
from each other but certain antigenic groupings
could be established.
The capacity of these viruses to infect monkey-

kidney cultures and to produce plaques in chick-
embryo fibroblasts is also reported.

MATERIALS AND METHODS

Virus strains

(1) Classic fowl-plague virus: the " Dutch" strain
of fowl-plague virus was received from Dr F. M.
Doyle of the Central Veterinary Laboratory, Wey-
bridge, Surrey, England. Details regarding the
isolation and history of this strain are not available,
except for the fact that it was isolated in Indonesia
before 1927 or 1928, when it was sent from the
Netherlands to Dr Doyle.

(2) Virus N: The strain isolated by Dinter in 1949
was received from Dr W. Schafer of the Max-Plank
Institut fur Virusforschung, Tubingen, Germany,
after 73 passages in eggs.

(3) The " Langham " strain (Turkey/England/63),
isolated from turkeys in 1963, was received from the
Central Veterinary Laboratory, Weybridge.
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(4) The British duck influenza virus (Duck/
England/56), isolated in 1956, was received from
Mr G. B. Simmins of the Central Veterinary Labora-
tory, Weybridge.

(5) The Czechoslovak duck influenza virus
(Anatis/Kosice/1956) was received from Professor
D. Blaskovic of the Institute of Virology, Czecho-
slovak Academy of Sciences, Bratislava.

(6) The British duck influenza virus (Duck/
England/62), isolated in 1962, was received from
Mr D. H. Roberts of the Central Veterinary Labora-
tory, Weybridge.

(7) The " Smith " strain (Chicken/Scotland/59),
isolated in Aberdeen, was received from Dr J. E.
Wilson of the Veterinary Laboratory, Lasswade,
Midlothian, after seven passages in eggs.

(8) The tern influenza virus (Tern/SA/61) was
received from Professor A. Kipps of the Virus
Research Unit, Medical School, University of Cape
Town, South Africa.

Except for the " Dutch " strain of fowl-plague
virus none of the strains had more than three
allantoic passages in this laboratory. Infective
allantoic fluids were stored in capillaries at -70°C.

Virus titrations
Egg infectivity titres (EID50) were determined by

inoculating 0.1 ml of serial tenfold virus dilutions
into groups of four 10-day embryonated eggs. The
eggs were incubated at 35°C, and allantoic fluids
were tested for haemagglutinin after a period of
three days for the duck strains and after two days
for all the other viruses.
For the estimation of monkey-kidney infectivity

titres (MKTCD,0) serial virus dilutions made in
medium 199 (Morgan, Morton & Parker, 1950) in
0.5 log,0 steps were inoculated into each of two
tubes with confluent sheets of rhesus monkey kidney
cells. After incubation for 48 hours at 37°C in a
rotating drum the end-point was read by the haem-
adsorption technique of Vogel & Shelokov (1957).

Plaque assays were carried out in chick-embryo
fibroblasts by the technique described by Porterfield
(1960).

Haemagglutinin titrations were done in plastic
plates according to the technique recommended by
the WHO Expert Committee on Influenza (1953).

Antisera
Attempts were made to use post-infection rather

than hyperimmune fowl sera for HI and VN tests.
Adult chickens were inoculated intranasally with

0.5 ml of serial virus dilutions, and two weeks later
the surviving animals were bled from the heart.
Sera with high homologous antibody content were
obtained from animals infected intranasally with
classic fowl-plague virus, Chicken/Scotland/59 and
Turkey/England/63, but not from those infected
with virus N or any of the duck strains. Nor could
the duck strains be made to infect ducks following
intranasal inoculations. Antisera against the duck
strains were therefore obtained from ducks given one
intramuscular inoculation of 0.2 ml or 0.5 ml of
undiluted virus material and bled two weeks later.
Virus N antiserum was obtained from chickens
treated similarly.

All animals were kept in strict isolation throughout
the period of immunization.

Anti-S and anti-V guinea-pig sera for CF tests
were prepared according to the techniques described
by Lief & Henle (1959).

Serological methods
HI tests were done in plastic trays according to the

technique described by the WHO Expert Committee
on Influenza (1953), except that serum-virus mixtures
were kept for one hour at room temperature, or, in
the case of tests done with virus N antiserum,
overnight at 4°C, before the addition of the erythro-
cyte suspension.
CF tests were done in WHO plastic trays, as

described by Pereira, Pereira & Law (1964).
For VN tests, sera treated with Vibrio cholerae

filtrate (van der Veen & Mulder, 1950) were diluted
in twofold steps starting at 1/100 in medium 199;
each dilution was added to two tubes of rhesus
monkey kidney cells from which the growth medium
had previously been removed; 0.1 ml of a virus
dilution containing about 100 TCD50 was added to
each tube. The cultures were incubated for two days
at 37°C in a roller drum and read by haemadsorption.

RESULTS

Haemagglutination and infectivity assays
An allantoic fluid preparation of each of the

strains under study was assayed for haemagglutinin
and for infectivity in embryonated eggs inoculated
allantoically, in monkey-kidney tissue cultures and
in monolayers of chick-embryo fibroblasts overlaid
with agar. The results are shown in Table 1. All
strains gave high ratios of EID5,/AD. The allantoic
cavity of embryonated eggs seems to be the most
sensitive system for infectivity assay of these viruses,
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TABLE I

INFECTIVITY AND HAEMAGGLUTINATING TITRES OF AVIAN INFLUENZA A STRAINS

Virus strain El Dsolml a PFU/mi b j TCIomic |AD/mid

Fowl/plague (" Dutch " strain) 10'0 108.5 108.0 10'

Virus N 109.1 104G" 107.' 10*'

Turkey/England/63 (" Langham " strain) I0'*' 10'.5 10'*° 10' '

Chicken/Scotiand/59 (" Smith" strain) 107.9 10*° 104.8 102.4

Tern/SA/61 10'87 1 07.5 106'7 103.1

Duck/England/56 108.3 104-° 107.3 1o3.1

Duck/Czechoslovakia/56 (Anatis/
Kogice/56) 108.8 NiI 106.7 102.8

Duck/England/62 10' 104.1 101, 102.8

a Egg infectivity titres.
b Plaque-forming units.
c Monkey-kidney infectivity titres.
d1 AD is defined as the amount of virus required to

1 % chick-cell suspension (Isaacs, 1957).

but relatively high titres were also obtained in
monkey-kidney cultures, which suggests that all the
viruses under study are capable of multiplying in the
latter. All but one of the strains (Duck/Czecho-
slovakia/56) produced plaques in chick-embryo
fibroblast cultures, but the efficiency of plating and
the size of the plaques varied considerably. The
largest and most clear-cut plaques were produced by
Turkey/England/63, followed by fowl-plague virus,
Chicken/Scotland/59, Tern/SA/61, virus N, Duck/
England/56 and Duck/England/62 (see the ac-
companying figure). The efficiency of plating
decreased in approximately the same order.

Antigenic relationships
The results of type-specific CF tests (shown in

Table 2) confirm that all the avian strains included
in this study share the " soluble " nucleoprotein
antigen common to all influenza A viruses.

Reciprocal antigenic relationships between the
avian viruses were investigated by means of HI,
VN and strain-specific CF tests, the results of which
are shown in Tables 3, 4 and 5. All strains could be
distinguished from each other, although cross-
reactions were clearly seen to occur between some.

By gathering together all strains showing one- or
two-way cross-reaction to significant titres in any
of the strain-specific tests, these viruses could be
classified into four antigenic groupings, as follows:

produce partial agglutination of 0.25 ml of a

TABLE 2
TYPE-SPECIFIC COMPLEMENT-FIXATION TESTS a

Anti-S guinea-pig sera
Antigen

Influenza A IInfluenza B

Fowl-plague 320 <5

Turkey/England/63 320 <5

Virus N 240 <5

Duck/England/56 320 <5

Duck/Czechoslovakia/56 320 <5

Duck/England/62 240 <5

Chicken/Scotland/59 320 <5

Tern/SA/61 320 <5

PR 8 240 <5

Lee <5 160

a Each antigen tested in chessboard titration against each
of the sera. Figures represent the reciprocal of the highest
serum dilution giving 50% fixation with any of the antigen
dilutions tested.

(1) Fowl-plague virus, Turkey/England/63 and
virus N;

(2) Duck/Czechoslovakia/56 and Duck/England/
62;

(3) Duck/England/56;
(4) Chicken/Scotland/59 and Tern/SA/61.
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TABLE 3
HAEMAGGLUTINATION-INHIBITION TESTS a

Fowl antisera

Virus strain Fowl Turkey/ V Duck/ Duck/ Duck/ Chicken!
plague England/63 Virus N Englandl56 Cszech6 England/62 Scotland/59

Fowl plague >1 280 15 <10 <10 <10 <10 <10

Turkey/England/63 640 240 <10 <10 <10 <10 <10

Virus N 10 <10 160 <10 <10 <10 <10

Duck/England/56 <10 <10 <10 80 <10 <10 <10

Duck/Czechoslovakia/56 <10 <10 <10 <10 80 320 <10

Duck/England/62 <10 <10 <10 <10 15 320 <10

Chicken/Scotland/59 <10 <10 <10 <10 <10 <10 5 120

Tern/SA/61 <10 <10 <10 <10 <10 <10 1 600

a Twofold serum dilutions tested against 4-8 haemagglutinating doses of each strain. The figures representthe serum dilutions
estimated to cause 50 %, inhibition of haemagglutination. Tests with virus N antiserum were kept overnight at 4°C and all other tests
were kept for 1 hour at room temperature before addition of erythrocyte suspension.

A distant relationship between fowl-plague virus man, pigs, borses and a number of avian species.
and Duck/England/56 is suggested by the low one- These viruses have been divided into several families
way cross-reaction obtained by means of the strain- according to natural host, and within each of these
specific CF test but not detected by any of the other families several subtypes and antigenic variants have
tests. been identified by means of HI, VN and strain-

COMMENTS specific CF tests. Subtypes have been designated
by sequential numbers given within each family.

Influenza viruses characterized as type A by The subtypes designated so far include three of
possessing the type-specific ribonucleoprotein antigen human origin (commonly referred to as A, Al and
have been isolated from different hosts, including 2A), one of porcine origin (A/porci), two of equine

TABLE 4
VIRUS NEUTRALIZATION TESTS a

Fowl antisera

Virus strain Fowl Turkey/ Duck/ Duck! Duck! Chicken!
plague England/63 Nirus CEnglandl56 Czecho- England/62 Scotland/59Virus England!56 slovakia!56______

Fowl plague 6 400 <100 <50 <100 <100 <100 <100

Turkey/England/63 3 200 2 400 <50 <100 <100 <100 <100

Virus N <100 <100 400 <100 <100 <100 <100

Duck/England/56 <100 <100 <50 6 400 <100 <100 <100

Duck!Czechoslovakia!56 <100 <100 <50 <100 3 200 400 <100

DucklEngland/62 <100 <100 <50 <100 400 1 600 <100

Chicken/Scotland/59 <100 <100 <50 <100 <100 <100 2 560

Tern/South Africa!61 <100 <100 <50 <100 <100 <100 1 280

a Twofold serum dilutions tested against approximately 100 M KTCDso of each strain. The figures represent the reciprocals of
the highest serum dilution complete inhibition of haemadsorption.
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PLAQUES PRODUCED BY SOME AVIAN INFLUENZA VIRUSES IN CHICK-EMBRYO FIBROBLASTS
OVERLAID WITH AGAR (72 HOURS' INCUBATION)

A: Turkey/England/63/(" Langham " strain) B: Classic fowl-plague virus (" Dutch " strain)

C: Chicken/Scotland/59 (' Smith " strain)



AVIAN INFLUENZA A VIRUSES

TABLE 5

COMPLEMENT-FIXATION TESTS a

Fowl antisera

Antigen Fowl Turkey/ Virs Duck/ Duck/ Duck/ Chicken! Tern/
plague England/63 Vrus N England,56 szech- England/62 Scotland/59 SA/61

Fowl plague 960 10 10 <10 <10 <10 <10 <10

Turkey/Englandl63 160 320 <10 <10 <10 <10 <10 <10

Virus N 160 <10 320 <10 <10 <10 <10 <10

Duck/England/56 15 <10 <10 1 920 20 <10 <10 <10

Duck/Czechoslovakia/56 <10 <10 <10 <10 640 10 <10 <10

Duck/England/62 <10 <10 <10 <10 30 2 560 <10 <10

Chicken/Scotland/59 <10 <10 <10 <10 <10 <10 480 480

Tern/South Africa/61 <10 <10 <10 <10 <10 <10 480 480

a Each antiserum tested against each of the antigens in chessboard titrations. The figures represent the highest serum dilu-
tions giving 50 % fixation with any of the antigen dilutions used.

origin (A/equi-l and A/equi-2) and several of avian
origin. Some of the last-mentioned have been given
designations such as A/galli for fowl-plague virus
and A/anatis for the English and Czech duck strains.
However, the fact that strains derived from different
hosts may be antigenically related and sometimes
hard to distinguish from each other raises some
problems in such a scheme of nomenclature. This
difficulty is particularly well illustrated by two of the
viruses included in the present study-namely, the
" Smith " strain isolated in 1959 from chickens in
Scotland and the tern virus isolated two years later
in South Africa. Similarly, virus strains antigeni-
cally related to fowl-plague viruses have been found
to cause natural infection in other species of birds,
such as turkeys.
One possible way of overcoming this difficulty

might be to use A/avian-1, 2, etc., to designate the
different antigenic subtypes of viruses isolated from
birds irrespective of the host species. This would
have some practical disadvantage, however, and
would not be consistent with the generally adopted
system of naming subtypes derived from mammalian
hosts.
A further complicating factor in this connexion

derives from certain antigenic relationships observed
between influenza A vimses derived from avian and
mammalian hosts. Cross-reactions detectable by HI
and strain-specific CF tests have been observed, for

instance, between fowl plague and A/equi/Prague/56
viruses (Lief & Tumova; Tufmovi & Pereira, to be
published) and between Duck/England/62 and
A/equi-2/Miami/63 (Tuimova & Pereira, to be
published). An influenza A virus recently isolated
from turkeys in Canada (kindly sent to us by
Dr G. Lang after the work reported in this paper
had been completed) was shown to be clearly
distinct in HI tests from all the avian and equine
strains mentioned above but to cross-react with
Duck/England/62 and with A/equi-2/Miami/63 in
strain-specific CF tests (Tuimova & Pereira, to be
published).

It seems clear from the above discussion that
neither of the criteria commonly used for the
classification of influenza A viruses-namely, natural
host and antigenic structure-can be used by itself.
If only antigenic structure is adopted for this
purpose certain subtypes will include viruses differing
considerably from each other in host range, and this
may be inconvenient in current practice. On the
other hand, if the natural-host criterion is over-
stressed, important interrelationships between some
of these viruses will tend to be missed.

Further information on possible antigenic relation-
ships between influenza A viruses of different origins
is needed before a rational scheme for the classifi-
cation and nomenclature of these viruses can be pro-
posed to meet both academic and practical needs.
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RESUME

Les caract6ristiques antigeniques de huit souches de
virus grippaux du type A d'origine aviaire ont ete etu-
di6es par les m6thodes classiques de diff6renciation:
epreuve d'inhibition de l'hemagglutination, technique de
neutralisation et epreuve de d6viation du complement.
Chez toutes, on a pu d6montrer la presence de l'anti-

gene soluble commun A tous les virus grippaux du type A.
II a d'autre part ete possible de distinguer les diff6rentes
souches, malgr6 l'existence de reactions croisees, et sur
la base des analogies r6actionnelles, de les classer en
quatre groupes antigeniques: 1) virus de la peste aviaire

classique, virus Turkey/England/63 et virus N; 2) virus
Duck/Czechoslovakia/56 et Duck/England/62; 3) virus
Duck/England/56; 4) virus Chicken/Scotland/59 et Tern/
SA/61. Le pouvoir infectant de ces diverses souches a et6
recherche sur l'aeuf embryonn6, sur cultures de cellules
renales de singe et sur fibroblastes d'embryon de poulet.
Toutes ont t6moigne d'une infectivite 6levee.

L'auteur souligne la necessite de poursuivre les re-
cherches sur les particularit6s antigeniques de ces virus,
si l'on veut parvenir A une classification utilisable des
points de vue th6orique et pratique.
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