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The aim of this study was to investigate antigenic " drift " in the haemagglutinin and
neuraminidase antigens ofinfluenza A virus in vitro under immunologicalpressure. Variants
of the " Asian " influenza strains A/England/12/64 (H2N2) and A/Tokyo/3/67 (H2N2)
were isolated in the allantois-on-shell system in the presence of homologous postinfection
ferret sera. For each of these two viruses three generations of variants were isolated and
characterized. It was found that the successive antigenic variants of A/Eng/12/64 did not
resemble A/Tokyo/3/67. Thus it is probable that the pathway ofantigenic drift in vitro was
not the same as that which occurred in nature during the evolution of A/Tokyo/3/67 from
A/Eng/12/64. In addition, A/Tokyo/3/67, which was the last strain to be prevalent before
the A/Hong Kong subtype appeared, underwent significant antigenic drift from " junior " to
" senior " variants. This finding did not support the concept that, when antigenic drift
occurs, resulting in the appearence of viruses with new haemagglutinin antigen subtypes, the
previously prevalent strain has no capacity for further antigenic drift. The study did not
result in the production of strains that were identifiable as " bridging " viruses between the
H2 andH3 haemagglutinin subtypes. The present paper includes the first report ofantigenic
variation in the neuraminidase antigens of influenza A viruses occurring in vitro under
immunological pressure.

Extensive antigenic variation is one of the charac-
teristics of influenza A viruses. Earlier studies have
shown that the isolation of variants of influenza
virus in vivo (7) and in ovo (2, 3, 10) is readily
achieved. However, it is important to establish how
closely the variants isolated resemble the naturally
occurring strains. Fazekas de St Groth & Han-
noun (5) have grown A/Hong Kong/1/68 (H3N2)
virus in the presence of homologous rabbit immune
serum in the allantois-on-shell (AOS) system (6).
During several in vitro passages with immune sera,
these workers isolated a series of strains showing
progressive antigenic variation from the A/Hong
Kong/1/68 virus. Furthermore, the isolation of a
variant that was apparently unable to undergo fur-
ther antigenic " drift" was reported. The virus, 30c,
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was proposed as a potential vaccine strain which, it
was hypothesized, would be capable of inducing
protective antibodies against all future variants of
the Hong Kong subtype. Analysis of the variant 30c
indicated that it exhibited antigenic differences from
the A/Hong Kong/1/68 parent virus in its haemag-
glutinin antigen but its neuraminidase was identical
to that of the Hong Kong parent.

In the present study we attempted to answer the
following questions: First, when new subtypes of
influenza emerge in nature, is the previously pre-
valent strain able to undergo antigenic drift?
Secondly, are there multiple pathways of antigenic
drift during the evolution of an influenza subtype? It
might be possible to answer those questions if
variants could be selected from the last " Asian "

strain (H2N2) to be isolated before the appearance
of the Hong Kong virus (H3N2) in mid-1968. Fur-
thermore, in so doing, it might be possible to
establish whether those variants resembled the latest
prevalent Asian strain. It has been suggested (4) that
there may be " bridging " strains between the H2
and H3 subtypes. In vitro experiments on antigenic
drift might show whether such variants existed.

3439 - 305 - BULL. WORLD HEALTH ORGAN., Vol. 53, 1976



L. R. HAAHEIM & G. C. SCHILD

MATERIALS AND METHODS

Viruses

The strain A/Tokyo/3/67 (H2N2), with a passage
history of isolation in the amniotic cavity and
8 serial passages in the allantoic cavity, and the
strain A/England/12/64 (H2N2), with a passage his-
tory of isolation in monkey kidney culture followed
by 6 serial passages in the allantoic cavity, were used
as the parent generation strains. They will be refer-
red to throughout this paper as TO and EO, respec-
tively. The first, second, and third generations of
variants are called TI, T2, and T3 for A/Tokyo/3/67
and El, E2, and E3 for A/England/12/64.
X31 is a recombinant between A/Hong Kong/1/68

(H3H2) and A/PR/8/34 (HONI) with surface anti-
gens, haemagglutinin, and neuraminidase identical
to those of the former and, like the latter, is
characterized by high-yield growth in eggs.

Virus growth, isolation of variants, andpurification of
virus

Virus growth. Virus was propagated in the allan-
toic cavity of 10-day-old embryonated hens' eggs.

Isolation of variants. The AOS technique was used
as described by Fazekas de St Groth & White (6),
except that the culture medium used was Leibowitz's
L15 (11). To inhibit microbial contamination,
200 ,ug/ml of streptomycin and 200 IU/ml of penicil-
lin were applied. Homologous postinfection ferret
serum was added to the medium in a concentration
twice as high as that required to produce neutraliza-
tion in 50% of the AOS cultures challenged with 100
AOS-infective doses of virus. The virus and anti-
body-containing medium were mixed and left at
room temperature for 30 min before adding pieces of
eggshell with chorioallantoic membrane attached.
After 3 days at 37°C, the eggshell pieces were re-
moved and chick erythrocytes added. The fluid from
cultures giving positive haemagglutination was re-
moved, diluted 1: 5 with broth-saline, and inocu-
lated into embryonated eggs. The allantoic fluids
were investigated in haemagglutination-inhibition
(HI) tests. Isolates that gave more than a 2-fold
reduction in the HI-titre, compared with the original
virus, were purified by cloning at least twice at
limiting dilution in eggs. Experience showed that,
when 4-8 cultures per plate of 80 cultures were
positive, these isolates frequently showed evidence of
antigenic variation from the original virus. Between
10 and 15 isolates per generation were cloned and
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Fig. 1. Flow diagram showing the various steps during
the selection of antigenic variants of A/England/i 2/64
(EO). The same selection procedure was followed for
the variants of A/Tokyo/3/67 (TO).

assayed in the HI-test and the two isolates showing
the greatest difference from the original virus were
used to infect ferrets. Antigenic comparisons were
carried out in cross HI tests with the respective sera
and strains, and the variant showing the farthest
degree of antigenic drift was chosen for the next
passage. Fig. 1 shows a flow diagram of the various
steps described above. The same procedure was used
for the selection of variants from the Tokyo/67
strain.

Purification of virus. Virus was purified from allan-
toic fluid as described by Skehel & Schild (18).

Recombination
A recombinant possessing the haemagglutinin

from the T3 variant and the neuraminidase from
A/PR8 (HONI) was isolated as described by Mc-
Cahon & Schild (12). The H2 subunit from this
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hybrid was isolated by cellulose acetate electro-
phoresis after disrupting the purified virus with
sodium dodecyl sulfate as described by Laver (9).
The H3 subunit from the recombinant A/Aichi/l/
68-A/Bel/42 (NI) was isolated in the same manner.

Sera
Ferrets were infected intranasally with 106l107

EID50 of virus (infective allantoic fluid) and bled
after 12-14 days. The HI and neuraminidase-inhibi-
tion (NI) titres for the ferret sera used in the
experiments are shown in Table 1.

Table 1. HI titres and NI titres for the postinfection
ferret sera employed' in the selection of antigenic
variants

Antiserum Logio titre with homologous strains
to: HI NI

EQ 3.4 3.3

El 3.1 3.2

E2 2.8 2.2

TO 2.5 2.1

Ti 2.8 2.0

T2 2.8 1.0

Rabbits were given two subcutaneous doses each
of 100 ,ug of purified haemagglutinin mixed with
Freund's complete adjuvant. The injections were

given one week apart and the rabbits were bled
3 weeks after the second injection.
Hyperimmune rabbit serum to purified A/Hong

Kong/68 neuraminidase (N2) was used.

Single radial immunodiffusion (SRD) and immuno-
double-diffusion (IDD)

SRD tests were performed as described by Schild
et al. (15) and adsorption experiments in SRD were

carried out by the method of Schild et al. (16). IDD
was done according to the technique of Schild (14).

Haemagglutination-inhibition (HI) and neuramini-
dase-inhibition (NI)

The standard procedures described by the WHO
Expert Committee on Influenza (20) for HI tests and
by Aymard-Henry et al. (1) for NI tests were fol-
lowed.

RESULTS

Haemagglutinin antigen
The serological characteristics of the antigenic

variants obtained from A/England/12/64 (EO) and
A/Tokyo/3/67 (TO) are shown in Tables 2, 3, and 4.
For each virus three serial generations of antigenic
variants (i.e., El, E2, and E3; TI, T2, and T3) were

Table 2. HI results with the TO strain and the variants
selected from EO

Postinfection ferret serum to:
Strains

EQ El E2 E3 TO

EQ 2560 1280 1280 1280 320

El 1280 1280 640 1280 160

E2 320 960 640 640 10

E3 40 640 480 1280 20

TO 160 160 80 40 320

Table 3. Neutralization experiment in ovo with the TO
strain and the variants selected from EO and antiserum
to TO

Virus strain a TO EQ El E2 E3

Logio titre b 3.5 3.0 2.2 1.7 1.9

a For all strains 100 EID60/0.1 ml of virus solution was used.
b Postinfection ferret serum was used. Each mixture of virus and

serum dilution was tested for the presence of infectious virus by
inoculating into the allantoic cavity of 6 eggs. The 50 % end-point
was calculated according to the method of Reed & Muench (13)

Table 4. HI results with the X31 strain and the variants
selected from TO

Postinfection ferret serum to:
Strains

TO Ti T2 T3 X31

TO 320 640 80 640 160

Ti 160 640 160 640 320

T2 80 160 640 1280 160

T3 10 40 320 1280 < 10

X31 10 20 < 10 < 10 5120
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selected, and, for each generation, passage was car-
ried out in the presence of homologous postinfection
ferret serum.

Table 2 shows the cross-reactions in the HI tests
of the isolates El, E2, and E3 with the parent
virus in tests with the corresponding ferret sera.
Progressive antigenic variation from EO to E3
was clearly seen by the diminishing reactivity of
the viruses with antiserum to the parent EO virus.
Anti-EO serum gave a reaction with E3 that was 64
times lower than with the homologous virus. In
contrast, antiserum to the E3 isolate reacted almost
equally well with all the viruses from EO to E3. This
asymmetrical pattern of cross-reaction in HI-tests
has been previously noted with naturally occurring
influenza variants (4, 17), but in our experience is
not found consistently. It is seen from Table 2 that
the variant E3 showed a greater degree of antigenic
difference from EO than did A/Tokyo/3/67 (TO),
which evolved in nature presumably from EO. Fur-
thermore, antiserum to TO did not react to higher
titres with E3 than with EO. This finding suggests
that the evolution of EO to E3 in vitro did not result
in a variant resembling TO, which was the prevalent
strain in nature in the season 1967-68.

Table 3 shows the results of the neutralization
experiments carried out in ovo with the TO, EO, El,
E2, and E3 strains and postinfection ferret serum to
the TO strain. On the basis of these findings, it
appeared that the antigenic variants derived from
A/England/12/64 did not resemble A/Tokyo/3/67.
For the TO variants, results similar to those for the

EO variants were obtained. Table 4 shows the HI
results for three generations of selected variants. The
T3 strain reacted with the anti-TO serum to a titre
32 times lower than the homologous virus, but the
anti-T3 serum reacted almost equally well with all
the strains from TO to T3. The table also reveals
that, although T3 showed marked antigenic differ-
ences from TO, it did not appear to be a " bridging
strain " (4) between the H2N2 and H3N2 subtypes.
By performing cross-adsorption experiments in

SRD, further information about the specificity of the
antisera to TO and T3 was obtained. The asymmetri-
cal pattern of antigenic relationship seen in HI tests
were not evident in this experiment. The results of
cross-adsorption tests with homologous and hetero-
logous viruses are shown in Table 5. The T3 virus
was not capable of adsorbing all the antibodies in
the anti-TO serum when tested in the TO immuno-
plate. The same was observed for the anti-T3 serum
adsorbed with the TO virus before testing for residual

Table 5. Cross-adsorption tests by SRD with TO and
T3 viruses and their corresponding postinfection ferret
sera

Virus in Anti-TO adsorbed with: Anti-T3 adsorbed with:
plate Saline TO T3 Saline TO T3

TO 20.7 a 0 8.3 49.2 0 0
(100) (40) (87)

T3 15.4 0 0 56.6 4.0 0
(75) (100) (7)

a Area in mm3 of opalescent zone. Figures in parentheses
represent percentage values of homologous zones.

antibodies in the T3 immunoplate. These findings
confirm that there are significant antigenic differ-
ences between the TO and T3 viruses. The corre-
sponding sera also seem to differ in their relative
composition of strain-specific and cross-reactive
antibodies (19).

Attempts were made to confirm the above-men-
tioned results by immunodiffusion tests to compare
the parent strains and the variants produced in vitro.
Fig. 2 shows that all the TO variants belong to the
same haemagglutinin subtype (i.e., H2) on the basis

Fig. 2. Immuno-double-diffusion test to demonstrate
the relationships between HA antigens. Centre well:
undiluted rabbit antiserum to the purified HA of the
T3 variant. Peripheral wells: virus concentrates,
approximately 10 mg/ml of virus protein, treated with
sodium dodecyl sulfate to give a final concentration of
10 g per litre. The spurs seen between T2 and TI and
between T3 and TO (arrows) indicate antigenic "drift"
of determinants on the HA molecule.
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Fig. 3. Immuno-double-diffusion test to demonstrate
the relationships between HA antigens. Centre well:
undiluted rabbit antiserum to purified HA of HK/68
virus. Peripheral wells: virus concentrates (see legend
to Fig. 2). Only X31 virus reacts with this antiserum,
indicating that the variants of A/Tokyo/3/67 (TO) do
not belong to the H3 subtype.

of the shared precipitin line (17). The spurs seen

between T2 and Ti and between T3 and TO indicate
that there are antigenic differences among the
strains. Fig. 3 and 4 show that the A/Tokyo/3/67
variants belong to the H2 subtype. Consequently,
the findings did not support the hypothesis that
intermediate or bridging strains between the H2 and
H3 subtypes were produced.

Neuraminidase antigen

Previous studies on in vitro antigenic variation did
not reveal changes in the neuraminidase antigen (8).
In our system, with postinfection ferret sera, anti-
genic changes in the neuraminidase were observed by
means of NI tests. Table 6 shows the neuraminidase-
inhibition titres obtained with the isolated variants
and hyperimmune rabbit serum against purified
A/Hong Kong/68 neuraminidase. There was a dim-
inishing cross-reactivity in the NI-tests for the
strains EO, El, and E2 and for TO, Ti, and T2 when
tested against the anti-N2 reference serum. Unex-
pectedly, the E3 and T3 strains reacted with higher
titres in the same test, compared with the strains E2
and T2.

Antigenic differences in the neuraminidase anti-
gens of the strains in question were confirmed by
means of SRD (Table 7). Hyperimmune rabbit

Fig. 4. Immuno-double-diffusion tests to demonstrate
the relationships between HA antigens. Centre well:
undiluted rabbit antiserum to purified HA of T3
variant. Peripheral wells: virus concentrates (see legend
to Fig. 2). The lack of immune precipitates between X31
and the serum against the HA of the T3 variant confirms
that the T3 variant belongs to the H2 subtype.

Table 6. Neuraminidase-inhibition titres for the EO
and TO variants tested against anti-N2 serum a

Virus strain Loglo titre b Virus strain Logio titre

EO 2.7 TO 3.0

El 1.7 TI 2.5

E2 1.5 T2 1.0

E3 2.0 T3 2.5

a Hyperimmune rabbit serum against purified N2 from A/Hong
Kong/68.

b The 50 % end-point according to Aymard-Henry et al. (1).

Table 7. Antigenic comparison of the neuraminidases
of the TO variants by adsorption experiments in SRD

Adsorbing virus:
Antiserum

X31 TO Ti T2 T3 B/HK/8/73

hyperimmune
rabbit serum i00a 47 12 0 15 0
to A/Hong
Kong/68(N2)

a Percentage reduction in the opalescent zone area after adsorp-
tion. The immunoplate contains purified X31 virus.
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serum to purified N2 from A/Hong Kong/68 virus
was adsorbed with X31, TO, T1, T2, and T3. As a
control, the serum was adsorbed with an influenza B
virus. The residual antibodies were assayed in an
immunoplate containing X31 virus. As a specific
antiserum to the neuraminidase of the TO virus was
not available, we employed instead a hyperimmune
rabbit serum to the A/Hong Kong/68 neuramini-
dase. However, two conclusions can be reached by
studying the results of Table 7. First, there are
obvious antigenic differences between the neuramini-
dases of the TO variants. In particular, the T2
neuraminidase did not show evidence of adsorption
of antibodies directed against the A/Hong Kong/68
enzyme. Secondly, neither of the TO variants seems
to have neuraminidase antigens resembling that of
the A/Hong Kong/68 virus.

DISCUSSION

The allantois-on-shell technique is a simple and
rapid method of selecting antigenic variants under
the pressure of homologous antibodies. The data
presented show that antigenic drift occurred in vitro
in both the haemagglutinin and neuraminidase anti-
gens and the present paper is the first to describe the
selection of strains in vitro showing such drift in the
neuraminidase antigen. The variants underwent a
progressive antigenic drift in both surface antigens

with the exception of the neuraminidase of the
terminal isolates of the TO and EO series.
The results presented in this paper suggest that

attempts to derive anticipatory vaccine strains by
experimentally induced antigenic drift in vitro should
be regarded with caution. Since the A/Eng/12/64
variants did not resemble or drift towards the
A/Tokyo/3/67 strain, this demonstrates the existence
of a multiplicity of evolutionary pathways for the
surface antigens of influenza A viruses. In any
attempt to isolate future vaccine strains, one has to
select one or a limited number of several alternative
laboratory-produced variants in order to obtain an
isolate likely to resemble future natural strains.
However, laboratory criteria for the selection of
variants produced in vitro as being likely to resemble
closely the natural variants do not at present exist.

Finally, the results presented in this report show
that antigenic drift in nature did not coincide with
observed antigenic drift in vitro. This could be due to
the special composition of the postinfection ferret
sera employed in these experiments. In order to
anticipate antigenic drift in an in vitro system, it
might be better to use postinfection human sera so
as to mimic more closely the selection conditions in
nature. However, such an experiment, if performed
with virulent antigenic variants from a prevalent
H3N2 isolate, might constitute a considerable bio-
logical hazard.
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RtSUMIt

VARIANTS ANTIGENIQUES DU VIRUS GRIPPAL A OBTENUS IN VITRO

On a effectue une recherche sur le (( glissement # anti-
genique au niveau de l'hemagglutinine et de la neura-
minidase du virus grippal A in vitro, sous l'effet de la
pression immunologique. Des variants des souches
grippales < asiatiques)> A/England/12/64(H2N2) et A/
Tokyo/3/67(H2N2) ont et isoles dans le systeme #allan-
toide-sur-coquille en presence de serums homologues
post-infectieux de furet. Les deux souches de la generation
parentale ont subi un glissement antigenique progressif

si l'on en juge d'apres les donnees provenant des epreuves
suivantes: inhibition de l'hemagglutination, inhibition de
la neuraminidase, immunodiffusion double et diffusion
radiale simple.
On a observe que les variants antigeniques successifs

de A/Eng/12/64 ne ressemblaient pas a A/Tokyo/3/67;
il est donc probable que la voie du glissement antigenique
in vitro n'a pas ete la meme que celle qu'a emprunt6e
dans la nature l'evolution qui a mene de la souche
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A/Engl/12/64 a la souche A/Tokyo/3/67. En outre, cette
derniere, qui etait la souche predominante juste avant
l'apparition du sous-type A/Hong Kong, a subi un
glissement antigenique notable entre les premiers et les
derniers variants. Cette observation ne vient pas a l'appui
de l'hypothese selon laquelle, lorsque se produit un
changement antigenique majeur, aboutissant a I'appari-
tion de virus possedant de nouveaux sous-types d'he-
magglutinine, la souche ant6rieurement preponderante
n'est plus capable d'un nouveau glissement antigenique.
Au cours de l'etude, il n'a pas e produit de souches qui

aient pu etre identifiees comme < intermediaires > entre
les sous-types d'hemagglutinine H2 et H3. On trouve dans
le present article la premiere communication d'une
variation antigenique, produite in vitro sous la pression
immunologique, dans les antigenes neuraminidasiques
des virus grippaux A.

D'apres les resultats presentes, il semble qu'il faille
envisager avec circonspection les tentatives visant a
obtenir des souches vaccinales anticipees en suscitant
experimentalement un glissement antigenique in vitro.
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