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Antigenic and amino acid sequence variations in the
haemagglutinins of type A influenza viruses recently
isolated from human subjects
J. J. SKEHEL,1 R. S. DANIELS,' A. R. DOUGLAS,1 & D. C. WILEY2

Since 1978, influenzaA viruses with different antigenicproperties have been isolated in
many countries, even though little influenza activity has been recorded. In the present
paper, the antigenic properties of viruses representative of isolates from each year since
1979 are compared, and the amino acid sequences oftheir haemagglutinins are described in
detail. The reults give an indication of the extent and nature of variation in influenza A
viruses during this period.

During the last 15 years, influenza A viruses of the
H3N2 subtype have caused disease in the human
population in proportions ranging from epidemics to
sporadic outbreaks. Since 1978, however, the ma-
jority of countries have recorded very little influenza
activity, even though antigenically different viruses
have frequently been isolated. Antigenic differences
between viruses involve mainly the haemagglutinin
(HA) antigens of the virus membranes and can be
detected in haemagglutination-inhibition tests using
antisera prepared from infected ferrets. In addition,
monoclonal antibodies against haemagglutinins have
been used in such tests for several years, mainly to
assess their value as standard reagents for virus identi-
fication in influenza surveillance programmes. They
have been particularly useful in indicating the hetero-
geneity of the viruses in circulation.
A more definitive comparison of haemagglutinins

can be made by determining their amino acid
sequences, and we report here the results of nucleo-
tide sequence analysis of the RNA genes for the
haemagglutinins of viruses representative of those in
circulation between 1979 and 1982. The experiments
have demonstrated that such analyses can be per-
formed rapidly for viruses of this subtype and the
results give an indication of the extent of variation
among viruses isolated in this period.

METHODS

Haemagglutination-inhibition tests

Haemagglutination-inhibition tests were carried
out (1) using post-infection ferret antisera or anti-
haemagglutinin monoclonal antibodies.
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Monoclonal antibody production
Balb/c mice were immunized by intraperitoneal

injection of 8000 HA units of purified virus. Eight
weeks later they received 32 000 HA units of virus
intraperitoneally and intravenously. Three days later
their spleens were removed and the cells fused with
SP2/0-Agl4 myeloma cells (2), as described by
Kohler & Milstein (3, 4). Hybrid cell culture con-
ditions were based on those described by Fazekas de
St Groth & Scheidegger (5).

Nucleotide sequence analysis

Nucleotide sequences were determined using the
dideoxynucleotide chain terminating procedure of
Sanger et al. (6). Each 10-1l reaction contained
0.05 mol/litre Tris chloride (pH 8.3), 0.012 mol/litre
magnesium chloride, 0.02 mol/litre dithiothreitol,
0.0004 mol/litre dATP, dCTP, dGTP, and dTTP,
7,ug of virus RNA, 3 units of human placenta RNase
inhibitor,' 5 units of reverse transcriptase, b and
0.00025 mol/litre of either ddATP, ddCTP, ddGTP,
or ddTTP. After 2 hours at 42 °C, products were ana-
lysed on polyacrylamide gels containing 18%o acryl-
amide. Reactions were primed using 5 ,-32P-labelled
synthetic oligodeoxynucleotides (7), numbered
according to the sequence of X-31 haemagglutinin
cDNA (8): 5-AAAGCAGGGG-14, 191-
TGCTACTGAGCT-202, 345-CGCAGCAAAG-
354, 493-GCAAAAGGGG-502, 623-
TCACCACCCG-632, 777-TGGACAATAG-786.

RESULTS

The most frequently isolated and widespread
viruses identified between 1979 and 1981 were anti-

a Bethesda Research Laboratories, Science Park, Cambridge,
England.

b Life Sciences, St Petersburg, FL 33710, USA.

4325 -67 1



J. J. SKEHEL ET AL.

genically very similar to A/Bangkok/1/79. Between
1981 and 1983, viruses antigenically similar to A/Bel-
gium/2/81 predominated. In addition, each year
small numbers of isolates were like A/Texas/ 1/77 or
A/Bangkok/2/79 and since July 1982, viruses anti-
genically similar to A/Philippines/2/82 have been
isolated in increasing numbers. The antigenic prop-
erties of the haemagglutinins of these viruses, as
determined using ferret antisera, are shown in
Table 1. From these results it can be seen that all these
viruses are antigenically related; A/Belgium/2/81 is
differentiated by reacting equally well with antisera
prepared against either A/Texas/1/77 or A/Bang-

kok/l/79, and viruses like A/Philippines/2/82,
A/Hong Kong/1/82, and A/Netherlands/246/82
react comparatively poorly with all antisera tested,
including the homologous antiserum.

Table 2 contains the results of haemagglutination-
inhibition tests using monoclonal antibodies prepared
against the haemagglutinins of several H3N2 viruses.
These results indicate that the haemagglutinins of all
the viruses tested can be differentiated using these
reagents, and also that groups of viruses that were

apparently homogeneous in their reactions with ferret
antisera are, in fact, heterogeneous. It is clear that
A/Bangkok/1/79 and A/Shanghai/31/80 react

Table 1. Results of haemagglutination-inhibition reactions using ferret antisera

Antiserum

Antigen A/Texas/ A/Bangkok/ A/Shanghai/ A/Belgium/ A/Hong Kong/ A/Nether-
1/77 1/79 31/80 2/81 1/82 lands/246/82

A/Texas/l/77 1280 320 160 640 320 640

A/Bangkok/1/79 320 1280 640 320 320 320
A/Shanghai/31/80 160 640 640 320 160 320
A/Belgium/2/81 1280 1280 320 1280 640 1280

A/Hong Kong/ 160 320 320 320 320 640
1/82

A/Netherlands/ 320 160 160 320 160 640
246/82

A/Philippines/2/82 160 80 40 160 160 160

Table 2. Results of haemagglutination-inhibition reactions using monoclonal antibodies

Monoclonal antibody

A/England/864/75a A/Texas/i /77° A/Bangkok/1 /79a A/Bangkok/2/798

Antigen HC5 HC15 HC17 HC13 HC87 HC138 HC5 HC9 HC95 HC35 HC52

A/Texas/1/77 1 600 12800 6400 6400 12800 3200 - - - 3200
A/Bangkok/1/79 - 400 - 1 600 - 3 200 6 400 6 400 3 200 -

A/Shanghai/31/80 - - - - - 1 600 3 200 3 200 3 200 - -

A/Belgium/2/81 1 600 6 400 800 3 200 3 200 6 400 6 400 3 200 6 400 12 800 12 800
A/Hong Kong/1/82 - 800 - - - 400 400 - - - -

A/Netherlands/ - 800 800 800 400 400 - _ _ 800 1 600
246/82

A/Philippines/2/82 - - 400 800 800 800 - - - 3 200 3 200

a Anti-haemagglutinin monoclonal antibodies were prepared as described in the text, using this virus as the immunogen.
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similarly with most antibodies, and that A/Nether-
lands/246/82 and A/Philippines/2/82 also have
similar reaction patterns, although the levels of these
reactions are lower than those observed with viruses
isolated before 1982.
On the basis of the different reactivities in haemag-

glutination-inhibition tests, and in view of the fre-
quency of their isolation in influenza surveillance
studies, we selected A/Bangkok/1/79, A/Shanghai/
31/80, A/Belgium/2/81, A/Hong Kong/1/82, and
A/Netherlands/246/82 for nucleotide sequence
analysis to determine the amino acid sequences of the
HAl polypeptides. The sequence for A/Bangkok/
1/79 has already been reported by Both & Sleigh (9)
and serves as a reference for the other haemag-
glutinins. The sequence of A/Bangkok/1/79, as
determined in the present study (Table 3), differed
from that reported by Both & Sleigh in only two
positions: we found valine instead of isoleucine at
position 213, and a phenylalanine residue at position
294. The sequences of the HA2 polypeptides are not
reported since this part of the haemagglutinin has not
been found to vary within viruses of the subtype.
The results indicate that the haemagglutinin of

A/Shanghai/31/80 differs from that of A/Bangkok/
1/79 in 5 positions, and that A/Hong Kong/1/82
haemagglutinin differs from A/Bangkok/1/79 in
three of these positions and in three others. The
haemagglutinins of both A/Netherlands/246/82 and
A/Belgium/2/81 are derived from the haemag-
glutinin of A/Bangkok/1/79; this is demonstrated
most clearly by the retention of the amino acid substi-
tutions at residues 133, 143, 156, and 197 which dis-
tinguish A/Bangkok/1/79 from A/Texas/1/77 (9).
The haemagglutinins of A/Belgium/2/81 and
A/Netherlands/246/82 are quite different from each
other and from those of A/Shanghai/31/80 and
A/Hong Kong/ 1/82. They contain six (A/Bel-
gium/2/81) and eight (A/Netherlands/246/82)
amino acid residues that are different from A/Bang-
kok/l/79 haemagglutinin.

DISCUSSION

The results presented here characterize the haemag-
glutinins of five recently isolated influenza viruses

and allow their detailed comparison. The antigenic
analyses using ferret antisera, as in previous studies of
influenza viruses (10), indicated clearly the variation
among these five viruses. The results obtained with
monoclonal antibodies reinforced these conclusions
and emphasized the antigenic heterogeneity of viruses
isolated over a short period of time. The nucleotide
sequence analyses indicated precisely the amino acid
differences among the virus haemagglutinins. They
can be interpreted as showing that the four most
recently isolated viruses are derived from A/Bang-
kok/1/79, and that A/Shanghai/31/80 and A/Hong
Kong/1/82 viruses are most closely related, as judged
by the shared amino acid substitutions at positions
163, 248, and 323. The amino acid sequence infor-
mation does not indicate the actual amino acid substi-
tutions responsible for the different reactions
obtained in the antigenic analyses. However, from
considerations of the known antigenic structure of the
haemagglutinins of this subtype (9, 11, 12), the
possible antigenic significance of particular amino
acid substitutions can be estimated. In this way, the
three sequence changes in A/Shanghai/31/80 at res-
idues 137, 145, and 248, the four changes in A/Bel-
gium/2/81 at residues 124, 160, 191, and 198, the four
changes in A/Hong Kong/1/82 at residues 48, 144,
146, and 248, and the five changes in A/Nether-
lands/246/82 at residues 58, 92, 146, 173, and 248
may all be considered significant, mainly in changing
antigenic sites A and B (12). It is of particular interest
that the changes at residues 124 in A/Belgium/2/81
and 248 in A/Shanghai/31/80, A/Hong Kong/1/82,
and A/Netherlands/246/82 all provide extra sites for
glycosylation of the haemagglutinins. It may be as a
consequence of glycosylation that additional amino
acid substitutions do not occur in site A of A/Bel-
gium/2/81 or in site B of A/Shanghai/31/80,
A/Hong Kong/1/82, and A/Netherlands/246/82.

This study was undertaken not only to characterize
recent influenza virus isolates but also to estimate the
feasibility and value of routine sequence analysis of
antigenically distinct isolates. As a consequence of the
results obtained and the rapidity of the nucleotide
sequencing procedure (6), the study will be continued
and should contribute to an understanding of the
mechanism of antigenic change in influenza viruses
and to detailed studies of influenza epidemiology.
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RESUME

VARIATIONS DES ANTIGENES ET DES SEQUENCES D'ACIDES AMINES
DANS LES HEMAGGLUTININES DE VIRUS GRIPPAUX (TYPE A) RECEMMENT ISOLES CHEZ L'HOMME

Depuis 1978, meme s'il n'a pas e enregistre de forte ac-
tivite sur le plan de la grippe, des virus de la grippe A dotes
de proprietes antigeniques differentes ont e isoles dans un
grand nombre de pays. Le present article expose les resultats
de I'analyse antigenique et de l'analyse des s6quences de
nucl6otides de virus representatifs des isolements realises
chaque ann&e de 1979 a 1982. On a constate que, sur le plan
antigenique, la plupart de ces isolements ressemblaient a
A/Bangkok/l/79 ou a A/Belgium/2/81; un petit nombre
cependant etaient semblables a A/Texas/1/77, A/Bang-
kok/2/79 ou A/Philippines/2/82.
La variation antigenique entre ces virus a e clairement

mise en evidence par les epreuves d'inhibition de l'hemag-

glutination avec des antiserums de furet. Ces observations
ont e confirmees par les resultats obtenus au cours
d'epreuves semblables, menees cette fois avec des anticorps
monoclonaux. L'analyse des sequences de nucleotides a
permis de connaitre avec precision les differences d'acides
amines entre les hemagglutinines virales. Bien que les infor-
mations sur les sequences amino-acides n'indiquent pas
quelle est en fait la substitution responsable des differences
de reactions obtenues a I'analyse antigenique, 1'etude de la
structure antigenique connue des hemagglutinines de ce
sous-type permettra peut-etre d'apprecier la signification de
substitutions donnees d'acides amines.
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