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Summary. Variation in the haemagglutinin (HA) gene of influenza A (H3N2) 
viruses isolated in the U. K. and abroad from 1992-1994, was determined by 
nucleotide sequencing of the HA1 domain of the HA gene. Viruses isolated in the 
U.K. early in the 1992-93 season were from the A/Beijing/353/89 lineage and 
were replaced later that season by viruses from the A/Beijing/32/92 lineage. 
Viruses from the new lineage continued to be isolated during the 1993-94 season, 
but were heterogeneous. Most of these isolates were more closely related to an 
A/Beijing/32/92 variant, A Hong Kong/23/92, but could be distinguished into 
three groups by serology (of which one group was circulating during the pre- 
vious season) and four groups based on sequence variation in the HA gene. 
However, phylogenetic analysis of antigenically-distinct isolates showed that the 
HA gene is evolving along one lineage. Sequence analysis identified mainstream, 
subgroup and strain specific amino acid substitutions. There was a broad cor- 
relation between the observed amino acid changes and the antigenic sites of the 
HA. The results of this study highlight the value of regular molecular analysis of 
circulating viruses. 

Introduction 

Molecular analysis of sequence changes in influenza viral genes is a powerful tool 
for determining the extent and nature of genomic variation. Influenza A and B 
viruses both undergo gradual antigenic variation, as a result of point mutations, 
referred to as antigenic drift. Type A viruses also experience, although less 
frequently, major changes resulting from gene reassortment, known as antigenic 
shift. These antigenic changes in the two surface antigens, the HA and the 
neuraminidase (NA), enables the virus to evade the immune response of the host 
and to cause repeated infections. Continual surveillance of circulating viruses is 

necessary for the selection of suitable vaccine strains. This is particularly impor- 
tant for matching the influenza A (H3N2) vaccine component, since viruses of this 
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subtype have often been associated with excess mortality in the elderly, including 
those in high-risk groups for influenza. Since the pandemic of 1968, which was 
caused by viruses with the H 3 HA, influenza A (H3N2) viruses have continued to 
circulate and show antigenic drift [2, 23, 28]. 

During the 1992-93 winter, influenza B virus predominated worldwide. Low 
influenza activity was reported in most countries [29]. Of the 408 isolates exam- 
ined from the U.K. during this season, 21% (86 isolates) of the strains were 
influenza A (H3N2) subtype (Table 1). AJBeijingJ353/89-1ike viruses, which had 
been circulating in the previous winter, reappeared at the beginning of the '92 
winter season but were soon replaced by variants represented by A/Beijing]32/92 
and A]Hong Kong/23/92. A single isolate similar to a variant isolated in Spain, 
AlMadrid/G252/93, which showed significant antigenic drift from A/Beijing/ 
353/89, was also detected [5]. 

During the 1993-94 season, influenza A (H3N2) subtype predominated 
worldwide causing moderate epidemics [30]. Of the 526 influenza isolates exam- 
ined from the U.K., 515 (98%) were identified as A (H3N2) subtype (Table 1). 
Although most isolates were shown by haemagglutination inhibition (HI) assay 
to be similar to A/Beijing/32/92 and A/Hong Kong/32/92, more detailed anti- 
genic analysis of  fifteen representative isolates showed that three different vari- 
ants were circulating concurrently. 

In this study, we have sequenced the HA genes of  antigenically distinct 
influenza A (H3N2) viruses, using a combination of PCR and cycle sequencing. 
The pattern of  evolution of the HA genes of  isolates obtained during 1992-93 
and 1993-94 in the U.K. and abroad, was investigated by comparison of their 
HA sequences and antigenic characteristics to vaccine and reference strains. 

Materials and methods 

Viruses 

Influenza A (H3N2) viruses examined in this study are listed in Table 2. Seven viruses (Beij/ 
89, HK/34/90, Beij/92, HK/23/92, Shdong/93, Gdong/25193 and E/284193) were grown in the 
allantoic cavity of 10 day-old embryonated eggs. The other viruses were grown in either 
MDCK or RMK tissue cultures [4]. Infected fluids were then harvested and stored at-70 °C. 

Antigenic analysis' 

HI tests were performed as previously described [4] using post-infection ferret sera treated 
with receptor-destroying enzyme. HI tests were carried out using 8 HA units of virus and 
0.5% v/v turkey red blood cells. A virus which shows a four-fold or less reactivity with earlier 
antigens or antisera, or both, has significant antigenic drift. 

Primers 

Oligonucleotide primers were synthesised on a 392 DNA/RNA Synthesiser (Applied Bio- 
systems). For amplification of the HA1 domain of the HA gene, two pairs of primers 
were used in a nested PCR. In the first round of amplification primers AH3G 5'd 
(AAGCAGGGGATAATTCTATT) and AH3H 5'd (ATGCCTGAAACCGTACCAAC) 
were used, corresponding to nucleotide positions 6 and 1145 in the vRNA and cDNA 
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sequence respectively. In the second round, primer AH3G was again used, with AH315'd 
(TCCCTCCCAACCATTTTCTA) which corresponds to nucleotide position 1115 in the 
cDNA sequence. 

Five primers were used to sequence the HA1 domain of the HA gene. The primers AH3B 
and AH3C were originally described by Zhang and Evans [32]. Primers AH3G 5'd 
(AAGCAGGGGATAATTCTATT), AH3B 5'd (AGCAAAGCTTTCAGCAACTG) and 
AH3J 5'd (CAAGCCCCTTTCAAAACGTAA) corresponding to nucleotide positions 6, 
351 and 953 were used to sequence the vRNA strand. 

Primers AH3C5'd(GCTTCCATTTGGAGTGATGC ) and AH315'd (TCCCTCCCA- 
ACCATTTTCTA) corresponding to nucleotides 94t and 1115 were used to sequence the 
cDNA strand. 

Viral RNA extraction and cDNA synthesis 

Viral RNA was extracted from 50 gl infected tissue culture fluid or egg fluid by the 
guanidinium thiocyanate method described by Boom et al. [1]. The RNA (22.2 gl) was then 
used to prepare cDNA. The reaction mix (17.8 gl) contained 1 x PCR buffer (16 mM 
(NH4)2SO 4, 67 mM Tris-HC1 pH 8.8, 0.01% Tween 20), 5 mM MgCI2, 1 mM of each dNTP, 
25 ng (1 nmol) random primer (pdN)6 (Pharmacia), 1.6 U RNasin (Promega)and 200U M- 
MLV reverse transriptase (Gibco BRL). The reaction was incubated at room temperature 
for 10 minutes and then at 37 °C for 45 rain. Samples were then heated to 100 °C for 5 rain 
and cooled on ice. 

PCR amplification 

The HA1 domain of the HA gene was amplified and sequenced, since the HA 1 polypeptide 
forms the antibody-binding and receptor-binding sites on the HA molecule [25, 27]. For the 
primary PCR, 20 gl cDNA was amplified in a 100 gl volume containing 1 × PCR buffer, 
2 mM MgC12 (final concentration), 5 pmol each outer primer and 1.5 U Taq polymerase and 
overlaid with mineral oil. Samples were subjected to 1 cycle of denaturation for 2 rain at 
95 °C and 25 cycles of 1 min at 94 °C, 1 min at 50 °C and 3 min at 72 °C. Two ~tl of the 
primary PCR product was then amplified in a 50 gl volume containing 1 × PCR buffer, 
2.5 mM MgC12, 0.2 mM of each dNTP, 25 pmol of each inner primer and 1.25 U Taq 
polymerase. Samples were overlaid with mineral oil and subjected to 1 cycle for 2 min at 
95 °C, followed by 25 cycles of 1 min at 94 °C, 1 min at 60 °C and 1 min at 7'2 °C. 

Sequencing and phylogenetic analysis 

Following amplification, samples were run on a 1% agarose gel and the band containing the 
PCR product excised. DNA was then purified on a silica matrix (Geneclean II, Stratech). 
After precipitation with ethanol, the DNA from each PCR mix was resuspended in 20 gl H20 
and 10 gl used per sequencing reaction. 

Nucleotide sequences were then determined using the Taq Dye Deoxy Terminator Cycle 
Sequencing kit and the 373A DNA Sequencing System (Applied Biosystems). Primers were 
used at 3.2 pmol per 550 ng template DNA, per reaction. The nucleotide sequences for the 
isolates described in this study are available from GenBank, under accession numbers 
Z46391 to Z46417. 

Phylogenetic analysis was performed following the alignment of sequences with the 
program ClustalV [9]. Distances between pairs of sequences were then estimated using 
the DNADIST or PROTDIST programs from the PHYLIP package (Version 3.5, [8]). 
Phylogenetic trees were then constructed from the distance matrix data using the FITCH 
program. 
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Results 

Haemagglutination inhibition assays 

The first two influenza AH3N 2 viruses (E/1/93 and Sc/2/93) isolated in January 
and February of 1993, were antigenically similar to the vaccine strain for that 
season, Beij/89 (Table 1). The third strain isolated in March 1993 (A/England/40/ 
93) proved to be similar to a new variant, Beij/92. All subsequent influenza 
AH3N 2 isolates examined during the 1992-93 season were similar to Beij/92, 
except one virus, which was antigenically related to a variant isolated in Spain, 
Mad/252/93. 

The 515 influenza AH3N 2 viruses isolated in the U.K. during the 1993-94 
influenza season were analysed by HI assays (Table 1). 512 of the isolates were 
similar to Beij/92 and 3 isolates were similar to the variant isolated during the 
previous season, Mad/252/93. However, more detailed antigenic analysis of 15 
representative isolates, (13 Beij/92-1ike and 2 Mad/252/93-1ike, Table 2), revealed 
that these viruses could be distinguished into three different antigenic groupings 
(subgroups I-III, Table 3). Of the fifteen selected isolates, eleven could be 
grouped into subgroup I, represented by Sc/160/93 and HK/1/94 (Table 3). These 
viruses reacted well with the Beij/92 and HK/23/92 antisera, but ferret antisera 
raised to Sc/160/93 and HK/1/94 reacted poorly to Beij/92 and HK/23/92 viruses. 
Sc/160/93 and HK/1/94 viruses could be distinguished from each other by cross- 
reaction with antiserum to the first virus to be isolated from the Beij/92 lineage, 
HK/34/90. 

Four isolates formed a second subgroup-II, represented in Table 3 by Sc/142/ 
93. Subgroup II viruses were antigenically more closely related to HK/23/92 and 
Shdong/93, than to Beij/92, although their antisera showed a four-fold decrease 
in reactivity with both HK/23/92 and Shdong/93 viruses. 

A third subgroup consisting of two viruses (subgroup III), were antigenically 
very different from subgroups I and II. subgroup III isolates were most closely 

Table 1. Influenza isolates examined from the United Kingdom during the 1992-93 and 
1993-94 seasons 

Season Number of isolates a A (H3N2) Subtype b A (H3N2) Variants ° 

1992-93 408 86 2 Beij/89-1ike 
83 Beij/92-1ike 

1 Mad/252/93-1ike 
1993-94 526 515 O Beij/89-1ike 

512 Beij/92-1ike 
3 Mad/252/93-1ike 

aTotal number of influenza isolates examined from the United Kingdom during the 
period January-July 1993, and August 1993-July 1994 

bNumber of isolates identified as influenza A (H3N2) subtype 
°Number of A (H3N2) isolates characterised by HI, using antisera to the viruses Beij189 

and Beij/92, as similar to the variants Beij/89, Beij/92 and Mad/252/93 
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Table 2. Influenza A (H3N2) viruses sequenced in this study 

1893 

Virus Abbreviation Date a 

Reference strains A/Beijing]353/89 Beij/89 _b 
A/Hong Kong/34/90 HK/34/90 - 
A/Beijing/32/92 Beij/92 - 
A/Hong Kong/23/92 HK/23/92 28/7/92 
A/Madrid/G252/93 Mad/252/93 15/2/93 
A/Shangdong/9/93 Shdong/93 - 

1992-93 isolates A/England/l/93 E/1/93 8/1/93 
A/Scotland/2/93 Sc/2/93 29/1/93 
A/England/247/93 E/247/93 14/5/93 

1993-94 isolates A/Guangdong/25/93 Gdong/25/93 - 
A/England/284/93 E/284/93 17/9/93 
A/Scotland/142/93 Sc/142/93 23/9/93 
A/England/269193 E/269193 6/10/93 
AIEngland/286/93 E/286/93 25/10/93 
A/Scotland/160/93 Sc/160/93 26/10/93 
A/England/289/93 E/289/93 27/10/93 
A/England/328/93 E/328/93 31/10/93 
A/England/346/93 E/346/93 2/11/93 
A/England/347/93 E/347/93 3/t 1/93 
A/Scotland/173/93 Sc/173/93 5/11193 
A/Scotland/174/93 Sc/174/93 6/11/93 
A/England/471/93 E/471/93 23/1 t/93 
A/England/7/94 E/7/94 18/t2/93 
A/England/67/94 E/67/94 21/6/94 
A/Hong Kong/1/94 HK/l/94 23/6/94 
A/Hong Kong/2/94 HK/2/94 25/6/94 
A/England/68/94 E/68/94 4/7/94 

aDate throat swab collected 
bExact date not known 

related to a reference virus (Mad/252/93) isolated in Spain during the previous 
season. They showed some cross-reactivity with the 1992-93 vaccine strain, Beij/ 
89, but reacted poorly with antisera to viruses from the Beij/92-1ineage (Table 3). 

Lastly, the antigenic characteristics of a new variant, Gdong/25/93 which had 
been isolated in China at the end of 1993, were determined. Gdong/25193 showed 
significant antigenic drift f rom Beij192, HK/23192 and Shdong/93. 

Sequence and phytogenetic analysis 

Amino acid differences in the HA 1 domain of  the HA gene of  all the viruses in 
Table 2, are shown in comparison to the majority sequence in Fig. 1. All the viru- 
ses differed from Beij/89 at nucleotides 557 (T---~G) and 578 (A--~G), resulting in 
an amino acid change at position 186 (Ile to Set) and position 193 (Ash to Ser). 
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QKLPGNDHSTRTLCLGHHRUPNGTLUKTITFIDQIEUTNRTELUQSSSTGRICDSPHRILD Majority 

............................................................ BEIJ/S9 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HK/34f90 

............................................................ BEtJtg2 

............................................................ HK/23/g2 

.................................................... G ....... SHDOHGI93 

............................................................ MADI252193 

............................................................ E/11g3 

............................................................ SC12193 

............................................................ E 1247 Igs 

............................................................. SC1160193 

............................................................ SC/173193 

............................................................ SC1174193 

............................................................ E/269 Ig3 

............................................................ E/286/g3 

............................................................ E/328/93 

...... ~I ..................................................... E/34?tg3 

............................................................ HK/21g4 

.............................................. P ..... H ....... E/67194 

.............................................. P ............. E,/68594 

.............................................. P ............. HI(] 1194 

............................................................ SC1142193 

............................................................ E,/289/93 

............................................................ E1346193 

............................................................ E1471193 

............................................................ E/284193 

............................................................ E17194 

............................................................ GIDOHGI25193 

GKNCTLIDRLLGDPHCDGFQNKEWDLFUERSI<RYSNCYPYDUPDYRSLRSLURSSGTLEF Majority 

61 ............................................................ BIE I d/89 

61 ............................................................ HK£341go 

61 ............................................................ BI=- I J/g2 

61 ............................................................ HI< 123/92 

61 ............................................................ SHDOHG/cJ3 

61 ............................................................ MFID/2521cJ3 

61 ............................................................ EEl 1/93 

61 ............................................ H ............... S812/93 

61 ............................................................ E/247193 

61 ............................................................ S81160/g3 

61 ...................... K ..................................... SC/173 t93  
61 ............................................................ S81174193 

61 ............................................................ E/26g/93 

61 ............................................................ E/286193 

61 ............................................................ EI328/g3 

61 ............................................................ E / 3 4 ? / g 3  
61 ................................... S ........................ HK/2/g4 

61 ............................................................ E/67/g4 

61 ............................................................. E/68/cj4 

61 ............................................................ HK11/94 

61 .............. M ............................................. SC/142193 

6 1 .............. N ............................................. E/28g193 

61 .............. N ...................................... , ........ E/346193 

61 .............. 14 ............................................. E/471/93 
61 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E I 2 8 4 / 9 3  
61 ............................................................ E/7194 
61 ............................... E... S ........................ GOOHG/25/g3 

Fig. 1 (continued) 
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INEOFHWTGURQDGKSYRCKRGSUNSFFSRLHWLHKLEYKYPRLHUTMPHHOKFDKLYIW Majority 

121 . . . . . . . . . . . .  S , E  . . . . . . . . .  K . . . . . . . . . .  ES . . . . . . . . . . . . . . . . . . . . . . .  B E I J / S g  
121 . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . .  : . . . . . .  S . . . . . . . . . . . . . . . .  U . . . . . .  H K / 3 4 / g o  

121 . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . .  S . . . . . . . . . . . . .  . . . . . . . . . .  B E I J / g 2  
121 . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H K / 2 3 / g 2  

121 . . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S H D O N G / g 3  
121 . . . . . . . . . . . . . . . . . . . . . . . .  K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M A D / 2 5 2 / g 3  

121 . . . . . . . . . . . .  14.D . . . . . . . . .  K . . . . . . . . . .  ES . . . . . . . . . . . . . .  D . . . . . . . .  E f l / g 3  
121 . . . . . . . . . . . .  N , D  . . . . . . . . .  K . . . . . . . . . .  ES . . . . . . . . . . . . . .  D . . . . . . . . .  S C / 2 L g 3  

1 2 t  . . . . . . . . . . . . . . . . .  S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 4 7 / g 3  
121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S C / 1 6 0 / g 3  

121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S C l I V 3 / g 3  

121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S C I I ? 4 / g 3  

121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 6 g / g 3  

121 . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 8 6 / g 3  
121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 3 2 8 / g 3  

t 2 t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 3 4 ? t g 3  
121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H K / 2 / g 4  

121 , , , H  . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 6 7 / g 4  
121 , . . N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 6 8 / 9 4  
121 . . . N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H K / 1 / g 4  
121 T . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ C / 1 4 2 / g 3  

121 T . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E f 2 8 g / g 3  
121 T . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 3 4 6 / g 3  

121 T . . . . . . . . . . . . .  G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  E / 4 7 1 / g 3  
121 . . . . . . . . . . . . . . . . . . . . . . . .  K . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 8 4 f g 3  

121 ........................ K ................................. -.. E / v / g 4  
121 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G D O H O / 2 5 / g 3  

GUHHPSTDSDQTSLYURRSGRUTUSTKRSQQTUIPNIGSRPNURGLSSRISIYNTIUKPG Majority 

181 . . . . .  I .  , R E . . M  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B E I J / B g  

l e l  . . . . . . . .  R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  q . . . . . . . . . . . . . .  H K / 3 4 / g O  

181 . . . . . . . .  R . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . .  Q . . . . . . . . . . . . . .  B E I d / 9 2  

181 ................................. T ........... Q .............. HK/23/g2 
181 ................................. T ........... Q .............. SHDOI"IG/g3 

181 ........................... K ................. q .............. MRDI252193 

181 ........ RE ..... I ............................................ E/IIg3 

181 ........ RE ..... I ............................................ SC12193 

181 ............................................................ E / 2 4 7 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  S C / 1 6 0 / g 3  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  5 8 / 1 7 3 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  S C / 1 7 4 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  E / 2 6 9 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F ..................... E / 2 8 6 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  E / 3 2 8 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  E / 3 4 7 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . .  I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  HK f 2 / g 4  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D . . Y  . . . . . . . . . . . . . . . . . . . . .  E t 6 ? / g 4  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D . . Y  . . . . . . . . . . . . . . . . . . . . .  E / 6 8 / g 4  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D.  .Y  . . . . . . . . . . . . . . . . . . . . .  H K / 1 / g 4  

181 . . . . . . . . . . . . . . . . . . . .  K . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . .  S C / 1 4 2 / g 3  

181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 8 g / g 3  
181 . . . . . . . .  R . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 3 4 6 / g 3  
t 8 t  . . . . . . . . . . . . . . . . . . . .  K . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 4 2 1 / g 3  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . .  R . . . . . . . . . . . . . .  E / 2 8 4 / g 3  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F . . . . . . . . . . . . . . . . . . . . .  E / ? / g 4  
181 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  q . . . . . . . . . . . . . .  G D O H G / 2 5 / g 3  

Fig,  1 ( c o n t i n u e d )  
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DILL IRSTGRLI f lPRGYFKIRNGKSStMRSDRPIGNCSSECITPMGSIPRDKPFQRUMRI  Majority 

241  . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . .  B E I J / 8 g  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . .  H K / 3 4 / g o  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . . . . . . . . . . . . .  B E I J / g 2  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H K / 2 3 / g 2  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SHDONG/g3 
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  M R O / 2 5 2 / g 3  
2 4 1  . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . .  T . . . 6  . . . . . . . . . . . . . . . . . . . .  E / 1 / g 3  

2 4 1  . . . . . . . . . . . . . . . . . . . . .  T . . . . . . . . . . . . .  T , . . G  . . . . . . . . . . . . . . . . . . . .  5 C / 2 / g 3  
2 4 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 4 7 / g 3  

2 4 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 C / 1 6 0 / g 3  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S C / 1 7 3 / g 3  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S C / 1 7 4 / g 3  
2 4 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 2 6 g / g 3  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L . . .  E / 2 8 6 / g 3  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / : 3 2 8 / g 3  
241  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / 3 4 7 / g 3  

2 4 1  ..................... T ...................................... H K / 2 / g 4  
241 ................................ S ........................... E167194 

241 ................... L ........................................ EI68/g4 

241 ............................................................ HKIIIg4 

241 ................................... T ........................ $C/142/g3 

241 ................................... T ........................ E/28glg3 
241 ................................... T ........................ E1346/g3 

241 ................................... T ........................ E/471/g3 

241 ............................................................ E/284/g3 

241 . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E / T / g 4  
2 4  t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K.  6 0 0 1 1 6 / 2 5 / 9 3  

TYGACPRYUKQNTLKLRTGMRNUPEKQTRGIFGAIAGFIENGNEGMU Maj or i ty 

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 t  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

301  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

301  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
301 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  ............................................... 

301  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

301 ............................................... 

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 0 1  . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 0 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BE I d /8g 
H K / 3 4 / g o  
BE I d / g 2  
HK I 2 3 / g 2  

SHDONG/g3 
M A D f 2 5 2 I g 3  
E / 1 / g 3  

S C / 2 / g 3  
E / 2 4 7 / g 3  
S C / 1 6 0 / 9 3  
SC / 1 7 3 / g 3  
SC / 1 7 4 / g 3  
1= ' / 269 /93  
E / 2 8 6 / g 3  
E / 3 2 8 / g 3  
E / 3 4 7 / g 3  
HK/2/g4 
E'/67/g4 
E / 6 8 / g 4  
H K / 1 / g 4  
, S C / 1 4 2 / 9 3  
E / 2 8 g / g 3  
E / 3 4 6 / g 3  
E / 4 7  t / g 3  
E / 2 8 4 / g 3  
E / 7 / g 4  
[ I D I O M 6 / 2 5 / g 3  

Fig. 1. Compar ison  of amino acid changes in the H A  1 region of the  H A  gene of the  influenza 
A (H3N2) viruses in Table 1. Sequences were aligned using the chs ta l  method (Megalign, 

version 1.03: [21]). Only differences f rom the majori ty sequence are shown 
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The possession ofisoleucine at position 186 or lysine at 193 has previously been 
shown to result from adaptation of the virus to growth in eggs [13, 15]. The 
isoleucine at amino acid 186 in the egg-derived Beij/89 virus may therefore be the 
result of host-mediated selection and so was omitted from the phylogenetic 
analysis since it has been demonstrated that the relationships between HA 
sequences are not affected by ignoring host-mediated changes [6]. Nucleotide and 
amino acid phylogenies were compared using software programs based on 
different algorithms. The topology of the tree was the same when either maxi- 
mum likelihood (Phylip, version 3.5: [8, 14], maximum parsimony (PAUP 
version 3.1) or neighbor-joining algorithms (Megalign, version 1.03: [21] were 
used to construct the tree. Only the tree based on amino acid differences using 
Phylip is shown (Fig. 2). 

Two viruses isolated in the U.K. early in the 1992-93 influenza season, E/1/93 
and Sc/2/93, had sequences closely related to the 1992-93 vaccine strain Beij/89 
(Fig. 1). They appear as a branch on the Beij189-1ineage of the tree (Fig. 2). 
Viruses isolated later in the season, including the virus E/247/93 analysed in this 

~ 2 8  E/346/93 SC/142•93 
E/471/93 

9/93 

. . [ - -  GDONG/25/93 

HK/2/94 

K/1/94 

E/68/94 

E/67/94 

__ ~ E/7/94 

E/284/93 

SCf160/93 

- -  SC/173/93 

E/328/93 

SC/174/93 

- -  E/286/93 

- -  E/347/93 

F--/269/93 

- -  E/247/93 

- -  MAD/252/93 

~ H K / 2  SHDONG/93I 
3/92 

~34/90 
~ IE/1t93 

SC/2/93 

II 

Ib 

}III 

Ia  

m ~  

Fig. 2. Phylogenetic tree of the HA1 domains of the HA gene of the influenza A (H3N2) 
viruses in Table 1, based on amino acid differences. The tree is unrooted and was constructed 
using the Phylip suite of programs [8]. Branch lengths (horizontal lines) are proportional to 
the number of amino acid changes. Vaccine strains are boxed and brackets indicate the 

subgroups described in the text 
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study, had greater sequence similarity to the Beij/92 group of viruses than to Beij/ 
89 (Fig. 1). E/247/93 was more closely related to HK/23/92 than to Beij/92, 
having 7 amino acid changes compared to Beij/92 and only four in comparison to 
HK/23/92. 

Phylogenetic analysis of selected viruses isolated from October 1993-July 
1994, which were distinguished by HI assays into three antigenic subgroups 
(I-III), revealed that the HA sequences of these viruses clustered into four 
subgroups (Ia, Ib, II & III), on the Beij/92-1ineage of the tree (Fig. 2). The largest 
antigenic subgroup (subgroup I) could be further distinguished into subgroups Ia 
and Ib, by sequence analysis. Viruses from all four subgroups were more closely 
related to HK/23/92 than Beij/92. They all showed an amino acid change from 
Beij/92 and HK/23/92 at position 226 (Gln to Leu, or in E/284/93, Gin to Arg). 
Amino acid changes from Beij/92 and HK/23/92 at positions 135 and 2t4 were 
common to viruses in subgroups Ia, Ib and III. Changes shared within a 
subgroup were found at position 219 in subgroup Ia, residues 47, 124, 216 and 
219 in subgroup Ib and at position 145 in subgroup III. Two isolates, HK/2/94 
and Gdong/25/93, shared the mainstream substitutions at positions 135 and 214 
with subgroups Ia, Ib and III, but they retained serine at position 219. These two 
viruses therefore formed a separate branch on the tree (Fig. 2). None of the 
amino acid changes shared by viruses in subgroup II (positions 75, 121 and 276) 
were found in the other subgroups. The 1994-95 vaccine strain, Shdong/93, 
clustered on the same branch as HK/23/92, having only one amino acid change 
from HK/23/92 at residue 53. 

The phylogenetic tree constructed on the basis of nucleotide differences 
showed the same relationships between viruses except for the virus E/269/93 
(data not shown). On comparison of nucleotide differences, this virus appeared 
to cluster not in subgroup Ia, but in subgroup III. 

Discussion 

A phylogenetic tree based on nucleotide changes in the HA of influenza A (H3N2) 
viruses, isolated between 1968-92, has previously been described [7]. Influenza 
A(H3N2) viruses diverged into two lineages between 1989-90. Viruses from both 
lineages co-circulated during the period 1990-92. The sequence analysis in this 
study of influenza A (H3N2) viruses isolated between 1992-94, has provided 
information on the recent pathway of evolution of the HA. 

The majority of viruses isolated during the 1993-94 influenza season were 
shown to be genetically and antigenically derived from the Beij/92-1ineage. 
However, although the HA genes of subgroup III viruses clustered on the Beij/92- 
lineage on the phylogenetic tree (Fig. 2), subgroup III viruses reacted poorly with 
antisera to the Beij/92-group of viruses. They showed some cross-reactivity with 
the Beij/89 antiserum and examination of the amino acid sequences revealed that 
the antigenicity of subgroup III isolates could be explained by the presence of 
lysine at position 145 both in these viruses and in Beij/89: this position (Fig. 3) is 
located on the antigenic site A of the HA molecule [25, 27]. All of the other 
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R 

/ 

( 

-IA2 
'4 

Fig. 3. Drawing of the HA monomer 
(based on the Hong Kong 1968 virus HA). 

D H • indicate the location of amino acid 
changes in viruses in the subgroups Ia, Ib, 
II &III described in the text. A-E are anti- 

N genic sites described by Wiley et al. [2, 26] 

viruses on the Beij/92-1ineage had asparagine substituted at position 145. The 
molecular analysis therefore confirmed that viruses from the Beij/89-1ineage were 
not detected by HI after February 1993. This finding highlights the ability of 
sequence analysis to define along which lineage evolution is proceeding. 
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Significance of the observed amino acids changes 

None of the amino acid differences observed in the four subgroups would affect 
the structure of the haemagglutinin--by disruption of disulphide bonds (at 
residues 14, 52, 64, 76, 97, 139,277, 281 and 305) [26, 28], or of the glycosylation 
sites at residues 8, 22, 38, 63, 126, 165, 246 and 285 (Fig. 1). However, the 
glycosylation site at position 276 is lost in the subgroup II viruses. There 
appeared to be a broad correlation between the observed amino acid differences 
and the previously described antigenic sites of the haemagglutinin, shown in 
Fig. 3 [2, 25, 28]. 

Egg-mediated variation 

Studies on clinical samples and laboratory isolates have identified substitutions 
in the HA of egg-selected A (H3N2) variants at several residues including 
145 (Asn-Lys), 156 (Glu-Lys), 186 (Ser-Ile), 193 (Asn-Lys) and 226 (Leu-Gln) 
[10-12, 15, 20]. Specific egg-selected amino acid changes may also be selected due 
to immune pressure [19]. Substitutions at residues 145, 156, 193 and 226, which 
were seen in some of the viruses in this study, appeared to be associated with 
antigenic drift in these viruses, since these substitutions were present in both egg 
and MDCK- or RMK-cell derived viruses. Substitution of isoleucine at position 
186 was only present in the egg-derived Beij/89 virus. This correlates with a 
previous report that this amino acid change is exclusively a result of egg adap- 
tation [15]. 

Vaccines 

Following antigenic characterization of the majority of viruses isolated in the 
U.K. during 1993-94 which suggested they were more closely related to HK/23/ 
92 than to Beij/92, the influenza A (H3N2) vaccine strain was updated from Beij/ 
92 to a HK/23/92-1ike virus - i.e. Shdong/93 - for the 1994-95 vaccine. Viruses in 
subgroup Ib were isolated after the selection of Shdong/93 as the vaccine strain. 
These viruses had at least 7 amino acid differences from Shdong/93. Subgroup Ib 
isolates had differences in sites A (Gln to Lys at 135; Asp to Asn at 124), site C 
(Ser to Pro at 47) and site D (Thr to Ile at 214; Asn to Gln at 216; Ser to Tyr at 
219; Glu to Leu at 226). The Ser to Pro substitution (residue 47), is involved in a 
13-sheet [28], but it is unclear whether it is likely to have a significant effect on this 
structure. Two of the viruses in subgroup Ib, E/67/94 and E/68/94, were isolated 
in the U.K. during June and July of 1994. Subgroup Ib-like variants have 
survived since closely-related viruses have subsequently been isolated in the U.K. 
during the 1994-95 season. Although the occurrence of "herald" strains has 
previously been described for influenza A (HIN1) viruses [16, 17], subgroup Ib 
viruses did not become epidemiologically important during the 1994-95 season. 

The Gdong/25/93 virus had the common difference at site A (Gly to Lys at 
135) and one difference at site D (Thr to Ile at 214), but also two differences close 
to site E (Lys to Gln at 92; Asn to Ser at 96). It is not obvious how these changes 
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might effect the properties of this virus, but the changes at positions 96, 135 and 
226 may affect the receptor pocket interaction [26]. Also, if residues 92 and 96 are 
considered part of site E, this virus fulfills the criteria of Wilson and Cox [28], that 
new drifts of antigenic importance generally have four or more amino acid 
substitutions located in two or more of the antigenic sites. The influenza A 
(H3N2) strain chosen for the t995-96 vaccine is a virus antigenically similar to 
Gdong/93, A/Johannesburg/33/94 [31]. More detailed predictions of the effects of 
the amino acid differences described herein will require computer based 
minimization and molecular modelling, using packages such as INSI~nT and 
QUANTA. This will be investigated in future studies. Further investigations, such 
as recent studies by Bullough et al. [3], will provide insights into the effects ofcon- 
formational changes on the structure and function of the HA. 

It is therefore apparent that influenza A (H3N2) viruses have continued to 
show antigenic drift in the HA gene. The emergence of new variants, such as 
Gdong/25/93, underlines the importance of influenza virus surveillance. The 
continuing analysis of circulating viruses is therefore still required to aid the 
selection of the most suitable vaccine strain. Cycle sequencing of PCR products 
provides a rapid method of sequence analysis, without the need for culture of 
virus in the laboratory. Furthermore, phylogenetic analysis is able to define the 
exact relationships between influenza variants and provides information on the 
route of evolution. Although not all variants are epidemiologically important, 
the collation of data fx'om temporally and geographically distinct influenza 
viruses may eventually allow the prediction of patterns of HA evolution, and 
hence improve vaccine strain selection. 

Acknowledgements 

We wish to thank Ms. Carol Sadler and Ms. Gail Larnach for their excellent technical 
assistance. Also, Ms. Cath Arnold and Ms. Katrina Barlow for their help with some of the 
sequencing and Mr. J. White for the drawing of the HA monomer, based on that by Hidde 
Ploegh. We are particularly grateful to Dr. Morag C. Timbury, Dr. David W. G. Brown and 
Dr. Maria Zambon for their advice, discussions and support for this work. 

References 

1. Boom R, Sol CJA, Salimans MMM, Jansen CL, Werhteim-van Dillen PME, van Der 
Noordaa J (1990) Rapid and simple method for purification of nucleic acids. J Clin 
Microbiol 28:495-503 

2. Both GW, Sleigh M J, Cox NJ, Kendal AP (1983) Antigenic drift in influenza virus H3 
hemagglutinin from 1968 to 1980: multiple evolutionary pathways and sequential 
amino acid changes at key antigenic sites. J Viro148:52-60 

3. BuUough PA, Hughson FM, Skehel JJ, Wiley DC (1994) Structure of influenza 
haemagglutinin at the pH of membrane fusion. Nature 371:3%43 

4. Chakraverty P (1971) Antigenic relationship between influenza B viruses. Bull World 
Health Organ 45:755-766 

5. Chakraverty P (1994) Surveillance of influenza in the United Kingdom. Eur J Epi- 
demio110: 493-495 



Variation in recent influenza A (H3N2) viruses 1903 

6. Cox NJ, Black RA, Kendal AP (1989) Pathways of evolution of influenza A (HtN1) 
viruses from 1977 to 1986 as determined by oligonucleotide mapping and sequencing 
studies. J Gen Virol 70:299-313 

7. Cox NJ, Xu X, Bender C, Kendal A, Regnery H, Hemphill M, Rota P (1993) Evolution 
of hemagglutinin in epidemic variants and selection of vaccine viruses. In: Hannoun C, 
Kendal AP, Klenk HD, Ruben FL (eds) Options for the control of influenza II. 
Excerpta Medica, Amsterdam, pp 223-230 

8. Felsenstein J (1993) Phylip Inference Version 3.5, Seattle. Department of Genetics, 
University of Washington 

9. Higgins DG, Bleasby AJ, Fuchs R (1991) Clustal V improved software for multiple 
sequence alignment. Comput Appl Biosci 8:189-191 

10. Katz JM, Naeve CW, Webster RG (1987) Host cell-mediated variation in H3N 2 
influenza viruses. Virology 156:386-395 

11. Katz JM, Webster RG (1988) Antigenic and structural characterization of multiple 
subpopulations of H3N 2 influenza virus from an individual. Virology 165:446-456 

12. Katz JM, Wang M, Webster RG (1990) Direct sequencing of the HA gene of influenza 
(H3N2) virus in original clinical samples reveals sequence identity with mammalian cell- 
grown virus. J Virol 64:1808-1811 

13. Katz JM, Webster RG (1992) Amino acid sequece identity between the HA 1 of influen- 
za A (H3N2) viruses grown in mammalian and primary chick kidney cells. J Gen Virol 
73:1159-1165 

14. Kimura M (1980) A simple model for estimating evolutionary rates of base substi- 
tutions through comparative studies of nucleotide sequences. J Mol Evol 16:111-120 

15. Meyer WJ, Wood JM, Major D, Robertson JS, Webster RG, Katz JM (1993) 
Influence of host cell-mediated variation on the international surveillance of influenza 
A (H3N2) viruses. Virology t96:130-137 

16. Nakajima S, Nakamura K, Nishikawa F, Nakajima K (1991) Genetic relationship 
between the HA genes of type A influenza viruses isolated in off-seasons and later 
epidemic seasons. Epidemiol Infect 106:383-395 

17. Phyhala R, Ikonen N, Forsten T, Alanko S, Kinnunen L (1995) Evolution of the HAI 
domain of human influenza A (H 1N1) virus: loss of glycosylation sites and occurrence 
of herald and conserved strains. J Gen Virol 76:205-210 

18. Robertson JS, Bootman JS, Newman R, Oxford JS, Daniels RS, Webster RG, Schild 
GC (1987) Structural changes in the haemagglutinin which accompany egg adaptation 
of an influenza A (H 1N 1) virus. Virol 160:31-37 

19. Rocha EP, Xu X, Hall HE, Allen JR, Regnery HL, Cox NJ (1993) Comparison of 10 
influenza A (H1N1 and H3N2) haemagglutinin sequences obtained directly from 
clinical specimens to those of MDCK cell- and egg-grown viruses. J Gen Virot 74: 
2513-2518 

20. Rogers GN, Paulson JC, Daniels RS, Skehel JJ, Wilson IA, Wiley DC (1983) Single 
amino acid substitutions in influenza hemagglutinin change receptor-binding speci- 
ficity. Nature 304:76-78 

21. Saitou N, Nei M (1987) The neighbor-joining method: A new method for reconstruct- 
ing phylogenetic trees. Mol Biol Evol 4:406-425 

22. Schild GC, Oxford JS, De Jong JC, Webster RG (1983) Evidence for host cell selection 
of influenza virus antigenic variants. Nature 303:706-709 

23. Skehel JJ, Daniels RS, Douglas AR, Wiley DC (1983) Antigenic and amino acid vari- 
ations in the haemagglutinins of type A influenza viruses recently isolated from human 
subjects. Bull World Health Organ 61:671-676 

24. Weis W, Brown JH, Cusack Paulson JC, Skehel J J, Wiley DC (1988) Structure of the 
influenza haemagglutinin complexed with its receptor, sialic acid. Nature 333:426-435 



1904 J.S. Ellis et al.: Variation in recent influenza A (H3N2) viruses 

25. Wiley DC, Wilson IA, Skehel JJ (1981) Structural identification of the antibody-bind- 
ing sites of Hong Kong influenza haemagglutinin and their involvement in antigenic 
variation. Nature 289:373-378 

26. Wiley DC, Skehel JJ (1987) The structure and function of the haemagglutinin mem- 
brane glycoprotein of influenza virus. Annu Rev Biochem 56:365~-394 

27. Wilson IA, Skehel J J, Wiley DC (1981) Structure of the haemagglutinin membrane 
glycoprotein of influenza virus at 3A resolution. Nature 289:366-373 

28. Wilson IA, Cox NJ (1990) Structural basis of immune recognition of influenza virus 
haemagglutinin. Annu Rev Immunol 8:737-771 

29. World Health Organization (1993) Recommended composition of influenza virus vac- 
cines for use in the 1993-1994 season. WHO Wkly Epidemoil Rec 68:57-59 

30. World Health Organization (1994) Recommended composition of influenza virus vac- 
cines for use in the 1994-1995 season. WHO Wkly Epidemiol Rec 69:53-56 

31. World Health Organization (1995) Recommended composition of influenza virus vac- 
cines for use in the 1995-1996 season. WHO Wkly Epidemiol Rec 70:53-56 

32. Zhang W, Evans D H (1991) Detection and identification of human influenza viruses by 
the polymerase chain reaction. J Virol Methods 33:165-189 

Authors' address: Dr. J. S. Ellis, Enteric and Respiratory Virus Laboratory, Virus 
Reference Division, Central Public Health Laboratory, Colindale, London NW9 5HT, U.K. 

Received March 21, 1995 


