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Forty-nine influenza B virus isolates collected in Belgium, Finland, Spain, and Israel during the 2001-2002
winter season were categorized into either of two lineages, B/Yamagata/16/88 or B/Victoria/2/87, based on the
phylogenetic studies of HA1 sequences. The data trace the geographic spread of B/Victoria/2/87-like viruses and
support the emergence of B/Hong Kong/1351/02-like viruses, possibly due to selective advantages of
reassortment.

Influenza epidemics are caused by rapid evolution of the
viral genome and continue to play a significant role in the
annual frequency of mortality and morbidity as a result of
respiratory tract infection. Both influenza A virus and influ-
enza B virus undergo antigenic drift, and influenza A virus is
capable of antigenic shift resulting from genetic reassortment
between different subtypes (2). On the other hand, reassort-
ment of influenza B viruses has been observed between cocir-
culating influenza B virus strains of different lineages (5, 6, 12,
17). Monitoring antigenic and genetic variations of circulating
influenza viruses is critical for the selection of annual vaccine
strains. Recent isolates of influenza B viruses, for example, fall
into two major phylogenetic lineages: the B/Victoria/2/87 lin-
eage or the B/Yamagata/16/88 lineage (12). The former group
of viruses was found primarily in East Asia during the last
decade. In contrast, the B/Yamagata/16/88-like viruses have
been found worldwide during the same period (11). Increased
incidence of B/Victoria/2/87 viruses in the regions beyond Asia
in the 2001-2002 season resulted in the World Health Organi-
zation recommendation of B/Hong Kong/330/01 (a member of
the B/Victoria/2/87 lineage) for the vaccine strain for both the
Northern and Southern Hemispheres in the 2002-2003 season
(14, 15).

The hemagglutinin (HA) of an influenza virus surface anti-
gen is synthesized as a single polypeptide, which is subse-
quently cleaved into two chains, HA1 and HA2. The antigenic
variation of the HA protein of influenza viruses occurs pre-
dominantly in the HA1 domain (13). In this report, we deter-
mined the nucleotide sequence of the HA1 gene segment of 49
influenza B viruses circulating in Europe and Israel during the
2001-2002 winter season. The isolates were derived from re-
spiratory specimens in the placebo group, collected during an
experimental influenza vaccine efficacy trial conducted concur-
rently in three European countries, Spain, Belgium, and Fin-
land, as well as in Israel. Briefly, viral RNA was extracted from
influenza viruses propagated once in MDCK cells with the aid
of a 6700 automatic nucleic acid workstation (Applied Biosys-

tems Inc., Foster City, Calif.). The type and quantities of the
viruses were determined for all the specimens using a real-time
PCR method (data not shown). Coinfection of influenza A and
B was found only in a very few cases (S.-M. Cheng, unpub-
lished data), and the dominant type was chosen to be charac-
terized further. HA1 fragments were amplified by reverse tran-
scription (RT)-PCR using the Titan One tube RT-PCR system
(Roche Diagnostics Corp., Indianapolis, Ind.) with oligonucle-
otides conserved in several influenza B virus strains: 5�-ATAA
CATCGTCAAACTCACC-3� and 5�-GCACCATGTAATCA
ACAACA-3�. DNA sequencing was performed using a 3100
genetic analyzer and BigDye Terminator Mix v3.0 (Applied
Biosystems Inc.) with both PCR primers and two additional
primers, 5�-GTTCTGTCGTGCATTATAGG-3� and 5�-GCA
ACAATGGCTTGGGCTGT-3�. This fragment (from nucleo-
tide 98 to 836) corresponds to the coding region of amino acids
7 to 253 of the HA1 protein. We also selectively amplified and
sequenced HA1 fragments directly from five nasal swab spec-
imens, and the result shows a 100% match of the nucleotide
sequence with that from cultures (data not shown).

Alignment of multiple sequences was performed by the
ClustalV method, which groups sequences into clusters by ex-
amining sequence distances between all pairs (4). The phylo-
genetic tree was then constructed by a neighbor-joining
method using MegAlign5.03 software (DNASTAR, Inc., Mad-
ison, Wis.). The result indicated that there were two genetically
distinct lineages of influenza B viruses among the specimens
(Fig. 1). The majority of the B viruses (63%) belonged to the
B/Yamagata/16/88 lineage (represented by our reference
strain, B/Victoria/504/00, to which the nucleotide sequence
identity of the specimens ranged from 94.9 to 99.7%). The
remaining viruses (37%) belonged to the B/Victoria/2/87 lin-
eage (represented by our two reference strains B/Hong Kong/
330/01 and B/Hong Kong/1351/02, to which the sequence iden-
tity of the specimens ranged from 98.9 to 99.7%).

The appearance of B/Victoria/2/87 lineage in these Euro-
pean countries and Israel documented the spread of this lin-
eage beyond Asia during the 2001-2002 influenza season. This
was also observed in Northern Italy (1) and several other
countries in Europe (10) as well as in North America (12). It is
noteworthy that Israel, the country with the earliest and great-
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est incidence of B/Hong Kong-like viruses, is located closest to
East Asia. On the other hand, the countries with lower inci-
dences (Spain and Belgium) or even an absence (Finland) of
B/Hong Kong-like viruses are progressively farther away from

East Asia, suggesting the geographic trail of viral spreading.
These data suggest that Israel may have been one possible
route accounting for the spread of the B/Hong Kong viruses
through Europe. Among the B/Victoria/2/87-like group of
specimens (n � 18), B/Hong Kong/1351/02-like viruses (n �
14) were found to be at least three times more prevalent than
B/Hong Kong/330/01-like viruses (n � 4). We also observed
that as the flu season progressed, B/Hong Kong/1351/02-like
viruses became more dominant (data not shown). Although
the number of specimens in this study is relatively small, we
have data from other regions of the world that suggested a
similar trend (X. S. Chi, unpublished data).

We also selectively analyzed neuraminidase gene segments
from seven clinical specimens, amplified by RT-PCR with oli-
gonucleotides 5�-GCTACCTTCAACTATACAAACG-3� and
5�-AACGAGGGTATGTCCACTCC-3� and found that
B/Hong Kong/1351/02 is a reassortant of two influenza B lin-
eages, B/Victoria/2/87 and B/Yamagata/16/88 (Table 1). The
HA gene of B/Hong Kong/1351/02 derives from the B/Victoria/
2/87 lineage, similar to its predecessor, B/Hong Kong/330/01,
whereas the neuraminidase gene derives from the B/Yama-
gata/16/88 lineage, similar to its predecessor, B/Victoria/504/
00. These results are in agreement with those reported by Shaw
et al. (12). The reassortment between two lineages of influenza
B viruses has been reported previously (6, 16), and it is thought
that such influenza reassortants have selective advantages in
viral growth, replication, or stability. The pattern of spreading
of B/Hong Kong/1351/02-like viruses in our study and others
(10) suggests that this reassortant may become more dominant
worldwide in the 2002-2003 season.

In recent years, molecular methods have been developed
and successfully applied in the diagnosis and surveillance of
influenza viruses (3). Here, we employed a high-throughput
molecular method combining RT-PCR and DNA sequencing,
which provides an alternative to the classical hemagglutinin
inhibition assay with specific antisera for determining the phy-
logenetic relationship of influenza virus isolates. Furthermore,
our results reveal detailed genetic information of viral surface
protein. We found, for example, some variations in the de-
duced amino acid sequence of the HA1 protein in our speci-
mens compared to that of reference strains obtained from the
Influenza Sequence Database of the Los Alamos National
Laboratory. Table 2 shows a summary of all the amino acid
variations and the estimated frequencies of the dominant
changes in the HA1 sequence of our clinical specimens.
Among the B/Victoria/504/00-like group of specimens, there
are 28 variations in the HA1 sequence compared with that of

FIG. 1. Phylogenetic tree based on the nucleotide sequences of HA
fragments (nucleotides 98 to 836) of influenza B viruses. Reference
strains are indicated by bold letters, and the rest represent all 49
clinical isolates studied. Abbreviations: Victoria 00, B/Victoria/504/00;
Yamagata 88, B/Yamagata/16/88; HK1351, B/Hong Kong 1351/02;
HK330, B/Hong Kong/330/01; Victoria 87, B/Victoria/2/87.

TABLE 1. Analysis of HA and NA genes of influenza B viruses from clinical specimens

Group Subject IDa Country Collection dateb HA type NA type

1 WV56 Spain 1/14/02 B/Victoria/504/00-like B/Yamagata/16/88-like
1 WV183 Israel 4/16/02 B/Victoria/504/00-like B/Yamagata/16/88-like
2 WV122 Belgium 3/25/02 B/Hong Kong/330/01-like B/Victoria/2/87-like
2 WV135 Israel 3/18/02 B/Hong Kong/330/01-like B/Victoria/2/87-like
2 WV124 Israel 3/24/02 B/Hong Kong/330/01-like B/Victoria/2/87-like
3 WV145 Israel 2/18/02 B/Hong Kong/1351/02-like B/Yamagata/16/88-like
3 WV36 Spain 5/14/02 B/Hong Kong/1351/02-like B/Yamagata/16/88-like

a Identification for clinical specimen.
b Month/day/year.
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the reference strain, with 6 of them being dominant (�35%).
One particular specimen, WV5, has the most variations com-
pared to the reference strain. A BLAST search in the database
revealed that WV5 has a close relationship with a subgroup of
the Yamagata/16/88 lineage, which includes recent circulating
strains, such as B/New York/47/01, B/Hong Kong/557/00, and
B/Argentina/69/01. It is apparent that there are more varia-
tions in the HA1 sequence of the B/Victoria/504/00-like group
than in the two B/Hong Kong-like groups, indicating more
extensive antigenic drift in the former group of viruses. This
observation is in agreement with the hypothesis that new an-
tigenic variants are generated in order to escape existing hu-
man immunity (5, 8). A notable variation among the sequences
of the B/Yamagata lineage (group 1) is Asp126, which was
found in 58% of the isolates studied. The amino acid residue
Asn at position 126 had been conserved in B/Yamagata strains
for 10 years (5), and a previous study by Nakagawa et al.
suggested that a point mutation at position 126 resulted in
altered viral antigenicity (9). The variations at position 58, 126,
and 175 were also reported recently by Ansaldi et al. (1).
However, the variation at position 88 was not found in their
specimens. In the group of B/Victoria lineage, nearly all se-
quences from clinical specimens contain the amino acid Asn at
position 197. Interestingly, as a result of this substitution, the
stretch of three amino acid residues changes from XXT to
NXT (where X is any amino acid), and the latter becomes a
possible N-glycosylation site. Such an amino acid substitution
at position 197 has also been observed before and was sug-
gested to play an important role in the determination of anti-
genicity (5, 7). In addition, a predominant change at position
159 in the B/Hong Kong/1351/02 group was also detected,
which has not been reported previously. Three signature amino
acids, Arg116, Asn121, and Glu164 of B/Hong Kong/330/01
(12), are all conserved in our specimens.

Nucleotide sequence accession numbers. Nucleotide se-
quences of the HA gene can be found in GenBank with the
following accession numbers: B/Victoria/2/87, M22943;
B/Yamagata/16/88, M36105; B/Victoria/504/00, ISDN20057;
B/Hong Kong/330/01, AF532549; B/Hong Kong/1351/02,
AF532545; B/Hong Kong/557/00, AF532553; B/Argentina/69/
01, AF532525; B/New York/47/01, AY139048. Clinical isolates:
WV106, AY375988; WV107, AY375989; WV109, AY375990;
WV114, AY375991; WV122, AY375992; WV124, AY375993;
WV126, AY375994; WV133, AY375995; WV135, AY375996;
WV137, AY375997; WV142, AY375998; WV143, AY375999;
WV145, AY376000; WV146, AY376001; WV150, AY376002;
WV153, AY376003; WV158, AY376004; WV161, AY376005;
WV166, AY376006; WV169, AY376007; WV170, AY376008;
WV174, AY376009; WV183, AY376010; WV187, AY376011;
WV194, AY376012; WV22, AY376013; WV26, AY376014;
WV27, AY376015; WV29, AY376016; WV33, AY376017;

WV34, AY376018; WV36, AY376019; WV4, AY376020;
WV41, AY376021; WV42, AY376022; WV43, AY376023;
WV45, AY376024; WV5, AY376025; WV50, AY376026;
WV51, AY376027; WV56, AY376028; WV57, AY376029;
WV65, AY376030; WV66, AY376031; WV67, AY376032;
WV69, AY376033; WV70, AY376034; WV73, AY376035;
WV78, AY376036.

We thank Giuseppe Palladino for providing wild-type influenza ref-
erence strains and Fenglan Li for technical assistance.
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