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Influenza B Virus Victoria Group with a New Glycosylation Site Was
Epidemic in Japan in the 2002-2003 Season
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In the 2002-2003 season, influenza B virus Victoria strains were epidemic after a 6-year absence in Kobe City,
Japan. They reacted poorly to the immune ferret sera prepared for use against the previous strain. An amino
acid substitution in the HA1 region caused them to acquire an N-linked glycosylation site.

There are influenza epidemics every winter in Japan as well
as in European and North American countries. Over the past
20 years, influenza B virus has caused epidemics among hu-
mans, as have the H1 and H3 subtypes of influenza A virus. In
contrast to the antigenicities of influenza A virus, those of
influenza B virus are relatively stable (4, 5). Recent isolates of
influenza B virus strains are divided into two large lineages in
a phylogenic tree: one group is represented by B/Victoria/2/87,
and the other is represented by B/Yamagata/16/88 (3). B/Vic-
toria strains were predominant in the 1980s, while B/Yamagata
strains became predominant in the early 1990s (3, 4, 5, 12, 15,
18). However, B/Victoria strains reemerged in South China in
1994, and in Japan they were epidemic in the 1996–1997 season
for the first time after the reemergence. After the 1997-1998
season, B/Yamagata strains were predominant in Kobe City (9,
11) until B/Victoria strains caused epidemics in the 2002-2003
season. The 2002-2003 isolates reacted poorly to the standard
immune ferret sera in a hemagglutination inhibition (HI) test.
It has been shown that amino acid substitutions in the HA1
molecule of B/Yamagata isolates affected viral antigenicities
(12). Therefore, we studied how the antigenicities and amino
acid sequences of the 2002-2003 isolates varied from those of
the 1996-1997 isolates.

Monoclonal antibodies (MAbs) 8E6 and 9E10 were ob-
tained from mice immunized with a B/Victoria strain, B/Na-
gasaki/1/87 (6–8), while MAb 5H4 was obtained from mice
immunized with a B/Yamagata strain, B/Mie/1/93 (9). Ascitic
fluids of mice injected with hybridoma cells were used as
sources of MAbs. Every year, standard ferret sera are provided
by the National Institute of Health, Tokyo, Japan; the sera
were against B/Shangdong/7/97 for B/Victoria in the 2002-2003
season. The results of HI tests are expressed as the reciprocals
of antibody dilutions (13). Direct sequencing of viral nucleo-
tides was performed as described previously (7–9). Briefly,
reverse transcriptase PCR products were sequenced with a
DYEnamic ET terminator cycle sequencing kit (Amersham
Pharmacia, Piscataway, N.J.) and were analyzed with an ABI
Prism 310 automatic sequencer (Perkin Elmer, Foster City,

Calif.). Immunoprecipitation assays were performed with a
cellular labeling and immunoprecipitation kit (Roche Diagnos-
tics, Mannheim, Germany). MDCK cells were infected with
virus strains and incubated for about 20 h. Total cell proteins
were biotin labeled, solubilized, and mixed with MAbs. Immu-
nocomplexes were precipitated with protein G-agarose. Pre-
cipitated antigens were eluted from the agarose and analyzed
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(10% gel). Proteins in gels were blotted onto polyvinylidene
difluoride membranes and incubated with streptavidin-perox-
idase and then with Lumi-Light Western blotting substrate.

It was previously reported that MAb 8E6 inhibited the hem-
agglutination of B/Victoria strains isolated before their re-
emergence in 1994 but not that of B/Guandong/1/94 strains (6,
7). The 1996–1997 isolates were divided into three groups
according to the MAb 8E6 titers in HI tests. The genetic
analysis of the isolates revealed differences only between po-
sitions 589 and 596 in the HA1 molecule, which correspond to
amino acid residues 197 and 199 (7). In HI tests, the hemag-
glutination of the isolates with amino acid residues N, E, and
A (NEA isolates) was inhibited with 8E6 at titers higher than
10,000, while that of KET isolates was inhibited at titers as low
as 100. NEN and NET isolates did not react to 8E6 at all (7)
(Table 1). However, when the reactivities of NEN and NET
isolates to immune ferret sera against vaccine strain B/Shang-
dong/7/97 were examined, only NET isolates were poor reac-
tors (Table 1). By the plaque-cloning method, clinical isolates
are sometimes divided into clones with different antigenicities
(10). Strain B/Osaka/1036/97, which was plaque cloned before
genetic analysis, was reported to be an NEA strain (DDBJ
accession no. AB029617) (7). In HI tests, this clone reacted
well to 8E6 and immune ferret sera. However, some other
clones, represented by clone 2, did not (Table 1). Genetic
analysis clarified that there is only one nucleotide difference
(position 595, A to G) in the HA1 region, which corresponds
to one amino acid difference (position 199, A to T). The 8E6-
nonreacting clone had NET (accession no. AB126834). There-
fore, in the 1996-1997 season, the virus was found to be het-
erogeneous even in a clinical specimen from a single patient.

In contrast, in the 2002–2003 season, all 33 B/Victoria iso-
lates were homogeneous in their reactivities to 8E6 and im-
mune ferret sera in HI tests (Table 1). The genetic analysis of
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the eight representative strains (DDBJ accession no.
AB126835 to AB126842) clarified that all have amino acid
residues N, E, and T at positions 197 to 199. NET strains,
which represented less than 30% of the virus strains in the
1996-1997 season (7), became predominant in the 2002-2003
season. Taking into consideration the existence of an isolate
composed of NEA and NET clones, such as B/Osaka/1036/97,
it is suggested that NET strains appeared during the 1996-1997
season and survived to be the major strains in the 2002-2003
season. The same phenomenon was observed with B/Yama-
gata strains. R at position 149 in the HA1 molecule had been
conserved for years, until K strains appeared as a minority in
the 1998-1999 season. The amino acid substitution R149K
caused the strains not to react to MAb 5H4 in HI tests and in
neutralization tests (9). K strains became predominant in a
year, and after the 1999-2000 season all of the isolates in our
area were found to be K strains (9, 11). These phenomena
suggest the theory that the new antigenic variants emerge be-
cause they have a selective advantage due to the immunity
present in the population towards old strains (2). In the case of
influenza B virus, which has been isolated only from human
beings except for a few cases of isolates from seals (14), it is
speculated that the new variants are selected according to the
acquired antibodies in human beings during the epidemic season.

Antigenic variants often show only a one-point nucleotide
mutation, which results in one amino acid substitution (1, 8,
11). In this case, NET strains gained an N-linked glycosylation
site in the vicinity of the epitope site of 8E6. It has been
reported with influenza A virus that the addition of such se-
quons can produce virus populations that are resistant to an-
tibodies that bind to a masked epitope, consequently creating
strains with an increased ability to prevail in humans (16, 17).
In order to analyze whether an oligosaccharide chain is added
to an NET strain, HA proteins of four different isolates from
the 1996–1997 season were immunoprecipitated with the HA-
specific MAb 9E10 (6). The HA0 and HA1 molecules of an
NET strain were found to be larger than those of other strains,
while the molecular weight of HA2 was observed to be equal to
those of other strains (Fig. 1). These isolates have amino acid
differences only at residues 197 to 199. Therefore, it was
strongly suggested that a new oligosaccharide chain is added at

this site and that this new chain masks the epitope of 8E6 and
makes it inaccessible to the acquired antibodies in humans.

Thus, an antigenic variant of the 1996–1997 season became
a major strain in the 2002–2003 season. Furthermore, with the
recent B/Victoria isolates, other amino acid substitutions were
observed in the “tip” of the HA molecule, where B/Victoria
strain-specific epitope sites exist (8). Whether these sites affect
viral antigenicities is now under investigation. This information
is of benefit for the management of public health, for example,
in speculating on the scale of future epidemics and in selecting
suitable strains for vaccines.

We thank T. Iwamoto for his valuable advice on nucleotide sequenc-
ing.
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FIG. 1. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
analysis of influenza virus HA protein immunoprecipitated by MAb
9E10. Lane 1, B/Osaka/983/97 (DDBJ accession no. AB029628; N, E,
and A at amino acids 197 to 199); lane 2, B/Osaka/728/97 (AB029623;
NET); lane 3, B/Osaka/837/97 (AB029626; KET); lane 4, B/Osaka/
710/97 (AB029621; NEN); lane M, molecular weight marker. K, thou-
sand.
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