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In 1997, an H5N1 influenza virus outbreak occurred in chickens in Hong Kong, and the virus was trans-
mitted directly to humans. Because there is limited information about the avian influenza virus reservoir in
that region, we genetically characterized virus strains isolated in Hong Kong during the 1997 outbreak. We
sequenced the gene segments of a heterogeneous group of viruses of seven different serotypes (H3N8, H4N8,
H6N1, H6N9, H11N1, H11N9, and H11N8) isolated from various bird species. The phylogenetic relationships
divided these viruses into several subgroups. An H6N1 virus isolated from teal (A/teal/Hong Kong/W312/97
[H6N1]) showed very high (>98%) nucleotide homology to the human influenza virus A/Hong Kong/156/97
(H5N1) in the six internal genes. The N1 neuraminidase sequence showed 97% nucleotide homology to that of
the human H5N1 virus, and the N1 protein of both viruses had the same 19-amino-acid deletion in the stalk
region. The deduced hemagglutinin amino acid sequence of the H6N1 virus was most similar to that of
A/shearwater/Australia/1/72 (H6N5). The H6N1 virus is the first known isolate with seven H5N1-like segments
and may have been the donor of the neuraminidase and the internal genes of the H5N1 viruses. The high
homology between the internal genes of H9N2, H6N1, and the H5N1 isolates indicates that these subtypes are
able to exchange their internal genes and are therefore a potential source of new pathogenic influenza virus
strains. Our analysis suggests that surveillance for influenza A viruses should be conducted for wild aquatic
birds as well as for poultry, pigs, and humans and that H6 isolates should be further characterized.

Influenza A viruses can infect various animal hosts, includ-
ing avian and mammalian species (15). Serologic and genetic
analyses have identified 15 different hemagglutinin (HA) and 9
different neuraminidase (NA) subtypes, indicating that the nat-
ural virus reservoirs contain a limited number of subtypes. The
fact that all subtypes are found in wild aquatic birds underlines
the importance of these species as the prime source of these
viruses. Only 3 of the 15 HA subtypes found in wild and
domestic aquatic birds (H1, H2, and H3) are known to have
caused pandemics in humans. The catastrophic influenza pan-
demic of 1918, caused by an H1N1 virus, killed 20 to 40 million
people. Pandemics caused by the Asian influenza A virus
(H2N2) in 1957 and the Hong Kong virus (H3N2) in 1968
indicated that southern China is a hypothetical influenza epi-
center (22).

In 1997, an outbreak of an H5N1 influenza virus in chickens
was reported in Hong Kong, and 18 human influenza cases
were confirmed (4, 28, 31). The death of an infected individual
raised concerns about a possible pandemic (5). In that region,
humans live in close proximity to domestic poultry, providing
opportunities for interspecies virus transmission (23). The ob-
servation that avian-mammalian reassortants are not main-
tained in the avian reservoir suggests that avian-to-mammalian
transmission is unidirectional (11). Genetic and phylogenetic
analyses of avian influenza viruses isolated from domestic
avian species in southern China from 1975 to 1980 revealed a

vast number of subtypes (H3N8, H4N6, etc.). Most of the
internal genes belonged to the Eurasian lineage, indicating
that this reservoir is separable from the avian lineage in North
America (11). However, the combinations of surface glyco-
proteins and internal genes that confer the ability to cross the
species barrier are still not known. This information can be
acquired only with increased knowledge about the gene pool of
influenza A viruses in aquatic bird species.

There is evidence that the H5N1 virus was transmitted di-
rectly from poultry to humans (4, 24, 32). No additional cases
of human H5N1 infections were reported after all birds in the
Hong Kong poultry markets were killed, suggesting that the
H5N1 strains may have been eliminated. However, the origin
of these pathogenic viruses and the possible continued circu-
lation of their genes in the Hong Kong area remain to be
ascertained. Genetic characterization of the gene segments
circulating in that region indicated that the H5N1 viruses were
generated by reassortment. Guan et al. suggested that H9N2
viruses were the donors of the internal genes, including the
three polymerase genes (PB2, PB1, and PA) and the nucleo-
protein (NP), matrix (M), and nonstructural (NS) genes (8).
Xu et al. (30) proposed that the H5 hemagglutinin was derived
from the H5N1 virus A/goose/Guangdong/1/96, based on 99%
nucleotide homology between the HA sequences of these
H5N1 strains. However, the neuraminidase genes of A/goose/
Guangdong/1/96 and H5N1 viruses isolated in 1997 were only
90% homologous, and the N1 protein of the goose virus lacked
the 19-amino-acid stalk deletion that is characteristic of the
pathogenic H5N1 viruses (30). These results suggest that sub-
types other than H9N2 and H5N1 may have contributed genes
to the H5N1 viruses.
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To explore this possibility, influenza A viruses isolated in
Hong Kong during December 1997 and January 1998 from
various aquatic bird hosts, including ducks and geese, were
characterized serologically and genetically. Our analysis re-
vealed that multiple influenza A virus subtypes were cocir-
culating in these birds. We determined their evolutionary re-
lationship to representative influenza A viruses and found
evidence that gene segments of strains other than H5N1 and
H9N2 are closely related to the pathogenic H5N1 virus isolates.

MATERIALS AND METHODS

Viruses and serological assays. The viruses isolated in the Hong Kong region
and the abbreviations used in this study are listed in Table 1. The viruses were
collected in December 1997 and January 1998 during the H5N1 outbreak. Fecal
and cloacal samples from the different bird species were grown in 9- to 11-day-
old chicken embryos. Viruses were handled in a biosafety level 31 facility at St.
Jude Children’s Research Hospital.

This study characterized influenza A viruses other than the H5N1 and H9N2
strains (25). All were isolated from aquatic birds. Where possible, cloacal sam-
ples were collected from individual birds so that the species could be identified.
Fresh fecal samples were collected from “dropping trays” under cages of ducks
in the live-poultry markets and from the banks of ponds in the Maipo Marsh
Nature Reserve, where free-flying ducks were overwintering.

The samples collected from green-winged teal ducks at a poultry market
require special note. These samples were collected on 29 December 1997, the
day of depopulation of all poultry in Hong Kong. The birds were in bamboo
cages that were still on the delivery truck and had not been moved to the market
buildings. The truck contained mallard and green-winged teal ducks. These birds
were probably caught wild and raised on a farm until they were transported to the
market in Hong Kong. However, we cannot be sure if these ducks may have been
raised on a farm. Because 3 of the 14 green-winged teal ducks in one cage were
dead, tracheal and cloacal samples from each bird in that cage were collected.
One dead duck yielded the virus designated A/teal/Hong Kong/W312/97 (H6N1).
Hemagglutination titration and hemagglutination inhibition (HI) assays were
performed in microtiter plates (18).

Mouse infection experiments. Female BALB/c mice were maintained under
specific-pathogen-free conditions until they were used at 8 to 12 weeks of age. To
determine the dose lethal for 50% of mice (MLD50), groups of five mice were
anesthetized by inhalation of metofane and inoculated intranasally with 100 ml of
virus in different dilutions. Daily assessments of weight and mortality were made,
and the MLD50 was calculated for each virus by the method of Reed and Muench
(19). Mice were killed on day 3 to estimate the titer of virus in lungs and brain.
The organs were removed under sterile conditions to make a 10% suspension
and assayed for virus titer in embryonated chicken eggs. Titers of infectious virus
are presented as log10 50% egg infectious doses (EID50).

RNA preparation, PCR, and sequencing. Viral RNA was extracted from al-
lantoic fluid using the commercially available RNA extraction kit RNeasy Mini-
Kit (Qiagen, Valencia, Calif.) according to the manufacturer’s protocol. Reverse
transcriptase-PCR with segment-specific primers was performed to amplify the
viral RNA. The sequences of the oligonucleotides used are available upon
request. After purification with the QIAquick PCR purification kit (Qiagen), the
PCR products were sequenced. The sequencing reactions were performed by the
Center for Biotechnology at St. Jude Children’s Research Hospital on template
DNA with Prism BigDye Terminator Cycle Sequencing Ready Reaction kits with
Ampli-Taq DNA polymerase FS (Perkin-Elmer/Applied Biosystems, Foster City,
Calif.). Samples were electrophoresed, detected, and analyzed on Perkin-Elmer/
Applied Biosystems model 373 and 377 DNA sequencers.

Sequence analysis and phylogenetic analysis. For sequence analysis and align-
ment, the Wisconsin Sequence Analysis Package, version 9.0 (Genetics Com-
puter Group, Inc., Madison, Wis.), was used. The influenza virus nucleotide and
amino acid sequences were obtained from the Influenza Sequence Database of
the Los Alamos National Laboratory (http://www.flu.lanl.gov). Phylogenetic
analysis was performed by using the maximum-likelihood method implemented
by the software fastDNAml, which is derived from PHYLIP (6, 17). The TREE-
VIEW 1.5.2 software was used to draw phylogenetic trees in which horizontal
distances are proportional to the number of differences. The trees presented in
Fig. 2 and 3 are based on the nucleotide sequences of the gene segments NS (837
nucleotides [nts]), M (974 nts), NP (1,285 nts), PA (485 nts), PB1 (2,260 nts), and
PB2 (2,150 nts).

Nucleotide sequence accession numbers. The nucleotide sequences deter-
mined in this study have been assigned GenBank accession numbers AF250470
to AF250502.

RESULTS

Serotypes of the viruses. The influenza A viruses listed
in Table 1 were serologically analyzed and found to contain
different subtypes (Fig. 1). Of the isolates taken from ducks,
three (DKHK151-97, DKHK169-97, and DKHK185-97) be-
longed to the H3N8 serotype, one (DKHK264-97) to H4N8,
two (DKHK50-97 and DKHK54-97) to H11N9, and two
(DKHK25-97 and DKHK37-97) to H11N8. The surface gly-
coproteins of the teal isolate (TEALHK-97) were identified as
H6N1. The virus isolated from an aquatic bird (ABHK-98) was
characterized as an H11N1 subtype, and the goose (GOHK-
97) isolate was an H6N9 strain.

The HAs of the three H3N8 viruses were antigenically sim-
ilar and were closely related to the HAs of the avian virus
A/duck/Ukraine/1/63 (H3N8) and early human H3N2 influ-
enza viruses (Fig. 1). Thus, the precursors of the pandemic
human H3N2 influenza viruses continue to circulate in aquatic
birds in southern China. Similarly, the HA of the H4N8 isolate
was closely related antigenically to that of the prototype H4
influenza virus A/duck/Czech/56 (H4N6). The H6 hemaggluti-
nins of the H6N1 and H6N9 viruses are antigenically similar to
the prototype A/turkey/Mass/65 (H6N2) but could be distin-
guished from each other in the HI assay. The HAs of the five
H11 influenza viruses are separable into two groups, H11N9
and others (H11N8 and H11N1). Each of the H11 isolates was
distinguishable from the reference H11N6 strain A/duck/En-
gland/56. The HAs of the two H11N9 isolates show an anti-
genic similarity to that of the H11N1 isolate. These data show
that a heterogeneous group of influenza A viruses were circu-
lating in aquatic birds in the Hong Kong area during the time
of the H5N1 outbreak. To characterize these virus isolates
further, we performed sequence analysis of their internal
genes. We analyzed these genes phylogenetically to determine

TABLE 1. Influenza A viruses isolated from aquatic birds in Hong Kong and characterized in this study

Isolate Serotype Abbreviation Collection site Sample Health status

A/duck/Hong Kong/P151/97 H3N8 DKHK151-97 Duck farm Cloacal Apparently healthy
A/duck/Hong Kong/P169/97 H3N8 DKHK169-97 Duck farm Cloacal Apparently healthy
A/duck/Hong Kong/P185/97 H3N8 DKHK185-97 Duck farm Cloacal Sick
A/teal/Hong Kong/W312/97 H6N1 TEALHK-97 Live-poultry market Tracheal 1 cloacala Dead
A/duck/Hong Kong/Y264/97 H4N8 DKHK264-97 Live-poultry market Cloacal Apparently healthy
A/goose/Hong Kong/W217/97 H6N9 GOHK-97 Live-poultry market Cloacal Apparently healthy
A/aquatic bird/Hong Kong/M603/98 H11N1 ABHK-98 Maipo Marshb Fecal Apparently healthy
A/duck/Hong Kong/P50/97 H11N9 DKHK50-97 Live-poultry market Fecal Apparently healthy
A/duck/Hong Kong/P54/97 H11N9 DKHK54-97 Live-poultry market Fecal Apparently healthy
A/duck/Hong Kong/T37/97 H11N8 DKHK37-97 Live-poultry market Fecal Apparently healthy
A/duck/Hong Kong/T25/97 H11N8 DKHK25-97 Live-poultry market Fecal Apparently healthy

a These samples were collected from a dead bird on an unloaded truck at the wholesale market.
b Free-flying ducks were the predominant species present.
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the relationship between the isolates and to compare them
with other influenza strains.

Sequence analysis of the NS and M gene segments. We
sequenced the NS and M gene segments of the serotypically
different viruses. The sequence analysis of the NS gene seg-

ment revealed that the 11 strains characterized carry the A
allele. Phylogenetic analysis was based on the nucleotide se-
quences of the NS and M gene segments of the isolated strains,
of strains with similar HA or NA subtypes, and of strains
isolated in Europe and Asia (Fig. 2).

FIG. 1. Comparison of influenza A viruses isolated from aquatic birds in HI assays. Titers in bold are titers to homologous sera. ,, no inhibition detectable at a
serum dilution of 1:40.
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The phylogenetic trees (Fig. 2) revealed that the 11 virus
isolates can be divided into six separate groups: (i) the three
H3N8 viruses (DKHK151-97, DKHK169-97, and DKHK185-
97) which show high similarity to those originating at one root
in the NS and in the M tree; (ii) isolates DKHK25-97 and
DKHK37-97, with an H11N8 serotype; (iii) H11N9 viruses
DKHK50-97 and DKHK54-97; (iv) the virus isolated from an
aquatic bird (ABHK-98/H11N1); (v) the viruses isolated from
a goose (GOHK-97/H6N9) and a duck (DKHK264-97/H4N8);
and (vi) the H6N1 virus isolated from a teal (TEALHK-97),
which formed a subgroup with QUAILHK97 (H9N2), H5N1
strains from chickens (CHHK220-97 and CHHK728-97), and
the human strain HK156-97. Thus, the phylogenetic analysis of
the M and NS segments reveals that these isolates form two
different groups: the H9N2 (8), H5N1 (27, 28, 32), and H6N1
(this report) types and a different group distantly related to
them that includes multiple subtypes.

Sequence analysis of the polymerase complex gene segments
(NP, PB2, PB1, and PA). The nucleoprotein (NP) is a compo-
nent of the polymerase complex and a major factor in deter-
mining the host range of influenza A virus (20, 21). The phy-
logenetic tree of the NP sequences (Fig. 3) reveals six different
subgroups among the isolates and shows an evolutionary rela-
tionship similar to that described for the M and NS segments.
The H6N1 virus (TEALHK-97) shares a subgroup with an
H9N2 virus (QUAILHK-97) and with the chicken (CHHK728-
97) and human (HK156-97) H5N1 viruses. Thus, the NP seg-

ment of TEALHK-97 is closely related to that of the patho-
genic H5N1 viruses isolated from poultry and humans.

The phylogenetic trees based on the PB2, PB1, and PA
nucleotide sequences (Fig. 3) revealed that TEALHK-97 clus-
tered in the same branch as QUAILHK97, CHHK220-97,
CHHK728-97, and HK156-97. As shown in Table 2, the H6N1
virus has greater than 98% homology to the index human
isolate A/156/97 in all six internal genes; no other isolate
among the 11 analyzed showed a comparable close relation-
ship. However, it is noteworthy that the H6N1 and the H9N2
viruses (8) both have an outgroup relationship with the H5N1
viruses, indicating that these viruses are similar but not iden-
tical.

Sequence analysis of the surface glycoproteins. Because the
origin of the N1 neuraminidase gene of the H5N1 viruses is not
known (30), the N1 neuraminidase genes of our H11N1 and
H6N1 isolates were sequenced. The N1 gene of the teal virus
showed 97% nucleotide homology to the N1 gene of A/HK/
156. The deduced amino acid sequence reveals that the N1
protein has a 19-amino-acid deletion in the stalk region. The
N1 segment of the H11N1 virus (A/aquatic bird/HK/M603/98)
is closely related to that of A/parrot/Ulster/73 (H7N1) and
does not contain the deletion. These results show that the six
internal gene segments as well as the neuraminidase gene of
the H6N1 virus are closely related to those of the H5N1 viruses
(Table 2).

The nucleotide sequence of the H6N1 isolate’s HA segment

FIG. 2. Phylogenetic tree based on the nucleotide sequences of the NS and M gene segments of influenza viruses isolated in Hong Kong and on the comparable
gene segments of other influenza virus isolates. The lengths of the horizontal lines are proportional to the number of nucleotide substitutions between branch points.
The virus isolates shown in boxes were sequenced in this study.
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had 88% homology to the HA of A/shearwater/Australia/1/72
(H6N5) (16). This segment contains an open reading frame
encoding 566 amino acids that have 90% homology to the H6
protein of the H6N5 virus. It is noteworthy that the connecting
peptide between the HA1 and HA2 parts of this molecule does
not contain the additional basic amino acids that are found in
the H5 and H7 hemagglutinins of highly pathogenic chicken
influenza viruses (2, 4, 27, 29).

Pathogenicity of the H6N1 isolate in mice. It is well estab-
lished that A/Hong Kong/156/97 (H5N1)-like influenza viruses
are lethal in mice without adaptation and that they spread to
the brain (7, 9, 12, 24). After finding that seven of the eight
gene segments of A/teal/Hong Kong/W312/97 (H6N1) were

similar to those of A/Hong Kong/156/97 (H5N1), it was impor-
tant to establish the pathogenicity of the teal H6N1 virus in
mice.

High doses (8.5 EID50) of A/teal/Hong Kong/W312/97
(H6N1) killed BALB/c mice on initial inoculation and caused
weight loss in those that survived inoculation; the virus repli-
cated to high titers in the lungs (8.5 log10 EID50) but was not
detected in the brain (Table 3). In comparison, the mouse
lethal dose (MLD50) of human H5N1 virus [A/Hong Kong/
156/97 (H5N1)] was 1.16 EID50, indicating that the H5N1 virus
was more pathogenic in mice than A/teal/Hong Kong/W312/97
(H6N1). However, the pathogenicity of teal H6N1 increased as
the virus was passaged in mice. Mice infected with the teal
H6N1 virus had virus titers in lungs similar to those found with
the human H5N1 influenza virus (Table 3). By the third pas-
sage, the MLD50 was 2.3 EID50 and the virus spread to the
brain.

DISCUSSION

The 1997 outbreak of H5N1 influenza in Hong Kong showed
that influenza A viruses continue to evolve, introducing new
subtypes from avian to mammalian species. The influenza A
viral genome consists of eight negative-sense RNA segments
that can generate new variants by genetic reassortment. Al-
though each of the 15 hemagglutinin and 9 neuraminidase
genes of influenza A virus has been identified in aquatic birds,
only a few subtypes (i.e., H3N2 and H1N1) are circulating in
humans and pigs. This observation suggests that a certain com-
bination of genes is required for transmission from the avian to
the mammalian species and for maintenance of a stable virus
lineage in the new host (21). Because there is evidence that

FIG. 3. Evolutionary relationship of influenza A virus polymerase complex genes (NP, PB2, PB1, and PA). The phylogenetic trees are based on the nucleotide
sequences of the four genes.

TABLE 2. Nucleotide homology between seven gene segments of
A/teal/HK/W312 (H6N1) and the human virus A/HK/156 (H5N1)

Segment No. of nucleotides
sequenced

% Homology to
A/HK/156 (H5N1)

Nucleotides Amino acids
(deduced)

PB2 2,280 98.6 99.7
PB1 2,277 98.5 99.3
PA 2,146 98.4 98.8
NP 1,497 98.3 98.7
M 1,027 99.8 100 (M1)

98.9 (M2)
NS 890 98.8 99.1 (NS1)

99.1 (NS2)
NAa 1,350 97.1 97.1

a Both NA proteins have the same 19-amino-acid stalk deletion.
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aquatic birds are the natural reservoir for influenza A viruses,
we characterized virus subtypes isolated from these birds in
Hong Kong during the H5N1 outbreak to gain information
about the gene pool in this area and to investigate whether we
can find viruses which are closely related to the pathogenic
H5N1 viruses. We found that two groups of viruses are circu-
lating in the Hong Kong area. One group contains H9N2 and
H6N1 viruses that are closely related to each other and to the
H5N1 viruses in their internal genes. Therefore, it is likely that
reassortment can occur within this group. The phylogenetic
data suggest that the other subtypes (H3, H4, H11, etc.) are too
far removed from the H5N1-like group to allow reassortment
between the two groups. This conclusion is consistent with the
fact that none of our isolates apart from teal H6N1 were
possible reassortants with the H5N1 viruses. Another explana-
tion for the failure to find such reassortants would be that the
these bird species were raised in separate areas and thus no
transmission of virus could occur between them.

The host range of influenza A viruses is determined by
multiple genes (10). By comparing avian and human influenza
virus isolates, human virus-like amino acids were identified in
the PB2, NP, and M2 proteins for the H5N1 strains (32). The
influenza virus A/teal/HK/W312/97, which is closely related to
the H5N1 viruses, has the human virus-like amino acids 199-
Ala, 661-Thr, and 702-Arg in its PB2 protein and 136-Met in its
nucleoprotein. The PA protein has a serine at amino acid 409
that is also found in A/chicken/Hong Kong/220/97; the human
isolates have an asparagine at this position. The M2 protein of
the teal H6N1 virus has an avian-like glutamic acid at position
16 instead of an human-like glycine. At amino acids 28 and 55,
it has human-like valine and phenylalanine.

The N1 neuraminidase of the H6N1 isolate is closely related
to the H5N1 neuraminidase and also has the 19-amino-acid
deletion in its stalk region. The N1 stalk deletion is character-
istic of the H5N1 viruses isolated from humans and from chick-
ens (1, 4, 14, 27, 28). The stalk length is variable within and
between neuraminidase subtypes, and the fact that viruses with
different stalk lengths have different biological properties sug-
gests that the sequence and length of the stalk region may
affect the host range (3, 13, 14).

The high degree of homology between seven gene segments
of the teal H6N1 virus and the pathogenic H5N1 virus raises
the question whether the H6N1 virus donated its seven seg-
ments to the H5N1 virus or whether the exchange was in the
opposite direction. The fact that the H6N1 and H5N1 viruses
reside in different branches of the phylogenetic trees but orig-
inate at the same node supports the idea that both virus types
are descendants of a common precursor virus. Thus, a new

H5N1 virus could be generated by reassortment of the seven
segments of an H6N1 precursor virus and the hemagglutinin of
an H5 virus. The donor of this H5 glycoprotein could be the
H5N1 virus A/goose/Guangdong/1/96 (or a closely related vi-
rus), isolated in the Guangdong province near Hong Kong
(30). This virus caused disease in geese, and its hemagglutinin
showed 99% homology to that of the pathogenic H5N1 viruses
from Hong Kong. The remaining seven segments of this virus,
including the N1 neuraminidase, showed no close relationship
to those H5N1 viruses, supporting the idea that the N1 neur-
aminidase might have been acquired from a non-H5 subtype.

It was suggested that the internal genes of the H5N1 strains
might have come from H9N2 viruses (8). Our phylogenetic
analysis shows that the H6N1 from teal and the H9N2 from
quail belong to the same subgroup and thus are closely related
to each other and to the H5N1 isolates. These data indicate
that in the influenza A virus gene pool in the Hong Kong
region, closely related internal genes are distributed among
multiple serotypes. It is likely that the H9N2 and H6N1 viruses
can exchange these internal genes. Thus, we propose that the
H6N1 and H9N2 strains, which were able to generate new
variants by reassortment, were the source of the internal genes
of the pathogenic H5N1 viruses. The fact that the H6N1 virus
also has an H5N1-like neuraminidase gene, and therefore has
seven H5N1-like segments, suggests that the H9N2 viruses
were precursors of the H6N1 viruses. No H9 isolates were of
the N1 subtype, indicating that the source of the neuramini-
dase gene of the H5N1 viruses was probably an H6N1 virus.
However, it is also possible that an H6N1-teal-like virus was
created by reassortment between an A/HK/156 (H5N1)-like
virus and an H6 virus. Reassortment could have occurred on a
farm, since one possibility is (although not known in this par-
ticular case) that teals were caught in the wild and then held on
a farm until they were sold in the market. Future surveillance
studies of H6 viruses should allow a more detailed character-
ization of the gene pool of this subtype in the Hong Kong
region. The isolation of additional H6N1 viruses that are highly
similar to the H5N1 viruses would support our proposal that
the H6N1 viruses were the donors of the internal genes and the
N1 neuraminidase gene and may have been the immediate
precursors of the pathogenic H5N1 viruses.

Among the H5N1 influenza viruses isolated from humans in
1997 in Hong Kong, one group was highly pathogenic in mice
and a second group was less pathogenic (7, 12). The molecular
basis of these differences has not yet been established. The
A/teal/Hong Kong/W312/97 (H6N1) virus initially behaved
more like the less pathogenic H5N1 group, but it rapidly
adapted to mice and behaved more like the highly pathogenic

TABLE 3. Replication of A/teal/Hong Kong/W312/97 (H6N1) influenza virus in mice

Virusa

Virus titer
MLD50

(EID50)b
% wt loss on day 3

after infection

Titer of virus on day 3
after infection
(log EID50/ml)

In eggs
(log EID50)

In mice
(log MLD50) Lungs Brain

A/Hong Kong/156/97 9.0 7.7 1.16 15 8.5 2.0
A/Teal/Hong Kong/W312/97

P0 8.5 1.0 8.5 24 8.5 None
P1 7.2 Not studied Not studied Not studied 7.5 None
P2 8.0 Not studied Not studied Not studied 8.5 1.0
P3 8.2 3.5 2.3 25 8.0 2.5

a P0, original isolate; P1 to P3, infection with A/teal/Hong Kong W312/97 after passage 1, 2, or 3 times, respectively, in mouse lungs, with subsequent propagation
in embryonated chicken eggs.

b MLD50 (EID50), quantity of infectious virus units (EID50) in 1 MLD50.
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H5N1 group by the third passage. The H5N1 viruses contain a
highly cleavable HA molecule that may contribute to their high
pathogenicity in mice (26). The teal H6N1 does not contain a
highly cleavable HA, which may contribute to the initial lower
pathogenicity in the mice, but its rapid increase in pathogenic-
ity suggests that the other gene segments also play an impor-
tant role in mouse pathogenicity. Studies are in progress to
identify the molecular changes in the gene segments of the teal
H6N1 virus that allowed it to rapidly become highly pathogenic
in mice.
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