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Summary. H9N2 influenza viruses are frequently isolated from chicken meat and
bone marrow imported from China to Japan since 2001. These isolates were ex-
perimentally inoculated into specific pathogen-free chickens intranasally. Viruses
were recovered from the meat and bone marrow of birds showing no overt signs.
On the other hand, chickens co-infected with H9N2 virus and either Staphylo-
coccus aureus or Haemophilus paragallinarum showed clinical signs severer
than those shown by birds infected only with the virus alone or each of the
bacteria alone. In addition, H9N2 viruses were more efficiently recovered from the
chickens co-infected with S. aureus or H. paragallinarum than those from the birds
infected with only the virus. The present results indicate that co-infection of H9N2
influenza virus with S. aureus or H. paragallinarum enhances the replication of
the virus in chickens, resulting in exacerbation of the H9N2 virus infection.

Introduction

Avian influenza virus is widely distributed in poultry as well as in wild waterfowl,
gulls, and shorebirds. The chicken is not a natural host for this virus [6]. The
pathogenicity of influenza viruses for chickens may range from asymptomatic to
respiratory disease with low mortality to highly pathogenic with high mortality
[7]. The influenza virus has two major surface glycoproteins – hemagglutinin (HA)
and neuraminidase (NA), and 15 HA and 9 NA subtypes are recognized at present
[10, 18, 23]. The HA plays a central role in the pathogenicity of avian influenza
viruses [4, 11]. The HAs of virulent viruses differ from those of avirulent influenza
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A viruses by virtue of possessing multiple basic amino acids at the carboxyl
terminus of the HA1 subunit. This structural feature permits cellular proteases,
such as ubiquitous furin and PC6, which recognize multiple basic amino acids,
to cleave the HA, rendering the virus infectious, to spread to a variety of organs,
leading to systemic infection. In contrast, the HAs of avirulent viruses do not
possess multiple basic amino acid residues at the cleavage site and are cleaved
only by trypsin-like proteases which are secreted from cells in the respiratory
and intestinal tracts, resulting in producing only a limited local infection in host
animals that do not show overt symptoms [11].

Since 1994, the H9N2 influenza A virus has caused outbreaks of disease in
poultry with high morbidity in Korea and China [1, 9, 12]. These viruses are
avirulent and none of them have multiple basic amino acids at the cleavage site of
the HA that confer high pathogenicity to H5 and H7 avian influenza viruses [9,
13]. When specific pathogen-free (SPF) chickens were experimentally infected
with H9N2 influenza virus isolates from the diseased chickens, none of the birds
showed any disease signs [14]. Since 2001, H9N2 viruses have been frequently
isolated from chicken meat and bone marrow imported from China at Yokohama
Animal Quarantine Station in Japan. Since it is presumed that only virulent viruses
cause systemic infection in chickens, it is not understood why H9N2 viruses are
isolated from chicken carcasses from China.

To assess the pathogenicity of H9N2 viruses, SPF chickens were experi-
mentally infected with the isolates from the chicken meat and bone marrow
imported from China and examined for their tissue tropism. In addition, to obtain
information on the H9N2 virus infection of chickens in a natural setting, we
investigated the replication of H9N2 influenza viruses in chickens co-infected
with either S. aureus or H. paragallinarum, which prevail in field chickens
[2, 3, 19].

Materials and methods

Viruses

The H9N2 and H5N3 influenza A viruses used in this study were propagated in 10-day-
old chicken embryos for 48 h at 35 ◦C. A/chicken/aq-Y-55/01 (H9N2) and A/chicken/aq-
Y-135/01 (H9N2) were isolated from the chicken meat and bone marrow imported from
China to Japan. A/chicken/Beijing/2/97 (H9N2) was isolated from a chicken showing
clinical signs in China [13]. A/duck/Hokkaido/9/99 (H9N2) was isolated from a fecal
sample of migratory ducks in our laboratory. A/tern/South Africa/61 (H5N3) was used as
a reference virulent strain that causes systemic infection in chickens.

Bacteria

Staphylococcus aureus strain Hyogo and Haemophilus paragallinarum strain HK-1 were
purchased from the Japanese Association of Veterinary Biologics (Tokyo, Japan). S. aureus
was incubated on a mannitol salt agar plate (Nissui Pharmaceutical Co., Ltd, Tokyo, Japan)
for 24 hr at 37 ◦C. Agar medium for H. paragallinarum was prepared according to Rimler
[17]. The plates were incubated in the presence of 5% CO2 for 48 hr at 37 ◦C.
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Experimental infection of chickens with influenza viruses and bacteria

Four-week-old SPF white leghorn chickens were hatched and raised exclusively in our
laboratory. Each of the three H9N2 influenza virus isolates from chicken was inoculated
into four chickens. A/duck/Hokkaido/9/99 (H9N2) virus isolated from a migratory duck and
A/tern/South Africa/61 (H5N3) virus were inoculated into two chickens each. These chickens
were infected intranasally with 0.1 ml of allantoic fluid containing 107.0 50% egg infectious
dose (EID50) of viruses. The trachea, lung, colon, kidney, spleen, liver, bone marrow, muscle,
and blood of the chickens were collected after 3, 7 and 14 post-infection (p.i.) days. The
infectivity of the virus in these samples was titrated in embryonated chicken eggs by the
method of Reed and Muench [16].

In experimental studies of co-infection with S. aureus, four-week-old SPF white leghorn
chickens were infected intranasally with a 10 µl suspension containing 2.2 × 105 c.f.u. of
S. aureus at 3 days prior to virus inoculation. In the studies of experimental co-infection
with H. paragallinarum, four-week-old SPF white leghorn chickens were infected intra-
nasally with a 10 µl suspension containing 3.0 × 103.0 c.f.u. of H. paragallinarum and H9N2
virus concurrently.

Experimental infection studies were performed under BL3+ biosafety conditions.

Results

Tissue tropism of the H9N2 influenza virus isolates
from chicken meat and bone marrow in SPF chickens

H9N2 viruses isolated from chicken meat and bone marrow imported from China
were experimentally inoculated into SPF chickens. None of the birds infected with
any of the H9N2 virus strains showed any overt signs. Even the birds inoculated
only withA/chicken/Beijing/2/97 (H9N2) that was isolated from diseased chicken
in China did not show clinical signs. From the bone marrow and muscle of the
birds, H9N2 viruses of limited infectivity titers were recovered (Table 1). Viruses
were efficiently recovered from the respiratory organs of the birds, indicating that
the H9N2 viruses replicated extensively in the respiratory tissues. By contrast,
no virus recovery was made from any tissues, even from the respiratory tracts of
the chickens inoculated with A/duck/Hokkaido/9/99 (H9N2). From the birds in-
oculated with the H9N2 isolates from chicken meat and/or bone marrow, the virus
was recovered after 3 p.i. days, and not after 7 or 14 p.i. days. On the other hand,
two chickens inoculated with the virulent control strain, A/tern/South Africa/61
(H5N3), died within 1 day and viruses were recovered from each of the tissues ex-
amined at high titers. The results, thus, demonstrate that H9N2 influenza virus iso-
lates from chickens reach the muscle and bone marrow, although the titers were low.

Exacerbation of H9N2 virus infection by co-infection
with S. aureus in chickens

For better understanding of the pathogenicity of the H9N2 influenza virus in the
field, we compared the virus titers in the chickens experimentally infected with the
H9N2 virus isolates from chicken meat and bone marrow to those in the chicken co-
infected with S. aureus and the H9N2 viruses. All of the chickens co-infected with
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S. aureus and Ck/Y-55/2001 (H9N2) virus or Ck/Bj/2/97 (H9N2) virus showed
severer clinical signs such as swelling of the face, depression, paralysis, and ruf-
fled feathers, compared to those infected only with S. aureus, but none of them
died. On the other hand, none of the chickens infected only with Ck/Y-55/2001
(H9N2) virus or Ck/Bj/2/97 (H9N2) virus showed clinical signs. The present
findings indicate that pathogenicity of H9N2 virus is affected by the co-infection
with these bacteria. H9N2 viruses were recovered from the blood of all of the
chickens co-infected with S. aureus and Ck/Y-55/2001 (H9N2) virus and the blood
of two of the four chickens co-infected with S. aureus and Ck/Bj/2/97 (H9N2)
virus while viruses were not recovered from the blood of the birds infected only
with the virus. In the birds infected only with Ck/Y-55/2001 (H9N2) virus, virus
recovery was made from the respiratory organs of three of the four birds. In the
birds infected only with Ck/Bj/2/97 (H9N2) virus, the virus recovery was made
from the respiratory organs of two of the four birds. On the contrary, from the
birds co-infected with S. aureus and Ck/Y-55/2001 (H9N2) virus or Ck/Bj/2/97
(H9N2) virus, virus recovery was made from the respiratory organs of all of the
chickens (Table 2). The present results indicate that co-infection with S. aureus
exacerbates H9N2 virus infection in chickens.

Enhancement of replication of H9N2 influenza virus
by co-infection with H. paragallinarum in chickens

We next investigated the effect of co-infection with H. paragallinarum, which is
known to cause respiratory disease in chickens, on the outcome of H9N2 infection.
All of the chickens co-infected with H. paragallinarum and H9N2 virus showed
clinical signs of swelling of the face, depression, ruffled feathers, and dyspnea.
None of the chickens inoculated only with H9N2 virus or H. paragallinarum
showed clinical signs. H9N2 viruses were more efficiently recovered from the
tissues of the chickens co-infected with H. paragallinarum than from those of the
birds infected only with the virus. The virus infectivity titers in the trachea and
lungs of the chickens inoculated with H. paragallinarum and H9N2 virus were
significantly (P < 0.05) higher than those of the birds inoculated only with H9N2
virus (Table 3). The present results indicate that the replication of H9N2 virus was
enhanced by co-infection with H. paragallinarum in chickens.

Discussion

H9N2 viruses were isolated from the meat and bone marrow of chickens imported
from China. In the present study, SPF chickens were experimentally infected with
these viruses to examine whether the viruses reach the muscle and bone marrow of
chickens. It was confirmed that the H9N2 influenza virus was recovered from the
muscle and/or bone marrow of the SPF chickens intranasally infected. In addition,
the viruses were also recovered from the kidney, spleen, and liver (Table 1),
indicating that H9N2 virus isolates from chickens disseminate throughout the
body of the chicken. Extensive virus replication, however, was not observed in
the bone marrow or muscle.
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An outbreak of H9N2 influenza virus infection in chickens in Hong Kong
(A/chicken/Hong Kong/739/94) was associated with coughing and respiratory
distress in 75% of the birds, with 10% mortality. Treatment with antibiotics
reduced the mortality rate, suggesting that bacteria may play some role in the
exhibition of the clinical syndrome [8]. To obtain information on the exacerbation
of H9N2 virus infection by co-infection with bacteria, we examined the infectivity
of the H9N2 virus in chickens co-infected with either S. aureus or H. paragal-
linarum, which prevail in field chickens. It was revealed that co-infection with
S. aureus or H. paragallinarum exacerbated H9N2 virus infection in chickens
(Tables 2, 3). Although Ck/Bj/2/97 (H9N2) isolated from diseased chicken in
China did not cause clinical signs in the SPF chickens, this virus caused disease
signs in the chickens co-infected with S. aureus. The present findings indicate that
pathogenicity of H9N2 virus is affected by the co-infection with these bacteria.
Similar findings were obtained in the case of Ck/Y-55/2001 (H9N2) virus infection
(Tables 2, 3). It is not known how these bacteria enhance the replication of H9N2
virus in chickens. It was demonstrated that the protease of S. aureus activated
the HA of the influenza virus, allowing multiple cycles of virus replication in the
lungs of mice [20]. Co-infection with S. aureus may confer a similar effect on
H9N2 virus infection in chickens. An alternative explanation for the exacerbation
of the pathogenicity of H9N2 influenza virus infection is that the stress of bacterial
infection affects the immune system of chickens. H9N2 viruses were recovered
from the blood of all of the chickens co-infected with S. aureus and Ck/Y-55/2001
(H9N2) virus and the blood of two of the four chickens co-infected with S. aureus
and Ck/Bj/2/97 (H9N2) virus. On the contrary, H9N2 viruses were not recovered
from the blood of the chickens co-infected with H. paragallinarum and Ck/Y-
55/2001 (H9N2) virus. The results may indicate that virus recovery from the
blood may be correlated to the tissue tropism of the bacteria co-infected.

In cases of co-infection with S. aureus, H9N2 viruses were recovered from the
blood of the chickens (Table 2). H9N2 virus might be disseminated throughout
the body of the chicken through the blood or lymph. When the viruses replicate
extensively in the respiratory tissues, some of those viruses may leak from the
damaged area to the blood or lymph vessels. Another possibility is that the
lymphocytes infected with viruses may spread throughout the body as shown
with virulent avian influenza virus [21].

Although it is perceived that influenza A viruses circulating in wild ducks are
the origin of influenza A viruses of poultry including chickens, viruses were not
recovered from any organs of the chickens inoculated intranasally with A/duck/
Hokkaido/9/99 (H9N2) (Table 1). In that case, how does the H9N2 virus of wild
ducks cross the interspecies barrier and acquire the ability to replicate in chickens?
The mechanism of interspecies transmission is now under investigation.

In the present study, we demonstrate that the H9N2 viruses isolated from the
chicken meat and bone marrow disseminate throughout the body of the chicken,
and that the pathogenicity of the H9N2 virus for chickens is enhanced by co-
infection with either S. aureus or H. paragallinarum. Avian H9N2 virus is directly
transmitted to humans from chickens [15], as are H5N1 and H7N7 [5, 22]. These
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cases may indicate that a virus which can replicate in chickens may acquire trans-
missibility crossing the host-range barrier. To clarify the molecular basis of inter-
species transmission, it is important to continue the surveillance of avian influenza.
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