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days 3 and 14 p.i. Sero-conversion to H5 influenza virus was not detected in any
birds, indicating that the chickens were not infected with R(Dk/Mong-Dk/Mong).
In the histopathological examination, influenza virus antigens were detected in
the brain, liver, spleen, kidneys, heart, lungs, pancreas, and colon of chickens
inoculated either with Ck/Yamaguchi/04 or with Dk/Yokohama/03. Since severe
virus encephalitis with perivascular infiltration in the brain affected one chicken
inoculated with Dk/Yokohama/03 (Fig. 1A) and higher titers were detected in the
brains of chickens inoculated with Dk/Yokohama/(03 than with Ck/Yamaguchi/04,
it was found that infection with Dk/Yokohama/03 caused severer lesions than
infection with Ck/Yamaguchi/04 in the brain.

Quails

All of the quails inoculated with Ck/Yamaguchi/04 and Dk/Yokohama/03 died
between day 2 p.i. and day 3 p.i. (2-3d) and between day 3 p.i. and day 4 p.i.
(3-4d), respectively, and virus was recovered from each of the Atissues tested
(Table 2). Disease signs characterized by severe nervous disorders were observed
in 2 out of 6 quails infected with Dk/Yokohama/03. Higher fiters of viruses were
detected in all the tissues of quails inoculated with Ck/Yamaguchi/04 compared
to those inoculated with Dk/Yokohama/03. None of the quails inoculated with
R(Dk/Mong-Dk/Mong) had died by day 14 p.i., and virus was not recovered from
any of the tissues at day 3 and 14 p.i. Sero-conversion to H5 influenza virus
was detected in the quails inoculated with R(Dk/Moeng-Dk/Mong) at day 14 p.i.,
indicating that these quails were infected with R(Dk/Mong-Dk/Mong). In the
histopathological examination, in the brain of the quail inoculated with
Dk/Yokohama/03, severe virus encephalitis with laminar encephalomalacia (pe-
crosis) was observed (Fig, 1B). Antigens to influenza viruses were detected in
the braing and hearts of birds infected either with Ck/Yamaguchi/04 or with
Dk/Yokohama/03.

Budgerigars

All of the budgerigars inoculated either with Ck/Yamaguchi/04 or with Dk/
Yokohama/03 died by day 5 p.i., and the virus was recovered from each of the
tissues tested (Table 3). Disease signs such as severe nervous disorders were
observed in 3 out of 7 budgerigats infected with Dk/Yokohama/03. None of
the budgerigars inoculated with R(Dk/Mong-Dk/Mong) had died by day 14 pi.,
and virus was not recovered from any of thie tissues at days 3 and 14 p.i. Sero-
conversion to 15 influenza virus was not detected in any budgerigars inoculated
with R(Dk/Mong-Dk/Mong) at day 14 p.i, indicating that the budgerigars were
not infected with R(Dk/Mong-Dk/Mong).

Ducklings

Two of the ducklings inoculated with Ck/Yamaguchi/04 died on day 6 p.i. and
day 7 p.i. (6-7d), and virus was recovered from each of the tissues including
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Table 2. Virus recovery and antibody reslionse from quails inoculated with avianp influenza virus

Inoculated virus No. of Days Virus recovery® Antibody
animals . p.i. - responseb
Respiratory  Liver Kidneys Colon  Brain Blood
organs
Ck/Yamaguchi/04 7 2-3d  dead 7 (7.4) 707.1) 788  7(72) 7T(84) ND° ND
(H5ND) ) :
Dk/Yokohama/03 4 34d  dead 4(6.8) 4¢44) 2(5.7 3(64) 4(83) ND ND
(H5N1) 2 - 3d sacrificed 1 (7.2) 260y 238.0 0 158" 138 -
R(Dk/Mong-Dk/Mong) 3 3d sacrificed 0 0 0 0 0 0 —
(H5N1) 2 14d sacrificed O 0 0 0 0 0 +

aDjgit: nurnber of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDsq/g). 0 indicates no virus was isolated

from animals . .
bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was over 40

“Not determined
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Table 3. Virus recovery and antibody response from budgerigars inoculated with avian influenza virus

Inoculated virus  No. of Days Virus recovery? Antibﬂdy
anjmals  p.i. response®
Respiratory Liver Kidneys Colon Brain
organs '
Ck/Yamaguchi/04 7 3-4d dead 7{6.6) 7{43) 7(7.1) 3(3.8) 7(74) ND°
(H5N1) ,
Di/Yokohama/03 4 3d  sacrificed 4 (5.0) 3(3.5) 4(34) 429 42y ND
(H5N1) 3 5d  dead 3(5.3) 326) 349 20229 360 ND
R(Dk/Mong- 3 3d  sacrificed 0 0 0 0 0 ND
Dk/Mong) (H5N1) 3 14d  sacrificed 0 0 0 0 0 -

"Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDs0/g).
0 indicates no vimas was isolated from animals :

®Antibody detection was examined by ELISA, —: ELISA titer was below 40

“Not determined

Table 4. Virus recovery and antibody response from ducklings inoculated with avian influenza virus

Inoculated virus No.of Days Virus recovery? Antibody
animals  p.i. response®
Respiratory Liver Kidneys Colon Brain '
organs
Ck/Yamaguchi/04 3 3a  sacrificed 3 (5.8) 3(53) 3(52 330 0 -
(H5N1) 2 6-7d dead 2(3.9 1¢5.5) 1(57 1(3) 1(5.3) ND°
1 14d  sacrificed © 0 0 i 0 +
Dk/Yokohama/03 6 3~4d  dead 6(7.1) 6(7.1) 6(5.7) 6{47) 6(8.1) ND
(H5N1) _ , .
R(Dk/Mong- 3 3d  sacrificed 0 0 0 0 0 -
Dk/Mong) (H5N1) 3 14d  sacrificed 0O 0 0 0 0 +

JﬁDigit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDso/g).
0 indicates no virus was isolated from animals : .

bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was over 40

®Not determined .

the brain (Table 4). One of the ducklings survived for 14 days, and from this
duckling, specific serum antibodjes against H5 influenza virus were detected.
All of the ducklings inoculated with Dk/Yokohama/03 died between day 3 p.i.
and day 4 p.i. (3-4d), and the virus was recovered from each tissue. None of
the ducklings inoculated with R(Dk/Mong-Dk/Mong) had died by day 14 p.i.,
and virus was not recovered from any of the tissues at days 3 and 14 p.i. Sero-
conversion to H5 influenza virus was detected in the ducklings inoculated with
R(Dk/Mong-Dk/Mong) at day 14 p.i.
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Table 5. Virus recovery and antibody response from mice inoculated with avian influenza virus

Inoculated virus No.of Days Virus recovery® Antibody
animals p.i. ; =~ response®
Respiratory Liver Spleen Kidneys Brain
organs
Ck/Yamaguchif04 2 3-4d | dead 2 (6.3) H 1(33) 123 0 ND®
(H5N1) "2 3d - sacrificed 2 (6.7) 0 0 0 0 -
4 14d  sacrificed O 0 0 0 0 +
Di/Yokohama/03 4 3d  sacrificed 3 (4.5) 0 0 0 0 -
(H5N1) 4 l4d  sacrificed O ) 0 0 0 0 +
R{Dk/Mong- 3 3d  saciificed 3 (4.5) 0 0 0 0 ND
Dk/Mong) (H5N1) 3 14d  sacrificed O 0 0 0 0 ND

#Digit: number of animals in which each virus was isolated. Parenthesis: average of virus titers (logEIDs0/g).
0 indicates no virus was isolated from anirmals

bAntibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA fiter was over 40

“Not determined

- - Mice

Two of the mice inoculated with Ck/Yamaguchi/04 died on day 3 p.i. and day 4 p.i.
(3—4d) (Table 5). Virus was recovered only from the respiratory organs in all except
one mouse, which was dead at day 4 p.i. In this mouse, the virus was recovered not
only from the respiratory organs but also from the spleen and kidneys. The other
four mice survived for 14 days, and specific antibodies against H5 influenza virus
were detected. All of the mice inoculated with Dk/Yokohama/03 and R(Dk/Mong-
Dk/Mong) survived for 14 days. The virus wasrecovered only from the respiratory
organs of the mice at day 3 p.i. It was found that the pathogenicity of these two
viruses in mice was relatively low.

Table 6. Virns recovery and antibody response from miniature pigs inoculated with avian
’ influenza virus -

Viruses Vizus titers (logTCIDs¢/mE) Antibody response?
: ' on 14 days p.i.

lday 2day 3day dday 5day 6day 7day

Ck/Yamaguchi/04 - - - - - - _ _
(H5N1)

Dk/Yokohama/03 - - - - - - -
(H5N1) . '
R{Dk/Mong- - 2.7 2.5 1.7 - - - +
Dk/Mong) (H5N1)

2Antibody detection was examined by ELISA. —: ELISA titer was below 40. +: ELISA titer was

over 40 .
b_:«1.5 logTCIDsp/mi
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Miniature pigs

All of the miniature pigs inoculated with the three H5N1 viruses survived for 14
days. No virus was detected in the nasal swabs of the miniature pigs inoculated
either with Ck/Yamaguchi/04 or Dk/Yokohama/03 from day 1 p.i. to day 7 p.i.
(Table 6). In these two miniature pigs, sero-conversion to H5 influenza virus was
not detected at day 14 p.i. In another experiment with miniature pigs inoculated
with Ck/Yamaguchi/04, the virus was not recovered from any of the tissues at days
3 and 14 p.i. (data not shown). These results indicated that miniature pigs were not
infected with Ck/Yamaguchi/04 and Di/Yokohama/03. Although there were no
disease signs in the miniature pig inoculated with R(Dk/Mong-Dk/Mong), viruses
were recovered from the nasal swabs between day 2 p.i. and day 4 p.i. (2-4d).
Sero-conversion to HS influenza virus was detected in the miniature piginoculated
with R(Dk/Mong-Dk/Mong).

Discussion

The present study was conducted to determine the pathogenicity of Ck/Yamaguchi/
04 in chickens, quails, budgerigars, ducklings, mice, and miniature pigs. Two
H5N1 avian influenza viruses, Dk/Yokokama/03 and R(Dk/Mong-Dk/Mong),
were compared in ferms of pathogenicity with Ck/Yamaguchi/04. The intra-
venous pathogenicity index (IVPI) in 6-week-old chickens for Ck/Yamaguchi/04,
Dk/Yokohama/03, and R(Dk/Mong-Dk/Mong) was 3.0, 2.7, and 0.0, respec-
tively (data not shown). Based on the present results, Ck/Yamaguchi/04 and
Dk/Yokohama/03 were classified as HPAI viruses and R{Dk/Mong-Dk/Mong)
as a non-pathogenic virus by the OIE criteria [2]. Ck/Yamaguchi/04 and Dk/
Yokohama/03 caused systemic infections in birds, but showed little or no pathoge-
nicity in mammals. The slightly longer mean death time in chickenrs inoculated
with Dk/Yokohama/03 allowed for the development of cyanosis of the wattle,
typical signs of HPAI, The tendency was shown that virus of higher titer was
recovered from chickens inoculated with Ck/Yamaguchi/04 than those inoculated
with Dk/Yokohama/03.

The pathogenicity of Ck/Yamaguchi/O4 and Dk/Yokohama/03 in quails and
budgerigars was as high as that of the HPAI virus, Ck/Hong Kong/220/97 (H5N1),
which caused an acute and lethal infection [21]. Notably, the pathogenicity of
Ck/Yamaguchi/04 in the.quails seemed to be higher than that of Dk/Yokohama/03,
as evidenced by the mean death times (Ck/Yamaguchi/04 vs Dk/Yokohama/03,
P =0.05) and the tissues from which the viruses were recovered. This difference
may be due to the adaptation of isolated HPAT viruses from different hosts (chicken
and duck) to guails. The greater susceptibility of quails to the virus originating from
duck than from chickens is consistent with previous reports [17]. In our another
experiment, Ck/Yamaguchi/04 and Dk/Yokohama/03 cansed systemic infections
in wild starlings (Sturnus cineraceus) (data not shown), indicating that feral birds
could play a role as intermediates in virus transmisston amorig pouttry flocks,
thereby contributing to the spread of avian influenza virus as in the outbreaks in
Australia [20]. During the outbreaks of HSN1 HPAI in Japan, 2004, viruses were
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isolated not only fiom chickens but dead crows {18]. The possibility remains that
avian influenza viris is spread by the contact of wild birds with chickens.

The pathogenicity of Ck/Yamagnchi/04 and Dk/Yokohama/03 for five-week-
old ducks was not high compared to that for chickens and Dk/Yokohama/03 repli-
cated more rapidly and efficiently in the multiple organs than Ck/Yamagnchi/04
in ducks [13]. In the present study, virns was recovered from multiple tissues
of three-day-old ducklings inoculated either with Ck/Yamaguchi/04 or with Dk/
Yokohama/03, and some of these ducklings were dead, indicating that the pathoge-
nicity of these two viruses in three-day-old ducklings was high.

In the present study, virus was recovered from muitiple tissues of only
one mouse, which died at day 4 p.i. Two mice died after the inoculation of
Ck/Yamaguchi/04 at an EIDsp of 10°0 and the mortality rate of mice was only 33%
(n=26). In the latest publication, the 50% lethal dose of the same strain in mice
was 5 x 10° BIDsg under the same conditions (6-week-old female BALB/c mice
via the intranasal route), and virus- was also recovered from the brain [18]. The
difference in pathogenicity may be due to the passage history of Ck/Yamaguchi/04
since the virus obtained from the National Institute of Animal Health (Japan)
was propagated twice in embryonated chicken eggs before the present animat
experiments. The pathogenicity of the H5N1 viruses isolated from humans in
Hong Kong, 1997, was extremely high in mice [5, 7]. In the present study, more
than half of the mice inocnlated with Ck/Yamaguchi/04 survived the infection,
indicating that the 50% mouse lethal dose was over 1030 EIDsp. In conclusion,
the pathogenicity of Ck/Yamaguchi/04 and Dk/Yokohama/03 in mice was much
lower than that of the H5N1 viruses isolated from humans in Hong Kong, 1997.

Miniature pigs showed susceptibility to influenza virus, similarly to domes-
tic pigs [3]. Miniature pigs were not susceptible either to Ck/Yamaguchi/04 or
to' Dk/Yokohama/03, but limited viral replication was observed in upper res-
piratory tissues in the miniature pigs inoculated with R(Dk/Mong-Dk/Mong).
Therefore, the pigs may not play a major role in the maintenance and spread
of Ck/Yamaguchi/04 and Dk/Yokohama/03. In contrast, HSN1 viruses isolated
in 1997 from a boy (Hong Kong/156/97) and chicken (Ck/Hong Kong/258/97)
replicated in pigs, although transmission through contact was not detected [24].
These results suggest that the susceptibility of pigs to avian influenza viruses
has no relation to the pathogenicity of the strains in chickens or their subtypes,
indicating that possible factors involved in host range restriction may be located
in some gene segment(s) other than the HA gene [11, 23]. '

In conclusion, Ck/Yamaguchi/04 is highly pathogenic to birds and cause
systemic infection, including brain. The results indicate that the susceptibility of
pigs to this HPAT virus is very low, and that the possibility of genetic reassortrents
with this HPAI virus in pigs is not a concern.
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