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The circulation of avian influenza A viruses in poultry 
is a public health concern because these viruses may 
become more transmissible and cause severe disease 
in humans. In 1997, during a highly pathogenic avian 
influenza A(H5N1) virus outbreak in poultry in Hong 
Kong, the highly pathogenic virus also infected humans 
(1). Furthermore, since 2003, this virus has spread and 
become endemic to poultry in some countries. A(H5N1) 
virus outbreaks have resulted in millions of poultry 
infections. From January 2003 to November 2021, 863 
cases of human infection with the A(H5N1) virus were 

reported across 18 countries. Of the 863 cases, 456 were 
fatal. In 2013, human infections with avian influenza 
A(H7N9) virus were reported in China (2). Since then, 
this virus has spread to poultry throughout the country, 
and a total of 1,568 human infections, including 616 
fatal cases, have been reported. 

Other avian influenza A viruses have been detected 
sporadically in humans. The most frequent subtypes that 
cause human infections are A(H5), A(H7), and A(H9) 
viruses, and the World Health Organization (WHO) 
has assessed the public health risks of these viruses and 
coordinated the development of candidate vaccines for 
these subtypes (3). In Japan, avian influenza A(H5) and 
A(H7) virus outbreaks have been reported in poultry 
(OIE World Animal Health Information System: OIE-
WAHIS, https://wahis.oie.int). Other avian influenza 
A viruses, including the A(H9) subtype, have been 
detected sporadically in poultry and wild birds through 
surveillance. Furthermore, avian influenza A(H5N1), 
A(H5N6), A(H7N9), and A(H9N2) viruses have been 
detected in raw poultry meat which was illegally 
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brought by international flight passengers, confiscated, 
and stored in quarantine sections (4,5). However, no 
human cases have been reported to date in Japan.

Three classes of antivirals have been approved 
for influenza treatment or prophylaxis in Japan: M2 
inhibitor (amantadine), neuraminidase (NA) inhibitors 
(oseltamivir, peramivir, zanamivir, and laninamivir), 
and RNA polymerase inhibitors (baloxavir and 
favipiravir). Since most avian influenza A(H5N1) 
and A(H7N9) viruses possess an S31N amino acid 
substitution in the M2 protein, which confers resistance 
to the M2 inhibitor, WHO does not recommend the 
use of M2 inhibitors for the treatment of these viral 
infections. Laninamivir, baloxavir, and favipiravir were 
developed and approved first in Japan. We previously 
reported NA inhibitor and favipiravir susceptibilities of 
avian influenza A(H7N9) viruses isolated from humans 
in China (6,7). However, information regarding the 
susceptibility of avian influenza A viruses to these three 
drugs is limited. Here, we determined the susceptibilities 
of avian influenza A(H5), A(H7), and A(H9) viruses 
isolated in Japan to the approved antivirals.

First, we examined representative avian influenza 
A(H5N1), A(H5N2), A(H7N7), A(H7N9), A(H9N1), 
and A(H9N2) viruses isolated in Japan (4–6,8) (Table 
1). A/chicken/Japan/AQ-HE28-28/2016(H9N2) was 
detected in illegally brought raw poultry meat (4), 
and other viruses were detected during surveillance 
studies for avian influenza A viruses in poultry and 
wild birds. The antiviral susceptibilities of these viruses 
were determined through a combination of genotypic 
methods that detect amino acid substitutions associated 
with antiviral resistance and phenotypic methods that 
evaluate phenotypic viral susceptibility to drugs.

The WHO Global Influenza Surveillance and 
Response  Sys tem Exper t  Working  Group for 
Surveillance of Antiviral Susceptibility (WHO-AVWG) 
published summary tables of amino acid substitutions 
in the NA and polymerase acidic (PA) subunit proteins 
that are associated with reduced susceptibility to NA 
inhibitors and baloxavir, respectively (https://www.
who.int/teams/global-influenza-programme/laboratory-
network/quality-assurance/antiviral-susceptibility-
influenza). No mutant viruses exhibiting reduced 
susceptibility to favipiravir have emerged in patients 
infected with influenza after favipiravir treatment, but 
in vitro studies have shown that a K229R substitution in 
the polymerase basic subunit 1 protein confers reduced 
susceptibility to favipiravir (9). Deep sequencing 
analysis of representative avian influenza A(H5N1), 
A(H5N2), A(H7N7), A(H7N9), A(H9N1), and A(H9N2) 
viruses revealed that none of them possessed amino 
acid substitutions associated with resistance to NA or 
RNA polymerase inhibitors. The M2 S31N substitution 
was detected in A/chicken/Ibaraki/1/2005(H5N2) 
and A/chicken/Japan/AQ-HE28-28/2016(H9N2), 
demonstrating that these viruses are resistant to M2 
inhibitors.

The susceptibilities of avian influenza A(H5N1), 
A(H5N2), A(H7N7), A(H7N9), A(H9N1), and A(H9N2) 
viruses to NA and RNA polymerase inhibitors were 
also examined using a fluorescence-based NA inhibition 
assay and a focus reduction assay, respectively, as 
previously described (10) (Table 1). The results were 

expressed as 50% inhibitory concentration (IC50) 
values. Human influenza A(H1N1)pdm09 viruses 
isolated in Japan served as reference viruses: a wild-
type virus, an oseltamivir and peramivir cross-resistant 
virus possessing an H275Y substitution in NA, and a 
baloxavir-resistant virus possessing an I38T substitution 
in PA (11). The NA H275Y mutant A(H1N1)pdm09 
virus exhibited 990- and 210-fold higher IC50 values 
for oseltamivir and peramivir, respectively, than the 
wild-type virus. The IC50 value of the PA I38T mutant 
A(H1N1)pdm09 virus against baloxavir was 26-
fold higher than that against the wild-type virus. All 
avian influenza A viruses tested had comparable IC50 
values to those of previously reported NA inhibitor-
susceptible viruses (6,7,12,13). Furthermore, no 
significant differences in the IC50 values for NA and 
RNA polymerase inhibitors were found between the 
avian influenza A viruses and the wild-type virus. 
These results indicate that these representative avian 
influenza A viruses are susceptible to the NA and RNA 
polymerase inhibitors approved in Japan.

In Japan, highly pathogenic avian influenza A(H5N8) 
viruses were detected in poultry (14) and wild birds, and 
an A(H9N2) virus was detected in raw poultry meat; 
therefore, we determined the antiviral susceptibilities 
of these avian influenza A viruses (Table 1). A/chicken/
Japan/AQ-HE31-26/2020(H9N2) possessed the 
M2 S31N substitution, demonstrating M2 inhibitor 
resistance. The IC50 values of these viruses for NA and 
RNA polymerase inhibitors were similar to those of the 
representative avian influenza A viruses. These results 
indicate that avian influenza A viruses recently isolated 
in Japan are also susceptible to the NA and RNA 
polymerase inhibitors approved in Japan.

Since global surveillance of antiviral susceptibility 
is essential for public health planning and for making 
clinical recommendations for antiviral use, the WHO-
AVWG initiated a global analysis of circulating human 
influenza A and B viruses in the 2012–13 season (15). 
Monitoring the antiviral susceptibilities of both human 
and avian influenza viruses is important for minimizing 
public health risks. However, information regarding 
the antiviral susceptibilities of avian influenza viruses 
circulating in Japan is limited. In this study, we found 
that avian influenza A(H5N1), A(H5N2), A(H5N8), 
A(H7N7), A(H7N9), A(H9N1), and A(H9N2) viruses 
isolated in Japan show susceptibility to NA and RNA 
polymerase inhibitors approved for use in Japan. 
Furthermore, no amino acid substitutions associated 
with resistance to these inhibitors were found among 
the 591 A(H5), 64 A(H7), and 46 A(H9) viruses isolated 
in Japan that were deposited in the Global Initiative on 
Sharing All Influenza Data (GISAID) EpiFlu database 
(https://www.gisaid.org) (Table 2). Therefore, these 
drugs could be a treatment option for humans infected 
by these viruses.

Human-to-human transmission of avian influenza 
A viruses has rarely been reported; however, human 
infections continue to occur. Therefore, monitoring the 
antiviral susceptibilities of circulating avian influenza 
A viruses should continue for influenza pandemic 
preparedness.
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Appendix  Members of the Influenza Virus Surveillance Group 
of Japan who participated in the Program of Investigation and 
Preservation for Influenza Viruses by the Ministry of Health, 
Labour and Welfare, Japan are as follows: Kazuhiko Ogasawara 
(Aomori Prefectural Public Health and Environment Center), 
Ikuo Goto (Miyagi Prefectural Institute of Public Health and 
Environment), Kenichi Komabayashi (Yamagata Prefectural 
Institute of Public Health), Asumi Saito (Tochigi Prefectural 
Institute of Public Health and Environmental Science), Hiroyuki 
Tsukagoshi (Gunma Prefectural Institute of Public Health and 
Environmental Sciences), Shinichi Shimada (Saitama Institute 
of Public Health), Tomoko Ogawa (Chiba Prefectural Institute of 
Public Health), Aya Kondo (Chiba City Institute of Health and 
Environment), Mami Nagashima (Tokyo Metropolitan Institute 
of Public Health), Hideaki Shimizu (Kawasaki City Institute of 
Public Health), Sachiko Nakamura (Ishikawa Prefectural Institute 
of Public Health and Environmental science), Kazuo Matsumoto 
(Fukui Prefectural Institute of Public Health and Environmental 
Science) ,  Michiko Takeuchi  (Nagano Environmental 
Conservation Research Institute), Masahiro Nishioka (Gifu 
Prefectural Research Institute for Health and Environmental 
Sciences), Hideki Suzuki (Shizuoka Institute of Environment and 
Hygiene), Natsuko Shijo (Hamamatsu City Health Environment 
Research Center), Takuya Yano (Mie Prefecture Health and 
Environment Research Institute), Miyano Ojima (Shiga 
Prefectural Institute of Public Health), Naoki Fujimoto (Kyoto 
Prefectural Institute of Public Health and Environment), Yuta 
Tsukamoto (Kyoto City Institute of Health and Environmental 
Sciences), Satoshi Hiroi and Hideyuki Kubo (Osaka Institute of 
Public Health), Tomohiro Oshibe (Hyogo Prefectural Institute 
of Public Health Science), Ai Mori (Kobe Institute of Health), 
Masaki Yoneda (Nara Prefecture Institute of Health), Yuki 
Matsui (Wakayama Prefectural Research Center of Environment 
and Public Health), Ayumi Kawamoto (Tottori Prefectural 
Institute of Public Health and Environmental Science), Tetsuo 

Mita (Shimane Prefectural Institute of Public Health and 
Environmental Science), Yukie Shimazu (Hiroshima Prefectural 
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