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BACKGROUND

China is an important neighbor of Japan, with ge-
opolitical and economic interdependence. And it con-
tains hot spots for emerging and reemerging infec-
tions, as exemplified by the occurrence of SARS 
coronavirus that shocked the world in 2003 and en-
demic avian influenza virus occasionally jumping 
from bird to human. The carrier rate of hepatitis vi-
ruses is very high and HIV infection is rapidly in-
creasing. In the early 2000’s the Institute of Medical 
Science, the University of Tokyo, (IMSUT) was look-
ing for appropriate counterparts in China to strength-
en the studies of emerging and reemerging infections.

IMSUT initially established three collaboration 
sites in fiscal 2005 in China, two in Beijing and one in 
Harbin, and had been conducting China-Japan re-
search collaboration, for two 5-year terms (fiscal 2005-
2010; 2010-2015), supported by the Ministry of Educa-
tion, Culture, Sports, Science and Technology under 
the directorship of Aikichi Iwamoto, former project 
director. IMSUT thus set up a new sustainable system 
that allowed IMSUT scientists to work in China, along 
with Chinese scientists, focusing on the studies of 

emerging and reemerging infections. In 2015 Yasushi 
Kawaguchi succeeded A. Iwamoto as project director 
and launched the project China-Japan Research Collabo-
ration on Defense against Emerging and Reemerging In-
fections, a 5-year J-GRID program of Japan Agency for 
Medical Research and Development (AMED). In 2020 
based on the results of the previous five years, he 
launched another project Studies to Control Emerging, 
Re-emerging and Imported Infectious Diseases to Be Con-
ducted in International Collaboration Sites in China un-
der a 5-year AMED program Japan Program for Infec-
tious Diseases Research and Infrastructure.

In 2005 IMSUT had founded two joint laboratories 
in collaboration with Institute of Biophysics (IBP) and 
Institute of Microbiology (IM), which belong to the 
Chinese Academy of Sciences (CAS), a large national 
institution consisting of more than 100 research insti-
tutes all over China. IMSUT has dispatched Jin Gohda 
to IM as a principal investigator (PI). Along with his 
Chinese staffs, PI is conducting basic and translation-
al studies of HIV, MERS coronavirus, dengue virus 
and SARS-CoV-2. In 2015 IMSUT has set up another 
project laboratory in Tokyo, whose studies comple-
ment those in Beijing. IMSUT is also conducting a 
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joint research program on avian influenza virus be-
tween Yoshihiro Kawaoka at IMSUT and Hualan 
Chen at Harbin Veterinary Research Institute (HVRI) 
of Chinese Academy of Agricultural Sciences. The ac-
tivities in Beijing and Harbin are supported by Mitsue 
Hayashi of the Beijing Project Office.

This project, making the most of the opportunity 
of collaboration with the highly advanced Chinese in-
stitution, aims to translate our basic studies into prac-
tical use in future. During the course of the collabora-
tion the project intends to train and educate young 
Chinese and Japanese scientists for the future genera-
tion and hopes to contribute to the friendship be-
tween the two peoples.

PROJECT LABORATORIES AND PROGRAM

Y. Kawaguchi (Director of Research Center for 
Asian Infectious Diseases; Project Director) manages 
the Center and the AMED-supported Project, which 
includes the domestic and overseas laboratories and 
program. He coordinates our activities and decides 
the direction of research. He and his group conduct 
studies of molecular virology and immunology of 
herpes virus in the Research Center for Asian Infec-
tious Diseases.

a.   Project Laboratory at IMSUT and Joint Labora-
tory at IMCAS

Many enveloped viruses, such as HIV-1, flavivi-
rus, herpes simplex virus, and coronavirus, are path-
ogenic and of clinical importance. J. Gohda’s and Y. 
Kawaguchi’s groups are conducting a basic research 
on the development of antiviral therapy for infectious 
diseases caused by enveloped viruses. 

Severe acute respiratory syndrome coronavirus 2 
(SRAS-CoV-2) is the causative virus of Coronavirus 
disease 2019 (COVID-19), which has spread world-
wide since the first case was reported in China in De-
cember 2019. The rapid development of antiviral 
drugs and vaccine against SARS-CoV-2 infection is 
needed for bringing an ongoing pandemic of COV-
ID-19 to an end. J. Gohda and his group established a 
dual split protein-based cell fusion assay for SARS-
CoV-2 spike protein to evaluate the antiviral activities 
of compounds and antibodies against SARS-CoV-2. 
We found by using the fusion assay that an existing 
Japanese pancreatitis drug, nafamostat strongly pre-
vents viral entry of SARS-CoV-2 by inhibiting a serine 
protease, TMPRSS2, which is crucial for membrane 
fusion between SARS-CoV-2 and its target cells. Fur-
thermore, we found that several compounds inhibit 
viral entry of SARS-CoV-2. This year, we demonstrat-
ed that two existing drugs significantly prevent infec-
tion with SARS-CoV-2 mutants, including Omicron, 
by inhibiting TMPRSS2-dependent cell surface entry 
and TMPRSS2-independent endosomal entry. These 
compounds might lead to the development of an anti-

viral drug against SARS-CoV-2 entry both through 
the cell surface pathway and the endosomal pathway. 
On the other hand, SARS-CoV-2 Omicron variant has 
been recently reported to exhibit decreased usage of 
the TMPRSS2-mediated cell surface entry pathway 
and increased usage of the endosomal entry pathway, 
which might cause altered cell tropism and less tissue 
damage. In addition, J. Gohda’s group previously 
found that metalloproteinases are specifically in-
volved in SARS-CoV-2 viral cell surface entry in some 
cell-types. This year, we performed comprehensive 
analyses of the usage of viral entry pathways, includ-
ing the third entry pathway mediated by the host 
metalloproteinases, in Omicron infection. The study 
using various cell types showed that Omicron dis-
played the enhanced endosome entry and the re-
duced metalloproteinase-dependent as well as TM-
PRSS2-dependent cell surface entry. Furthermore, we 
showed that Omicron’s fusogenic activity mediated 
by metalloproteinases was markedly reduced. We 
also demonstrated that the H655Y mutation in the 
Omicron spike determined its relative usage of the 
three entry pathways. These finding may not only 
clarify the biological and pathological phenotypes of 
Omicron, but increase the understanding of disease 
progression in infections with other SARS-CoV-2 var-
iants.

The use of combination anti-retroviral therapy 
(cART) has considerably contributed to preventing 
the development of AIDS in patients infected with 
human immunodeficiency virus type 1 (HIV-1). How-
ever, HIV-1 latent reservoirs harboring silenced but 
replication-competent provirus are a major obstacle 
against viral eradication in the infected patients. The 
“shock and kill” strategy, which is one of promising 
approaches to a cure of HIV-1 infection, is aimed to 
reactivate the latent provirus by treatment with laten-
cy reversing agents (LRAs), which is called “shock”, 
in the presence of antiretroviral drugs. Some drugs 
have been so far identified as an LRA. However, no 
drugs that cause cell death of HIV-1 latent reservoirs, 
which is called “kill”, has not been identified yet. J. 
Gohda and his group has identified several existing 
drugs as a new LRA candidate. This year, we tried to 
clarify the molecular mechanism of re-activation of 
latent HIV-1 provirus by these drugs. As a result, one 
of the candidate drugs may re-activate HIV-1 proviral 
transcription through the different mechanism by 
which the existing LRAs induce the proviral re-acti-
vation. Furthermore, we are currently trying to iden-
tify compounds that block the release of HIV-1 viral 
particles from infected cells to “kill” the reactivated 
reservoirs by a cytopathic effect through accumula-
tion of cytotoxic viral proteins in the cells without re-
leasing infectious viral particles. 

b.   Joint Laboratory at IBPCAS

The Joint Laboratory at IBPCAS was closed in 
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March 2020. However, the research collaboration and 
academic exchange between IMSUT and IBPCAS is 
still ongoing.

c.   Collaborative research program with HVRI

At the end of 2019, a novel coronavirus (severe 
acute respiratory syndrome coronavirus 2; SARS-
CoV-2) was detected in Wuhan, China, that spread 
rapidly around the world, with severe consequences 
for human health and the global economy. In China, 
highly pathogenic avian influenza (HPAI) H5N1 vi-
rus transmitted to humans in 1997; since 2013, low 
pathogenic avian influenza A H7N9 viruses have 
caused sporadic infections in humans; and in 2016, 
HPAI H7N9 viruses emerged raising concerns of a 
pandemic. For these reasons, HVRI (Director, Zhigao 
Bu) has been conducting collaborative research on in-
fluenza virus, SARS-CoV-2, and other emerging vi-
ruses from all over Asia. 

HVRI focuses on avian influenza viruses that are 
circulating in Chinese wild waterfowl, domestic poul-
try, and swine. Specifically, Y. Kawaoka and his group 
study type A influenza viruses and SARS-CoV-2 vi-
ruses, with an emphasis on viral pathogenicity in var-
ious hosts, viral evolution, and viral surveillance. 

The major findings this year are: (1) Our routine 
surveillance in China indicated that the Eurasian avi-
an-like H1N1 (EA H1N1) swine influenza viruses cir-
culated widely in pigs, and obtained different inter-
nal genes from different swine influenza viruses, 
forming various new genotypes. We found that a nat-
urally isolated swine influenza reassortant, A/swine/
Liaoning/265/2017, a representative strain of one of 
the predominant genotypes in recent years, is lethal 
in mice and transmissible in ferrets due to the acquisi-

tion of key mutations in PA. Our study provides im-
portant insights for monitoring field strains with pan-
demic potential. (2) We evaluated the replicative 
ability and pathogenicity of sublineages BA.1, BA.2, 
BA.4, and BA.5 of SARS-CoV-2 Omicron variants in 
wild-type Syrian hamsters, human ACE2 (hACE2) 
transgenic hamsters, and hACE2 transgenic mice. We 
observed no obvious differences among BA.1, BA.2, 
BA.4, and BA.5 isolates in terms of growth ability or 
pathogenicity in rodent models, but these isolates 
were less pathogenic than a previously circulating 
Delta (B.1.617.2 lineage) isolate. In addition, we ana-
lyzed the efficacy of antiviral drugs and antibodies 
against Omicron variants. The susceptibilities of BA.1, 
BA.2, BA.2.75, BA.4.6, BA.5, BQ.1.1, and XBB to rem-
desivir, molnupiravir, and nirmatrelvir were similar 
to those of the ancestral strain and other variants of 
concern. The effectiveness of monoclonal antibodies 
(REGN10987–REGN10933, COV2-2196–COV2-2130, 
and S309) varied with the type of omicron strain. 
None of the monoclonal antibodies tested was effec-
tive against all omicron strains.

IMSUT PROJECT OFFICE

The office (M. Hayashi) supports the activities of 
the joint laboratory in Beijing and the joint research 
program in Harbin. It serves as Secretariat for Steer-
ing Committee Meeting and files MOU and Minutes. 
It helps scientists visiting the joint laboratory/pro-
gram for collaborative research. It has been gathering 
the information about emerging infections in China 
from the Chinese mass media and official announce-
ments, and the gathered information (in Japanese) 
has been presented and updated on the website of the 
Project (http://www.rcaid.jp/). 

Publications

1.   Takeshima K, Maruzuru Y, Koyanagi N, Kato A, 
Kawaguchi Y. Redundant and specific roles of 
A-type lamins and lamin B receptor in herpes sim-
plex virus 1 infection. J Virol, in press.

2.   Inayoshi Y, Oguro S, Tanahashi E, Lin Z, Kawagu-
chi Y, Kodama T, Sasakawa C. Bacterial artificial 
chromosome-based reverse genetics system for 
cloning and manipulation of the full-length ge-
nome of infectious bronchitis virus. Curr Res Mi-
crob Sci 3: 100155, 2022.

3.   Tachida Y, Miura S, Muto Y, Takuwa H, Sahara N, 
Shindo A, Matsuba Y, Saito T, Taniguchi N, Kawa-
guchi Y, Tomimoto H, Saido T, Kitazume S. En-
dothelial expression of human amyloid precursor 
protein leads to amyloid β in the blood and induc-
es cerebral amyloid angiopathy in knock-in mice. 
J Biol Chem 298: 101880, 2022.

4.   Maeda F, Kato A, Takeshima K, Shibazaki M, Sato 
R, Shibata T, Miyake K, Kozuka-Hata H, Oyama 

M, Shimizu E, Imoto S, Miyano S, Adachi S, Nat-
sume T, Takeuchi K, Maruzuru Y, Koyanagi N, 
Arii J, Kawaguchi Y. Role of the orphan transport-
er SLC35E1 in the nuclear egress of herpes sim-
plex virus 1. J Virol 96: e00306-22, 2022.

5.   Arii J, Takeshima K, Maruzuru Y, Koyanagi N, 
Nakayama Y, Kato A, Mori Y, Kawaguchi Y. Role 
of the arginine cluster in the disordered domain of 
Herpes Simplex Virus 1 UL34 for the recruitment 
of ESCRT-III for viral primary envelopment. J Vi-
rol 96: e01704-21, 2022.

6.   Ogura H, Gohda J, Lu X, Yamamoto M, Takesue Y, 
Son A, Doi S, Matsushita K, Isobe F, Fukuda Y, 
Huang TP, Ueno T, Mambo N, Murakami H, Ka-
waguchi Y, Inoue J, Shirai K, Yamasaki S, Hirata J, 
Ishido S. Dysfunctional Sars-CoV-2-M pro-
tein-specific cytotoxic T lymphocytes in patients 
recovering from severe COVID-19. Nat Commun 
13(1): 7063, 2022.



217

7.   Yamamoto M, Gohda J, Kobayashi A, Tomita K, 
Hirayama Y, Koshikawa N, Seiki M, Semba K, 
Akiyama T, Kawaguchi Y, Inoue JI. Metallopro-
teinase-dependent and TMPRSS2-independnt cell 
surface entry pathway of SARS-CoV-2 requires 
the furin-cleavage site and the S2 domain of spike 
protein. mBio e0051922, 2022.

8.   Kawashima K, Hirota-Tsukimachi M, Toma T, 
Koga R, Iwamaru Y, Yanae M, Ahagon A, Naka-
mura Y, Anraku K, Tateishi H, Gohda J, Inoue JI, 
Ostuka M, Fujita M. Development of chimeric re-
ceptor activator of nuclear factor-kappa B with 
glutathione S-transferase in the extracellular do-
main: Artificial switch in a membrane receptor. 
Chem Biol Drug Des 99(4): 573-584, 2022.

9.   Yamamoto M, Tomita K, Hirayama Y, Inoue JI, Ka-
waguchi Y, Gohda J. SARS-CoV-2 Omicron spike 
H655Y mutation is responsible for enhancement 
of the endosomal entry pathway and reduction of 
cell surface entry pathways. BioRxiv 2022. 

10.  Takashita E, Watanabe S, Hasegawa H, Kawaoka 
Y. Are twindemics occurring? Influenza Other 
Respir Viruses, in press.

11.  Iwatsuki-Horimoto K, Ueki H, Ito M, Nagasawa S, 
Hirata Y, Hashizume K, Ushiwata K, Iwase H, 
Makino Y, Ushiku T, Akitomi S, Imai M, Saitoh H, 
Kawaoka Y. SARS-CoV-2 transmission from vi-
rus-infected dead hamsters. mSphere, in press.

12.  Uraki R, Ito M, Furusawa Y, Yamayoshi S, Iwat-
suki-Horimoto K, Adachi E, Saito M, Koga M, 
Tsutsumi T, Yamamoto S, Otani A, Kiso M, 
Sakai-Tagawa Y, Ueki H, Yotsuyanagi H, Imai M, 
Kawaoka Y. Humoral immune evasion of the omi-
cron subvariants BQ.1.1 and XBB. Lancet Infect 
Dis, in press.

13.  Chiba S, Hatta M, Pattinson D, Yasuhara A, Neu-
mann G, Kawaoka Y. Ferret model to mimic the 
sequential exposure of humans to historical H3N2 
influenza viruses. Vaccine, in press.

14.  Koga M, Iwatsuki-Horimoto K, Kikuchi T, Yamay-
oshi S, Kawaoka Y, Yotsuyanagi H. Previous Omi-
cron infection may be protective against reinfec-
tion with Omicron variant BA.5 for at least five 
months. Clin Microbiol Infect, in press.

15.  Imai M, Ito M, Kiso M, Yamayoshi S, Uraki R, Fuk-
ushi S, Watanabe S, Suzuki T, Maeda K, Sakai-Taga-
wa Y, Iwatsuki-Horimoto K, Halfmann P, Kawao-
ka Y. Efficacy of antiviral agents against Omicron 
BQ.1.1 and XBB subvariants. N Engl J Med, in 
press.

16.  Boon ACM, Darling TL, Halfmann PJ, Franks J, 
Webby RJ, Barouch DH, Port JR, Munster VJ, Dia-
mond MS, Kawaoka Y. Reduced airborne trans-
mission of SARS-CoV-2 BA.1 Omicron virus in 
syrian hamsters. PLoS Pathog 18(12): e1010970. 
2022.

17.  Uraki R, Halfmann PJ, Iida S, Yamayoshi S, Furu-
sawa Y, Kiso M, Ito M, Iwatsuki-Horimoto K, 
Mine S, Kuroda M, Maemura T, Sakai-Tagawa Y, 

Ueki H, Li R, Liu Y, Larson D, Fukushi S, Watanabe 
S, Maeda K, Pekosz A, Kandeil A, Webby RJ, Wang 
Z, Imai M, Suzuki T, Kawaoka Y. Characterization 
of SARS-CoV-2 Omicron BA.4 and BA.5 isolates in 
rodents. Nature 612(7940): 540-545. doi: 10.1038/
s41586-022-05482-7.2022.

18.  Takashita E, Yamayoshi S, Halfmann P, Wilson N, 
Ries H, Richardson A, Bobholz M, Vuyk W, Mad-
dox R, Baker DA, Friedrich TC, O’Connor DH, 
Uraki R, Ito M, Sakai-Tagawa Y, Adachi E, Saito M, 
Koga M, Tsutsumi T, Iwatsuki-Horimoto K, Kiso 
M, Yotsuyanagi H, Watanabe S, Hasegawa H, Imai 
M, Kawaoka Y. In vitro efficacy of antiviral agents 
against Omicron subvariant BA.4.6. N Engl J Med, 
387(22): 2094-2097. 2022.

19.  Nagai H, Saito M, Adachi E, Sakai-Tagawa Y, Yo-
mayoshi S, Kiso M, Kawamata T, Koga M, Kawao-
ka Y, Tsutsumi T, Yotsuyanagi H. Casirivimab/
imdevimab for active COVID-19 pneumonia per-
sisted for nine months in a patient with follicular 
lymphoma during anti-CD20 therapy. Jpn J Infect 
Dis, 75(6): 608-611. 2022.

20.  Patania OM, Chiba S, Halfmann PJ, Hatta M, Mae-
mura T, Bernard KA, Kawaoka Y, Crawford LK. 
Pulmonary lesions induced by SARS-CoV-2 infec-
tion in domestic cats. Vet Pathol 59(4): 696-706, 
2022.

21.  Yamayoshi S, Iwatsuki-Horimoto K, Okuda M, 
Ujie M, Yasuhara A, Murakami J, Duong C, Ham-
abata T, Ito M, Chiba S, Kobayashi R, Takahashi S, 
Mitamura K, Hagihara M, Shibata A, Uwamino Y, 
Hasegawa N, Ebina T, Izumi A, Kato H, Nakajima 
H, Sugaya N, Seki Y, Iqbal A, Kamimaki I, Yamaza-
ki M, Kawaoka Y, Furuse Y. Age-stratified sero-
prevalence of antibodies against SARS-CoV-2 in 
the pre- and post-vaccination era, February 2020–
March 2022, Japan. Emerg Infect Dis 28(11): 2198-
2205, 2022.

22.  Yasuhara A, Yamayoshi S, Kiso M, Sakai-Tagawa 
Y, Okuda M, Kawaoka Y. A broadly protective hu-
man monoclonal antibody targeting the sialidase 
activity of influenza A and B virus neuraminidas-
es. Nat Commun 13(1): 6602, 2022.

23.  Okuda M, Sakai-Tagawa Y, Koga M, Koibuchi T, 
Kikuchi T, Adachi E, Lim LA, Yamamoto S, Yot-
suyanagi H, Negishi K, Jubishi D, Yamayoshi S, 
Kawaoka Y. Immunological correlates of preven-
tion of the onset of seasonal H3N2 influenza. J In-
fect Dis 226(10): 1800-1808, 2022.

24.  Takashita E, Yamayoshi S, Fukushi S, Suzuki T, 
Maeda K, Sakai-Tagawa Y, Ito M, Uraki R, Half-
mann P, Watanabe S, Takeda M, Hasegawa H, 
Imai M, Kawaoka Y. Efficacy of antiviral agents 
against the Omicron subvariant BA.2.75. N Engl J 
Med 387(13): 1236-1238, 2022.

25.  Uraki R, Kiso M, Imai M, Yamayoshi S, Ito M, Fu-
jisaki S, Takashita E, Ujie M, Furusawa Y, Yasu-
hara A, Iwatsuki-Horimoto K, Sakai-Tagawa Y, 
Watanabe S, Hasegawa H, Kawaoka Y. Therapeu-



218

tic efficacy of monoclonal antibodies and antivi-
rals against SARS-CoV-2 Omicron BA.1 in Syrian 
hamsters. Nat Microbiol 7(8): 1252-1258, 2022.

26.  Ueki H, Ujie M, Komori Y, Kato T, Imai M, Kawa-
oka Y. Effectiveness of HEPA filters at removing 
infectious SARS-CoV-2 from the air. mSphere 7(4): 
e0008622, 2022.

27.  Meng F, Yang H, Qu Z, Chen Y, Zhang Y, Zhang Y, 
Liu L, Zeng X, Li C, Kawaoka Y, Chen H.A Eura-
sian avian-like H1N1 swine influenza reassortant 
virus became pathogenic and highly transmissible 
due to mutations in its PA gene. Proc Natl Acad 
Sci U S A 119(34): e2203919119, 2022. 

28.  Takashita E, Yamayoshi S, Simon V, van Bakel H, 
Sordillo EM, Pekosz A, Fukushi S, Suzuki T, Mae-
da K, Halfmann P, Sakai-Tagawa Y, Ito M, 
Watanabe S, Imai M, Hasegawa H, Kawaoka Y. 
Efficacy of antibodies and antiviral drugs against 
omicron BA.2.12.1, BA.4, and BA.5 subvariants. N 
Engl J Med 387(5): 468-470, 2022. 

29.  Halfmann PJ, Kuroda M, Armbrust T, Theiler J, 
Balaram A, Moreno GK, Accola MA, Iwatsuki-Hori-
moto K, Valdez R, Stoneman E, Braun K, Yamay-
oshi S, Somsen E, Baczenas JJ, Mitamura K, Hagiha-
ra M, Adachi E, Koga M, McLaughlin M, Rehrauer 
W, Imai M, Yamamoto S, Tsutsumi T, Saito M, Frie-
drich TC, O’Connor SL, O’Connor DH, Gordon A, 
Korber B, Kawaoka Y. Characterization of the 
SARS-CoV-2 B.1.621 (Mu) variant. Sci Transl Med. 
eabm4908, 2022.

30.  Uraki R, Kiso M, Iida S, Imai M, Takashita E, Kuro-
da M, Halfmann PJ, Loeber S, Maemura T, Yamay-
oshi S, Fujisaki S, Wang Z, Ito M, Ujie M, Iwat-
suki-Horimoto K, Furusawa Y, Wright R, Chong 
Z, Ozono S, Yasuhara A, Ueki H, Sakai-Tagawa Y, 
Li R, Liu Y, Larson D, Koga M, Tsutsumi T, Adachi 
E, Saito M, Yamamoto S, Hagihara M, Mitamura 
K, Sato T, Hojo M, Hattori SI, Maeda K, Valdez R; 
IASO study team, Okuda M, Murakami J, Duong 
C, Godbole S, Douek DC, Maeda K, Watanabe S, 
Gordon A, Ohmagari N, Yotsuyanagi H, Diamond 
MS, Hasegawa H, Mitsuya H, Suzuki T, Kawaoka 
Y. Characterization and antiviral susceptibility of 
SARS-CoV-2 Omicron/BA.2. Nature 607(7917): 
119-127, 2022. 

31.  Fisher T, Gluck A, Narayanan K, Kuroda M, 
Nachshon A, Hsu JC, Halfmann PJ, Yahalom-Ron-
en Y, Tamir H, Finkel Y, Schwartz M, Weiss S, 
Tseng CK, Israely T, Paran N, Kawaoka Y, Makino 
S, Stern-Ginossar N. Parsing the role of NSP1 in 
SARS-CoV-2 infection. Cell Rep 39(11): 110954, 
2022.

32.  Fujii T, Hagihara M, Mitamura K, Nakashima S, 
Ohara S, Uchida T, Inoue M, Okuda M, Yasuhara 
A, Murakami J, Duong C, Iwatsuki-Horimoto K, 
Yamayoshi S, Kawaoka Y. Anti-SARS CoV-2 IgG 
in COVID-19 patients with hematological diseas-
es: a single-center, retrospective study in Japan. 
Intern Med 61(11): 1681-1686, 2022. doi: 10.2169/

internalmedicine.9209-21. 
33.  Darling TL, Ying B, Whitener B, VanBlargan LA, 

Bricker TL, Liang CY, Joshi A, Bamunuarachchi G, 
Seehra K, Schmitz AJ, Halfmann PJ, Kawaoka Y, 
Elbashir SM, Edwards DK, Thackray LB, Diamond 
MS, Boon ACM. mRNA-1273 and Ad26.COV2.S 
vaccines protect against the B.1.621 variant of 
SARS-CoV-2. Med (N Y) 3(5): 309-324.e6, 2022.

34.  Halfmann PJ, Kuroda M, Maemura T, Chiba S, 
Armbrust T, Wright R, Balaram A, Florek KR, 
Bateman AC, Kawaoka Y. Efficacy of vaccination 
and previous infection against the Omicron BA.1 
variant in Syrian hamsters. Cell Rep 39(3): 110688, 
2022.

35.  Takashita E, Kinoshita N, Yamayoshi S, Sakai-Taga-
wa Y, Fujisaki S, Ito M, Iwatsuki-Horimoto K, 
Halfmann P, Watanabe S, Maeda K, Imai M, Mit-
suya H, Ohmagari N, Takeda M, Hasegawa H, Ka-
waoka Y. Efficacy of antiviral agents against the 
SARS-CoV-2 Omicron subvariant BA.2. N Engl J 
Med 386(15): 1475-1477, 2022.

36.  Ueki H, Ito M, Furusawa Y, Yamayoshi S, Inoue SI, 
Kawaoka Y. A 265-nanometer high-power deep-
UV light-emitting diode rapidly inactivates SARS-
CoV-2 aerosols. mSphere 7: e0094121, 2022.

37.  Murakami J, Shibata A, Neumann G, Imai M, 
Watanabe T, Kawaoka Y. Characterization of 
H9N2 Avian influenza viruses isolated from poul-
try products in a mouse model. Viruses 14: 728. 
2022.

38.  Takashita E, Kinoshita N, Yamayoshi S, Sakai-Taga-
wa Y, Fujisaki S, Ito M, Iwatsuki-Horimoto K, Chi-
ba S, Halfmann P, Nagai H, Saito M, Adachi E, 
Sullivan D, Pekosz A, Watanabe S, Maeda K, Imai 
M, Yotsuyanagi H, Mitsuya H, Ohmagari N, Take-
da M, Hasegawa H, Kawaoka Y. Efficacy of anti-
bodies and antivirals against a SARS-CoV-2 Omi-
cron variant. N Engl J Med 386: 995-998, 2022.

39.  Takamatsu Y, Imai M, Maeda K, Nakajima N, Hi-
gashi-Kuwata N, Iwatsuki-Horimoto K, Ito M, 
Kiso M, Maemura T, Takeda Y, Omata K, Suzuki T, 
Kawaoka Y, Mitsuya H. Highly neutralizing COV-
ID-19 convalescent plasmas potently block SARS-
CoV-2 replication and pneumonia in syrian ham-
sters. J Virol 96: e01551-21, 2022. 

40.  Saito A, Irie T, Suzuki R, Maemura T, Nasser H, 
Uriu K, Kosugi Y, Shirakawa K, Sadamasu K, Ki-
mura I, Ito J, Wu J, Iwatsuki-Horimoto K, Ito M, 
Yamayoshi S, Loeber S, Tsuda M, Wang L, Ozono 
S, Butlertanaka EP, Tanaka YL, Shimizu R, Shimi-
zu K, Yoshimatsu K, Kawabata R, Sakaguchi T, 
Tokunaga K, Yoshida I, Asakura H, Nagashima M, 
Kazuma Y, Nomura R, Horisawa Y, Yoshimura K, 
Takaori-Kondo A, Imai M; Genotype to Phenotype 
Japan (G2P-Japan) Consortium, Tanaka S, Nak-
agawa S, Ikeda T, Fukuhara T, Kawaoka Y, Sato K. 
Enhanced fusogenicity and pathogenicity of 
SARS-CoV-2 Delta P681R mutation. Nature 602: 
300-306, 2022. 



219

41.  Halfmann PJ, Kuroda M, Armbrust T, Accola M, 
Valdez R, Kowalski-Dobson T, Rehrauer W, Gor-
don A, Kawaoka Y. Long-term, infection-acquired 
immunity against the SARS-CoV-2 Delta variant 
in a hamster model. Cell Rep 38: 110394, 2022.

42.  Cameroni E, Bowen J, Rosen L, Saliba C, Zepeda S, 
Culap K, Pinto D, VanBlargan L, Marco A, Iulio J, 
Zatta F, Kaiser H, Noack J, Farhat N, Czudno-
chowski N, Havenar-Daughton C, Sprouse K, Dil-
len J, Powell A, Chen A, Maher C, Yin L, Sun D, 
Soriaga L, Bassi J, Silacci-Fregni C, Gustafsson C, 
Franko N, Logue J, Iqbal N, Mazzitelli I, Geffner J, 
Grifantini R, Chu H, Gori A, Riva A, Giannini O, 
Ceschi A, Ferrari P, Cippà P, Franzetti-Pellanda A, 
Garzoni C, Halfmann P, Kawaoka Y, Hebner C, 
Purcell L, Piccoli L, Pizzuto M, Walls A, Diamond 
M, Telenti A, Virgin H, Lanzavecchia A, Snell G, 
Veesler D, Corti D. Broadly neutralizing antibod-
ies overcome SARS-CoV-2 Omicron antigenic 
shift. Nature 602: 664-670, 2022.

43.  Halfmann P, Iida S, Iwatsuki-Horimoto K, Mae-
mura T, Kiso M, Scheaffer S, Darling T, Joshi A, 
Loeber S, Singh G, Foster S, Ying B, Case J, Chong 
Z, Whitener B, Moliva J, Floyd K, Ujie M, Nakaji-
ma N, Ito M, Wright R, Uraki R, Warang P, Gagne 

M, Li R, Sakai-Tagawa Y, Liu Y, Larson D, Osorio 
J, Hernandez-Ortiz J, Henry A, Ciouderis K, Florek 
K, Patel M, Odle A, Wong LY, Bateman A, Wang Z, 
Edara VV, Chong Z, Franks J, Jeevan T, Fabrizio T, 
DeBeauchamp J, Kercher L, Seiler P, Gonzalez-Re-
iche A, Sordillo E, Chang L, Bakel H, Simon V, PSP 
study group, Douek D, Sullivan N, Thackray L, 
Ueki H, Yamayoshi S, Imai M, Perlman S, Webby 
R, Seder R, Suthar M, Garcia-Sastre A, Schotsaert 
M, Suzuki T, Boon A, Diamond M, KawaokaY. 
SARS-CoV-2 Omicron virus causes attenuated 
disease in mice and hamsters. Nature 603: 687-692, 
2022.

44.  VanBlargan LA, Errico JM, Halfmann PJ, Zost SJ, 
Crowe JE Jr, Purcell LA, Kawaoka Y, Corti D, Fre-
mont DH, Diamond MS. An infectious SARS-
CoV-2 B.1.1.529 Omicron virus escapes neutraliza-
tion by therapeutic monoclonal antibodies. Nat 
Med 19: 1-6, 2022.

45.  Ohta M, Bannai H, Kambayashi Y, Tamura N, Tsu-
jimura K, Yamayoshi S, Kawaoka Y, Nemoto M. 
Growth properties and immunogenicity of a virus 
generated by reverse genetics for an inactivated 
equine influenza vaccine. Equine Vet J 54: 139-144, 
2022. 




