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Using the GISAID EpiCoV database, we identified 256
COVID-19 patients in Japan during March 31-Decem-
ber 31, 2023, who had mutations in the SARS-CoV-2
nonstructural protein 5 conferring ensitrelvir resistance.
Ongoing genomic surveillance is required to monitor
emergence of SARS-CoV-2 mutations that are resistant
to anticoronaviral drugs.

nsitrelvir fumaric acid (hereafter ensitrelvir) is a

drug that inhibits the 3-chymotrypsin-like protease
of SARS-CoV-2, also known as nonstructural protein
5 (NSP5), thereby inhibiting virus replication (1-3).
Ensitrelvir was first approved for use in Japan on No-
vember 22, 2022. After drug approval, ensitrelvir was
prescribed widely after March 2023 by many internal
medicine clinics throughout Japan for COVID-19 treat-
ment; indeed, 227,216 doses have been distributed
in Japan since March 31, 2023 (4). However, in other
countries, ensitrelvir prescriptions have been limited to
clinical trials. To track emergence of SARS-CoV-2 mu-
tations conferring resistance to ensitrelvir, we searched
the GISAID EpiCoV database (https://www.gisaid.
org), which contains virus genome sequences collected
from COVID-19 patients worldwide.

We counted the number of SARS-CoV-2 cases
that had NSP5 amino acid substitutions conferring
ensitrelvir resistance (5-8) from March 31, 2023, the
date ensitrelvir was first prescribed by general in-
ternal medicine clinics, through December 31, 2023
(Table). Although the occurrence of some NSP5
amino acid substitutions showed a regional bias,
most were not associated with ensitrelvir prescrip-
tion. For example, of the 77 sequences harboring the
M461 amino acid substitution in NSP5 observed in the
United States, 66 were identified in specimens collect-
ed during the same period in May 2023, suggesting
an association with a cluster that likely arose from
a sporadic occurrence. However, the M49L amino
acid substitution in NSP5, which confers ensitrelvir

'Current affiliation: ACEL Inc., Kanagawa, Japan.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 30, No. 6, June 2024

RESEARCH LETTERS

resistance without attenuating virus infection both
in vitro and in vivo (5), was observed in 256/49,414
(0.55%) virus sequences from Japan. By comparison,
the M49L substitution was observed in 277/845,796
(0.03%) virus sequences deposited globally in the
GISAID database; therefore, 92.4% of the deposited
M49L mutant sequences of NSP5 were from Japan.
The M49L substitution is caused by transversion of
adenine at position 10199 within the SARS-CoV-2
NSP5 coding sequence to either cytosine or uracil. Of
the 277 sequences with the M49L amino acid substitu-
tion, 89 (32.1%) had g.10199A>C, and 188 (67.9%) had
g.10199A>U nucleotide mutations. Only 2 sequences
had g.10199A>G transitions despite transitions gen-
erally occurring more frequently than transversions,
which indicates ensitrelvir exerts high selective pres-
sure on SARS-CoV-2 in COVID-19 patients. The
number of virus sequences with M49L substitutions
began to increase in June, peaked in September, and
then decreased in November of 2023, a pattern cor-
responding to the number of COVID-19 cases ob-
served throughout Japan during that period (Figure).
In Japan, the monthly occurrence rate of ensitrelvir-
resistant SARS-CoV-2 infections was significantly
higher during the 9 months after initiating wide-
spread ensitrelvir prescriptions than during the pre-
ceding period (Appendix Figure 1, https:/ /wwwnc.
cdc.gov/EID/article/30/6/24-0023-App1.pdf).

We constructed a phylogenetic tree as described
previously (9). We downloaded whole-genome se-
quences from 277 SARS-CoV-2 mutants collected glob-
ally during March 31-December 31, 2023, and con-
structed the tree by using Nextstrain (https://www.
nextstrain.org) and 570 reference genomes (Appendix
Figure 2). Single sporadic occurrences of ensitrelvir-
resistant mutants that were not linked to each other
in the phylogenetic tree were counted if only 1 case
occurred in a clade or if 1 case occurred >2 segments
downstream of different branches from other cases be-
longing to the same clade, as described previously (9).
Sporadic occurrence of g.10199A>C was detected 24
times and g.10199A>U was detected 22 times.

Although  SARS-CoV-2  g.10199A>C and
g.10199A>U mutations were detected nationwide in
Japan, they were more frequent in populated met-
ropolitan areas (Appendix Figure 3). Sporadic oc-
currence of mutants not linked to human-to-human
virus transmission within a prefecture was defined
as detection of 1 genome with either the g.10199A>C
or g.10199A>U mutation or defined as detection of 1
mutant genome collected >1 month apart from oth-
ers. We considered >105 genome mutations, 46 with
g.10199A>C and 59 with g.10199A>U, to be sporadic
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Table. Number of mutations in NSP5 causing ensitrelvir resistance during March 31-December 31, 2023, in study of sporadic

occurrence of ensitrelvir-resistant SARS-CoV-2, Japan*

No. cases from GISAID databaset

Amino acid substitutionst Globally Japan China United States Europe Others
T45I 25 0 1 4 15 (60.0) 5
D48Y 0 0 0 0 0 0
M49I 90 6 0 77 (85.6) 5 2
M49L 277 256 (92.4) 2 15 0 4
M49T 1 0 0 0 0 1
M49v 1 0 0 1 0 0
L50F 85 6 2 31 26 20
P52L 4 2 0 0 0 2
Y54C 0 0 0 0 0 0
S144A 4 2 0 0 1 1
E166A 1 1 0 0 0 0
E166V 23 0 1 4 10 8
L167F 0 0 0 0 0 0
P168del 4 0 0 0 0 4
A173T 23 0 1 6 11 5
A173V 23 2 0 6 3 12 (52.2)
Q192R 2 0 0 0 1 1

*Numbers in parentheses are percentages of total global cases (if a particular mutation was found in >10 cases and was responsible for >50% of global

cases). del, deletion; NSP5, nonstructural protein 5.

tSequences were extracted from the GISAID EpiCoV database (https://www.gisaid.org).
FAmino acid substitutions in NSP5 that trigger emergence of ensitrelvir-resistant SARS-CoV-2 (5-8).

occurrences (Appendix Figure 3), suggesting that
ensitrelvir-resistant SARS-CoV-2 emerges frequent-
ly in Japan.

In conclusion, COVID-19 patients in Japan are usu-
ally prescribed ensitrelvir immediately after receiving
positive results from a rapid immunochromatographic
SARS-CoV-2 test. The Japan Ministry of Health, La-
bour and Welfare has conducted surveillance by using
next-generation sequencing to enable rapid detection
of drug-resistant SARS-CoV-2 (10). We examined the
occurrence of ensitrelvir-resistant SARS-CoV-2 after
widespread ensitrelvir prescription in Japan. Repli-
cation of those ensitrelvir-resistant mutant viruses in
individual patients is thought to be driven predomi-
nantly by selective pressure exerted by the drug, lead-
ing to sporadic occurrence. The decreased occurrence
of ensitrelvir-resistant SARS-CoV-2 after October 1,

Figure. Sporadic occurrence

2023, might be because patients are required to pay a
portion of their medical costs, which could thereby de-
crease the number of ensitrelvir prescriptions. Increas-
ing use of ensitrelvir worldwide will likely increase the
frequency of mutations in SARS-CoV-2 causing ensi-
trelvir resistance. Ongoing genome surveillance us-
ing next-generation sequencing is required to monitor
emergence of SARS-CoV-2 mutants that are resistant
to anticoronaviral drugs.
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Food irradiation can reduce foodborne illnesses but is
rarely used in the United States. We determined whether
outbreaks related to Campylobacter, Salmonella, Esch-
erichia coli, and Listeria monocytogenes were linked to
irradiation-eligible foods. Of 482 outbreaks, 155 (32.2%)
were linked to an irradiation-eligible food, none of which
were known to be irradiated.

Food irradiation has been studied globally for de-
cades and is a safe, effective means of reducing
foodborne illness-causing pathogens, sterilizing in-
sects, delaying ripening or sprouting, and extend-
ing shelf life (1,2). The US Food and Drug Adminis-
tration has approved various foods for irradiation,
including meat, poultry, fresh shell eggs, and spices
(2) (Appendix Table, https://wwwnc.cdc.gov/EID/
article/30/6/23-0922-Appl.pdf). However, irradia-
tion has not been widely adopted in the United States
because of large fixed costs and the perception of con-
sumer unwillingness to purchase irradiated food (3).
Estimates of the amount of irradiated food available
in the United States are scarce, but as of 2010, approxi-
mately one third of spices consumed and <0.1% of im-
ported fruit, vegetables, and meats were irradiated (3).

Campylobacter, Salmonella, Escherichia coli, and
Listeria monocytogenes are among the most common
bacterial foodborne pathogens causing illnesses,
hospitalizations, and death in the United States (4)
and can be neutralized by irradiation at sufficient
doses (5). We identified outbreaks caused by these
pathogens and linked to irradiation-eligible foods;
then, we determined whether any of the foods had
been irradiated.

In the United States, the Foodborne Disease
Outbreak Surveillance System (FDOSS) collects in-
formation from state, local, and territorial health de-
partments about foodborne disease outbreaks. The
National Outbreak Reporting System, launched in
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