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Table 1. Primer Pairs and Fluorlogenetic Probes used for Conventional PCR and Real-time PCR

Type/Subtype Name Primer / Probe * Sequence (5'-3") Position**
A-PA-F1 1st/2nd PCR Fp, Sp CAA YCC RAT AT YT CgA AC 27-46
A Conventional A-PA-R1 1st PCR Rp TYT CYT CgT CRA gRg TgI' Ag 480-499
PCR A-PA-R2 2nd PCR Rp, Sp AAT ATA TgT gA CTT CTC TCC 371-391
A-PA-G Sp TgC ATT Tgg RTC RYC ARR TTC 190-210
H3PA-I38T-F1 Fp CegA ACT TgC AgA AAA AgC AAT ¢ 42-63
H3PA-I38T-R1
P Resltiie PCR Rp TgT TCA TTg ATg AAA Tgg AAA TCT g 146-170
H3PA-I38-1P 1381 Probe FAM- TgC AgC AAT ATg CAC T -MGB 105-120
H3PA-T38-1P I38T Probe VIC- CAg CAA CAT gCA CTC -MGB 107-121
pdmPA-I38T-F1  Fp ggA  AAA gC  AAT gAA AgA ATA Tg 51-74
dmPA-I38T-R1 R AAT gAA AT A ATC C ATA CAT 2
A/HINIpdm09  RealtimcPCR J o i . et
pdmPA -138-1P 1381 Probe FAM- TgC TgC AAT TTg CAC AC -MGB 105-121
pdmPA -T38-1P I38T Probe VIC- TgC TgC AAC TTg CAC A -MGB 105-120

%) Fp:Forward primer, Rp:Reverse primer, Sp:Sequencing primer x s ) Reference Sequence : Accesion number in GISAID A, A/H3N2 : EP11443574, A/HIN1pdmO09 : EPI1373382
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Fig. 1. Results of Real-time RT-PCR Allelic Discrimination-based
drug resistance genotyping
(1) Influenza A/H3N2 Viruses : A FAM-MGB-labeled probe was
used to detect 138-alleles ; VIC-MGB-labeled probe was used to
detect T38-alleles.
(2) Influenza A/HIN1pdm09 Viruses : A FAM-MGB-labeled probe
was used to detect 138-alleles ; VIC-MGB-labeled probe was used

to detect T38-alleles.
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Fig. 2. Results of Real-time RT-PCR Allelic Discrimination-based

drug resistance genotyping using A/H3N2 viruses.

(a), (¢) : A FAM-MGB-labeled probe was used to detect
138-alleles ; VIC-MGB-labeled probe was used to detect
T38-alleles.

(b), (d) : DNA sequence electropherogram of I38T(T113C)
variants in the PA gene. The SNP change is indicated
by an arrow. (b) F18-392 ; PA 113T Homozygous (wild)
genotype change to Heterozygous genotype T/C mix.
(d) F18-500; PA 113T Homozygous (wild) genotype

change to Heterozygous genotype C.
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(a) Result of Real-time RT-PCR Allelic Discrimination
-based drug resistance genotyping using A/HIN1pdm09
viruses. A FAM-MGB-labeled probe was used to detect
138-alleles ; VIC-MGB-labeled probe was used to detect
T38-alleles.

(b) DNA sequence electropherogram of I38T(T113C)
variants in the PA gene. The SNP change is indicated
by an arrow. F18-429 : PA 113T Homozygous (wild)
genotype change to Heterozygous genotype T/C mix.
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Fig. 4. Frequency of anti-influenza virus drugs
(oseltamivir, zanamivir, baloxavir, laninamivir,
peramivir) prescription rate.

Raito was calculated based on the number of answers

about prescription for children (1) and for adults (2).
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Detection of Baloxavir Marboxil Resistance Gene Mutation in Influenza A Viruses in Tokyo
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Shunsuke NUMAGUCHI, Noriyuki WADADY, Teiichi MATSUNAGAP, Tomoyuki CHIBA®, Makoto HOSHINOP, Yoh SUZUKIP,
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Baloxavir marboxil was released in March 2018. This drug has a novel mechanism of action; specifically, being cap-dependent
endonuclease inhibitor. Following its release, it has attracted attention because it requires a single oral dose for the treatment of
influenza virus infections. However, influenza viruses with the PA I138T substitution are known to be associated with reduced
susceptibility to baloxavir marboxil. This has led to the strengthening of anti-influenza virus drug resistance surveillance in Japan.

In this study, we developed a Real-time PCR assay (Real-time RT-PCR Discrimination assay) to identify influenza A viruses with
the PA I38T substitution. Using this assay, we tested 468 specimens collected from patients with influenza A viruses in Tokyo, from
April 2018 to March 2019. We found that 2 out of the 283 A/H3N2 samples and one out of the 185 A/HIN1pdm09 samples were
detected PA I38T substitution.

Keywords: Baloxavir Marboxil, cap-dependent endonuclease inhibitor, drug resistance mutations, 38T

drug resistance surveillance, influenza virus, Real-time PCR
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