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EDITORIAL

SARMBFTREMNIEGRREIITRE (FRRY: 77 7 BB EASE A 7E0T) 1 2016
AEITH3H A TN b F & 41844 2> 5 Medal for People’s HealthZ ##5- & v F L 72,
#ZH X1, FHI1TH4H 7N 7 A Media Hotellc TAr b F L 720 2 Lid. 20054FE @ "
HENLE A » 7 VL HF O EGSER A A O 1R b 72 0 IEATF B A7 7 '
SRR, OB - HASERHRAS (JSPS). RHEHHRBEEHE (JST) - AMED : | 1 Y
e-ASIA |—/f SINVT Y .H-E £ Uﬂﬂi@%ﬁﬁﬁ%fo) F%Sﬁﬁ%@i*%J Ips V) :‘@&) T 'i Repoto officesat JIC)‘—e‘\tm
ELZEVEHE SN, X FAEROBBEICR . o722 e BvEd, K2H with Drs.Duong and Thuy
WZBS L. Liemfibéf. HaiBibi&, DungfiflPif. DienHEIFiE S & OThuyiF B RICEH L 3. 720 A%
WCHI/IML F L2, WHRFENDFAENVNRHES X ON A ERRFEDORNVAERZERTLHI LB TE
Tl %Y. NP F2AZELOET LT VT HEOERBEME & TR FLEOMEBERZ I TITHEDOTITIT L &
o TwE Y,

Director Kazuo Suzuki and Vice-Director Shoji Kawachi in Asia International Institute of Infectious Disease Control (ADC), Teikyo
University have been awarded the Medal for People’s Health from the Ministry of Health, Vietnam on November 3rd, 2016. The ceremony
was held on the next day in Media Hotel in Hanoi. The medals were given for acknowledgements for joint researches in the National
Children’s Hospital in Hanoi (NCH). The collaborating studies have been conducted by the Ministry of Health, Labour and Welfare Grant,
Ministry of Education, Culture, Sports, Science and Technology, JSPS, and JST-AMED project “International studies on Influenza and
pulmonary diseases” for 11 years since Research for the HSN1 avian influenza research program in 2005. It is very honored that they
contributed to Vietnamese health. We appreciate Drs. Liem, Hai, Dung, Dien and Thuy in the NCH for their contribution. In addition, we
developed tight connections under the Agreement for Academic Exchange and Cooperation between Teikyo University and NCH, and
Teikyo University and Hanoi Medical University in Vietnam in June-July 2016. We are hoping to continue collaborations with researchers
in the medical and science fields in Vietnam and other Asian countries.
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NEWS Medal for People’s Health

ADCHt : S8AMBArR EARIERBIFFRDSN M F LFREBE KLY
[Medal For People’s Health| #%&

Prof. Suzuki and Prof. Kawachi were awarded the Medal For People’s Health
in Vietham, Nov. 3, 2016

TR T V7 EBSIEGSE R ZE AT, s AR BTk - N IEGREIITESS. 20164E11H3H [Medal For People’s
Health| #%H L7zo THid, XM T LAOERBIEEICZRLEHRE L-HMRICWMONLKED 5 EZ, PRI
POMBE S EHEREA VI NI U EZORNE 2D (ARDS) ([CBI$ AHF78% N b F 4 S /NEiw B &
LCTArw, 104ERL RIS 72 W ZEBFEIGE B AT b F K BUFF A & & Bl S 7z,

BARMBITRIE, N b FAE/NEERERETICRE L Ch o WA Ty 7 2, £ Y7 VTV FOE
SEALDIRREIRI 2 s, S SIZFNIDDD I A AL ¥ - FEHAA ¥ OBEGREFINE L2 RAERISE A,
W BE DRIE S - EALE R O F AW RS O & EEBUL & HEHE L 7o Z otk X b A E LN BEThuy
Phungfff7e B % T-3E K= KA Bl AW 2Ebe i Kb E e LTl A, IRE L7z, [RBIZh0b DA b A4 v o]
2O, WS 25 372, Thuyf i3, BUESARTIESAMEDD ) — ¥ — %2t T\ be-ASIAT T
V7 bOXMFLITO 27 V) —=F =L LTHEEL TV S,

WAIEBRITRE, ESREEA 7V Y FOBRRMNEREZH O 2L, ZOELRERPHEIEARDSTH S Z &
WOz, oo Ky Z7a 7)) V#EE RSB AT (ECMO) % E0H Ltz Wb R GEAL,
AN b 2 E NIRRT RN I R A SR LT &

BED D EHe X WM Z T > TBY . SHRIZIORIERPEONL Z L WIES N5,

SARFI

[20054FHEN1E A » 7V U HFOFA LS, 1THEERIC D72 ) ES/NBREE & RS B - TR A5 @R A e, X
R - HARPIRES (JSPS). FHAHAfRBUERE (JST) - AMED : e-ASIA=A ¥ 7 VL ¥ H1 X Uil & 4iE
MR TOEBEOIIRIC L Y EDTE I LTS N, N FAERROEHEICR 72282 )N LBV
9, [IRFIZ, Liemfibef, HaiBlbis., DienBlREIFEDB X O Thuyf S EIEH L T4, SHBLN M F A0 5505
RFRFBEFFEFHCEBRE AL LR T RERAEDHE L ZIARIIR T L L b1, XM FAERD
HEICHG LonweEZTB) 9,

EINRG

[ERETER A > 7V Y FOMFEIEIE. 20064E 5 55 4ETIAEHIC 2D 9. ZO8FEM S T ) HFFEIED FAEZ21E
HTIHE T L7z 2O F AR/ E OSLFEBFTEDN b ABRFIC Sl S T BRI LTI
IV BRVEDDIEEZNILETLORZEE TS #BLI %) T, 4% S 5% 8EHEICHED> TR & 72w
ERWE T, HAREBUF OWFZERINICIE#H B L £§. ]
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LABORATORY INTRODUCTION
TRAZAZRARGEZAAB OB

BRAZ AL ARG ELHER
BRAYT U7 ERRRER@mER (AbC) JE EF Y

NRETEE (AR ETFH (FH) V] EFHE, A2DEMEZVHPITRFEICT 200
7T B M EE T RAYER AN L TR WBEYRD O . O TR S EFHA.
AR AT LD, FHREROL ) ML R LEZATHENPENTVE T,

i LR U201 14 |2 A5 fi A o0 B P K 27 B2 C @ % School of Public Health (SPH)
LT L7 HATIREMRE RV KFETIEA) OKRFEETH D, 400 5 it
ROSPHHE LM TH 55, AWHETS, ITEtk &%, REEERAES REBORE
B2 D5D DIEARFIR 2 KR ERE MK EREE LTHEF 217> TE& T Lz, BN
T8 M9 % Master of Public Health (MPH) & Doctor of Public Health (DrPH) & A%t
BHACHIA TV E 3, JECHEBE T, M HET LI L2 TR, BohEe
LR ECEL DT MR E D LIRIRE TR LU THEEL TV & v ) HER
M7 7a—F2EHLTVET, /o0 ARHEEOEBREFTCLHI LD, IA IR
VMRS V=F =T, TRRA =R hba Ty =2 HETHEEZERL TVE T,

BRI EZ b L 2w L THER X T5003, BB RFITKRO SN EELHEETT, HEDFA LI
2 FRCSFHIICH M 2 Ko TR 24T > THB Y T3, BHFIIFICHSEFXZONEL RO hhrboTEY, 4
REFEN FRICEIEREM 2 E0578) AERICKIZTEEICOWTENAAD 7 4 — )b KR 75— 51230 X158
LTI, s d7a— N ViZZ L TCHAOHIB THIFHE TE 5 AMBERICED, I EAIEHr S5
IHWEH L TV FAETT,

Teikyo University Graduate School of Public Health
Mariko Inoue, MPH. PhD

Public Health is “the science and art of preventing disease, prolonging life and promoting health through organized efforts
and informed choices of society, organizations, public and private, communities and individuals” (Winslow, 1920). It is the
duty of this discipline to identify the causes of disease detrimental to public health, to plan interventions to remove the causes of
illness, and to take actions to maintain public health. In terms of infectious disease control, public health has a long history of
contributions to its prevention, epidemiological study, creation of survey systems, and establishment of laws and health-related
policies.

Teikyo University founded a professional Graduate School of Public Health (SPH) in 2011. Our school is the fourth (the first
among private universities) SPH in Japan. At the very beginning of its foundation, we set up global standard curricula to
provide education from five core fields of public health; namely, Epidemiology, Biostatistics, Environmental and Occupational
Health, Social and Behavioral Sciences, and Health Policy and Management. We now offer two professional degree courses;
Master of Public Health (MPH) and Doctor of Public Health (DrPH).

In terms of education, we put emphasis on a problem-solving approach, which suggests and practices interventions based on
scientific evidence taken from the epidemiological and health policy research. Moreover, a number of complex public health
problems at present require professionals to possess additional skills and competency in areas such as management, leadership,
advocacy, and so on. We also initiated competency-based education in SPH with the aim of promoting public health
professional school educational reform.

How we use scientific evidence to create a
better society and healthier people is an
indispensable role of universities. All the faculty
members and graduate students undertake
research on topics related to the five core fields
described above. I myself mainly participate in
research on social epidemiology, with a focus on
how socioeconomic causes influence our health.
My main research topic is how precarious work
influences health. Through such research and
education, we would like to further contribute to -
global and community health in the future. Member of SPH
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7T ERBRAENEMER BFE W NIER

20164F 10 H 1 H AT 7 ¥ 7 E B G he il B Ze i B AT e PR S 30RR I B 27l e 0% Y
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DIRFRIAFHE - FEEE - fHEHRE L L OB RPEZTH BB, 5 5L 5P
AL T T B CREIRZ B ICHE D > T2 ) F L7z, 20024F IRV FIBR R >~ & — 12tk
L. 20044F & 0 20144E X AR E - P iasR e =R GEHBME) L LTSFEL
F L7260 20054F ISR N F AENCH 2T 2BICEA, Y7V W EFEITEB L. 20065 D
55 ADCHIT R OS5 ARFIHE e (Mg, ENZRGSENZERT) & —fICBA v 7V »
YOy &2 EEARDSICH T 20582 Bl L £ L7z 20064F #0172 & 1 V7 & GRERT
ZHNCHBMERE LTI Y AOFEBIZOBINT 5 2 LA RBICZR Y, JERAE — B IR
LD DIERITHWZ T Lz 2007457 520144F F TREASEHE O EHREES A » 7
VI U HIZ X 5 ARDSHIZEHEHER & L C. /2 A E/NBIRRE & o LFEZEZITv % L7z,
BRREE E LTHIEFICAHBRLMAETLAD, MID HAREELZ I LD LT REMOLATD & —HIITEHL—
FZE Z BRI BIREME LTORLLTESFEE LTRERMEL LR, REICMELY SETWLEEEL
720 SBROBEFOFRIEIIE, TOMEBELHEIRPLFETITV—/#ICERZ DL &, DPIEFITRUTH S EHFELF
L7z

HWE7 V7 T3 BEFTHEXBEVWTWEEL V7 VI U HFIRICBVWT, XF X RREEICHESVE L.
RED. HRET7T V7O E=F ) =5 — L LT, FEFEEREIC B0 BEXD Y EREILFETE %
THIH72oTT V7 EHBEIRGSERB eI ORI THRHIREVWEER T, 7 ¥ 7 EBIEIE S #HAF 780 T D
ME—DERIRERMTH & LT, HADBISES RIE L E/TonwEEZTWET,

Inauguration Address
Shoji Kawachi
Vice Director of Asia International Institute of Infectious Disease Control, Teikyo University

As of October 1st 2016, I was appointed as vice director of Asia International Institute of Infectious Disease Control,
professor of Department of Anesthesiology of School of Medicine and director of safety management of Teikyo University
Hospital.

I graduated from school of medicine, Hiroshima University in 1980 and had worked for Hiroshima University Hospital as an
anesthesiologist, an emergency physician and an intensive care physician. In National Center for Global Health and Medicine, 1
had been engaged as a surgery manager and a general manager of ICU from 2004 to 2014. In 2005, I encountered the patient with
avian influenza in Vietnam and I started the study of severe ARDS introduced by avian influenza virus, with professor Kazuo
Suzuki, director of Asia International Institute of Infectious Disease Control (at that time, he served at National Institute of
Infectious Diseases). I gradually increased connection with general infectious diseases because I was a visiting scholar of National
Institute of Infectious Diseases and I could join the mouse study there. I collaborated with the National Children’s Hospital in
Hanoi, Vietnam on the research of ARDS caused by highly pathogenic avian influenza virus from 2007 to 2014. I worked as a
research leader in that project of Ministry of Health, Labour and Welfare, Japan. It was useful for my clinician career. What is
more, the experience of studying and thinking together with other doctors and researchers including professor Kazuo Suzuki was
precious asset for my work as a doctor not only a clinician. I can declare that it is quite important to collaborate together between
basic research and clinical research for advances in medicine.

In Southeast Asia, [ have studied various inflectional diseases through the ongoing avian influenza research. Japan should be
an opinion leader and face up to emerging/re-emerging infectious diseases of common concern. Therefore Asia International
Institute of Infectious Disease Control will play a big role in promotion of international collaborative research. As I am the only
clinician in Asia International Institute of Infectious Disease Control, I will do my best to contribute to the infection control
measures in Japan.
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TAVP-TASP PLAN Records of TAVE

B2 5EE ‘ ~
AREESFEE [19: NN FLTORERREIE] &EHE
Training for Medical Students of Teikyo University

August 14th-20th, 2016

TRAZEZESFEDON M FLES

Wi 7 2 7 M D REGHER AT DOV T BRR - EIRRORE - PRIE Y, RS AT A OBLE» O - s L £ L7,
HARIITIE, RN F A ENNERERE BN A ERFREZGR L. EH - M B L O V—T T 1 A Sy T a v
ZHEUT, OMARRT7 V7 TRAEL TV L ERIEOEF 2 BH L. QFEBELREIIEDO TS - BT E2 %0, O
HIE D EGYSE DM R TORLE DT EHIZOVWTEZ S L L H I, @QEEEHEE IS - 72FEBAE L ToxkE %%
ZABIELICODWTERLFE Lize RFER - HHEICL D, W2 O TS RE sz,

Training of the Medical Students in Vietnam
Medical students in Teikyo University have learned the actual circumstances of infectious disease control in East-Asian

countries from viewpoints of clinical medicine, international public health, preventive medicine and medical systems. They
visited NCH and HMU in Vietnam, and then understood: 1) patients with infectious diseases, 2) prevention of the major
infectious diseases, 3) facts of control procedures in infectious diseases for Japanese patients. Finally, 4) they will become
medical staff in international perspective through training and discussion with local staff. After the training in Vietnam, the
certificates from both institutions were given to each student.

Exchange program between Teikyo University and NCH and HMU
National Children’s Hospital (NCH) Hanoi Medical University (HMU)

e B #

p HROTOTFTRELTVIRPEDREREL .,
SEOEREHICRITS.,

EE B o ERATDHET,

REHE

FRRRE . EfRRE-FPHEZR. ERV AT L
TOEADBRLEHFEER
B -BHETHKE. Abe. BEER:
+ National Children’s Hospital (NCH, [HNHP:E I /MNRFE)
ICU. FEIR 3R, fEIRER. RSE . 2. ERREZ. it
o ELN/AERKE Lectures: B, MBIERF
+ BAKEEE (£/\/4) . JICA Vietnam

Coordinator :
BAME (72 7EBERAEGHMAZER PTR), Kazuo Suzuki
EHEE (EFEEH/NER F8A0), Akifumi Toyoda
JAINIER (ADCEEHI® (REIFTR)), Shoji Kawachi
Cooperation : B IEZ (FESARHREEZIR), Nobuhiko Seki

Local Staff in Hanoi :

NCH : Haif®pes, Dienglft,
DungiB&, PhuciBR,
ThuyZRF—7, &R

HMU : VangI2 R, ftb

.
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2 ly ) e ey | Schedule for Medical Students

Group 1
Meeting Respiratory ER ICU Closing
Laboratory Cardiovascular NICU ID Lecture at HMU
Group 2
Meeting ICU NICU ER Closing
Laboratory ID Cardiovascular Respiratory Lecture at HMU

Responsible Doctors

Clinical Laboratories  Dr Phung Bich Thuy Head of Laboratories
ICU Dr Phan Huu Phuc Vice head of dept
Infectious Diseases Dr Nguyen Van Lam Head of dept
Respiratory Dr Dao Minh Tuan Head of dept
Cardiovascular Dr Nguyen Ly Thinh Truong/  Vice head of dept
Dr Cao Viet Tung
ER Dr Le Ngoc Duy Vice head of dept
NICU A/Prof Khu Thi Khanh Dung  Head of dept
Coordinator Ms Vu Thi Mai Anh International Cooperation dept

ER: Emergency, ID: Infectious Diseases, NICU: Neonatal ICU

- BAX{FEE Japanese Embassy
hHEFFE Dr. Nakai&Dr. Duong

- JICA Vietnam ' ji"c:f JICA Vistnam

EDS. LinhieRME., IEHZA. BHIA.
#AFE. Blfg&E. Dr. Phuc. Dr. Thuy.
EARZA

- Pathology : Tapeworm
Diep5ciicHAE =T 5

BRs

Certificate for students

B3 /NRRsEE (NCH) & K OFRZERT & D B B i
(S3B3L)

E37/\ ./ A ERIAS: (HMU) & QB E i (S5EaT)
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Reports of Students

%5 AREEZEE [N DT LTORIIE]
BRASESHEE

OfREX, SEXETF, BAET, IIE%, AREM, &)llTE SREF

(1) XM FLDRIE
GHOXRNFLATORRBEEFFERZBL T, A4 LEOIR U Ho72RX M F AT, LD L) REENIT
N TWB DN, EERERHERORMS, el L 2%RFHIHKZ, FAELTTCHDOYZ)IZLz0R
2 EADE—F =N 7 P—EOHP EICESTWEI L E, ZLDODAADBEFNLDE—F —I31f 722N E,
LR THAE AN TUAL EFRATRERETES TWEHZ, XM F AN ) FICHATZRTR N F A DELE
CHEMIEHARD X HIINCDRFE R E TR, RlIMEZE W) 2 eHNTH oD TIDE ) RFHEICLS D
DL CICHMEST LI ENTE

(2) N A KFEETERKENDHEDSHEE

2HHIZIE. HAKMEHEICTEBEOHRIHE T A B2 MW 2 FH8 MRz, N A ITIE2ERFTICV S -
Leo72%9 72, BEEDOERLFIIHMOERBERYIIEL T, B IRET 2, S EATHSERTA
DLW EEEET o TVDEZ) 12, R F2OE, EHEEIIRBEICL2FEEL TR WA, 3 7 HIC1hE
JERIE LT WABZF D75, 72, FERIBA. T2BRITEDOTHN I A4 OFbETEL o284, EBEIRILE
THIELWCHoTWD, N FATRRTUL 220500, A\RZESHRCZHHELHWTIRINT 2072
D AR EFEEFZOHMREMOMbo TWiawnd, 72 2WEHERSEEZE LTHRRAHEENTHS 72
DS 5Z975

(3) EX/MNRRBEDORARZEICT

Thu Thi Bich PhungfG/E @ 356 % [ < FA K72, PRI (JSPS) O T, TRERFRFREF5ERE
WCCTHARMBEZOREIC X VLT 2P L7229 72, XM F L DBGYEICHT 205812 ) #EATEBY, £
22 OHBETIIRT-PCREEH L THOFAEMFOMEEZ SNTWDEEH 72, W RFZIELO, A v 7 A7+ —F
KFE ATz =TV EHFANEEZIT> Twbde SAREELHFAMELZRAY —SMBEBERL TH - 72
Multiplex PCR. Simple PCR. Cap/CTM 48 & 3t 3 OPCROBEM A H 1) . Multiplex PCRIZ 258 3 0 fll 1 256 2 T
EDEH, TODXI) LREMOEMIIE K XM FATHAIN TS L) HEIZ, RFREE W, wHn
HhKF, BLGMEEHEFEZ SNTWH - L2 ANCHIZ, RO ekt e, & EETiE R <, FrEE-<c
HrLwHBELXHONBLDIZL 7,

(4) kIR
Respiratory departmentiI 28 RIS E) L 7225 OWMTH V. 10H IR - 72 SFWRMICBIET 5 %9 72, Fhk
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DBREZZHBHSAERTEB Y, B bIZABROBE S AZ T RE L2 RS OGEDFHIC I L, FhHED
BEIARIEDPEKNTARINTWSEZ ) D, SR TERFFATHIDTS LnEwnbhTwb X9k
=A% WAHENTEZ, TOr—2A L Z12ROBET, N A 5P LHNZHEIZHEA TS 72, A2b
EE L, ToREY HELZH O OMRBEICKBE SN2, BELTAL L, AICHZERSTEXTBY, MiYKkL
TERLAEZAZXF VA9 DN ATHEIEDPHH L7 /20 TF ) 29 W ZADOBZF I AOHEEI N5 H12,
BilizMMETLIENTE, B L OFEMAMTBEXLIBPEIDH A2 L2 5, BIOHIPEIAE 2 Sz,

(5) EIRZBARE

CardiologylZb0k&H» V. HATW H)PCCUNSED 5o 1HG~I0RDBEZ S ABANEDLLZFH 72, T2, 2O0F
WEZEL, THBIOFTMZIT9. HATIZRONZWE ) LIEWIZOT S LWREFNEA D T, NEEEREFS O &
HEEDEVEEERE Y 7 —UErbEBo L2 5N Tz, NCH®OCardiology Tld. HLHS Ze LMEHE i 52 B
7 EITHR L T Norwood i 2 & O & B 7 FAlf 2 47 - T 72,

(6) Ra#HH=E ER

NCHTIZERA R 4 B TH V.o TWwW7z2s, ERIZFICAR L TWE L5720 ERDRASY v 734 v ¥ —
ZEOEIBABY ., MEIIAT~-8H &, FEFITEE RN THL I L bhrole, T, BEFAELENELTER
BNTEBY, EFEAEOKED H5HED 5% ) 72, BFEETOHERRZEOFMEHUT 2H1D ), EFAEITH
TAHAHBRESTVDLLREZRVIRIZ 5720 ERICED BB SAOHEE L L Cid, RIESR, @sME. SAHL
EOMBINAZ L. ZOMIZd HATIZE W 2HB WL ) RENDLEZL Holze RV FLEEDLZEET VT T
BRBORENHE ) 10Tk . FFEFICHEREVIER % 2 F25 k72, E%8H OFLEATHAREHE S %
EERMST, THIZIED L7201 FEF A FEBSEG LAY, FhEICh o728 W REREZ 5720 X P A
DOWHIBTIZ. AAF =L LATON TV DL EH 7, HEHE LTid. BROMGZLFHAZE) ZL2% L, XM
ANLZHEDOMTIEIA P =D TP LEEREDEL GEDLLVERBLLNTVE 572, XM FATIEMA &
THBEARDH .5 TWBLHIRZS T2,

(7) FEREHEEE NICU

NICUIZ &4 E TI00% D BEE S ADNB Y., SFOI00ANDEZESAZEHLET, NICUTHB L TwE, 72, A
W CHERIMO HAD LR TV L0 00, BYEAR PO RBILDO50%HENT 25 & v ) FIEIIEFITE & £ &
U7zo F2E MR EDIERITE <. HARTIIERERE &I
BIE. 7 VF VR A9 7 b= RUMIE. 7 = =)V b VIREER
ERRMREROIZORARAZ ) — =¥ 7R F#H T TS5
NMFATEHABESHRE o TBY, BREIBRTELRV T — X
BEWZ 972, B THAT 5613, OHG hospitald» H A D
WMREICHNET B L DT L7257z, F 72, Elizabethkingia meningo-
septica & ) WA E SRR A FERE L. IRAN 2 BEE o T b
Z9 7

(8) &£jAE=E ICU

ICUDHRIRENE 2 TTOR CHEAE L Z DM0R, B B H 30K
EhoTWwh, FICBREED 7 + 0 —13Th o> TWARWE ) 725,
NCHOICUN DO F R A BERE 7% Tlde A D HOAdH > T3 I
Doctor’s space. € DWIZBHDIHEN D L. 7 2 D ABLik
fEZEALTBY., HERDOKEBRIZIZASN WL DEZESH 72 (&
HAEA) . HARTH, MHPIHHEETIIR OGNS 29 7225 A
L ZDX) B ABRMRIZAIZ EVR Lol T2 NMF A
FEFEVIBMEPELBELTBLT, FOoRABEDLL
WA, BRI ENRLS SR E W) X)L IZEH LR
SZF 9725720 A EICU% Bl - 72 BRI IEH S BLBEZE D> © 72 5E B S,
12OBIRTY r v FTREPYEC o727, HATIIR SN
WX BIFFEIZOTH LWIERGLREZZ A, X b A TIE—4I
Ml 22d % <O WK Z WERBIZZ D 72 RGRE TR IZ 42
TI20R B H 1 1BHE50R, 2BIIT0RCTH - 720 7272 L1ERE4

8 ADC Letter for Infectious Disease Control Volume 4 (1), January 2017



KD DY EYER e DIHAEE, JENRIBYIEN R E TR > TV D X ) BI3IFIC e o720 2O ABEhiak
DOIBEHAD HARE L TIEFITHRLS, =2y FIQ2ADEFDHES> TWEHEAARTREROZWE ) &k
BEHOM-DIC L. F72. BEEEDORIHED V2D, EFICHELBL, Mok H_THIELREETH S
LIV ol EAYERMORME LT, MERIIBEAEHORE, BEFROFIKOKREIZHT TSN T—
ODOWRIMAL DBEFZEZADNARLTVEE W) ZEICHEFICEX LK U, 720 HAREOBE S ANIEF
WL, 97 FVERE LTV RVOPHWTALEZA, T2 F VEREZINTLIEREZD I T TEINVED, N
FFADBREATHIET 7 F W LT 2o TH ), BIRL TWw b FHIZIEFICA R v, HARREEE
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(9) N 1ERKXFD#EE [Infectious disease in Vietnam]
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HEOEEE o7,

ORimi Maehara
On behalf of Students: Rimi Maehara, Mikiko Asakura, Michiko Ueki, Akira Kawashima, Yoshitsugu Kubo, Motoharu
Furukawa, Shoko Yoshitake

|

(1) Environment of Vietnam

Through this practical training for public health in Vietnam that has
blended cultures from various countries, I learned many things, including
the way to provide medical care services, hygienic environment, and
equipments in hospitals. The streets I traveled from the airport to the
hotel after I arrived at Vietnam were especially impressive for me. At
first glance, the streets near the airport looked fine and seemed to be kept
in good condition. However, after I proceeded, I found the office buildings
to be beautiful but were constructed incompletely and I also found
residential areas in which even kitchens were visible from the entrance.
Vietnam is an emerging country under economic development. It was
interesting that I saw both developed and developing areas. I noticed
immediately after arrival that more motorcycles are used than vehicles
and two or more people (or with four people including children) ride on
a motorcycle comfortably. In Vietnam, riding a motorcycle without
wearing a helmet seems to be a common practice, which suggests that the
traffic situation on public roads has not been developed yet. In a book I
read before going to Vietnam, it was described that the main cause of
death there is traffic injury and not non-communicable disease (NCD)
and cancer as in Japan. After withessing the traffic situation, the reason
for the main cause of death there became immediately clear for us.
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(2) Talk with a medical technical officer at the embassy in Hanoi

On the second day, I visited the Japanese Embassy and met Dr. Teiko Nakai, a medical officer. She is a Third Councilor and
was dispatched to Hanoi from the Ministry of Foreign Affairs approximately two years ago. According to her explanation, the
main work as a medical officer involves collecting local medical information and providing it to the Ministry of Foreign Affairs;
a medical officer also checks and treats Japanese residents living in the area. However, such medical care services are provided
only within the embassy, as it is prohibited to carry out such services in the community based on reciprocal agreements for local
physician qualifications. This would be considered a violation of the Medical Practitioner’s Act. The embassy staff visits a local
hospital where patients are treated. However, in Cuba, where Dr. Nakai worked, she treated patients within the embassy as few
hospitals could provide medical services and economic barrier caused a lack of medical supplies. In Vietnam, childbirth has only
happened twice at the embassy as most are performed at the French Hospital. Medical officers work primarily in developing
countries and not in developed ones such as the United States and the United Kingdom. In the case of Vietnam, the Japanese
Embassy in Hanoi is the only office where medical officers have a permanent position; however, Dr. Nakai visits other sites once
every three months. In addition, when Japanese residents or tourists die in hospitals in Hanoi, as a medical officer, Dr. Nakai
performs the autopsy. In Vietnam, many people die at home and the members of the commissariat prepare a certificate of death
for submission. However, since the public safety commission, forensic specialists, and Ministry of Justice officers in charge of
protecting Japanese living abroad are ill-equipped with few skills and supplies, they may describe the cause of death as unknown
even if the cause of death is senility.

(3) Laboratory

At the laboratory, I was able to talk with Dr. Thu Thi Bich Phung who studied Ph.D. in Chiba University Graduate School of
Medicine supervised by Prof. Suzuki. Studies on infection in Vietnam are considerably advanced. At the hospital, she conducts
molecular biology research mainly using Reverse Transcription Polymerase Chain Reaction (RT-PCR). She has collaborated
with Teikyo University, Kanazawa University, the Pasteur Institute, Oxford University, and Sweden researcher’s group. Several
posters indicating a collaborative research with Dr. Suzuki were displayed. There were three types of PCR devices (Multiplex
PCR, Simple PCR, and Cap/CTM 48). She said 25 kinds of bacteria could be identified with the Multiplex PCR. According to
her explanation, this device is expensive and used only for patients with sepsis who are admitted to ICU as it takes approximately
JPY 500,000 per test. She said that the Simple RT-PCR, with which a great variety of disease sources could be identified
including DNA viruses, RNA viruses, bacteria, mycoplasma, chlamydia, Legionella, and fungus, is often used in their research.
Personally, I was very surprised that many of these cutting-edge devices have been used in Vietnam. Moreover, with my own eyes,
I witnessed that studies have been performed with various universities

and famous research institutes using such devices at the NCH. I thought
NCH has boundless future possibilities and is located in not a developing
country but an emerging one.

(4) Respiratory Department

Respiratory Department was moved and quickly constructed two weeks
ago. It would be transferred to a new ward in October. There are 65
outpatients per day. We visited mainly the hospitalization area. According
to a physician there, most patients are hospitalized due to pneumonia.
However, we were able to observe a rare case in Vietnam at the time. The
case is a 12-year-old boy living in the county far from Hanoi. This
patient fell out from a tree. Afterward, having chest pain, he visited this
hospital. Further evaluation revealed a pulmonary cyst located in the
right lung. Lobectomy and biopsy were performed. Echinococcus was
found as a result. We were able to talk with his grandmother and found that
this patient had fed various animals including dogs, cats, 13 pigs, and
three cattle. According to his physician’s opinion, contact with the animals
might be the cause. In addition, it was also supposed that eggs of the
parasite might have been taken orally as the family regularly eats raw fish.

(5) Cardiology Division

There are 50 beds in the Cardiology Division and an additional eight
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beds that are used for emergency care, referred to as Post Critical Care Unit (PCCU) in Japan. Five to10 patients rotate on these
beds per day. There are two operating rooms and five operations per day. There are many rare cases that are not found in Japan.
Dr. Toyoda in the Division of Pediatric Cardiology said that the number of these rare cases might exceed that of National
Center for Child Health and Development. In the Cardiology Division of the National Children’s Hospital (NCH), an advanced
surgery, such as Norwood operation, was performed for patients with hypoplastic left heart syndrome (HLHS). The level of
medical care in the cardiovascular disease division was even higher than any hospital in Japan. I heard that in Vietnam there are
few hospitals in which advanced surgeries can be performed; hence, many patients visit only one hospital unlike in Japan.

(6) ER

A doctor shortage was noteworthy in various divisions at the NCH, especially situation is serious in the emergency room
(ER). The number of staff in the ER was 15, including interns. It was found that doctors were on duty 7—8 times a month and
that they worked under harsh conditions. There were five rooms for emergency visits. Five-member staff was in charge of the
outpatient division from 16:00 to 22:00 and two from 22:00 to 8:00, whereas an average of 500 patients visit the hospital every
day, and one physician had to be in charge of approximately 100 outpatients. Medical students were considered as members of
the professional team and on duty approximately five times a month. Even medical students are also in charge of surgery for
patients with, for example, appendicitis; thus, it cannot be said that the education for medical students is excellent. Patients who
visit the ER commonly have appendicitis, traffic injuries, and cerebral hemorrhages, such as subarachnoid hemorrhage (SAH).
There were also many cases that we have never heard of in Japan. For intoxication, common cases include lead poisoning that is
mainly found in traditional medicine, accidental ingestion of detergent which was in a plastic bottle, chemical pneumonitis
caused by oil, and 90% alcohol (by drinking milk right after disinfecting the nose and face). In Southeast Asia including
Vietnam, education to mothers is not provided adequately and we were able to observe interesting cases. For example, not
knowing that meconium occurs in infants four times a day, a mother gave opioids to her infant on the eighth day of life to stop
diarrhea and her infant developed opioid intoxication. Moreover, she did not confide what kind of drug was used since the use
of opioids is illegal. This case is interesting and seems to be rare in Japan. However, such cases are relatively common in
Vietnam; it is impressive that even the physicians said this case was difficult to handle. I heard that cesarean section is
frequently performed in urban areas of Vietnam, because Vietnamese women believe that cesarean section is safer and
associated with fewer complications than natural childbirth, which commonly causes pain. Actually, it is the reverse, and
physicians have recommended natural childbirth while many Vietnamese women tend to avoid it. I was impressed with the lack
of education in various aspects in Vietnam.

(7) NICU

There were a total of 100 patients in four rooms in the neonatal intensive care unit (NICU). The staff in NICU was in charge
of these patients plus 100 patients in the rooms on the third floor. Perhaps since we came from Japan with the lowest infant
mortality, we were surprised by the fact that around 50% of premature infants with combined infection died. In addition, there
were many cases of metabolic disorders in Vietnam. In Japan, it is mandatory to perform mass screening for the purpose of
early detection of congenital adrenal hyperplasia, cretinism, galactosemia, and phenylketonuria. On the other haud, in Vietnam,
these screenings are performed at the patient’s own expense; therefore, many such cases could not be detected early. It is said
that a screening performed at a patient’s own expense are outsourced to OHG hospitals or a laboratory in Japan. A concept such
as mass screening seems not to have yet penetrated far into Southeast Asia. In addition, the bacteria called Elizabethkingia
meningoseptica frequently causes meningitis, and it is becoming a serious problem in Vietnam.

8) ICU

The hospital bed capacity of the ICU was 70 beds in total (40 beds for severely affected patients and 30 for mildly ill
patients). No follow-up after discharge was performed. In the new ward for hospitalization in the ICU of the NCH, there were
patient rooms in the depths of “Doctor’s space” near the entrance. In this “Doctor’s space,” preparations necessary for infection
prevention and prior to various surgical operations can be performed. (According to Dr. Toyoda) This system was based on the
hospital equipment in the U.S. and is not found in hospitals in Japan. In Japan, this system can be found in Okinawa Prefectural
Chubu Hospital, which is a famous navy hospital. However, I have not seen this kind of inpatient facility. In Vietnam, the
concept of epidemiology was not developed at all, and concepts such as how much of which diseases are there and what is their
mortality were not widely accepted. As a possible explanation, to even examine a fatality rate, many people wait for death at
home without even thinking of receiving palliative care and end-of-life treatment; hence, it was not possible to grasp the
number of death accurately at the hospital. The most interesting case in our visit was a 12-year-old boy who had rickettsial

Volume 4 (1), January 2017 ADC Letter for Infectious Disease Control 11



infection. It is an extremely rare infection that is not found in Japan. However, this disease is relatively common and occurs
several times per year in Vietnam. This boy had atypical symptoms that even the physicians in the ICU had never seen. It was
impressive that they found the diagnosis especially difficult. When we visited the ICU, I was surprised that they did not wear
gloves when being in contact with blood (e.g., blood sampling) in Vietnam. In contrast, in Japan, whenever we have contact
with patients, we are mandated to wear gloves at all times. There were as many as 120 beds in total in the infection isolation
nursing unit (50 beds on the ground floor and 70 on the first floor). There were four beds in one room. Although it was an
infection isolation nursing unit, there was no special equipment for infection control such as ventilation. The room in the
inpatient facility was much smaller than Japan. We witnessed a rare scene that two parents and a child sat on one bed, which is
never seen in Japan. In addition, it was awfully hot and humid as there was no equipment such as an air conditioner; it was not
comfortable than other facilities. As for the characteristics of the unit, patient rooms were divided according to disease (e.g.,
patients with cerebral meningitis were admitted to cerebral meningitis-specific rooms; those with the chief complaint of a cough
were admitted to cough-specific ones) to house many patients in one room; this situation surprised us. Too many patients had
Japanese encephalitis. We asked whether they receive vaccination. Their responses was as follows: although they prepare three
opportunities for vaccination, Vietnamese mothers have resisted vaccination; consequently, only a few children actually receive
it. Since education for mothers is not widespread, they do not know which vaccines have been administered in the first place
and they often lose the record that have been distributed. They say that Japanese encephalitis in itself is not a rare disease and
occurs in 100 patients a year, with a mortality rate of around 5%—-10% in NCH. We asked about other infections in this unit.
Their responses were as follows: dysentery, typhoid, cholera, and Escherichia coli were common, but hospitalization was rarely
required as oral, over-the-counter drugs (OTCs) were available and they could be treated easily.

(9) Lecture at Hanoi Medical University; “Infectious disease in Vietnam”

The professor at the Hanoi Medical University lectured on the current situation of infectious diseases in Vietnam. In
2012-2013, an accidental death from live attenuated measles vaccine occurred, causing an opposition movement against
vaccination and leading to an outbreak in 2014. At that time, there were 31,313 people suspected of infection, 5,476 of those
were diagnosed definitively, and 146 died. The manufacturing method of the vaccine was changed. Currently, vaccination is
recommended. Cholera re-emerged in 2008. Although three opportunities for vaccination have been prepared, Japanese
encephalitis outbreaks occur in the northern part of the country, including Hanoi. The reason of this situation are thought to be
as follows: vaccination is not mandatory; the quantity of vaccine is inadequate; and establishment of immunity (e.g., [gG) is not
confirmed. At the end of the lecture, the professor talked about the problem of resistant bacteria. In Vietnam, this problem is
worse than Japan as infection prevention is poor (e.g., treat patients without gloves unless medical staff come in contact with
blood) and antimicrobials are readily available as OTC without prescription. In Japan, the problem of resistant bacteria can be
reduced by simply teaching physicians antimicrobials. However, in Vietnam, it is said that the development of laws is required
to solve this problem. I have learned about various issues focusing on infection, so in the end systematic learning provided me
with a good opportunity for review of what I learned.
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50th ANNIVERSARY OF TEIKYO U

50th Anniversary of Teikyo University
ADC International Symposium
[Infectious Diseases and Host Defense (BEiE &4 ABA1E) J
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Program
Organizer: Prof. Kazuo Suzuki, Director of Asia International Infectious Disease Contol (ADC), Teikyo University

Session I Infectious Diseases
Clinical characteristics of pertussis’s patients in the Vietnam National Hospital of Pediatrics, in 2015
Associate Prof. Tran Minh Dien, Vice Director of the National Children’s Hospital, and Hanoi Medical University, Hanoi,
Vietnam

Chair Dr. Nguyen Huu Tu, Kansai Medical University, Osaka, Japan
Smallpox eradication
Prof. Takeshi Kurata, International University of Health and Welfare & NIID, Former Director-General, Japan

Chair Visiting Prof. Shoji Kawachi, ADC, Teikyo University, Tokyo, and Tomakomai City Hospital, Tomakomai,

Japan

Diversity of parasite mitochondria -as drug targets-
Prof. Kiyoshi Kita, Nagasaki University, School of Tropical Medicine and Global Health, Nagasaki, Japan

Chair Prof. Tomoko Yamamoto, ADC, Teikyo University, Tokyo, Japan
Tuberculosis research agenda in the context of globalization
Dr. Seiya Kato, Vice Director, Research Institute of Tuberculosis, Tokyo, Japan

Chair Visiting Prof. Kiyoko Akagawa, Kitasato Institute, Tokyo, Japan

Session II Host Defense and Vaccination

Regulation of Influenza A Virus Pathogenicity by NADPH Oxidases

Dr. Stavros Selemidis, Department of Pharmacology, Monash University, Clayton, Australia.
Chair Prof. Yasuo Ono, Teikyo University, Tokyo, Japan

Human Immunity to Chikungunya Viruses: Prospects for Vaccine

Prof. Pratima Ray, Department of Biotechnology, Faculty of Science, Jamia Hamdard University, New Deli, India
Chair Prof. Koichi Makimura, Teikyo University, Tokyo, Japan

Molecular epidemiology and pathogenesis of virus gastroenteritis

Prof. Hiroshi Ushijima, Department of Microbiology, Nippon University School of Medicine, Tokyo, Japan
Chair Prof. Masakazu Mimaki, Teikyo University, Tokyo, Japan
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e-ASIA JRP (AMED) REPORT

Joint Meeting of e-ASIA: Japan-Vietham-Philippines at

Taal Vista Hotel, Philippines
October 17th-18th, 2016

3EH %% /=e-ASIA projectAR&#E%Z2016E10817, 188IZ7 1 U EVIZTH#E

Project Meeting for e-ASIA Joint Research Program was Held on October 17th-18th in
Philippines

MARKFEEL - BEX - NbFL - T4 VEVTOREFREICEKDA 2V TIVIVY - #ERKICKDFRI[FEALED 3
HE LB

International Study on Pulmonary Disease Infected with Influenza Virus and Mycobacterium
Tuberculosis

WrFEBAFEMEEE Project Leader : $ARFIS (KT ¥ 7 EBS &GS #5280
MFEWEMFE Local Leaders : Dr. Phung Thi Bich Thuy in the National Children’s Hospital, Vietnam and
Prof. Jamie Montoya, University of the Philippines College of Medicine

Prof. Kazuo !

Sapan

(

General Meeting of e-ASIA at Taal Vista Hotel in Philippines
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Progress Reports
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1) Influenza Research Team
Japanese group: A role of Non-structural protein 1 (NS1) for severe pneumoniae induction using modeling simulation in
gene mutation in influenza virus.
Vietnam and Philippines group: Swab spacemen collection for analysis of viral mutations in Vietnam. In Philippines the
protocol approval by the FDA and preparation of protocols for a clinical trial for intervention with Leucomycin-Josamycin
for patients with severe pneumoniae.

2) Tuberculosis Research Team
In Vietnam, 176 sputum-smear positive active pulmonary TB patients have been recruited. In the Philippines, 192 were

culture-proven. There is a need for characterizing these MTB strains in Southeast Asia.

“Report-1
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MPA /_PO
SCN- + H2C)2 u. OSCN- + H20 Airway Inflammation Induced by
| l Hypothiocyanite (OSCN")
SCN-  H202 02 OSCN- _ o .
CFTR / Airway Surface Liquid Associate Professor, Shoichi Suzuki Ph.D.
PDS ]—[DUOX ]7 ADC, Teikyo University
inﬂammation MPO:myeloperoxidase

LPO:Lactoperoxidase
SCN- DUOX:dual oxidase _ E : E
NiS:sodumodide symparter On 17-18th October, 2016, I participated in the joint
CFTR:cystic fibrosis transmembrane
conductance regulator

meeting of e-ASIA. In this meeting, I reported an in
PDS:pendrin . . . . _ }
alrwdy epihelial NIS Yltro data that hypot.hlocyanlte activates NF .KB. NF KB
cells SCN-  Na* is a key transcription factor for amplifying the in-
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flammatory response in airway epithelial cells. I also presented a novel model of inflammatory response induced by influenza
virus infection. As shown in the figure in the previous page, the airway surface liquid (ASL) on airway epithelial cells is known
to contain a large amount of thiocyanate (SCN™), because it is actively transported into ASL through several anion transporters
such as CFTR and pendrin. It is also known that influenza virus infection causes the production of hydrogen peroxide (H202) by
DUOX and NOX2, from the epithelial cells and neutrophils, respectively. Therefore, it is possible that SCN™ is converted into
hypothiocyanite (OSCN™) by lactoperoxidase (LPO) and myeroperoxidase (MPO) derived from goblet cells and neutrophils,
respectively. We hypothesize that during the influenza virus infection, OSCN™ is generated by the peroxidases, and induces
inflammatory cytokines such as IL-6 and IL-8 through NF-«xB activation in the epithelial cells, resulting in amplifying
inflammatory response.

“Report-2
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Development of Novel Anti-influenza Virus Drugs and Direction for Clinical Studies

Ryuichi Sugamata Ph.D.
ADC, Teikyo University

ADC institution is actively promoting e-ASIA project. The project is international collaboration for prevention/regulation of
serious epidemics among Japan, Philippines and Vietnam. In this project, my responsibility is a development and repositioning of
novel therapeutic drugs for the treatment of pathogenic severe pneumonia including influenza, and establishment of treatment
approaches against infectious diseases with a central focus on Asian countries.

Project members from ADC institution attended at regular conference in Philippines on October 17-18, 2016. During the
international meeting, I reported our research data: a leucomycin A3 macrolide antibiotic played an inhibitory role in viral
propagation of influenza A/HINT1 in human cellular culturing system and the leucomycin A3 lead to remarkable survival
advantage of mice which were lethally-infected with the A/HIN1 virus.

The leucomycin A3 has already been assessed its safety for human body and has approved as the drug for human patients.
Based on this advantage, cooperating with Philippines team, the clinical trial/research by use of leucomycin A3 for human
patients whose case are severe pathogenic pneumonia including influenza were authorized in the conference of e-ASIA project.

The international conference was fruitful opportunity for us. Our research accomplishments have promising possibility for
establishment of prevention and regulation of infectious diseases.
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ORIGINAL ARTICLE

Molecular Structure in Gene Mutation of Neuraminidase of Influenza
Virus Type B Isolated from Swab of Patients Showing Fever Duration

Haruka Hishiki', Yosuke Kameoka?, Yusuke Kato**, Reiko Itoh’, Tomohiro Someya®,
Nobue Inoue’, Mana Haraki®, Tomomichi Kurosaki’, Shoichi Suzuki®, Tomoko Ogawa'®,

Naruhiko Ishiwada''*, and Kazuo Suzuki

5,12

'Department of Pediatrics, Chiba Univesity Graduate School of Medicine, Inohana 1-8-1, Chuoku, Chiba city,
Chiba, 260-8670, JAPAN
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3Institute for Health Sciences, Tokushima Bunri University, 180 Nishihama, Yamashiro-Cho, Tokushima 770-8514, JAPAN
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Abstract

Purpose Neuraminidase inhibitors have been used for
the treatment of both influenza A and B viral infections in
children. Influenza viral infection occasionally shows pro-
longed duration of the fever despite the use of neuraminidase
inhibitors, suggesting drug resistance. It has been reported
that mutations of the viruses are related with the drug
resistance. Here, we studied association between prolonged
fever and mutations in influenza B.

Methods RNA was isolated from fixed nasopharyngeal
swab of 206 patients with influenza in 2013/2014 season.
The samples from ten patients having fever over 38°C over
48hr were analyzed for neuraminidase sequences. Structural
models reflecting the gene mutation of neuraminidase of
influenza B virus (BNA) were analyzed.

Results Patients infected with influenza B showed longer
duration of fever on average than those with influenza A.
Sequences of BNAs from the patients with prolonged fever
were different from that of the strain for vaccine (B/
Massachusetts/02/2012). Two of the sequences in the samples
M2-1 and K41-1 contained mutations for potential drug
resistance: S99N, T1061, K125T and S295R in the sample
M2-1 and 1262M, V271T, K/E272Q, E320K, D342G and
M375K in the K41-1. Structural models of BNA suggested

that R295 of the M2-1 and Q272 and K375 of the K41-1
may be responsible for the drug resistance.

Conclusions Drug-resistant mechanism of BNA was
clarified by using structural model analysis. Proper use of
neuraminidase inhibitors against influenza virus infection
is necessary in clinical setting.

Key words: Influenza virus, Type B, drug resistance, children,
neuraminidase inhibitor

Introduction

Influenza viral infection is prevalent every winter season in
Japan. Influenza virus induces respiratory tract infections in
various age groups, from children to elderly persons. For the
treatment of influenza viral infection, neuraminidase inhibitors
such as oseltamivir, zanamivir and laninamivir were developed
and widely used in ambulatory settings. Neuraminidase inhib-
itors had the effect of shortening duration of febrile period of
the patients with influenza viral infection?. On the other hand,
some of the cases with influenza viral infection showed
prolonged duration of the fever despite the use of oseltamivir.
The percentages of these cases were much higher with influenza
B viral infection than influenza A infection>3). The precise
mechanism of this phenomenon has not been clarified. In Japan,
one influenza B strain with reduced drug sensitivity possessing
a Gly402Ser neuraminidase substitution was isolated from a
child who had received oseltamivir and seven influenza B
strains with reduced sensitivity carrying other mutations were
isolated from untreated children, during the 2004-2005
influenza season®. However, according to the data from patients
with influenza B infection from the 5 years (2009-2013) of the
international prospective Influenza Resistance Information
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Study, phenotypic resistance to oseltamivir or zanamivir was
not found in B/Victoria and B/Yamagata viruses®).

In the present study we collected influenza B virus genome
isolated from nasopharyngeal swab of the children who had
prolonged fever more than 48 hours after the treatment of
neuraminidase inhibitors during the influenza B viral epidemic
in 2013/2014 season. Using structural models and gene mutations
of neuraminidase of influenza B virus, we analyzed reasons for
prolonged fever of the patients.

Methods
Sampling from patients with influenza
1) Isolation of swab from patients

During the influenza epidemic period from 18th February to
8th April, 2014, we collected samples from the 206 pediatric
patients less than 16 year of age with influenza viral infection at
four outpatient clinics in Chiba prefecture, Japan. All patients
had fever and respiratory symptom and were diagnosed
influenza by using rapid antigen detection kit. We gave the
written consent of the study to the patients and/or their
guardians. The clinicians prescribed neuraminidase inhibitor
for the patient after diagnosis. Age, sex, onset date of the fever
over 37.5 degree and influenza vaccination status in 2013/2014
season were investigated at the time of first visit of the clinics.
The decision of additional medication except neuraminidase
inhibitor for the patients depended on the clinicians. The
compliance of neuraminidase inhibitor, the clinical symptom
and clinical course after treatment, side effect of neuraminidase
inhibitor were investigated at the time of second visit of the
clinics.
2) Viral typing A or B with rapid influenza antigen detection
kit

Rapid influenza virus antigen detection kit (immune-
chromatography) that was used was adopted by each clinic.
Nasopharyngeal swabs were used as the materials. The kit was
used at the bedside and the result was informed to the patients and
their guardians by clinicians. After using antigen kit, remaining
materials were stocked in a refrigerator.
3) Approval of Ethical Committee

This study was approved as 1749 on August 29, 2014 in
Chiba University and Teirin 14-136 on Dec 4, 2014 in Teikyo
University.

Isolation of viral RNA

The swab fluid was fixed with 500 pl of a fixer (A-CLIP
Institute, Chiba, Japan) and then stored at 4°C. Viral RNA was
extracted from an aliquot of residual fluid from a commercial
clinical diagnostic kit. Three drops of the residual fluid were
put into 0.5 ml of the viral RNA retaining solution (A-CLIP
Institute, Chiba, Japan). Viral RNA retaining solution was

Table 1. Primer sets for cDNA amplification

Neuraminidase mutation of influenza virus type B

applied to the mini column of QIAamp viral RNA mini-kit
(Qiagen, Valencia, CA) as described in manufactures instruction.

Measurement of viral typing

Viral typing was performed by M protein of influenza virus
type A and hemagglutinin (HA) for type B with a real-time
PCR. Precise viral typing was performed after the study period.
The result of rapid antigen detection kit was confirmed by the
diagnosis in PCR analysis. Type A and B subtype analysis was
done basing on PCR method.

Quantitative real-time PCR and Reverse transcription-
PCR analyses

Total RNA extracted from the fixed swab stored at 4°C was
treated with DNase (TURBO DNA-free; Ambion, Austin,
Texas) and used as a template to synthesize complementary
DNA (cDNA) with the Superscript VILO cDNA Synthesis Kit
(Invitrogen). Using specific primer sets (Supplemental Table
1), the expression of each gene was quantitated with SYBR
Green PCR Master Mix (Applied Biosystems, Foster City,
California) by the StepOne Real-Time PCR System (Applied
Biosystems). Reaction conditions were 95°C for 15 seconds
and 60°C for 1 minute, repeated for 40 cycles, with hot start at
95°C for 10 minutes. Each PCR analysis was run in duplicate for
each sample.

Gene sequences in neuraminidase region of cDNA from viral
RNA:
Reverse transcription-PCR (RT-PCR) and sequence analysis

Isolated viral RNA neuraminidase gene was amplified by
Reverse transcription-PCR (RT-PCR) using a SuperScript 111
One-Step RT-PCR kit (Invitrogen, Carlsbad, CA). Amplification
primer sets and their covering regions were as described in
Table 1 and Fig. 1, respectively.

Neuraminidase sequences of 10 viruses tested in this study
were deposited into the GenBank database. Base positions of
primers for neuraminidase gene are given in B/CHIBA/9/2014
(Global Initiative on Sharing Avian Influenza Data (GISAID)
Isolate ID EPI_ISL 163854) Standard influenza virus B Ya-
magata and Victoria were supplied from Dr. Ogawa in Chiba
Institute of Health, Chiba City.

Molecular modeling of neuraminidase region of type B
influenza (BNA)

Alignment of BNA sequences was performed with Clustal
W. Swiss MODEL® was implemented to model the structures
of BNAs from K41-1 and M2-1 strains. Structural analysis and
presentation were performed using by Swiss PDB Viewer©.

Primer | Start basg of Forward primer End base% of Reverse primer Accession
set No. | forward primer reverse primer No

Set 5 236 AAGGGGTGACACTTCTTCTC 532 CTACTGTTGGGATTTTGCCC CY019517.1
Set6-1 430 CATTATGCAGCCCAACCAG 769 CTGAAGCTGAGCCATCAGT CY019517.1
Set6-3 490 GGGCAAAATCCCAACAGTAGAAA 801 ATTTCTTTTATTATTCGGCCCTCTCG CY019517.1
Set7-2 678 CACAAGAAAGTGCCTGCAA 969 TCTGGGGGTGTCCAAATAAG CY019517.1
Set8-1 949 GTGGAGACTGATACAGCAGA 1254 CCAACCAGGTTCTTCCATTG Non

Set8-4 864 CCATAGAATGTGCCTGTAGAGA 1168 TGGGTCTCCATCATACTTTACATACAG | Non

Set8-5 832 GGAATGCACATGCGGATTTGC 1117 AGACATCGTCCGAGAGTACCA Non

Set9-1 1100 TACTCTCGGACGATGTCTAAAACTAAA 1357 CCCATTAAACAGTAAATGGCTGT Non
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Fig. 1. Primer sets for BNA sequence 1bp

Type B NA gene 1401bp
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Results
Clinical evidences

We investigated the clinical symptoms of 206 pediatric
patients with influenza virus infection and compared
oseltamivir-treated, zanamivir-treated, and laninamivir-treated
groups in this research period. Among 206 patients, oseltamivir-
treated group, zanamivir-treated group, laninamivir-treated
group was 99 patients, 83 patients, and 24 patients, respectively.
Concerning the average onset of age, oseltamivir-treated group,
zanamivir-treated group, laninamivir-treated group was 8.9
year of age, 9.2 year of age, and 5.3 year of age, respectively.
The rate of influenza vaccination status was 45.5% in oseltamivir-
treated group, 55.4% of zanamivir-treated group and 54.2% of
laninamivir-treated group. The drug compliance of each neur-
aminidase inhibitor was good in all three groups. The duration of
fever after administration of the first dose of each neuraminidase
inhibitor was significantly prolonged in the patients with
influenza B infection (average 43.1 hours) than in the patients
with influenza A infection (average 31.8 hours), although there
were no statistically significant difference in the clinical
efficacy and the side effect among three groups. The number of
biphasic fever episodes in patients treated with neuraminidase
inhibitors was rare (two episodes of oseltamivir-treated group
and one episode of zanamivir-treated group). Under the good
drug compliance, all three neuraminidase inhibitors showed same
efficacy for the treatment of influenza virus infection in children.

Subtype of Type A and Type B

Analyzed type of virus showed that 9 patients were positive
with type A, including 3 patients with A/H3N2 and 6 with A/
H1pdmO09. In addition, 53 patients were estimated to be positive

Table 2. Amino acid substitution due to mutation of BNA gene

with type B according to the results from antigen kits. Among
the patients with type B, 15 patients had high fever, which was
more than 38°C, for less than 48 hours, whereas 38 patients with
type B had high fever for more than 48 hours. 28 of the 38
patients with prolonged fever were subject to one time sampling
for real-time PCR, whereas 10 of those were subject to two
times sampling. 23 of the 28 patients with one time sampling
were positive with only Yamagata subtype of the B type,
whereas the rest of the 28 was doubly positive with Yamagata
and Victoria subtypes. 20 samples from 10 patients with two
times sampling included those with 13 positive with only
Yamagata subtype, 4 doubly positive and 3 negative results
with real time PCR. All of the 3 negative results were from the
samples at the second visits to the hospital.

Differences in BNA sequences from that of annual vaccine

The first swabs taken of 10 patients who had high fever over
38°C over 48hr and were subjected twice were analyzed for
BNA sequences. Sequencing of three samples called K41-1,
M2-1 and Y2-1 of the 10 subjects successfully completed as well
as that of the M47 sample from a patient without prolonged
fever. Table 2 indicates the comparison of the sequences of these
samples with that of BNA of B/Massachusetts/02/2012, one of
the Yamagata subtypes from which annual vaccine was
produced. All the samples from the patients with prolonged and
non-prolonged fever showed substitutions compared with
B/Massachusetts/02/2012.

Identification of novel mutations for drug resistance
We identified novel mutations for drug resistance to oseltamivir
and zanamivir in the K41-1 and M2-1 strains, respectively

Source from Patients

Source from Patients

Base M47 K41-1 Y2-1 M2-1 AA M47 K41-1 Y2-1 M2-1
position  Fever time: 19hr (Control) 95hr 10hr 68hr position  Fever time: 19hr (Control) 95hr 10hr 68hr
Drug: Zanavir Oselamivir Zanavir Zanavir Drug: Zanavir Oselamivir Zanavir Zanavir

296 296G/A 99 S9IN

317 317T/C 317T/C 317T/C 106 1106T 1106T 1106T

374 374C/A 374C/A 374C/A 125 T125K T125K T125K

443 443A/G 148 E148G

557 557A/G 557A/G 186 KI186R KI186R

593 593G/A 198 S198N

657 657A/T 219 K219N

703 703G/A 235 D235N

730 730C/T 244 P244S

742 742G/A 742G/A 248 V2481 V2481

786 786A/G 262 1262M

811 811G/A

812 812T/C 271 vt

814 814A/C 272 K272Q

883 883C/A 883C/A 883C/A 295 R2958 R2958 R295S

958 958G/A 958G/A 958G/A 320 E320K E320K E320K

985 985A/G 329 N329D

1018 1018G/A 340 D340N

1025 1025A/G 342 D342G

1027 1027A/G 1027A/G 343 K343E K343E

1117 1117A/G 373 K373E

1124 1124T/A 375 M375K

1165 1165A/G 389 T389A

1176 1176A/T 392 E392D

1183 1183G/A 395 A395T

1186 1186C/T 396 L396F

The samples, K41-1, Y2-1 and M2-1, are those from patients with prolonged fever despite the use of neuraminidase inhibitors, whereas M47 for control is from
a patient without prolonged fever. Listed residues are those different from B/Massachusetts/02/2012 that is a strain of Yamagata lineage for the production of
vaccine. Highlighted as blue are the residues that are same with B/wis/1/2010 that is a strain of Yamagata linage for vaccine.
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K41-1_BNA-AA
Hong Kong/45/05
Memphis/20/96

SCPGSTFQKALL ISPHRFGETKGNSAPL I IREPFI 120
QAVNRSATKGVTLLLPEPEWTYPRLSCPGSTFQKALL I SPHRFGETKGNSAPL I IREPF
QAVNRSATKGVTLLLPEPEWTYPRLSCPGSTFQKALL I SPHRFGETKGNSAPLI IREPF I

K41-1_BNA-AA
Hong Kong/45/05
Memphis/20/96

ACGPKECKHFALTHYAAQPGGYYNGTRGDRNKLRHL I SVKLGKIPTVENS IFHMAAWSGS 180
ACGPKECKHFALTHYAAGPGGYYNGTRGDRNKLRHL I SVKLGKIPTVENS IFHMAAWSGS
AGGPKECKHFALTHYAAQPGGYYNGTREDRNKLRHL I SVKLGKIPTVENS IFHMAAWSGS

K41-1_BNA-AA ACHDGKEWTY | GVDGPDNNALLK IKYGEAYTDTYHSYANNILRTQESACNCIGGNCYLMI 240
Hong Kong/46/05  ACHDGKEWTYGVDGPDNNALLKIKYGEAYTDTYHSYANNILRTQESACNCIGGNCYLMI
Memphis/20/96 ACHDGREWTY I GVDGPDSNALLKIKYGEAYTDTYHSYANNILRTQESACNC I GGDCYLMI
KRR | DRk
K41-1_BNA-AA TDGSASGVSECRFLKIREGRIMKE IFPTGRTAHTEECTCGFASNKT IECACRDNSYTAKR 300
Hong Kong/45/05  TDGSASGVSECRFLKIREGRIIKEIFPTGRIKHTEECTCGFASNKT IECACRDNSYTAKR
Memphis/20/96 TDGSASGISECRFLKIREGRI IKEIFPTGRVEHTEECTCGFASNKT IECACRDNSYTAKR
K41-1_BNA-AA PFVKLNVETDTAEIRLMGTKTYLDTPRPDDGS I TGPGESNGGKGSGG 1KGGFVHQRMASK 360
Hong Kong/45/05  PFVKLNVETDTAEIRLMCTETYLDTPRPDDGSITGPCESNGDKGSGG I KGGFVHORMASK
Memphis/20/96 PFVKLNVETDTAEIRLMCTETYLDTPRPDDGS I TGPGESNGDKGSGG I KGGFVHQRMASK
Ka41-1_BNA-AA IGRWYSRTMSKTERKGMGL YVKYDGDPWADSDAL TFSGVMVSMEEPGWYSFGFE IKDKKC 420

Hong Kang/45/05
Memphis/20/96

IGRWYSRTMSKTERMGMGL YVKYDGEPWADSDAL TFSGVMVSMEEPGHYSFGFE IKDKKC
IGRWYSRTMSKTKRMGMGL YVKYDGDPHTDSDALALSGVMVSMEEPGIYSFGFE IKDKKC
ARARAAAAAAAK A AR | Aok T ARk | kR IR KRR KRRk K

K41-1_BNA-AA
Hong Kong/45/05
Memphis/20/96

DVPCIGIEMVHDGGKKTWHSAATATYCLM-———————
DVPGIGIEMVHDGGKETWHSAATAIYCLMGSGQLLWDTVTGVNMAL
DVPCIGIEMVHDGGKKTWHSAATAIYCLMGSGQLLWDTVTGVDMAL

Fig. 2. Alignment of BNA of oseltamivir-resistant and -sensitive
strains

K41-1 is an oseltamivir-resistant strain, whereas others are oseltamivir-
sensitive strains of influenza B. Green and yellow shades indicate unique
amino acid residues in K41-1 and the sensitive strains, respectively.

M2-1_BNA-AA LINPHRFGEIKGNSAPLI IREPFI 120
M47 FQKALLISPHRFGETKGNSAPLI IREPF
Memphis/20/96  QAVNRSATKGVTLLLPEPEWTYPRLSGPGSTFQKALL ISPHRFGETKGNSAPLIIREPFI
Hong Kong/45/05 QAVNRSATKGVTLLLPEPEWTYPRLSCPGSTFQKALLISPHRFGETKGNSAPLI IREPFI

ok sfoloioior okioRicRIoloRokok
M2-1_BNA-AA ACGPTECKHFALTHYAAQPGGYYNGTREDRNKLRHL I SVKLGKIPTVENS I FHMAAWSGS 180

N47 ACGPKECKHFALTHYAAQPGGYYNGTREDRNKLRHL I SVKLGKIPTVENS I FEMAAWSGS
Memphis/20/96  ACGPKECKHFALTHYAAQPGGYYNGTREDRNKLRHL ISVKLGKIPTVENSIFHMAAWSGS
Hong Kong/45/05 ACGPKECKHFALTHYAAQPGGYYNGTRGDRNKLRHL ISVKLGKIPTVENSIFHMAAWSGS

Hokorok,

ACHDGKEWTY I GVDGPDSNALLKIKYGEAYTDTYHSYAKNILRTQESACNCIGGDCYLMI 240
ACHDGREWTY I GVDGPDSNALLKIKYGEAYTDTYHSYAKNILRTQESACNC I GGDCYLMI
Memphis/20/96  ACHDGREWTYIGVDGPDSNALLKIKYGEAYTDTYHSYANNILRTQESACNCIGGDCYLMI
Hong Kong/45/05 ACHDGKEWTY[GVDGPDNNALLKIKYGEAYTDT‘I’HSYANNILRTOESAGNC[GGNGYLMI

AR | CRRRAK

M2-1_BNA-AA
M47

TDGPASGVSECRFLKIREGRI IKEIFPTGRVKHTEEGTCGFASNKT IECACRDNRYTAKR 300
TDGPASGISECRFLKIREGR I IKEIFPTGRVKHTEECTCGFASNKT IECACRDNSYTAKR
Memphis/20/96 TDGSASGISECRFLKIREGRI IKEIFPTGRVEHTEECTCGFASNKT IECACRDNSYTAKR
Hong Kong/45/05 TDGSASGVSECRFLKIREGRIIKE lFPTGR[KHTEECTCGFASNKT IEGACRDNSYTAKR

HokK_ HORK Fokok

M2-1_BNA-AA
M47

PFVKLNVETDTAEIRLMCTETYLDTPRPNDGS I TGPCESDGDKGSGG IKGGFVHARMASK 360
PFVKLNVETDTAEIRLMCTKTYLDTPRPNDGS I TGPCESDGDEGSGG | KGGFVHARMASK
Memphis/20/96 PFVKLNVETDTAEIRLMGTETYLDTPRPDDGS I TGPGESNGDKGSGG I KGGFVHARMASK
Hong Kong/45/05 PFVKLNVETDTAEIRLMCTETYLDTPRPDDGSITGPCESNGDKGSGGIKGGF‘JH[)RMASK
ok

M2-1_BNA-AA
M47

M2-1_BNA-AA IGRWYSRTMSKTKRMGMGLYVKYDGDPWTDSEALALSGVMVSMEEPGWYSFGFEIKDKKC 420
N47 IGRWYSRTMSKTKRMGMGL YVKYDGDPWTDSEALALSGVMVSMEEPGWYSFGFE IKDKKC
Memphis/20/96 [GRWYSRTMSKTKRMGMGL YVKYDGDPWTDSDALALSGVMVSMEEPGWYSFGFE I KDKKC
Hong Kong/45/05 | GRWYSRTMSKTERMGMGLWKYDGEPWADSDALTFSGVMVSMEEPGWYSFGFEIKDKKC

ok Dok ok T sekeskkoksikokkoroRoRskkok koo ok

M2-1_BNA-AA DVPGIGIEMVHD

n47 DVPCIGIEMVHDGGKTTWHSAATA [ ———————————

Memphis/20/96 DVPC1GIEMVHDGGKKTWHSAATATYCLMGSGALLWDTVTGVDMAL

Hong Kong/45/05 DVPCIGIEMVHDGGKETWHSAATAIYCLMGSGQLLWDTVTGVNMAL
sookRkkRok

Fig. 3. Alignment of BNA of zanamivir-resistant and -sensitive strains
M2-1 is a zanamivir-resistant strain, whereas others are zanamivir-
sensitive strains of influenza B. Green and yellow shades indicate unique
amino acid residues in M2-1 and the sensitive strains, respectively.

(Figs. 2 and 3). For the identification of potential mutations for
drug resistance, we compared the sequences of K41-1 and
M2-1 to those of drug-sensitive strains. 262M, V271T, K/E272Q),
E320K, D342G and M375K are novel mutations found in K41-1.
Those are potential mutations for oseltamivir-resistance. S9N,
T1061, K125T and S295R are novel mutations found in M2-1,
and potential mutations for zanamivir resistance.

Neuraminidase mutation of influenza virus type B

Fig. 4. Mutation sites on K41-1 BNA

Model structure of BNA from K41-1 is depicted as a ribbon model.
Oseltamivir molecule and mutated residues compared with oseltamivir-
sensitve strains are indicated as spheres.

Fig. 5. Enlarged view around Q272 of K41-1 BNA

The backbone structure of the BNA model is depicted as a ribbon
model. Q272 and oseltamivir are depicted as spheres. H273 and Y296
are depicted as sticks.

Modeling analysis for drug resistance

Potential sites responsible for oseltamivir resistance were
mapped on a structure model of K41-1 BNA (Fig. 4). The 272nd
residue is Lys or Glu in the oseltamivir-sensitive strains (Fig. 2).
It has been reported that substitutions of H273 and Y296 have
impacts on drug resistance”®. Side chains of Q272, Y296 and
H273 were arranged like a zipper (Fig. 5). H273, the 241-251
loop and 292-299 loop formed the binding pocket to oseltamivir.
The binding pocket was scaffolded by the zipper structure of
Q272, Y296 and H273. Thus, mutation at the 272nd residue
may perturb the framework structure of the oseltamivir-binding
pocket, which may cause the drug-resistance.

The 375th residue is Met in the oseltamivir-sensitive strains
(Fig. 2). In the drug-sensitive strains, the side chain of M375 is
surrounded by M403 and P406, and contributes to stabilizing
the 371-373 loop (Fig. 6). In the modelled K41-1 BNA structure,
the side chain of K375 interacted with E373 and was detatched
from M403 and P406, which may destabilize the structure of
the 371-373 loop. This may cause the destabilization of the
interaction between R374 and oseltamivir.

The distances between the oseltamivir-binding site and M262
and K320 are quite long. These residues are located on the
surface of BNA, and have no important interaction to other
residues. The 271st residue is Val or Ile in the oseltamivir-
sensitive strains. Although this residue was replaced with Thr,
it was unlikely that this substitution had an impact on the
structure of BNA, because the structure of Val/Ile and Thr are
quite similar. The 342nd residue is Asp in the oseltamivir-
sensitive strains, whereas it was Gly in K41-1. It was unlikely
that this substitution had an impact on the structure and function
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Fig. 6. Enlarged views around K375/M375

A. View around K375 of the K41-1 strain. K375 and oseltamivir are
indicated as spheres. K373, R374, M403, E404, E405 and P406 are
depicted as sticks. B. View around M375 of oseltamivir-sensitive strain.

Fig. 7. Mutation sites on BNA as to zanamivir-resistance

The M2-1 BNA model is depicted as a ribbon model. Zanamivir and
mutated residues in M2-1 BNA compared with zanamivir-sensitive strains
are depicted as spheres.

Fig. 8. Enlarged views around S295/R295 of BNA
A View around S295 of zanamivir-sensitive strain, B Corresponding view
around R295 of the M2-1 strain.

of BNA, because this residue had no side chain contact to other
residues.

Potential sites responsible for zanamivir-resistance, N99,
1106, T125, and R295, were mapped on a structure model of M2-
1 BNA (Fig. 7). R295 was located next to N294 that composed
the framework of the substrate binding pocket (Fig. 8). In
zanamivir-sensitive strains, the 295th residue is Ser, which
interact with G247 and A245, contributing to stabilization of
the structure around N294. Replacing S295 with Arg caused
loss of these interactions, which may impair the stability of the
binding pocket of BNA. N99, 1106, and T125 were far from the
zanamivir-binding site, so were unlikely to have impacts on the
inhibitor-binding.

Discussion
Clinical observations
According to the past studies, the febrile period of influenza

B viral infection was longer than of influenza A viral infection
after oseltamivir treatment®?. In the present study, the average
febrile period after treatment of neuraminidase inhibitor of
influenza B viral infection was significantly longer than
influenza A viral infection. The rate of febrile period >48 hours
after treatment of influenza B viral infection was also higher
than influenza A viral infection. Except for the A/B type, the
other characteristics of the subjects including age distribution,
vaccination history and secondary bacterial infection did not
influence prolonged duration of the fever. Neuraminidase
inhibitor-resistant influenza B viruses were rare. The drug-
resistant influenza B viruses were isolated from immuno-
compromised children with prolonged treatment of neuraminidase
inhibitor®!9. However, Hatakeyama et al. reported that
osertamivir- and zanamivir-resistant influenza B viruses were
isolated from both ordinary neuraminidase inhibitor-treated and
non-treated children in Japan®. So far, the nineteen mutations
of influenza B viruses related to resistance to neuraminidase
inhibitors were reported”. However, the precise mechanism
and clinical impact of resistance of influenza B viruses to
neuraminidase inhibitors were not clarified.

Structure change of neuraminidase gene of influenza type
B isolated at clinics in Chiba Prefecture: Drug resistance
analyzed in modeling of the neuraminidase with novel
mutations

We performed extensive sequence analysis of BNAs of both
oseltamivir-resistant and zanamivir-resistant samples with
prolonged fever. The analyzed sequences indicated numerous
substitutions in comparison with BNA of the Yamagata type
for the production of vaccine. In addition, the sequences showed
novel mutations in both oseltamivir-resistant and zanamivir-
resistant BNAs. We built structural models of mutant BNAs to
analyze impacts of the mutations on drug resistance, and found
that two mutations of the oseltamivir-resistant strain, K/E272Q
and M375K, and one mutation of the zanamivir-resistant strain,
S295R, may be responsible for drug resistance. All these muta-
tions were located on the framework of the substrate-binding
pocket of BNA, but lacked direct interaction with the bound
drugs. The analysis suggested possibilities that these mutations
may destabilize the structure of the framework, which may lead
to weak binding of BNA to the drugs.

E119V, R292K, H274Y and N294S of neuraminidase of
influenza A (ANA) were reported previously as drug resistance
mutations. E119, R292, H274 and N294 of ANA correspond to
E117, R292, H273 and N294 of BNA. E119 and R292 are
direct binding residues to the drugs including oseltamivir and
zanamivir. In the mutated protein with either E119V or R292K,
direct binding between ANA and the drugs were predicted to
be lost, leading to loss of inhibition by the drugs!D. In contrast,
H274 and N294 are framework residues, which indicate that
mutations in the framework can cause drug resistance. Several
possible mechanisms for the drug resistance with the H274Y
and N294S mutations have been proposed based on simulation
studies for ANA. According to these studies, it may be difficult
to generalize the resistance mechanisms of H274Y and N294S.

The complex structure of ANA with H274Y-oseltamivir
(PDB code: 3CL0) revealed that the bulkier side chain of Y274
presses out that of E276 towards the substrate-binding pocket
in relative to WT'?, Thus, it was proposed that such a structural
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change hampers the interaction with oseltamivir. A computa-
tional simulation study proposed that infiltration of water
molecules into the substrate-binding pocket causes the drug
resistance of the H274Y mutant'®. The other group proposed
that the mutation on either H274 or N294 impairs binding to
the drugs because H274 and N294 are located on the charged
binding funnel'®.

Another study based on simulation indicated that the mutations
of H274Y and N294S shifted the locations of E276, E277 and
R292 and proposed that such structural changes have impacts
on interaction with oseltamivir and zanamivir!®. E277 and
R292 are the residues that directly interact with the drugs,
whereas E276 is one of the framework residues. In the simulation
of the N294S mutant by Ripoll et al., a hydrogen bond between
S294 and E276 was formed and the main chain carbonyl of
Y347 was flipped. As a consequence, Y347 interacted with the
main chain carbonyl of R292. These had an impact on the
dynamics of R292 that directly bound to zanamivir and
oseltamivir, which may cause drug-resistance. The other
simulation study proposed that the hydrogen bonds between
R118 and the drugs are weakened in the N294S mutant'.

As discussed above, several different hypotheses for the
mechanism of drug-resistance by the framework mutations
including H274Y and N294S of ANA have been proposed thus
far. However, it is commonly presumed that the mutations have
impacts on the subtle internal structure and dynamics of ANA,
which cause the resistance. Thus, it is likely that the framework
mutations reported here including K/E272Q, M375K and S295R
may have impacts on the structure and/or dynamics of the
framework.

This study has a limitation. In this study, we determined the
mutation sites and the suggestive resistant mechanism from the
analysis of molecular modeling of neuraminidase structure from
influenza B virus RNA obtained from patient. However, to clarify
the relationship to the mutation to the neuraminidase inhibitors
resistance more precisely, further studies such as the determina-
tion of the rise of ICso level against neuraminidase inhibitors
using the virus possessing the mutations are required. Therefore,
in the future study, it is better to isolate not only the RNA but
also the virus from the patient sample for the analysis of ICso
level against neuraminidase inhibitors.
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