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JE A7 )8 B & B i

1) R+ &5 F2

O 2011 ~2013 fEIZER L7z [RYF T 7 F 2 OHEIEVEICET 5 055N - 228U RE ] oxt5IE
TUE, Fefdfe 5 AE IS PRIPUARAm 1:8 K £ TIKF L72& X, ABE (SOPV — sIPV — sIPV — sIPV)
11 Ao 52N (18%). BE: (sOPV — wiIPV = wIPV = wIPV)49 AD ) H 3 N (6%) TH -7z,
T2 WTNORELHURM ORI O R IEIX 24ETH D) . PUREEEIE 100% % HEFET & 2 WL
R THAM 6 FEfR E C LRt SN/ (FRAE. 2013~2018 4E, HilA] & cohort study) o

2)B A% 7 F VR A
O WEEEINLBREFLET 7 T2 (NTH Ny 2 A2 -T%) ZEMLAEI00N B51AL 27
AW o8 A, 3xHWE 2 AN) Tld, HE~N298 MO ) B, BAIKIGZ 64 1 (21%). 38CLLEDZE
Bor 131F (4%) 1ZRBO72A, WERSEHE 3 HUWNICHE L. EELAERRIIBEO L2 -7 (1§
], 2018 4. Hilf] Z cohort study)

3) BHME=SY VIG5 REA

O  6mANmE 1,007 A (FH 2.7 %) Tk, PCRIFMEA > 7 VT VI 57 7 F VRO H#%
4 v A (OR) (&, 1 [AIEAE T 0.58(0.32-1.06) . 2 [AIHEFE T 0.59(0.40-0.86) T -7z (KPR, .
2016/17 ¥ — X >, EBIXTHEHFZE | test-negative design) o

@  6mAIE 1,015 A CF¥ 28 ) Tk, PCRIGMEA ¥ 7V v FICkE 20 7 F ORI
4 v X (OR) (&, 1 [T 0.43(0.25-0.75) . 2 [A4%HEC0.37(0.24-0.55) TH -7z (KR, .
2017/18 ¥ — R ¥, JEBIXTRIISE , test-negative design) o

@  3mAdE 399 A (CF¥H 1.3 @) Tld, PCRGMEA ¥ 7 VT U I 5 7 7 F VO
4 v X (OR) (. 1 [\EAETO0.25(0.04-1.55). 2 [AIEAET0.53(0.22-1.28) THh-o7 (KR, fREH.
2018/19 ¥ — X, JEGIXTIRIISE , test-negative design)

4) BEMR FEKRT 7 F V0 ENE SR

O 20 WL EOEERATIE, FHEEEAMY 7 7 O BHIC L ) FERO AL S S ERRPRITE 4
B (A7 KB /188/2017, KBRBE) (23 LC o BAF2 e mtE (hfipiR) 2R L7z BEMRICHT
DUURICE L - BHBREAN Y 7 5 » AR 3 LA EAY 5.3 5. PURISEEIAH 50% ; ¥ EkE
WY 7 F R TIIE 442 L 46% Tdh o720 KIFRIZHT 2 BURISE L © FiEREAMY 27 5
IEFERE T AR 2.7 5. PURISEEIEDT 32% W EMREAG Y 7 F R CIE & 4 1.3 15
& 4% THo7: (R, 2017/18 ¥ — R ¥, H(EAILILEGRER) o

5) 4 ¥ 7 NIYHT 2 F Y ORREEOA D T B M
© 907y OREG B ECENIMBY A Y T VE D 7 T Y DEHILISHIET 5720,
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T F URBEEDOIEN TEMET L7z WHOIZX A7 7 F UiRBRESELY I & L 7o — B e b e
DWNO T, [ENTORERE#IE] [ ToREE#E] [ TN ENOEN - Fir] #5385
%&kfibf:o

6)HPV 7 7 F v ORI T 5 SCHPIR

O BRI Z 2 L2 TW5D HPV U 7 F L I2DoW T, BHEIICAF R0 & 24t Iic B
THIUET Y AREHL 72, [PRISMA | 12DV A7~ T4 v 7L Ea—|2L), HPV U
7 F 2 OREVE - BRI BT SCE R Rl L. WERE 2R L 72,

A AN

7) 4 VI NI SR

(S s ]

O 3y =X ri#lf LT A/HINIpdm09 ¥EEH T 7 F > % Ffd L 7B 119 A (26~66 %) T
Z. V= AU ERRDIHE - T, BN - BEZORMPEEIAM (GMT) B X O EAHEE
PEBIETLTW (1 - 2 3¥y—XrHOEMEEL GMT X 61 — 53 — 51, ¥ AKX
1.49 = 1.30 — 1.25) (3T, &R, 2014/15~2016/17 > — A ¥, Hilil & cohort study) o

@ KREOHWE - %4 34 X (B 20 AL 1 36 %) Tld, A ML RABESHEEOE T, 1~
TNI T 7 F BB O AHL BUSR T 2 PURIREE G B X OTURAREEI S 8 h o 72 (Fak.
2017/18 ¥ — A, HilAl X cohort study) -

@ KFAE 13 A (B2 AL F 21 %) Tk, BEZOPUAREESIE AHIpdm09 @ 91%. AH3 :
100%. B(Victoria) : 54%. B(Yamagata) : 91% CTd V. 7 7 F Y HEMIE % A3 % & Tld AHIpdm09
%> B(Yamagata) OPEREEI S D2 -7 (FEM. 2018/19 ¥ — X >, Hili] X cohort study)

EEELED

O 6REAIN R 2,604 X (P 2.8 5%) Tld. BEBWFGEA > 7V It 57 7 F CEfED
% OR 1E 0.61(0.50-0.75) T o720 BBNZADL E, ATIHT 2% OR 1E 0.64(0.52-0.79) . B
RUCK 3 2F% OR 1E 0.41(024-0.73) THH ., wIhbFEELRD (Al 2016/17 ¥ — A >,
SiE BT BRBIFZE | test-negative design) o

@  6RANE 2,539 A (P 2.8 5%) Tl BEBWIRGEA v 7V FICHT 27 7 F v HEEO
% OR 1E 0.57(0.46-0.70) Td o720 BBNZADL &, AFTIIHT 2% OR 13 0.52(0.40-0.69) . B
BN 2 3% OR (X 0.61(0.48-0.78) ThH . WINbHEEZEDZ (A, 2017/18 ¥ — A,
HiE % HERJFZE | test-negative design) o

@ 6mAdE 2,250 A (P 2.7 5%) Tld. RSB EGEA > 7V U FITHT 57 7 F VRO
FHE OR 1$ 0.44(0.35-0.55) TH o720 BB THRL L, AT %% OR (& 0.44(0.35-0.55), B %l
WZxb L CIESSHIEE DL e L BT & e h o7 CAILL 2018/19 ¥ — R ¥, JEBIRERIFSE , test-negative
design) o

@ A (48202120 N) Tk AR Y7 Vo GREZED (120457 7 F VRO H %
OR (£ 0.71(0.48-1.04) Tdh o7z (Lidith. 2016/17 > — A ¥ il & cohort study)

® A (482,077 N) Tk, 77 F U EEOREOR IT ARIA > 7 )V U GREZKT) (12
X L C0.34(0.19-0.61) . BEI A > 7 )V > HiZxf L T0.85(0.63-1.15) Th -7z (Lifiti. 2017/18 ¥ —
A, Wi X cohort study)

©®© /A (482:2,077 N) Tid, 77 F Y EEOREE ORI ARA 7 Vv U4 GREZBHT) (12
%F LT 0.56(0.40-0.78) Tdh o720 BEIA ¥ 7 NI U HFITx L CEREZHI DR CBEHRTE o7z (+
T, 2018/19 ¥ — A ¥, R & cohort study) o



@ A 193 N CFY 8.8 %) Tlid. BHEBWIEGEA » 7V Ikt 27 7 F L EE O
OR (£ 1.07(0.24-4.86) . EJfT® B ENZxF 9 % % OR 1 0.65(0.12-3.49) TH ). WIN LRI O
FERIEFICEL, 77 F v ORMEZm LS 2 Lt Rke o7 (&, 2017/18 ¥ — X ¥, JEBIN
HARFE. test-negative design) o

® —fEER243 X (155 64 5%) Tld. PCREGMHEA 7 V4 (HINIpdm) (X357 27 F
YEAEOFIEE OR 12 1~64 % T 0.29(0.12-0.68). 1 ~12 /% 0.51(0.19-1.39) . 13~64 j# T 0.08(0.01-
0.47) TH-o7z (HuL, 2009/10 ¥ — R >, FEBIRFEIFSE , test-negative design) o

© —EAER 378 A (125 64 ) Tld, PCREGMEA ¥ 7V VI 5 7 7 F v MO R
OR | 1~64 5% T 0.34(0.19-0.60) 1 ~12 % T 0.37(0.19-0.70) . 13~64 j% T 0.34(0.19-1.26) TH -7z
(T, 2010/11 ¥ — X >, FEGIXTHEIFZE | test-negative design) o

[Z4xk]

O 10,631 A CF¥ 32,0 5%) Tl MEIRERIG & LC [GREE - ERE - 5L - INHARAE - e RE
FEows g 1 DLE] 22 L& &, HIRPICA IV T 7 F VR T 72 4244 AT
11%. FEEMED 6387 AT 14%TH Y., MG TH4 2 TNV WY 7 F LR EWEHTRIE
a7z KRB, 2013/14 ¥ — X > il & cohort study)

€ GEPSEIES)
O EFIT A TV FT 7T OBRRRRE, FAEE % 104 3,529 [, iR % [
H7ar 5050 160%. [HETO 7T A% 1L127%E Liza, BET0 7T 20858 xR
(ICER) 1% 7,779,356 ] /QALY T&H ). WHO O (3 x GDP) (22D L EHAMENTHALZ L
DR E NI,

(PE e - RIS ]

D 2016/17 ¥ — XY OKRKFIZBIT B4 ¥ 7 IV FiRfTEOPURE M L. 2E 058k & RO ME
[MTdHhorz,

@ 2017/18 ¥ = A ORKBFIZBIT S A ¥ 70V 2 FHRATROPUSEMAT Cld, AHlpdm HAELZ#E
T6B.1 &/ L. AH3 Hifll|E 3C.2alb, 3C.2a2, 3C2a3 IZ&FFE 172,

@ 2018/19 ¥ — XY DRBKFIZHBIT B A ¥ 7 VI 2 FHRATHROHUEEAT Tld. AHlpdm B34
EOfTiE L FEEO 727 L— FAIZE L. AH3HENI EE OO LR ST 5 1 2077 L —
FAIZE L7z

@ WINhOY =X TH, 4 7NV FREOHRED? S, MOIFEE Y 1 )V AHMH S 7z,
AV TNVIYFRREE L ET 2 EEOPIIIMONTNRLE T A VAR RKFETHERIEL. 77 F
MO B NTHIO— K & 2 B T &R S T2,

8) HHES R

O ARk E HEES 95 N (FIufE 8.0 %) . MBI 50 A (HhJefil 6.4 %) TiX. DTaP
T2 F v 4 REETE (ref. REAE) O HEEFAEIZN T 5 F% OR 1L, 6 A2 T 0.10(0.01-1.20) T
Ho7zA, 6D EETIZ1.18(0.10-13.9) ko ize F/20 U7 F v ANBREETIX, FRomDL L,
B AR 5.9 FD B, THHBIIEICN T2 OR 2V EIZ LA L7z (2017 4F 10 H~. JFEGIXS
HEHFFE | test-negative design) o

@ LAMP e H HEEGES] 17 A (P35 7.8 5%). LAMP BBRIEEORIEE 29 A (P15 43 %), i
EEOXMIEE 77 N CFH 4.9 %) 2B AEFREIIZE T, GHEEICAT S DTaP 77 F > 4
[BIF%F% D OR 1L, test-negative control & D LT 0.24(0.004-3.61) . B DRI EE & DL T 0.07
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(0.000-0.45) TH -7z (FHl. 2012 4. FEGIRIERFZE) o

® LAMP MO EHEAER 121 A (CF¥ 83 7). LAMP &4ExtR 282 A (P 7.2 w%) Tid.
DTaP 7 7 F > 4 [ (ref. £FAE) O HEEFSAEICHTF % OR 1£0.27(0.05-1.67) TH o720 LA L.
7 F v 4 AR T, BEEARGEES40ED ECHHMREEICN TS ORVAEEICEA L (5
HL 2012 4, 2018 4F, JEFIR BRRFSE | test-negative design) o

@ FRFRTO DTaP 7 7 F VB 2 G0 72 65 X O F O RIS B W T, AHEORREA
WO, BMBEEOEMMEE RS2 (FF, 2018 F~. FliE%: + IE B IRIFZE | test-negative
design) o

® 7977 ATk, HIRPICH A EH T 7 F SRR Re R & [T 5] & % L72#1% 279
N (29%) THo7- (RER, =FH. 2016 4. ML) -

©® T A2EHET 77 OBRMEE. ROAHKORIESRB L OBEEHICKE
T BRAMENLEZEZONSL YT ) AR L2, 4% Wy 2EHKY 7 5
YR O E AL BRSO SRS L CTEETH S,

9) iR (MERET 75 >)

O 65l EE#E T, MJSER 127 N CFH 757 %) LmbertE 542 N (CF39 756 %) Tld, 7
7 F ERORM KIS 5 FHE OR (&, FiRERE Y 7~ 1.19(0.77-1.82). 4 ¥ 7 VT W7 F
0.85(0.55-1.31) TH -7z (2016 4 10 A ~. FEGIIERTZE) o

@ 65 WU LoEiE ClE, BB RRKE Y 7 F VERO T ELHEERTH D 2 LAVR
WSz, BRI, THA»LOFEN (50%) TH Y. HHFIZ & 2 ERENZG5RE
BANDT 70— FHEREEEICER L E 2 b/,

10) #M 7 F U Bataki s

O 6EARIE 454 ATl AGEBIITET 7 7 A4 )V A FIFRISHT 5T 7 F O OR 120.26
(0.15-0.45) TH Y, BHEOWIIERDPEE LB LT, LV EWEMELRL (R, SR,
2018~2019 ¥ — X >, JEBIXFRHIFSE , test-negative design) o

@  6EANE1,798 ATk, BHEBHEET 7 7 4 IV AB GRS 5T 7 F EOFTIEE OR 120.44
(0.34-0.58) TH Y. BHEOWIIERISEE LB LT, LY EWERELR L (EE. fHEi.
ZEEL 2018~2019 ¥ — X >, JEBIXTHRRIZE | test-negative design) o

@ 1tmzszd 1282 ATk, Uy YA VAT 7 F o OEfERIT 713%Th ). FiELEHFT Y
TANABGREEELZLE ) 2L, D F s LB 2L, NRRIToO®®., MR A v b
TOIER, H#ELE O, RN, 2L EOBMEEZ R L7 (&R, 2017~20184F, HilKiAFZE) o
@ BT FrOREVECHET L THEE TR, BN TEREMEH S TWS 2/E (B
Bk, B OB725 L pEHRGURT 7 7 L BGOSR SIE R O S IE, 2010 FDFE, 3
~4T NI ANTH Y | FERFIOMETTIE 1L T OFEHEE DR bRV 2 & 2 /R_ T B S n 7z,
® EEPEBEEE,SINELBSL P T 7 F v (BEKR) BREEOGEFRHEIZOWVT,
FRMERERGT L2 2A, 77 F Y EMBOBERERE K OFAMEIL 2001 FLREICHA L, B
D 2016~2018 £ Tl 10 H#HEFEDH 721 2.78(1.94-3.62) T 7> (1992~2018 4, FLilbiEF) .

® 40~73 MOEHENEFEE 266 N (F 106 N) Tl BEHUREEEDS 11.7% . FREPUREME DS
0.4% . HKIEPURBEEZE DY 0.4% . & v T APURBEYEE DY 38% Th o720 ME. &Y TAIZE LTI
PuikBtEs © b R REML T O TH 5 E0% < I 31.6%. &Y TR 41.0%). ENOK
AANDBIERI TR E LTI 7 F > OBIHEER X v v 77 v T a9 2 LEEI IR Sz (I
IG5, 2018 4F. HEWTHFZE) o

@  4AMBERREESERT 7 F > OFfEE 21372 56 il Eo® 21 A (B 11 A, FEfh R 61 %)
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T BFTG 10%. ZF U6 10% 27872708, EELAERRIIBO 2o 72 REL IR, 5
M % cohort study) o

® Sl IS8T 2REE T 7 F r OBMRRIE, BHEEE 2 5w EKET 25~ (VL) 1[
AR 8,000 . MWL T 7 F > (RZV) 2 FHAE 30,000 F& L. 1 QALY JEMFITH§ 53K
L EEH (WTP, Willingness-to-pay) % 500 J3FIZEE L72HE. W7 75 offHIZH 5 7,
ECOFEMTT 7T A0S E R (ICER, Incremental cost-effectiveness ratio) (& WTP % LA 1) |

BRI TH 72,

© wmEEEERATE 1,345 A (B 404 A, Flarp0fil 86 %) Tl BEMWR A 37 A2STIHE %
BB L7275, Clostridioides difficile J&GE (CDI) %/ U7 A )V ADMAEGER T2 h o 72 (KR,

2018~2019 4, Hi[A] & cohort study) -

11) IRHEFRGH &

KRETF MM ZRE S (US-ACIP) OIS 2017 WL, 2018 4ERK. 2019 4ERZFIR L. () H

REFEER S L) HRL 72,

IEC®HIC

POTENPE T, £ ¥ T IVI T 7 F AR
SASEHE LB H o 720 BOL TR, TESEDA
FBi7 7 F v OFEAE A 7 K R il B )55
L7722 &6 BBIEISES—REPIES T 5,
COXHIITHEREARY & BRI, BT
WOARE &SRO R EENE &\ 9 BEREAYE IR 72 b o
Twh,

FHEE L EELTETER L TV ZDI2iE, 7
7 F v OERER LB 5 HRE 2 1 x A
EWTHLIENPVETHDL, SH)FTHRL, BR
PR EMEOFHli e MMEFD H15 6 N FHRIC
DOHRUEH 5 e nhs, FASETIERE R I E DO W
MR R E LTV HILH 5,

77 F Xy TOWRIZIANT TR X A% %
Foos LB, U7 F L OEME - ReEVERHC
B9 % AT gE 2 40 ) AR ZEBE DI R & <
HEXENY,

A HRE®

77T % RDENB X CENOFHEREEIZOWT,
Bt ANERE RE BRRSEEL, BUEW). R
R EOBME, O —HLOBAZEE A 3L [F TRAE
FEIZH Y Mo

FEREL LTRUTOHESHITONS @ 4 -
ANEALR Y 7 7 F 2 iREHEM R OB 2 ad
L. B OV & B OREIZLE R T — 5
TRART D REAERSNLBEFRT 7T D
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B. WARA&E

JE A8 IR K B e

1) R A& sFa (GRaE  BEH O BRER)
2011~2013 4EEEIC SN L 72 B3 3E% (Sabin #

Hi3k OPV & DTaP-IPV. Wild ¥RHIE IPV) OB ER#E

153 ANIZ2WT, HURFRBLIRIL % 5 4E 1% £ T,

10 1% F CHERT L 72,

2) BT 7 F v =#eEnFha
(FaE EEH ORR)

BEEREINTBRFERT 7 F ¥ (NTF Ny
7 A -N") OFEWEFHET 5720, iR/
BHEEBE 5 sk o B\, BRI T 7 F » o
Tz LR 100 N (E%25 AU E6 » A&
) 252, 1B HDS 30 HO&LHEM% 28 H
FCIHB L AERER KON E #A L 72.

3) EME=ZSY VI oREA

HaE mE A3
KIEL EU 7% & & [6 UFik (test-negative HiE B %
MEREZE) 2L 0. FBEMEA IV T 2 F Y
DERVEZ I E=F ) T D, 47
IUYHEETZH L7726 MR (KK - &
D 9 FBIEFT. 800~1000 A) |2 PCR #f: % FEjii L .
PCR [ % iEfBl. Bt 2 xR & 3 %, 2013/14
~2017/18 ¥ — A6 MR R 2GR L L7225,
2018/19 ¥ — X V3 BlEHfim O 2 v 3 kA i
ERRIC, T F AR R BE L 72

4) A(H3N2) ¥ Ttk Fistk 7 7 F ¥ IEREMES
B FaE mE A%

4 Y7 IVL YW H3 OBE/REFERO AT 7
F U ERER L. R 50 A3l 1 [AIEEFE L,
BERR. HHRB X OTATRRIC W 3 2 PR & e L
725

5) A Y I VI UYHFTF v OMEEDIEY JICH

THHE (R RE AT

A ITINVIZ T 7T OREMRG. BIOT S
F Y DEFANDOICIET 720D, £ ¥ TIVL v
Y75 VHEEROREICEDLLERAT — 7 KV
57— [ENLEGGEMIEIT A ~ 7 )V v 7 A )V AN
et sy —, BLENGES R E] OBREEN L.
70 F ORREEDOLE Y ARG L7z,

6) HPV 7 7 F v ORI T 2 CEPHR (5
Hak: KiE 3L2)

BHEMNZ ARG 5 OB EZ T U TV A R ¥
B4 5728, HPV U 7 F > OREMICE T 5 50617
f7EDT A5~7574 v 27 L¥a—% [PRISMA(Y
ATRTA VI LVEa—BIPAYTF) L ADT:
OOBERHEEE) F] ICEOWTERL., ¥
REZVER L 720

PAEEY AN

7) A VINZUHGRE GRAREE O CH)
ANFEALA 2 TN T 7 F 2 ORPEFE L HRY
e Zath, BRNRE G L7z, R MEE,
RN Z 0 RIAZ 2 (ER - B 0 AL, B
R #E) oW CIRA Lo, BfEn. Sk,
TATR I 2 BRI L . HI I % {2, M FI4t
Al (geometric mean titer: GMT) . F35 _F H 1% %%
(mean fold rise: MFR) . JUATRAEIA (seroprotection
proportion (sP) : HIMi= 1:40 O EIA). PUKISEE
4 (seroresponse proportion (sR) : FZfH iy HI i & It
LAfLEEA L-B0EE) 2R L., EREEE
(R TR L 720 AREIZO VTR, A (-
o) AR E LR E a—h— Mif%E. B
FOvemARmE CANl WAy, /A (TR @
B). —iAER CGRE ) 2xRe L7oREsxf
HAHFFE (test-negative design) ODFHE 2 X 1) &l L 72,
TEMEIZOWTIE, i (KRB : KiE) ZrRe L
7oHIA & =R — MRS X D EIREE IS KIUE T
WEAFHME L2, T2, HIRISHTHA4 Ty
Y7 F VBRI OWT, BRMRS T 21T 72 (G
) o

MAT, =X FDOFATIANAZHIT L, A
YINIT DT AN AERFEE S 02T 5 &
EBIZ, A IV EWBARORERE 21T -
7z KRB &I o

8) AHEGHE (FaR  MH EA)
HATOF#HEE T 77 22X 5977 F VA5
R L. HME SRR R OB &R FHET A 72
B, %tk 3t FHE G BRI ZE & SEHG L 720 20 R
WOHBEELER L L, [FE - FEEO AT
3 AL JRBE B3 A e #EE L7z, AT, AHE
RATREE O X I A B 8% L. test-negative JiE {51k HE
FOMIE A5 b WET L7z T CTld, DTaP 7 7 F
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YOEE. BLOEHHEISEIIN T S OMOR
R T2 BE L7,

9) mEEMEIE (TRaE R B=)
EEE I B T 7 F PR R E T 5
72, Ltk L FEGIR FRIFSE & SR L 720 65~90
OMiJeEE GREEMEN XYL ZER & L,
AAERE - EDSIe§ A IRBExt iR % 5 NEE L 72 f#
MCld. BRI T AMEREY 7 F v OfF
BB XA 7V T 7 F OB R
L7,

10) #7277 Bt aFra
(IFreE i EHA)

B R B LR eEBEOT 2 F 2 (ay oA
VAT o F v, BlzsLhRET 7 F 2, HIRESE T
JFrE) AIOWT, BRIME. Rtk BN
REMF L7, £/, BRREZF BT 205y
ANVAEBROEREAHE, 9y A VAT 7 F v
DBMATENCBEE S 5 N7, EEEFEIZBIT L
Vaccine preventable diseases DPUARAIRIL, s
Tk AFTE 2 BT 5 G B s 5 OB AR % MeaT
L7z

1) RS GFra (GRaE  KiE & 2)
KE CDC &#AEZ D 22255, KE TR
MZEE S (ACIP) OEIEFIZOWT, TN, 7F
HEREHEEL EIZOWTORRENE L 72, BT
Whzes % v Eh S 2 L FEFIER L . — M SN -
HARSRE A e & ) R L 720

(R ER T~ D ECRE)

AL T, [HE 7)) =y 7 BREER
HFEHEEZRE (BRENMIEREL ) =y 7 ER#
iE) ] OREERRIz. 2, ERSHEZIZBNTY,
W U ORI O MR B & & 0 A2 1572,

C. FEMHEEDXLD

JEAE G B & B A

1) R ARG OREE BEEH BR)
KRIFCTORFLRY 7 27 F >~ (IPV) #HA (2012)
V5B B L AR BT [R) 7 7 F >~ (OPV,

IPV. DPT-IPV) O H3EPEIZ B § 2 S5k - etk
RER (LT [RU ST 7 F v BB ]) %%
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L7 (B8R WE 37 H~457 H)o TOREFR. 7
7T OB EDLE - FENER IS 0bh 59, 3 [
OFFETHE L~V 1.8 % ERIAPUE (NA) 255
EX ., 4 [0 H D booster dose 12 & 1 HLAfiixE 12
FH L7z,

Z D%, BMBEHEOVGESE L EE2RFET 5720,
R AT 7T HEIRERBRICSM LT 4 [ % 52
T L7/ 153 ARt %z, FiiRMlioHER % 5 41
EERL 72 (2013~2018 4F) o KERIRIEIL 8 FI4T
KAliB £ OPUARAEIE 18D EEZ R L2EOEE)
Thbo T72. Prifi1:8 % FEl- 725 DITDOWTIE,
PUAATHERS 2 8 50 L B4 L 725

Sabin #k + Wild #R\> 34Uk L C & AT 9Pk
fifild. 4 [0 HEAEL 2 S AR 1 4ERISHT TR
N L, HE1ERDBRIIERS IR T L. B,
Wild BRIZ R § 2 AP0 L. Sabin ¥R &L ) b
RRF RT3 2 2 7RO 720 il 4 O SO
2DV THB &, Wild ¥ Type 1. Sabin #% Type 1 %
7213 Sabin ¥k Type IIT (2xF L C. £:4# 5 % F Tl
FFIL )L 1:8 # T 728 DAY 5 ANz, B,
PR o h I, 77 F UHEeETD 7L —
TRPUEICEDL ST 24ETH ) . PSPt
RIRA E A& OIMEMEAT 100% % MaFFC & 72 IR 130K
ECoEMe6 I TThHo 72,

2) BRI T 27 F v #eWok &
(e R D EEEH O BR)

A RO /NBRES T 5 ikl BWT, [ANTS
Ny 7 A=Y KBEREES ) 22 025 m L] O%F
SRR T b S tiak . mia X BIEHsE & F ki
L720 2018 42 9 AL, BEIFRT 75 > 0E]
Fer 72053 Lic/hNE (Atk2n AR 67 H K.
B)100 N2r L. REEEoORELZ IS L,
5 28 HIHOWFZERRE OEFEIREE 2 @ HBI% H
FEICRLER L 720 MEEEIRREDFRATTE H I, AR () .
PeAEA RO (RLBE. FEAR. M7 &) . IR,
EREHETH L, B3 HETITBNTID
EZAT o720 AWM TEE SNRIIG - AEF
SUCBIT HAT R, REHOENERETOMHIZE
W, ZEEEZBETREDDE LV EEZ BN,

3) BEE=ZYY VY IH5REA
(REE - mE A3
2013/14 ¥ — AV L. DABEO/NBIZBIT S



LY T NI T o F g% KIE & A i I
THERIZE=%1) v 7 L Twh, 2016/17 B &
O 2017/18 ¥ — X% 6 ARd/NE 2R E L,
2018/19 ¥ — X U IIBEFAE R O %2\ 3 A/
WIS RZRY) . T 7 F AR E G L 720

% ik L FAEH) - xFHRFZE (test-negative design)
DFFETHIFE xR FER L 720 KIUFN & RPN D/
BARZET (2016/17 3 — X2 L 2017/18 % — A ¥ @
OftiEE. 2018/19 — X v : THEEk) I2BW T, &3 —
A DA VT INVI U HFHATHRICA 7 IV v PEEE
BTZZ LN xEs Lz (2016/17 22— X2
6 A /NE 1,007 AL 2017/18 ¥ — X > & 6 A
/ANB,015 AL 2018/19 ¥ — A > @ 3 AN 399
N)o BEEEIZ, AEY A DAL TNV yHFY
7 F UMY AR SR D D\ ISR
FMR HHEC L Sty N2 BRI L 72, #6 RIBIE
I3 real-time RT-PCR CIRJEZ I L -k E 1A ~ 7
VIHFETHY, FUHHELEOT AT 4 v 7 W)F
ETFTNMZED T2 FUENEREE L7

2016/17 ¥ — X~ (6 Aid/NE) © 77 F VHX)
FE, 1 AT 42% (95% CL: — 6% ~68%). 2
AT 41% (95% CI: 14% ~60%) TH Y, 2
[ ¥ETE CHE 2 R IER R % B 72 FRATHR T
Ho 7z AHIN2) BCxF LCd . 2 I EE LR
Fam L7z (37%. 95% CI: 16% ~58%) . 4EHIE
Bl (1~2 % 3~5/) ICALLE, ZNFTHY—
A v LR BERTIDECT 7 F U AREL L
D7z (55% vs. 34%) o F72. AT —XvDA v
TNVIZYHT 7 F VBN L ETL, SNFETICA
G2l ET 7 F ol 2T TR EE. HH W
FHTY — AT 7 F Y EE &2 2 T A AL,
2 [AEHE & [A5E DGR TH 5 W BEMEARIE S 7z,
2017/18 ¥ — A (6 AL + 727 F Y HE)
Fik, 1 [HEEFET 57% (95% CI:25%~75%)+ 2
[HHZFEC 63% (95% CI - 45%~76%) TdHhH., &
bICHERL R IEN R BD T2, B - HRIFI D5
Mrcid, b % &7z B(Yam) BLZxF LT 2
AR R LR L7 (BRI 60%. 95%
Cl:35%~76%)c HEY—AIE, A v 7V
P 7 F 2O AHIN2) BEAS YR E O F Rk (I
BIEIZ X B PUREDZALDV NS ) o FiE (8
B & B PUREDZALATR &) ~NDOLETE % 434
Bl ENZLOO, AHIN2) B L CLARE LR
RThHo7 HRIFE67%. 95% CI1:29~85%). 4F

EkE Rl (1~27%3~5i%) ICAB L, TNETOY —
A v LR BERTIDECT 7 F VEEE R
W7z (80% vs. 37%)0 F 7z, BEY — X VAR R
ERIEC, AL —A DA IV T T F
BRI RTHoTh, TNFEFTIZEEI 2L EY
7 F v EREZT TR LEAE. AR — AV
277 F R Z T TO LA, 2 R L [H
SOFETH D REEDTRIE S N7z,

2018/19 ¥ — X~ (BEAb/NE) + 77 F VAR
FE, 1 T 75% (95% CI: -55%~96%) . 2
AT 47% (95% CI - -28%~78%) T&H - 72
WG IR TR A & RRO A5, FERTEN
WEHBETE aholo ABEEZRIBNTE o7 H
HE LT BRCTITIIR N OSSR E 2o TLE -
BN LmolzZ E, BRIIZBWTHRITOY =212
BECE Dol eB Lt EZONL, B
BIEEO EHEEMIE, BEOFE L TR E 2 HE
EewnweEz b7z,

6 mAmNEIZBIIDLA YT NVZ VYT 7T
2 MIEFEOARZEIL, #WF 3 =X (2013/14~
2015/16 ¥ —RXV) OiERLHHLEL L, 5 ¥ —X
VEBETHETH ). 2 BIEMICL DI A2 )8
1/2 BT T4 2 E29RENT, HFEETRY
BV 2 F VAR RROI-Z L, AR A0 D
FAERIEAS 1 T o> TOMEHEOBEEN D %55
A& 2 [ & FEORIRATRIE SN/ 12D
Th, B — XV THRTE -2 Lh 6, BRO
IR Sz,

EISKIEDN S AT O BEEDO R\, HOFEWHE—1Y
LIESFET, A VI NT VYT 7T AR %
BICE=2 ) 7356281280, boEO/RNL
IZ BT 5 “abstract universal statements (Z49 X 1723
BRIRMR)” 28 2N TETBY ., FHHEMEK
FICEICTE Do 2018/19 ¥ — A ¥ D 3 g Adm/INE
ERGE LB TIE. BT E L T 5
BRAHERTET, AEELRIETE o205
LS N F THEREIFADERD HbE AT
BREBFEL TS, fE-5T, 3 EARMOEF/NE
2B HEE . T C 7 v AORMIA T T4
HT& %,

4) AH3N2) ¥ E#k HERT 7 F 2055
e (GREE /R 5
4 ¥ 7 )V ¥ A/ E /103/2014(CEXP002)
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(H3N2) ¥k (AR, BERR) . BLXOA v 7 ¥
A/ i /4801/2014(X-263) (H3N2) #k (DLF. &
IR ORIERYE - e AR T 5720, BIES
(LB % i L 720 ZNENOM%E & 4 iF7EH
OHAA Y I VT 7 F v (LUF. BE/ERT 7
FUrBIOEEMRT 7 F V) BERL. 20 BLE
DRSNS 20 100 N %2 BEAEZ 12 2 BRI, B
¥R 27>, FERD 2 F VR4 50 NI 1

L7z U7 F EMEIZ, 2017 4E 10 H~11 HIZ%Ef
L. R (S0) B X OHfE 3 AR (S1) 121
HE R 720

TR, FBER HEHRB LA KK
/188/2017 (H3N2) ( LL T KBk ) & v TH AP
fili & 52 L. BEFE 7 o AT PR G (GMT).
GMT A8, PRInEEE. EiraEe (E
BIT= 140 LFEE) 2 HB L CGRElix 47 - 720

VAR 3 2 AP - Fistk T 2 7 U B
FERED SI O GMT 1 1:546. GMT LAMEHIT 5.5
. PURISEEIAIE 50%., FEFEM OPUAREA EI4
1296% CTh o7z BiEMRT 7 F MR, 4.
1:260. 4.5 K5, 40%. 2% Tdh -7z,

B EARIC R 3 2 ORI - HiEtRT 2 7 U B
FERED SI @ GMT X 1:116. GMT EFAfF%1E 5.3
. PURISEEIA T 50%. BEBZOIUAEAE B &
1X86% CHh o7z BiEMT 7 F Y HEMERETIE, K4,
1:61. 4.2 %, 46%. 68% Tdh -7,

KBRS 2 HRIPUAAN - FERT 7 F » et
HED ST @ GMT X 1:17. GMT EAREEUE 2.7 5.
PRI BB AT 32%., #MEOAEREE & X
28% THo Tz WMEMT 7 F VEMEBETIE, K4,
1:9. 1365, 4%. 6% TH- 7,

BT 7 F Y EfIX, RETHLHFBHRIZTT
L ANTHTHLEERISH LT, WEKY 2
F UL ASD D VT L) B R G EEZ R L
7oo E72, FHEKRT 2 F UL, TUTHAK TS
DRI LT, BiEMRT 7 F L ) BRI
RIEREM AR Lz, iU, BT 2 F UL
DIRGEIPFHORRIZKT L CRIEREMSEEHF T 5T ReEE
RIELCT\W5b,

TEMEIZOWTIE, BRI 28705, &
ELAERROBRE I o0 T2, 2 BEIZBY
LRSI IAEEEZ RO o 72,

5) A YINZUHT T F v OBBEDIED HIZH

THME (GRaEwmE A%
BOBENZBITE ([ T IVI T o F o kfEE
DIEN 1 IZOWTHET 5720, HEEICEHDS
ELEAGEM I B L O 7 F ¥ A — 71— (B A —
H—5 %, AVERA—H—3 &) 1T AE XY
B AT, [HEFRERR (WHO) 12X 51 V7
VI 7 F oRERESWE WS L — 2%
Mg 2 [ENTOREERE] [H#HTo
HEMAE ] [ ENENOER - Her) 2L 7,
F7o, BEFIHE LC [#EEmtk. V7TV —% v
Mk TR EHEES | [ RSBtk & EE
PO [ffistEroaEE ] [EEmE] [Tk,
TAENT AL TSR EAIIEE ] SFOEET 5.
BT 2 EE BB L 72, SRS DONEIL,
SOOI 7 F UBREEICB VTR ERIERTDH
D, BTORRETRE LD OMAZ 8 LT,
LWL T 7 F URREEDTTREE 2 V) L RIRAY
F AR OB D) THH ) o

6) HPV 7 7 F v OREMIZHT % PR
DR KE S&2)

HPV 7 7 F v OR&EMIZE T 5 RATZED ¥ X
TNYTA V7 LEa—%[PRISMA(YATYT A v
JLE2—=BLORAYTF) T ADDOERNHR
HIHE) A IOV TERL, WREEZERL
2o T FrOLREMIZELTIE, HPV U 7 F ~
BREECIE, 3 hu— VL RT, BITRIEO
BHEBEGDTE L MEMFENEEELZ RO EIR
TFERE R 1 BB DI BRI L 72, &5 UG, =
BrAERR., BEHEBOFHSE,. HORERR
OFHISIE, TIREIFICE L CTld, HPV 7 27 F ~
B L oY PO — VEECTRAEIEIITE A CTRKE
Tholze —HOBIEMFEIZB T, HPV 7 7 F
Y RETHACRSREE B — 0 B CER B O FE 4
BPENZ & 2R L72gE b RO 7205, WEFiki
£ % BR L% Publication bias D [ REME D E 2 511 b,
77 F rAEMEICE LTI, HPV 7 7 F U BT
HPV #)E G R F e ge, CINRRET TV u—v
DFEEED TN, BT 7 F U HNENE L D
THERTREN T Wiz, RIWREIZ HPV 77 F &
DF A Z R 2BEOEMEE L LT, 2Z12T
BLAMEASH O . HPV T 7 F ¥ Of 4 7 3 2 B ik
THEEZLND,



AT EY AN T
7) A VIV GRS (DREEIE o Ak)
AL TNV T 7 F v ORIERME. AR
M. et BHMRREFMT 22 L2 B L
L7ze SEEMIZ OV TIE, OEFfZMREICE
57 7 F PR A/HINIpdm09 ~ Dk 1) & LB #&
DFE G - @i, 2014/15~2016/17 ¥ — X
HilA] & cohort AFZE © AVL). @OffHE MR AICEBIT 5%
EHRE L ZNCREL 52 2RF (R, 2017/18
3 — X, 2018/19 ¥ — X, Hilfil % cohort AT :
FRES) - AREIZ W TR, Q/NFEEICBIT SR
B > 7 VT Ik 289 (L.
2016/17 ¥ — X ¥, 2017/18 ¥ — A | 2018/19 ¥ —
A v\ HilA & cohort WL © L), @/hFAEIZBIT
ARGEB W IEA ~ 7 IV I A A (&
. 2017/18 ¥ — X >, FEGIRHRAISE , test-negative
design : fR5). ©® 6 WA EIZBIT 5 RHEB Wk
YA > 7V RS 26 CAll, 2016/17
=X, 2017/18 ¥ — X, 2018/19 ¥ — X |
JiE B R HERIFSE test-negative design @ HFT) . ©—%fF
RIZBU % PCRBEGEA 7V v FITH T 5
HHME (RET, 2009/2010 ¥ — X >, 2010/11 ¥ —
X v JEBIRTIRITSE test-negative design @ ZEE) ; %
EEIZOWVTIE. OERICH 3 524 (KK,
2013/14 ¥ — X ¥, HilA & cohort 5L @ KiE) © #
xR R IO WTIE, @IS A1 7V
VPO TR GIES) 25l L 72,
REFEREICOWVWTIE, O7 7 F Y iHitE A/
HINIpdm09 ~O#k 1) K LBEFE 2 L 0 F24E 7% oo 3 i
PR B & O RS R EES EICED
L7ze @QBFEBRACHTEL VIV T 7 F
Y ORIEFEMEIIE, BRGNS A N L AR
(2017/18 ¥ — X VidE) R@EDA ¥ 7 )L W
77 F VEHE (2018/19 ¥ — X UHAAY) AR L
TWizo BRItEicoWTIE, QU/NEE O RES W
WA Y INVZ oI TET 7 F EMEL A/
H3 BRI EFRITO 2016/17 > — X 13 A B L
29% ; AR 2 & B RIORATATO 2017/18 ¥ —
AT AFNZHR L 66%. BEIZKL 15% ; A #
MEFRATO 2018/19 ¥ — A I1Z ARIZKT L 44% &
Rt L7z @/ANEAORHEZIIEEA 7V v
PIIRT AT - 7% (FEFRATOBREIIK L
T 35%) THholzo ® 6 WAl B ML WFGIE
47NV I 5 ERFEIL 2016/17 ¥ —

AT 39% (ABNZHL 36%. BEIUZRL 59%) .
2017/18 ¥ — A>T 43% (AFIZH L 48%. B#
AL 39%). 2018/19 ¥ — A>T 56% (A I
L 56%. BEIZEHTE ) LHHELL. ®
2009/2010/2011 £ > 7 VLV H L — X VIR E KA
BCINEE L7727 — ¥ % test-negative design C AT
L PCR ALt A ~ 7V v 2R3 A A RhE14,
2009/10 ¥ — A @ A/HINIpdm09 Zxf LT 1~12
ey 13~64 % CTZNEINA9%. 92%. 2010/11 ¥ —
A~ @ A/HIN1pdm09 2k LT 87%. 73%. A/H3
WA LT 1~12 Wi 59%. 13~64 FREIdMAHE,
BIZA LT 46%. — 5% &HEE L7z, Zatkicown
Tix. Ol 10,631 N (7 27 F B 40%) 12
BWT, U7 F UM 2T R REEIC S 5
RIS B4 2 7NV T 7 F HRDS, R
G2 AL e L V) T RGO o7z, BEH
HRNRANZONTIE, @IS T 54 7 VT ¥
FHEMETO 7T AOMSERRL (a7 T
L7 LE T A) X, ¥7,779,356/QALY TH D |
WHO O#E#E (3 X GDP) 1280 < & BHRRN
THbHIEERLTZ,

I A VTINIZ UL =X HFDFATT A VA
BIANT L. A ¥ 7T D7 A v A % B
ST B EELIZ, A v 7Ty FEMBAEDR
R 2T o720 3 Y= A2 DA ¥ 7 VI HHAT
Wiz L5 &, 2016/17 ¥ — A id A/H3 HAIDSE
I FHAGEATCTH O . HISUNEATAIC A/HIN1pdm09
AR, B % Victoria A& #%. [A] Yamagata A #t 25#
KNz, 2017/18 ¥ — A v id, AL BRIOKH
HANZIZ 1A 1 ThDY BAE Yamagata 2kt 2% F it
fTTH o> 720 2018/19 ¥ — X %, A/HINIpdm09
HAlL, AH3 HEIDSZNZN 4 FD x5O, BH
Yamagata 5245, B % Victoria SAAEII B TH - 720
LEET— % Tl A/H3 RIS ET LS VR TH - 72
. KBUFNIZEESERTE 272 ) A/HINTpdm09 H
BIH % M S 7z HA R OXEIERCH O FEHT X,
EETF—F LR CEAER L2 4 ¥ 7V Y
A IWVADKH ENG o 2FRAIZENZER 12.7%.
6.7%. 77% T, £ — X HZFDH HDEHT
DI e A L A DK & 7z,

INSOMZEIC L RSN EIE. SHBOA v
TNI T 7 F UEROHRERE 20 5 %,
72, Test-negative design |2 & 5 HRIEMET X, 1 >~
TNVL Y ORFRHEEE Tz 28, A 7V



W7 F RO TERE L THEHTIEH 5 b
DO, bHREONEEZ R E LTCEET 25613,
R ZZE L LR EEE R 5N,

8) AHEGRE (DFaE: MH A
KOREOBWMIE. AHEERY 7 F ¥ OHERE
REFOHRAPOMF T ETHL, 2T W
N gy, BLURHE - KigE. BNTRIE SN
TEEOBWIEMBRE RS Y 7 F » ORFEY
MET U720 T2 W5 E, TR LR TWEIRL
WBAOEHBEX R E LT, BRTITbIL T % il
NOHHBERT 7 F VS EN T RED &9 2
RFEL. BSOS EHE~NOBHHEEE T 75 > O
FIRT DR % #ead L7z

HHEICE LT, O MH#ISFTICT27 25>
rHWIZAHEKOTHIZET A078] 12X D). 2012
HF~2013 R 2018 FICEAIEET THREL 2
HHEOWAT T TO, AMBMHIcHBEI LT D
DPT 4 RIFEFEICOVWCOFHEEH Y 7 F L #HEO
HRMEE M L 720 7 2 F v 4 RSO OR 13K
FAEE 20 LT 0.27(0.05-1.67) T&H o 725, 4[]
Peffits 4 L ERE L -8 E, 24ERmMOH & K
L CHBICTIEEDEML T 7 F ¥ R R ORI E
MWRRO BN @QINF TRIFEI TIT-> TE/K
AATHE 3 X OYR ekt BRI & B Sk 3t - fe il i
Whgelc, MAERENBOZEGZGLEBML, 77 F 8
T ORRIFTI T L %217 o 720 BUUTOHH
e T 7T R RN AT L7z,
HHEERED 7 F 8%k, s G EERT L L.
4 WEAMEET 7 F v 2 FEL COTOHHEE
FED) A7 BEEIZ LA L7,

mtzee b, BATOEHKREH T 7 7~ 4 [l
%, RHEOWEHAHS 2R, (1) SHHDE
MBEELLETH L &, (2) BIEMERL L L
TWRBFRTE T LI &2 REL 72,
HIR~NOEASEE T 7 F v HEEIZOW TR, #
i 977 NZBU 2 EMEREOR R, THHMEH
T F ] OFFEAELIIH 30% TH D), HEAE
BT A B [HHE~NOTHEER T 7 F v
A VE] [MERNOFHMIESEH L] ThHoz,
T, HIRNOHHERT 7 F ORI - 4
PEIZBE T 2 1E L WHIRROWE KA, B HEH % R
MR~ 2 C EDEETH L L E 2 LTz,
BRI OV TR, RIS T2 HHEERY

7 F yERIE. QALY * B AR OLEIZH NS,
& A\ E WHO ORI X B, OWT ok
TH, BHMENEELEZONDL YT ) TBHEHELT,

9) HEmEMEIFIE (THREE  BwR B2)

2010 4F 10 H~2014 4F 9 HIZ L a3k FREGIxT
HEWFgE GREBI 161 A, XJHE 308 N) &3 L 7245,
2014 4F 10 H. & ST A0 RERE Y 7 F v #
FEAVER SR S N2z, BRIMEICE S 2 BT
FEDEEE % — B IE L CHBICERI IR 7E %
1To720 2016 4F 10 H & 0\ 41 fEsk o 1 215 T%
it 5 e [R)RE (B k) BRI 2 % S0 L 720 JEBIIE 65~ 90
O/ BE, AR, EG &M, HEERE,
ks HSIin§ % A — B2 8 5 N & #E
L7ce BEBTRELT. A VIV U7 F U3
TR, B3R T 7 7 2 BeAi e, i, MER), & -
k% (BMI). ADL. ZEBEEE. 6 To/NEE
OFE. MEARART R, BE - Rl ES O R
WEEL7. 72, MiRICHT 2 REER EDH
H. fER, BAERZ L) P TIEL 72, 2019
11 ARERIT, s REHIL 669 N GREBI 127
Ao 3B 542 N) TH Y. S RERE MM 127 A
H129 N (23%) Tdh o720 Migeiort 3 % FH4% OR 11,
A IV HFT 7 F 8 0.85(95% CI : 0.55-
1.31). M RERE T 7 7 » 48 1.19(0.77-1.82) &7 »
720 23 SRR HEMR T 7 F » Bl 5 ELIIZIRE
L 7-Bli 2Bk 7 7 F >~ O OR 1X 1.26(0.82-1.96)
Th o720 FERIBIE % Il SEERT VNG 2812 BRE L 7= i
MECIE, B fERE D 7 F ~ B OHML OR 13 1.13(95%
CI : 0.50-2.56) TdH -7,

F 7. BREMIRIKE Y 2 7 v E RS Lo R
\ZBE 9 A AEITITZE Cld. 2 B o s il 22k
W7 F IOV TENBEERZLE T bbb’
MBI RE BN CTHREEI BN L2 {5 H
2L 70, Bz 28, WA » 5 0%EA
(50%) THY ., WHTHFIZ L 2 EEN 2T REEA
ANOT T O —FPEREEICER & E 2 b,

NS ORI, MRERW 7 7 F e i bk
DEWEI T 57 7 F VA EZRTLDOT
HY) . SHROERENOTHERERERICERH &% 2
YL



10) #r¥lv 7 7 owadntta (Ofak  hE &
)

FLCEASENERLSNT 7 F 0, HHW
ZEBOEMEMELR S R HESNL T 7T VI
DWTHEFTL2ZEEZHNE Lz BARMIZIZLIT
DODHNEFEIZ T2 5o

0y AVAT 7 FrORFEME (2018 ¥ — X,
2019 — R V), T F CHERETEICR T AR,
By oA VABERIZ LS BRLHEENDRK
WEHEZRAE L. /2, BsL{ T F U
MEOAERK, BEFEREFE BT L5 - A5 -
Kig + &Y T AT PR RA R, 56 mll Lk
DEZBT HBERE T 7 F > ORIEEN - 44,
WIRIEIE T 7 T v OB, ERE G AT
O THHEIZBI T 2 A % it L 72,

Oy ANVAT 7 F Uik, EEE, \EE, SR
DB 6 fifklZ BTy 2 S HLLE 6 Bk
DFLANE 1669 N % KF 512 test-negative design 12 £ 5
FEGIR FRIFZE 2 A7 > AR % 370 L 720 SE Bt IR
Wiz A5 A VAT 7 F » ORREL, HiE
D OR(95% EHIXH ) TOu s 7 A4 VA FHE
%5 (RVGE) 1ZxF L 0.44(0.34-0.58). @ Jie RVGE
2%k L 0.15(0.07-0.32) . @RifiE % 7213 ABE RVGE (2
xF L 0.09(0.03-0.27) TH-o720 2 WLLTE 3 mlh
LFo2 B THREILZEZA, wFho Ty b
B LN T LI ORI 2 AT OBED i hMED >
720 ZIRTO 1PFEZ TOMETIZ, 1y 71V
AT F v OFFERIZ129% TH Y . RiEHH TS
TANVABGREBERELER )L, T2 F VN
CEEH 2L NERCE SN2 & MR R
FOREHRE B2 Lk, REEDSIRICT 7T v R
452 & EIEOMELY, 77T v OFMEE P
OB~ LEIIEE R HEEZ RO o7z T1h
AL CHMWE R BOEEE R L7,
#) 3B DL VEAEGNE B W 2 CERB 20D ) |
057 A NVABREOEEIE 71% TH o720 JEAS
B BIG RN H 5 &L EICHEIERE L, £0
P EDSHF R KA TV 2, NS ORFZekERIE.
EMHEREILICEB L CHRATH - 72,

BIERBI-5AL DT 7 F 2OV TIE, %D
BESEBRBE S 20 IR L 72 Bt O HEHERIRE B &
O 75 v MO EHRZHEH L. 1992 ~2018 4F
FEWCBIT 27 7 F R O MR MBI 58 O FE e
FE (/10 T R—X) L Z0NEZHE L7z, BfEkk

BzS LT 7 F VMR O IR VERIR 5 O FEHE
BE (/10 H F—X) 1%, 1990 E4%I1x 10 5 F—=X
H7=0) 10 BitAZHER L Twiza5, 2001 FELDEE, A
EIZHA L. 2001~2003 SEDOSAESEE (/10 J7 K —
) 1 3.91(2.46-5.36) . HIZD 2016~ 18 FEDHHE
(/1073 F—=X) 132.78(1.94-3.62) THh-o7z. F72.
BRBOFERRFTIE, 22 TAT AL IV ADHK
IR & BRI — 2 IR — 5 OB EE TREE A &
77 F IR A INVADHR S 2 OWIR X Y
IR STTREM D E 2 Sz, BfTo B8 H
7 F Y OREIISE LT ORI
FEAS, 1 5 IBEAERT 1 1 BIRERE &\ ) P Cilkan
ENTWBEZ L, 2HPLWBENTET 7 F >
DIEE M EAZNENK 60 TAREHEFF S NS S
LEREBT DL, RV T % 2k A <
72\iE, TR 7 F v % 5 SN2 S BN
BRI & BEETZE 2 G L, FEM 20 BRAREIR 12 BE 5
B TEHCHEIR & BRO 72 B I3 & D 72 A L
A LEIIRRAT DGR & WEEFFT§ % LD D % o

40 % LL E O BERBIRE THUREEE D R S S o
72DFEE. RKATLY TATH 572 MEIZDOW
Tid. HARBEBEE AL 2 EREBREDOD
TOFUHNARTA VELIMTERSN: [HiEr
{72 S WPk 2E 5 5 EH5D 5D L EED ED o
2o TNHOFERIZ, 2019 F2 5B SN2
BV T 55 5 W JaE w AL 8 ) 70 ik
Y. IHEERBANOBENIEG R E LT R %Y
7F v ThHDHILEERET Do METUREOME R X
0. B 5 MRS X U° VPD BEN G ik
MR I F U EHWAEZ EIZRKEEZ SN,
EEIEBLRE (2R3 2 PR AR & & b2, ENOD
BANDBAER S & LTy 77 F ViBEES
¥y v F Ty THEMEICET SR ERE T 0ED
H5bo

BERE R T 7 F ¥ OEEMEIZOWT, B O
JEI T OB E BRI O 1 AL Bl L 0@ L
& 1AL EFsiE 2 A (BRI 2 1. Fikm
2 fF. BEFE 1) 12RO 728, 37.5C U ko ss L
AONLhoT, BEERELGAEERR L 72 LIERIL
Do 77,

WRIEE T 2 F v 2 BEl (5EEKET 7 T
. R Ty U2 F YY) OBHREIR
WZDoWCUE, HREER2 8,000 F (727 F 1
EEEAE) & 30,000 M (ARNEfLT 7 5 >~ 2 [



1) 12 1 QALY BT 5 X EEE (WTP,
Willingness-to-pay) % 5,000,000 M /QALY |2 7% %
La. Huizu s 5y ofEICED S,
f@%ﬁfufﬁAmﬁﬂﬁmw%mawR
Incremental cost-effectiveness ratio) (& WTP % [[a[ D)
BRI TH - 720

B R ARTE 1345 ANOTFHIAEIZRE 3 2 Fi4
“i2MS$1U$ﬂm9$8H’37AﬁFf%
FEBL L7208 (R 1 1.34/10,000 person-days)
Dﬁ%»X@ﬁDX%UxﬁA 7474/w®%
HEE Do 7z A RO RGNS W K OTAT
HEANE o/ Z L2 ER L. BT IER L.,
Hmr i FETH D,

WZCBRBs s NIz 7 F v KRR DSHRE S
TWBT7F 2 d, TOEMME L AR B
RAMGEE L. TR R 24 S IERFRAE T 2 LB
Hb7zo, FHEEGRIGEH X274
DFRMAZH D720,

11) IE#EFREGFra (GRaE KE & 2)

BOBENCBIT B A v 7 VI FOTE &R,
PR 2 BT TR L E 2 SN D FHEIC L - TT
bNL I DZLIZHELGT 5,

4E 8 H ZTAIKEOFHifERERZ B4 (ACIP)
AT A8 (2017/18 B, 2018/19 AL, 2019/20
W) Z#IER L B AR S RE RS LD L 720

REETIX 2010 4F XD HiEm6 » AL L3
TONAIZRT A EAEEFE (universal vaccination)
REELCWD, T2 AEn6 » A5 8
NG%EEﬁKOwT\ﬁ£K%%2EUi77%
VEME R 2 LB A EIIELE Y- A D
77%7%@11@%&f;w R IN TV A,
COED. KA VICAFHRARET 7T ¥ O
SRS - MERG, N7 LLVF—DH b ANOF:
T, ZEPHRL SN TV 5,

KEhEDT 7 F IR, KEACIP 12X 5 b
DTH Y, MAEOFHHEREICHESI N TS D
DEZRZDLD, AV TIVIUHFT 7 F U EEOE
FilZ B % HEORBEERIEE OfRET & LT, i

IBE LT LIMENH Y. A TNV FOTF
EXPROBEHEN) 2 FHEOERICHBT 5 L E 2 b1
5o

D. MIRBEREER

JE A B A B & 2 i gE

1) RV FEZWS R &

O  A{LBIX, 2011 ~2013 FREIZFH L 72 HLIE

#XB% (Sabin FRHI3k OPV & DTaP-IPV. Wild #kHi %

IPV) OBERE 153 N2, PuikFhekin z 5

AT CHEM. 104EH T THERTL 72 (2013~20184E,
B[] & cohort study) . 72 3. 2011 ~2013 412 FEjii
L7-3BaTid, FRo 4 B2 DWW TGS L. sOPV,

DTaP-sIPV., wIPV Ol &b - BEFEIER 125 H
HoF, MERIERICIZTXTOETHHEL N
(RFIPLARAT1 : 8) 2 K& < RRIZ Pk FHE S 1,
JBINYEEZ 21X booster R FDME S L7 C & & HERE
LTWwWh,

“AHE(IA) ¢ 1H#0E (SOPV — DTaP-sIPV — DTaP-
sIPV) = 1 #l3E (DTaP-sIPV)

-BH#E (49N) © 1##E (sOPV — wIPV — wIPV)
= 188 (wIPV)
-CH#E (50N) : 18 E (DTaP-sIPV — DTaP-sIPV

— wIPV) = 1 1B (wIPV)

-D#E (43N) ¢ 1#wE (WwIPV — wiPV — DTaP-

sIPV) = 1 #j:870 (DTaP-sIPV)

EBOBMBIED S 1 FEZOPRMDF S 17z
120 A, 2EBZOPURMEASE Sz 103 A 3R
OPUAIATE S 94 N, 4 FEHOTURMEAE S
N7z 85 N SAEROPURILH S 7z 88 N % fEHT
KL L7z,

(1) Sabin #RIZ K9~ 2 B PIGHUAAM L, B0505%E
B o TERICHIT TEARITHP Lk (1 £/
BNSRIER © 0.08~0.24) . FfdE 2 414 LUK 1 24% R A
WA L7z (2 % /1 1% 0 0.75~1.00, 3 4Ef% /2
% 1 0.53~0.85, 44EF% /3 4EF% 1 0.24~0.56, 5 4F
% /4 1% 0 0.58~0.86) . 3EHEDD 44ER%
T CTORT. BLOAERDS SERIIHITT
DT, BT 7 F >, PRI LT, FET
Ho7lz,

(2) Wild BRIZ KT 4 2 2T P Ig Bl & [F Ak o6 1)
R L7278, 350 2 SRR LI O i /0 A2 2 1d Sabin Ak
L HKREDPo 7 (VR /BIRERE © 0.10~0.27,
2 4R /1 4B 0 0.33~0.67. 3 14 /2 15 0 0.39~
1.10. 4 1% /3 4EF% 0 0.37~0.82, 5 414 /4 4% ¢
0.55~1.04) o

(3) HeAE 2 5 AW CHURMMGAS 1:8 & Flal- 72
X ABET WIld B Type TICARFL T2 A (18%)



B 7 "C Sabin # Type Il & Wild ¥k Type I 1Z%f L C

1 A. Sabin ¥k Type I & Wild ¥k Type I 12xF LT 1
A~ Sabin #: Type 2 LT 1 ADEE3 A (6%)
THo72,

@) ¥Bfl 1 8505 5% F TIZ 3 MUl Loy
flizsflE <& 72103 N (A#E7. B#E 37, CHf 32,
D #E 27) ZRHRIZ, 10 Ffr T TOHURMMZHEE L
728 2 AL WTNORE S PURME O -] o gL 1%
24ETH Y . PUREAEIEAT 100% & HEFFC & 7211
BHIIRE CHRE 6 EHR T TTH o 72,

DL EoiEF 6 gm0 O B 8 IndE i % i
T LEEDTRIE S 7z,

2) BRI %D 7 F v eWakt&

O PESIE. BE (TYaNY POBE, U VB
STIVIZTAENL) PEEINBRIFETY
2F v (NTENy 7 AT ORETERGEE IR
5720, fMREEO/NEFER S ificB T, B
RINF 97 7 F v o ez Lz/hNE 100 A (5
51 AL 27 RAW 98 A, 3x A2 A) x5,
etk 28 HMoOZ &M% I L 72 (2018 4E. Hi[H
& cohort study) o FAIEH X, IR, FEFEEA S,
EHG, HHER R ETH D, 1A HEREDS 3
Il H#AE% 28 HE TR L -FERHS N ORI
ISOFERE, EIEE, B FEF COR. OB X
OHEBEEIZOWTHRE L7zs 100 ADH B 97 A
HARBF O 3MEAEEET L7z @EHF 1A (20
HEREIZ N A 7 IOVEA 2 H) 13T IcE o7z, 3
] B FEAE IR L 72 20 o 72 BERANEER] 2 NiE 2 181 H
Pefli 3 COMGIMAE RIS E D72, HE 298 [HHEAE D
)b BETRIGE 64 1 (21%) IZF8®. 1 IRIH$
FEEELZ 10%. 2 [0 HEAEREIC 25%. 3 [ H By
12 30% CRFTSZ #8072, 13 A LD RATIG
(ZFEBI% 3 H AR L7z ARHIEAR & OB
HETE R WVISCU LD 1314 (4%) ThH-
7eis, 1A R E BB 3 HUINICHE L 72, EE
LA ERRIIEO Lo 1o AWIZE THEIZ S 72E]
BUG - AEFZIET 20T R, AREE O
TOFHIZBWT, a2 BaIEbldirn
EEZ BT,

3) BEE=F) VIHRE
O BELE. AV INVZ VT F L OEMES
PRI E =5 ) ¥ I B 70, SRR

HEWFFE (test-negative design) % FEHE L 72 (2016/17
=R, EBIREREEZE) o KRB B & OMER RO
IR O MEER IS B WL WATIIRM R (KRR
2017 4F55 23 ~10 B, &R 1 2017 F54 3~ 11
) A TNV HRRE (ILD) TXZ L7726
A /N 1,007 A CF1 2.7 %, 95 538 N) %
FRMT RIS & U 7zo S35 R4 % H v T real-time
RT-PCR 2 X 2 RIEZ M 247 A 7V
TAN AR EEG. A TV T AV R
B & & kR (test-negative control) & L 72, FHAL
=R DAV INVI YWY s F T 1%
Wik, BEED 5 VIR RETIE,? SR L 72,
FEGI LR T 7 F R A L, SEO DA
T4 v ZEUFEETIVIZED PCR ML > 7 v v
YICKT 277 F A8 (VE) % (1 - OR) X
100% 12 X D&M L72o PCR FplEA » 7 vz 4%
369 AT, HiRlE A/H3N2 ISt b % 72> 72, PCR
bth A > 7V Ik 57 7 F 2 B0 %
OR (Z 1 [MI#ZFET 0.58(0.32-1.06) . 2 [H#EFEC 0.59
(0.40-0.86) . FARIFITZNZI 42%., 41%TH .
2 MO RZRIIFEELBD FhREAIC
HbE, HEFTINET 7 F U AERERZRO T2
(2EHEMOARFTITL ~ 2/ 1 55%. 3~5%:
34%) o AL — A DT FUEMBLIETD,
WEIZEFI 2R LET 7 F U ERE T TS, b
HWIEHEY =X 2T 7 F U T T LA
Zi&, 2 TR & ASE O /R T H 5 1 REIE D RIE
SNz,

F72. 2017/18 ¥ — A b, KIRAFEAERIED 2
Wi <. FANEOFAEL FME L 72 (2017/18 ¥ — R
>\ FEBIRHEBFSE, test-negative design) . IR
& UME R R0 /NERFS AT 9 fiak |2 BTl AT
A KB - R @ 2018 4F45 28 ~10 ) 12 ILI
TxZZ L7z 6 mAkio/NNE 1,015 N CFE 2.8 5%,
B o561 N) EEENTISRE L7ze PCREGMEA » 7)1
I U436 AT, HEHE B(Yam) B2 D £ o 720
PCR A 7V v it 357 7 F O
FAEE OR 12 1 [IFEFET 0.43(0.25-0.75), 2 [#EfET
0.37(0.24-0.55) . ARFTIEENZEN 57%. 63% TH
D1 R, 2 IERE & A B R R R R R A
ATz, SERMEERICAL L, HEBTLIEHNY
7F vENEEZED (2RBEOAERET ] ~2
% 80%. 3~5% 37%). F/o. A AV
DT FVEENLETL, wBEICAEFF 2R EY



VAL 7 i GV I S W A B (B AV by
7 F v ERE R T T A A, 2 MR & [F S
DE R T 5 FEEHIRIE S N7z,

X512, 2018/19 ¥ — A U id. KB & fE R
2 3T BUERAE O 7% v 3R 2RI,
FNAEOFEZ E L 72 (2018/19 ¥ — X > JEfH]
XFHENFZE, test-negative design) . KPR B X UM
oo /NBRFEHET 7 ik 2BV AT Ok
B : 2019 458 3 ~10 8. & 2019 4F55 4 4~
1238) 12 ILL T%% L7z 3Akimon/hE 399 A (F
B3k, H216 N) N RE L7z, PCR Gk
A4 Y7V HFIE 122 AT, #HRIE AH3 AR D
%h o720 PCRIGVEA v 7V KT 2T 2
F MO OR IE 1 [MFFET 0.25(0.04-1.55)
2 I FEFE T 0.53(0.22-128), AFEEFZENLZEN
75%+ 47% TH Y. 1A, 2 EHMHEE S OR 23
T3 2% R 7275, MEtHEE L2 Bt x
BT BI3ESLh ol HEEEBRL A Do
R E LT, MfTE—27 TOEFRER L2 L1
LB RDOEENEZEZ ONE, A VTNV
W o F oEHEOWIZETIE, TR RER DM
WBIOWITE =27 22 5720, ARG
WK ZRGE S B B EDRIE S 7z,

4) REMR FEKRT 7 F VRN SR

O \BESIE. AV TINVIZUFT I F 2O H3 KRIC
P9 A RN - ZetEICE LT MEKREEFS
FeOIAE 2 LGB 2 FEhE L 72 (2017/18 ¥ — X
. EEBLREGRER) . 20 UL EO/REES A 100
N7 AR 28200 . ARRFFE R ISVERL L 72 B
AYINIHT Ty (BERT 7 F 0 HEk
TrFV) w4 50 NIC1REER L7z, 77 F o8
TEIX, 2017 4F 10 H~11 B L. #fEmis L O
Pefd 3 AR M 2RI L 720 SEEME, o
FURROFEBRR, HEE, B X OWATEEKRD A/
KB /188/2017 (H3N2) ¥k (LAN. KBekk) 12k
L WRIPUARATG % 158 L. R 1% 0 A P I PUR A
(GMT). GMT A%, ks EE G, PukiRE
FE (FEREIC= 140 LikE) &ML CEMIEi L 72,
Feathid, B S 1AM L 2RSS
L OHEERGORBIIOWCEME L 720 Bkt
T HPRICE L - HBKRY 7 F VBT, GMT
SRR S S R PURISEEIE 50% . B OPUE
EEIG96% ; FiERRT 7 F VR CIEE 4. 45

R, 40%. 2% TH o720 T WERIIHT 28T
RISEE - FERY 7 F BT, GMT LA
¥ 53 15, PURIREES 50%. BRGSO PR E
A 86%  MEMT 7 F TS A, 42 15,
46%. 68% CTH o720 SHIT. KBRIZKT 2HUE
BB FBRT 7 F T, GMT LA
2.7 B, VUKISEEIE 32%. BHEBZOVUARAEE
28% ; BERRT 7 F VR TIES 2L 1375, 4%,
6% THolo BT 7 FV1Z, FETHLEE
RIS LTOALR LT, ANTUThLEERIIHTL
TORIFREREL R L. /2. ATHAKRD
KBRS LTH BEET 75 > L) B2 500
JFEHEA R L7z M LTIk, EELCHFESRR
RO T 2HORIUCTEBHE A EEZRO R
o7z,

5) A YINVZYHFY 2 F L OMGEEDIEY FTICH
TomE (DREEmE A%

O mESIE, DYPEIBIFE [y 7V rHFTy
7 FURRREDIED F ] IZOoOWTHETT 5720,
BRI D B ENEGHEM T B L T 7 F v A —
11— (BN A= —5%, HP&ERA—5—3%) 12
T LMER) FEEIT o720 F LT, AR
B (WHO) k24 Y7V yHT s F U jkEE
KER L LR RBREOTNLO T, [H
WToRERRE| [y coRERRE] [ZhZ2ho
Fpr - i) #%BET L L1, BEEIHEE LT
(B ik, V7Y —% v MR [ EkE®
[ LB RR OB & AR O FEA | [ MR
R [EZRME] [, FHNT v 2] [T4Y
SRBHIFEEE | 2 onTd, BEET S, vt
T HRELZBIL 72, CNOS5ONEIR, BESR
7oA Y TINI W 7T EERR D RN o T
e FEFToeETaO L AR AZ L EHFRT 5Bk
HHLDOTHY, 5HBOT 7 F UHRBREICBWTEHE
7GR E 2 b /20 SHBOUET @I TE
fLL TV BREO 2%, MTORREI A L,
HA DG TED L) RARESHARSI NG Z &2k
ME. K DWREL T 7 F UMGEEDTTREL 2 ) L %)
R 7% FHEHEECE OB THAH 9o

6) HPV 7 7 F v OREMICET 5 PR
(DREE KE sk 2)
O KES ZHICE 26 AOFEE A HE[F L T,



HPV 7 7 F >~ OF B eI 2 688k & LT,
HPV 7 7 F > O&aVE - HMEICE T 2R E %
VER L7260 HPV 7 7 F ¥ OREVEIZOWTEH L
72 LRI DOWT, [PRISMA(V AT T 4 v 7 L
Va—BXUAZ T ) ¥ AD 720 DOEHHEIE
H) B IZHEDSWIRIL o — %247, Y4
SCHR A S L 720 Al L 72 140 SCHROINZ %2 B4 §
L, U FrogaeicB L Tid, HPV 7 7 F
VEMBETIE, 3 PO— VB RT, BTG
DIFEEFIEDE . MalFIAEBEZ RO IE
PRI 1B P BRI L 720 &8 1S,
EELHESRR., BEEEBOFHSE,. ACORERE
REOHBISE. MIREIFICE L CTid, HPV 7 27
FUBMEE L O PO VEETRERASIZIZEAL
FfTH o720 —EHOBEMIEIZHB VT, HPV 7
7 F RETHIR MR E RS —E o B CRER B D
FEEDPENZ L ER LD R 728, R T
12 X A BRFLR° Publication bias DR HEME D & 2 b
bo 77T YHEIEIZEL T, HPV 7 27 F Vi
T, HPV W& R F &G, CIN R°RFET > 0 —
YOFEEENTIN . BT 7T VERENRS L
DL TRINT W2,

A EY AN ¥

7) 4 V7V SRS

O AL #E B, G B &3 2 EEERE OR
- RO 3MERE) OB E MRS, 4 YTV Y
Y7 F RO RIS E D EEBET L7
(2014/15~2016/17 ¥ — A >, Hilfl & cohort study) o
BRI, EW, M T o F BRI, AR, %
EOTERRFOEREIE L 720 720 FREFIZA
YINIUWT s F & L REREL (2014/15 ¥ —
Z 0% 31y 2015/16 ¥ — A > - 2016/17 ¥ — A~
& Al) . BERERT. BARE 4 EfR. WATHAIC HIAGR
EDZODRIME FEfi L7z 33— AL T
70T R R 2T 72 26~66 MOMBERA 119 A
BIRMTRI SR L L7z 33— A ® A/HI HUREIZ WS
d A/HINIpdm09 TH - 72720, K47 7 F Vit
Ji A/HIN1pdm09 ~D#E 1) 3% U BEFz A3 02 R 2 5
ROLEBRFM LI, V- AV ERDLINE- T, ¥
flRT - HAEHZEO GMT KT L7z 1 V=X HD
AR GMT 1 61, 23— A HO#EME GMT 1&
53, 3V =AY HOEMBEGMTIESITHY ., 13—
A vHERRBE, 2V =X HT 087 5 (95%

CI:0.78-097). 33 —RX»HTO084%% (0.75-0.94) .
AREILT LT, BlFi%o FA/BRTR T,
1 V- AVHOEAEHIZ 149, 20 —AVHo L
AREMIE 130, 33— X HO FHERIZ 125 T
Y, 1v—AVHEHRZE, 27— X HTO0.87
B (95% C1:0.78-0.97). 3> — X HT 084 f&%
(0.75-0.94) . AEIZEARBEDPET LTz, [[l—
77 F YPURANOHR Y K LR L, FPUREICH T 5
T EE 2T S92 W etk RIE S 7z,

@ #HSIE, KFOHME B L U4 34 A (5
20 A, P36 %) 2RRIS, A IV TS
FrOEEEERE L2 (2017/18 ¥ — X, i
[A] & cohort study) . &&kEEIC, HRLNEMEIZ LD,
7 F AR, AR, EERE. f vy
PRAERE, A ML AFEER EOERRTOEHZ L
£ L7, WRBDRICBYTHREIZS T LT
YT T oA L A L, AR, A 4 A,
TATIRAZ BRI 2 7\ HI UM % J05E L7z, %k
JEMEOFHHRE & LC. GMT. P EAEH. it
HISEH G, EREHEGZHEEL, 7757 0%
RIS E L2 RITTERE LT, i, 77 F
CEEREIE, A ML AYERE. BERMERIHUAN & o B
IET U720 AHL B L Cld, BRI huRAmi 23
B\ MR OPUAIRE FIA MRV EN 2 RO, A
b L AR EE O F CHEEZ ORI EEA
BILUOWMARREE G E,» > 72 BENIR LT,
Victoria SA#%t & Yamagata AL D V3 ALK L TH,
BRI PUAR G2 & CHRAEZ OPURICEE & 2%E
B o 72,

F72. 2018/19 ¥ — A iZid, KA 13 N (B
2 AL P 21 %) BRI, A TV TS
FrOEEEEME L2 (2018/19 ¥ — X >, i
[i] & cohort study) . & #kMFIC, HELAXBEMZEIZ X
0. AR, MR, U7 T UBME, 47V W
AR, R EL O RERNTOFBHRY INE L
72 WRGEM IR BV TRREIZA ¥ T VT W
T F k] L. EEAER. B 4 H%. R
FTRAZERIM & ATV HI PUAAT 2 052 L 720 Szl
MO E L LT, GMT. P EAMEH. ik
INEEG, URREEEEBENL, 7257 05
RIS ELZ RIZTERE LT, 75 o #M
B, A Y 7NV R ORE ARG L7z, #
T 4 38 % ® GMT X AHIpdm09 : 128, AH3 : 309,
B (Victoria) : 42, B(Yamagata) @ 70, $UfRERA E &



& AHlpdm09 : 91 %. AH3 : 100 %. B(Victoria) :
54%. B(Yamagata) : 91% CTd - 72o AHlpdm09
X O B(Yamagata) 12xf L Cld. 77 F v EHE%L
HT5H T, PURICEEGRIERAER G =W
fE [ % 528 720 B(Yamagata) (ZxF L Cld. FEHEAT
L A7 ERE R GMT O LA 1.0 TH D |
PUk B D> 72

@ W&, FIRE LT oA (452,120
N) 2RI, AV TINVT VT 2 F O
MET L7z (2016/17 & — X >~ Tilfl % cohort study)
2017 4F 1 A BEANICERBERR A 2 47\ AR, PRSI,
SEs ik, R EORE, 4 7V HY
7 F AR, BB, SFoOBRTINELL, F
72, 2017 41 A6 3 HOBERE g, 1 > 7
I PICRE L2561, FRICIR T I 2 RE ety
EE I, AWEHOT v — 1 (B, A
YIIWI DR, P AV AFALSEE) R
BEIMAEL 720 FNTCIX. T 7 F VMRS 1
FOADRELT 7 F 2 HFEREI ANTHET L 72,

LAPLET 7 F v 2 M L2 L A& L0l 1,030
N (FEFEZR 51%) THolzo AREHRD ARIA
TNVI Y HYOREFEEIL 17%, BEIA TV o HO
BIREIZ 1% THY ., 77 F VERHE (95%CD) 1%
FHITTHS ARIA 7V oI LT 29%(—
4-52%) Th ol HEWMIL, AT BEIL DI
T F R L FREEEOM TAEEEYROL
Molze A v 7NV EOREHIC X 5 H B
DERETBD LD o7,

2017/18 ¥ — XA 12 . IR Tl o/hpA: (4
12,077 N) ZRSIZ, RINEORAE % Fh L7
(2017/18 ¥ — X > Wil X cohortstudy). 1 [H[LL I
DT ML ERE L7201 897 N (FEfdE
47%) Tholzo ARERD AL 7V I HFD
ZREIL 6%, BEA ¥ 7V Iy FOFRIFRIL 31%
Thh). 77FAERE (95%CD ZARA T
IR L T66% (39-81%), BEIA 71>
PR LT 15% (= 15-37%) TH o720 HEMIMH
. ABITIZ T 7 7 MR L IR OB TR E
RO LD o 72, B BT IR AR 12
WARTHY 7.6 BEfE A > 72 (P=0.01), $L1 ¥ 7
VI O L 2 F MO EEIIRO R
o7z,

X502, 2018/19 ¥ — X v ICdh . FIRE LT
D/NFA (482 :2,077 N) BRRIZ, RINEFEOR

HxEH L 72 (2018/19 ¥ — A ¥, il & cohort
study) o 1M ET 2 F o 2B ERE LD
X 901 A (FfE= 50%) Tholzo 4KEMHERD A
BA 7NV FO3HERIL 26%, BALIA » 7)1
I UHFDORIFEIE 0.002% THY ., 77 F L HREHE
(95%CI) 1ZATIA > 7 VI IR LT44% (22-
60%) T o7z, AHEEMIZ, ABITIEIY 7 F 8
TR L IR OM CHEEZ RO R 272, IiA
YIINWVI Y EOMEEIZ L 2B OF BT
ORI o72,

@ HRLIE. AINIERNO 13 EEEREO/NEEYE
SRIZBWTC, A ¥ 7 VI 2 PR RS (D
T GEBET) F v MK BIREZME V2 AER]
PRz 5 L 72 Gl 2016/17 ¥ — R >, JE
Bx BEFFE. test-negative design)o 2016/17 ¥ — A
Y OFATIIR S (EAd 720 BB S AL EoBH
EEFR) 12V ILIL B LABI 2 AL 6k
WO 2,604 N (F¥ 2.8 %) &Lz, 1~
TNVI YW 7T BRI 215, BZR
FETRERETIRS: CHERR L 720 BERERIZERIN L 72 S
R F 72 Bk 2 v, BEBH T v b
L BRIEZW 24T o 720 FEBIE XD T 7 F A
e, ZEUV AT 4y Z7HRETIVICED
AGEZWF v NS v TV I AT 7T
YHEE (VE) & (1 - O0R) X 100%I2X b &H
L7z BT VITIE, Fllin. BB OF ., FEOF .
Wy — A2 DA v 7V P REERE, SSERK. 5
FE OB £ TOHE. B TOREEIR. IE
V=X DT F VEME, 5V X070 F v
BRI A o7z, REBHF v NS v 7 v
I 1,390 AT, 9 b AT 1248 A THo 72,
HGEZWF v NS v TV I AT 2T
YIEAED VE 1T 39%(25-50%) . A FZxF9 % VE IZ
36% (21-48%) B EUZx3 2 VE 1E59% (27-76%)
Th), WITNOVAEBELRT 7 F AT R L7,
FEWBITIE, 0~ 1IBIZHBITS VEIX 20% (—
11-48%) TH NV ABLAERNEZ RO LD o 7205,
2~ 3B TIE 53% (32-67%). 4 ~5IETIE
40% (6-61%) EHELRT 7 F HERMEELZRL T,
F7o. 3~5ET, BRSO VE & L7
£ A, 1D VE X 37% (5-58%). 2 [A1#%
fED VE IX 43% (16-62%) Td 0. 1 [nFEfEE 2
WD VE XA TH - 720

2017/18 ¥ — X2, AJIERNO 13 FEERE



B o/NBELRICB VT, ANAE ORI % FE i L
72 (2017/18 ¥ — X | JFEGIRHARTSE. test-negative
design) o 2017/18 ¥ — X ¥ OFATHIM HIZ, ILI T
S LR 9 7 A D 6 A0/ 2,539 A (F
¥ 28 ) EBNTARE L7z, BGEBWRETEA v 7
VI HIE 1,055 ATy 9B ARID 402 AL B AL
653 NCTh o7z, MHBWmIEA > 702 2T
$259 7 F MO VE X 43% (30-54%) . A BILC
%45 VE IZ 48% (31-60%). B ELIZx4 % VE &
39% (22-52%) THYH, WTFNROHEELRT 7 F ~
Bz R L7z SERBITIE. 0~ 1BicBir s
VE ¥ 46%. 2~ 3mIETIx 46%. 4 ~5%ET
E31% &, WTFNOFMBIZBVWTOEELRT Y
FURER R L7,

X512, 2018/19 ¥ — X2, ANERHND 13
FE#EEEEO/NBERIZBWT, RNEOHRE %
Fili L7z (2018/19 ¥ — R ¥, FEGIXSHERRZE. test-
negative design) o 2018/19 ¥ — X ¥ OFATHARI A2,
ILI T2 L72AE% 9 » A0S 6 Aii0/~NE 2,250
N CPF¥ 2.7 5% Z@FaS e Uiz, Sz kbt
47NV UHIE1,0600 ATy 9 H AT 1,056 AL
BHEIZY4 NTH o7z, MEZWGIEAS > 7V 2
X350 7 F RO VE 1 56% (45-65%). A
BIZx$ 5 VE X 56% (45-65%) L HERT 7T
YAEMMEE R LA, BENIAT A VEIXEHTE
ol

N FET2015/16~2018/19% — A FTH4Y —
ZNZHEY . TR X BHET 2 MR L TV 55,
2018/19 ¥ — A DI 7 F U HMRIZBEE 3 -
XD EDP T A VAV DT =Y AL
T, FHIOT 7 F B ERE LI2EZ AL O
WO VEIX 0% (- 60-38%). 12 TIlx 29%
(15-41%). 2B TIE 47% (33-58%). 3BT
X 40% (21-54%). 4B TIx 47% (29-60%) .
5T 36% (14-52%) THY., 0D T»
F VBRI IO RS 12 AT S 22K o 72,
3L EIRT, BERIER DT 7 F 2 ARE T S
L7zl 2h, 1 HEHEOERZEITE 65% (44-79%) .
2MFBHEOAHFIL 75% (60-84%) THH. &b
WCHERT 7 F AR R L, 1 RIE/EE 2 [
HOAEMEIIIEEETBDO L o7z FEFET
FERL724 Y =X OFRLEDLETRAEMIZE 2
HEL TATIANZAOR - BRIOZZIZ LS T
2RO VE 1342 30~50% Fif2 T - 720

® FESIE, MEEIIBI L7 VI HFY
75y OFMEEBRE T A0, REBEF v b
2 & IR S W 2 F o 72 E BT IR 98 % 9206 L 72
(2017/18 ¥ — X >, JEBIX BT L. test-negative
design) o & fit] Wk O /NJE AL RS 5 fiRZ 12 B VT
FATHIE S (2018 4E45 23~ 10 H) |2 ILI T%%
L7z/hA 193 N (P39 8.8 i, 3 103 N) % fRAfT
MR EL7ze St RE IS 5\ T &R TRIT
ZEREL. AEZWF v M2 X AIREBM TV,
Falk& & fiEB, BE1EE % IR (test-negative control)
E L7 AR =X DA VIV V) 7 F U8
TEIZB 9 2168, BEED 5 IR RETFED
SERRt L7z JERI & MR T 7 F iR g
L. ZEUI AT 4 v 7 IFETIVIZL Y BEZ T
BlEA v 7 vy Ficxtd 57 2 F VERFE (VE)
# (1 -=O0R) X 100%I2LVHEHLZ. EF VI
. R SElR. BSIES B E COH. Figo
A, FEEEREIC X 20k, W E o2,
Wes — X207 7 F L HAEE, WEY — XV OEMiZ
Wr A > 7V o WREE SURHREUS & e L
SIi%. SSIERE. Wi CoRERRE BL
BRI ED Tz MEZWHTEA 7 VT FIE 134
AT, 9 EBHEIN 113 A% b7z, Al krkatE
AV INVEZ YIRS DT 7 F HEFEOFEE OR &
1 AT 0.33(0.05-2.47) . 2 [AIEEFEC 2.55(0.39-
16.57) Tho72o EMITTHE BT LT 7 F
YHAEOFEE OR £ 1 AT 0.20(0.02-2.09), 2
[#5EC 1.40(0.19-1045) TH Y., WIFh bR
FEDPIEFIZEL, U2 F Y OEMEEZHmLELZ &
PR P o7ze TOREE LT, [/NEAIZHEFE
INBEARTHAEREOREN L) K&V L[
BT ORGHNEE L 722 & ] [/NFAITIE Test-
negative design 258 L 12 S WITRRYE ] 722 E05F 2
5Nz,
® R, HEHESK BT O &EFEEEIZB VT,
PCR AL & 2 9 35 Wr & F W 72 B B IE 52 12
IV AV INZUFT T OEMEERE L
(2009/10 ~2010/11 ¥ — A >, FEBIATHERFZE, test-
negative design) . 2009/10 > — X > B L O 2010/11
=R DA TNV WEATH (2009 4 47 H~
2010 4F 10 3 ; 2011 4E 23l ~15 ) 12 ILI T%%
721N s 64 MOBEERNGRE Lz, BENPOH
KA L, PCR MUAE T ME 2R, Eg %
X} HE (test-negative control) & L7z, #A& T — X~



N

DA YT INVI Ty F o EMEICET A BRI, 2
Wk HVIIA v I N T s F O SE
NOIERE Tz, EBE IO T 75 R
BL, 2E0Y A7 4 v Z7HRETIVIZED PCR
tEA IV ISR 27 7 F Y H%E (VE)
% (1 —O0R) X 100%I2XWEH L, EFIVIC
X, BIENOZZETOHM, 1 v 7 )V v HKG
BAOBEMIE, 2009/10 ¥ — X > D 3MiFHET ~
F U FERERE - HAMHTT Y 2 F 2 BERERE . AH1pdmO09
FEBIE, MR, il 73 — %2 E&H72 2009/10
Y — X VIEPCR A » 7 VT (AH1pdm09)
140 A, xR 103 A%z i L7z, PCR i1 > 7
VI 2 (AHIpdm09) (ZX 3 27 7 F v #fE 0
VE [ Z&EHRT 71% (32-88%). 1 ~12 1B T 49%
(— 39-81%). 13~64 BT 92% (53-99%) TH -
726 2010/11 ¥ — A D PCRGMEA » 7V U
¥ 221 AT, 9 5 AHlpdm09 %I 78 A, AH3 #I
7541 N, BEIZS 112 ATH o720 PCRIGVEA » 7
VI IS BT 7 F VO VE IZEERT
66% (40-81%). 1~12 T 63%(30-80%). 13
~64 T 69% (— 20-92%) THolz, Al - HiHl
BTk AHIpdm09 2%t 3 % VE IZ24FE#T 84%
(60-93%). 1 ~12 WIET 87%(62-96%). 13~ 64
T 77% (= 21-96%). AH3 BUZX4 % VE 134
ERT 69% (15-89%). 1 ~12 2T 58%(— 33-
87%) . 13~647% TITHAEE. BRICK$ % VE X
SAERTT42% (= 10-70%). 1 ~12 /%2 T 46% (-
11-73%) . 13~647#%T— 9% (—430-84%) Tdh > 72
@ WL, KES X, KRERAREZOWH IO L
LIRS T AL IV T 7 F B
el LT, WIREIFICN T 8% Mat L7
(2013/14 ¥ — X > Wil & cohort study) . 2013 4
10 A~12 A2, KBUF T o ERE BRI bE L
T2 10,631 N2 AR E L7z, BErEEIC
HidVEMZEA2 H\WT, 2013/14 ¥ — A2 DA > 7
VI WY 7 F U, RO 55 - RE, S
B IR OB - BRI O A IE L 72,
=R #TR (2014 5 H) 120 HRLA E M
FEZATV, BEEELIED Y 7 F VO A HEIZD
WCEHRE R, S 51, RO EA~D M
ATV, R R OEIREIF 2O W BN %
1To 720 RN ClE. MiRER)G (Vg - JBRE - L€ -
I ARTE - KRG HRIEEE L CskEr
B L. logistic regression model (2 & V) 7 7 F £

aul
N\

FEDHFIRE R 20 5 4 v X (OR) BX O 95%
BHEXE (95% CD) %2R M L7z, MSiERE 10,631
ANDH BT 7 F R 4244 N (40%) THo
Too U F VR R 2T R, IR O R
AT, (R - JERE - HLE - RHARE - R
BEOWThr 1 DL E] 22 LB HEEICAR
< (11% vs. 14%). 7% OR 1x 0.81(0.71-0.92) &
AEIT Lz MIREZBGNCHET Lz 2 A, i
RN 7 F v B 2 @B A [t
PE - JERE - R - RRAERE - SERFEOVLY
1 DU L] OFEFRL, RO L FFETH Y
(13% vs. 13%) . #% OR & 1.04(0.80-1.35) & PBHH
RO ol — N WIRPE - IRBENIC T 2
VAR 3 KAyl i MG E e Y XY iR Rl RN
T, NS OILIRIIT O FAEREIME L GERPHI
12% vs. 15%. HLHRTEEE © 10% vs. 13%) . 7% OR
bAEELKT 258072 (IR © OR=0.79. 95%
CI=0.62-0.99, LR %] © OR=0.69. 95% CI=0.56-
0.86) 0 REFFEAERIZ L D, U7 F v EfE% ) 720E
PRBA A S 9, Hwmic3 54 > 7V T s
F 2 BREDHRER)F & AL S 5 &) AT RIS
TR A A YT NT T 7 F RO
EVEDTRIE STz,

WS IE, RIS 24 TV T 2T
YEREIZOWT, BHBRGT 21T o 720 HAES
513 10 B~% 3 A F CTOMIR PR A A
12 AN E D 20~49 EOMIRE Lz, [#HfE 7
07 ub0)] L [HEETarI 0%l OBFO
EEGTE L. AROEERSEE LT, BB
I (ICER) %KDz, FEOFEEE QALY & L.
ICER % . BHIEYIC 1QALY 453 5 720 0B
HE L7z TEFNMILTORGEICIED SHEEL 72
1) #flxgEis 10 A~% 3 A F ToMM P
HREEASG 12 L E & 7 D 20~49 OMEF. 2)
B3R 12 A~ H £ CowThhrorfics
A, 3) MR 12 AEH2Y 10 HUBEOBEIX, 4T
IR 12 B o7z ECHETE S, 4) 97 F
X 10 A~% 3 A THoIcitdG. 5) BiEE L
T4 BERPORNEDPFER, 6) A VTNV T —
X3 10~4 A, 7) Wi i~oT 7 F U RhFRIE
1 =X Do HMEMIZ ] MIEAE 3,529 & L.
BRRIE [T 75050 ] T 60%., [T
07 a%L] T21%& L, HiFE D17
VI HRBIC X BIBRZZER, AREE. 77T



VERNRIIEERO T — 7 & H\ 7o B RRIER G O
FOIBETO 770710 1CHAT, [HEf#E70
77 0B | O EIFIE 0.00009 QALYs. ICER
& ¥7,779,356/QALY T V). WHO D3 (3 x
GDP) 1230 &, BHIRNTHL Z LAVRE N
T2o WRIK$HA Y T NI U H T 7 F I E
XN RAC A, keSO &0 LM E LT
WS MMl H % o

© FISIE. KEHFFCBIT B A 2 7Ly FifT
D7 ANV A FIRE 2 ET L7 (2016/17~2018/19
=R, TANVAFERFENT) . MDCK #Mifig % v
T AIWVAGHEEZAT\, real-time RT-PCR £ 12 & 1)
AV TNIZ WY A )V AOBILTF B FEHEL 72,
FHEEL72A 7NV T AV ARO—ER L, &
BN & fEHT L. 77 F kR E OB HhsURE Sk
WATH L OB EE AT L7z 20 A 7V
P AV AHH S e 2o FeHARIZ OV T, 10
M DOIPIR R AV A & td L, RERRER 217 -
720

2016/17 ¥ — A &, 291 MR D ) B 254 #ifk
(87%) HA ¥ T VI oL VAP Sz,
WERIZ. A/H3 BRI 86% (219 #HifK) . A/HIN1pdm09
A 4%, B M Victoria At 4%. [ Yamagata 5247
5% Td > 720 ABITATIRICO W T, HA HIZ 4
RO MR 217 > 7245 F. 2016/17 =X D
KIFFIZ BT B4 7V v FRiTHEOPUR .
EEOFHERICBIT A EA E UL T 5B 2 EHH
LMo A VTNV ALV ARED 37
BfAD ) B, 11 Mikh» o 1 HEE, SHE»S 28
DI A L ZAHSHH S 7z,

2017/18 ¥ — A &, 255 BfED 9 b 238 Witk
(93%) 254 ¥ 7NV AL VAP ENnT,
WalZ. A/HINIpdm09 HF 13% (32 #fk). A/H3
A 36% (93 #0fK) . B B Victoria SA5E 2% (5 #fk)
] Yamagata &% 48% (108 #ifk) TH ., AHIE B
RMOMBEAIZIT IR 1 TH o7z ABIFATHRIZD
W, HA BT 2RO RGBT 217 o 7245 K,
2017/18 ¥ — XY DORBRAFICBITHA ¥ 7 )V ¥
TATROPUE ML, AHlpdm HEALZHE T 6B.1 128
L. AH3 Hi#l{% 3C.2alb, 3C.2a2, 3C2a3 IZHE N
720 A Y TINVI I ALV ABED 17 ED S b,
8 MR 2 O AMDIFIRZR 7 A )V A DS S 17z,

2018/19 ¥ — A %, 168 MfAD H b 155 Mk
(92%) 54 ¥ T NVIT YT A VAP E N7z,

WERIZ. AHlpdm09 H#I 47% (73 #efk). AH3 i
#145% (69 #ifK) . B # Victoria % 3% (4 Mifk)
[f] Yamagata A% 6% (9 #efk) TH Y. ¥ — X VHi
F13k AH1pdm09 HEA!, #2213 AH3 ML AT T & 722 o
720 ATIGRATIRIZ O W T, HA #in 2RO A6
FENT % 4T > 7245 F. 2018/19 ¥ — A Y ORIRIFIZH
JAA 27V HRATHROPUR L. AHIpdm TR
B EE O — % Lk Y727 L — FATO
7 X BREBEOSHES RS, AH3 HANT 4 E
DIFHTARD LA L 72 1 DOBEZTNTHET 5
R E ol A VINVI T ANV AEED 13
MARD S 5, 8 Mifkh H MO ER T A )V A DK
ENTzo A4 VTNV Y WERMBEAERH O 2 Bk o
AVINVZ Y IANVATIERLT T/ 74 VA,
IV T T ANVADRH ENT=FH0H - 72,
WTFNO Y =XV OFRIZBVTH, f 7T
VYRERAET2BEORICIE, oM EEY A
WARERETLEMRIEL. 727 F BHEDE
INHBO—R & 72 5 2 & DR E NI,

8) HHEGF&

O WHSE, AHEEEME T 2/8NEREDHTE
T2 15 EFEEE ORI 25T, LIt RS
WEffge = Ehiti L. BIATO DTaP 7 7 F » OHFMEB
L UOBMEAEREREROZE R 2 BRE L7z (2017
F10 A~ GEGURIRIEZE) o AEGIE [/ R & &
YUEBETA NI 4 2 ] 12X WV F A EFEED S
N7z 20 A O BE . IR EESNI 0 LY - 4R
(AR 2SR A RO EEE 3 AN (R
PEXtHE) B L OEFIOKAN3 N (KARE) &L,
XHICHRE O Tldd 5050 HEMA itk
2R L7 B R AR I (Test-negative control)
ELTESETAIEE L, BREREMEIZL Y,
70 AR, EERE. RRHERS (GERE -
W W &)L BB, AR T
e EOEREINET 5o AT Tl JEG] & ket
W8 - AR O Hl 12 & 2 5t sk o i Bl BE ifF 78 Tk
T F AR5 DA% 5T, iR &R
WS~ v F LT A WABESRE LT 5 2
EWE WUy T o ERBRRERERICE T T
BRIENDZEBEIZOWT HMETT 5 (test-negative
design)o 2019 4F 11 H RS CHES S N72IER] 128
A xfHE 223 A9 B, BRMEORZEDN S > 72 H i
3 AL EOFER] 95 N, KFHR 169 A (R AKHHE 48



N TRBER IR 71 AL AR IR 50 N) % fifpT okt
S & L7z, Test-negative design D FiEIZ L ) JEH]
vs. A& IR T DTaP 7 7 7~ OB &M % T
L7zA50, 4 IR (ref. RIEME) OBERNEIL 61%
(95% CI: — 128-93%) Th o7z, F7o. k&
W77 F AR ERE L2 T AH, 6 mAmET
(4 RO AL 90% (95% CI: — 20-99%.
P=0.07) EEBFIOEREL IR L7225, 6 UL LR
Tk 4 BEEMEOARIIE - 18% (P=0.90) TH -
T2o T F v AREERIZEE L TEERRLBEMEE
FOBER OB ARG LIzE 2 A, Fil 9 UL
(OR=4.46, 95%CI : 1.47-13.5), HAEHAEEEL 5.9
P (OR=6.29, 95%CI : 1.71-23.1) T, HHE5
JEWZxTT % OR BEHEIC LA L7z, BHEEEY 2
F v A REEOAREL 6 U LR TIEmEg L. F
o 9 bl b, B RSB 5.9 FLLETIEE HX
DEFE) A7 W ERA L THB T ENS, BERIDTD
INFRARA A DB CBNHETE S EEE B 2 Hb,
@ WIS, @mHEO 1 EEEB T, test-negative
design (2 & % i BT A58 & HE R O SE B 78 %
Eli L. DTaP 7 7 F v OE X HET L7z (2012
. EBIRTRIEE) o B HEORERZ 2 L LAMP %
2 X BT E 72 o 7217 NERERL BEE 7o
72 29 N % %l (test-negative control) & L 72, F
7oy AEGE F U H AR 2R B DA o fE IR T [E R
ez sip Lo 77 N& [TEkOREGIR EIFsE] 12
L DR E L7ze P, FEBIDS 7.8 K. test-
negative control 254.3 %, (ERDXF 49K TH V) |
JEFHI VTN ORIE L THFEMmIEr o 72 L
L. MR, DTaP 7 27 F »FAE N EL, 4 A Iy
DM T HEAEZ RO LD o720 DTaP 7 7 F ~
4 [AFEAE (ref. REAE) OFHHEIMEICH T 5 OR
(95% CI) X, test-negative control & DTl 0.24
(0.004-3.61) . fEFROKHE & O LTI 0.07(0.000-
0.45) TH Y, HEROIERFIGIFFET I L 25
TIIEELRT 7T Y EWMEZ 7RO 72, Test-negative
design |2 & ZIEBS R TFETIIAERER T 7 F >~
HMEERE L 2 e ho72hs, BB D hno7-2
EW L MM RE LY H 5, £
72 test-negative design |2 &£ 4 JiE B xF FRIF 28 F 1 C
&7 7 F P REDNE/ NG S S W REME A R S
NTHEHN, TN —HWEho/hd L7k, Test-
negative design |2 X % #E) TlL. LAMP i 0 FE Ji s
BN X D BBk & 2 0 RS U3 (R B TTHE

A3 % A3, JEG & test-negative control DA IRE ]
LR Td > 725 Test-negative design |2 & 5 JiE Fl xS
e T4 C DTaP 7 7 F Y A2 BG4 2 354
B HEMAEOFERFN O, 1 HEMRA O IR
JIZ X B selection bias DT EEME. AR T DAFFE R
EZOWTHBERERCEET UL, DTaP 7 27 F > O
BRI IED—FE LTHHTH L EE2 ON 5,
F72, BHIRO 1 EEEBI T, test-negative design
(2 & B GEB IS8 2 6 L. DTaP 7 7 F > @
BRVEE AT L 72 (2012 4E, 2018 4E. EBIX R
fF4E. test-negative design). 2012 4F 8 H~2013 4F
8 H. 2018 4F 1 H~7 HOMIMIZ. HHEOAER
*ELTNEREZZ L. LAMP I X 2RET
btk E o 72 121 A% HER, BlEE 2 o72 282 A
% K HR (test-negative control) & L 7zo JEf] & xf
X, PER. DTaP 7 7 F > O BIEFEHETH -
TeH AERHIIEBI O F 0SEm o 72 (P45 8.3 i vs
72 i%. P=0.001)c DTaP 7 7 F > 4 [A1FEFE (ref. R
Fiid) OBEHEFAEIC % OR(95% CI) & 0.27
(0.05-1.67) TH Y, 77 F Y AHHRIEIT3% TH > 720
A AIFHEEORBERBEOENEERET L2 A
(ref. RFEHE) . 2 4ERTH 92%. 2~4 4EAK 82%. 4
~6 A 71% . 6~8 FAKI 67% . 8~10 4FAKii
69%. 10~ 14 4EK0i 33% ., &M% 2 SFRTHO A
HELRENEZRO. T2, 4REHEEZ TR E
L. BEBFEHOBEL R Lz 2hH, 2 FRiE
L, Bl 4.0-5.9 £ CHHBERIEICH T 5 OR
WAHEEICHINL (OR=3.8,95%CI: 1.2-11.9), L%
B OR LA ZFEDT,
INLOMREZI T, BIFREHTE L O &
TEFTE N T, B4R D DTaP 7 27 F > BRI
L2 HHEORRAR O, BIEEO G %
a3 5720 O FEICETF L 72 (2018 F~, Rtk
YE + JEBIT HEITSE. Test-negative design) o
B, 2016 AFREICHEARI - =H IR 0 2 EHEEH
s Lo 1,287 NEXRIC, BHBEEARET 7
F UMY A EEAAE L ERK L 72 (2016 4F,
RS . HRCNEMEICI ), AHEEAE T 7
FUBEOER., 77T o RRBIZET S Mk &
FEICBIT B a5 72. FRIAIE 977 A9 B i
IRPICEHHEER T 7 F SR RE R & [HT
5] LB LZZEEZ279 N (29%) THo itz Hfl
OFEANIEEST Z2HEIZ, [P IANAT 7 F ¥
IRPCHIIHLT L], [N CTEBL T D



HIRHOE RS EET 7 F 23 v ], EiE~
DEHET 7 F 22 [EERS | [HEH L LR
I L THARNOFHIEI RS D LS ] TH o7z,
INSOERIE. HIRANOE AT 7 F % iR
ST ABOBEELRERE DL 2 EPMFEIN S,
@ LS IX. FEYVE TGO Tdap 7 7 F ¥
BHESHEIR SN TE ), DHET 2016 £2 A0S
DTaP 7 7 F ¥ OFA - ANOBIIFEE DT 6E &
ozl LxRZITT, SHROMFEB~NOTHEEHR T
7F OB RESEE R E 2. IR A EHE
70 F VBRI O W TOERMBEST AT o 72
QALY % RIHEDIRHE & L 728 R O T % H
Wiz, WO A SR L T3 » ARMEOH HX
FEIEFEE 5 LAVIZREE L, B 2,000 I~
10,000 FIOIET 9 L NIVIZERE L72e TILH DR
REFHENOMAGDENS 45 OV F ) F %2k
EL. [BE70 7T 6% L] S L7z, i
5T F VR AERTHET S &)
BV, FIROF IV T - EFVEH N,
WIZEH 3 » BA 5 DPT-IPV O EMNHEM AL T 5
729, EOHOEHEREIIEE O OBITHUARIC
WEINWEE 2, HFBETVE BV, ET
WATHAAN TS T — Z IZENO A 5. 7 7
F IR O A S5 L72e 1 QALY 1%
H7= ) OB 500 77 % B HFIZRNF o4 i Ak e
WCHWE, 45 2 F 04D 5 29 - 0
R TH 720 —FH. WHO DT 7 F Y HHED
B ROH W HE#e L L CHESE L T\% GDP x 3
EHOWGAEIZE, 45 F ) F DB 36 YA
WEHNENTH > 720 DOREOEIFIZN T 5 EH
BT OREMEIE. ROH HBEOFRERE L
BRBRRICRE S HEBINL DS, B THHEIN
ko sEME L TR AMESH 5 &A%
SNz,

9) SEEMiRSFS MRERE 7 75 2)

O HELHIF. BEEMECHT A v 7 VT
77 F v LB T 2 T OV R ERET S
728, 41 Mk O 71 % 15 C % i Rk 3 R RE B 6t B
FekFEML TV 5 (20164F 10 A ~ . JEGIA IEIFZE) o
FEFNI T EBEREICB W THZIHiL LB S h
72 65~90 KDOBETH L, xfHRIL, EI &M -
HARRE - AVRZZ H SR T 2 A — 1B s B &
L. LERICOE S MIEAREL. BRETEL

T A Y T7IVI T 7 F R, BigEkw 7 2
T EAEIE . ik, PER. SRR MR AT L
B BRI, 6 MR ORI E K. ADL. O
WA R L7z F72. MRICET 2155 (FEEZWr
H. fER, AR % L) P TIEL 72, 2019
£ 11 HETIZBFEESNAES 132 A, #FHE 583 A
D) 5, MEEHBEIZKIBO 2 WER 127 X (5 Bhli
RIRW MM 2529 N) . W S42 N Z RIS & L7z,
A TIWVI T T F CEREEITES 38%. X HR
42%. BiRERW 7 7 F > BRESRITRER 55%. xR
54% TH o7z B MRERW T 7 F o HREE I,
PPSV23 OAEAE, PCVI3 OAIEME, Wi FiEME, v
7 F v A TREDOE % & TN L 720 Bligizxt
THFIORIZ. £ v 7NV T 7 F R 085
(0.55-1.31). Wi%EkE 7 7 F >~ 4 1.19(0.77-1.82)
TdHh o720 RSB 2 Ml IR VNG I BRE Ly il
KERW T 7 F B % PPSV23 O 5AEDIN OFERE |
BRSE L2l 4 Y 7V Y 7 F U HERD
HMOR I 1.15(0.49-2.73) . BiRERE T 7 F AL
1.13(0.50-2.56) TH -7z 2019 4 12 AT, EHI.
SHIRDEERZHET L. AR 2 FERiH Th 5.
@ SEESIE, AESHICEHRINTYS 65 Eh
5 79 KDEZY —ZRRICA VY — %y Mg
T, EEERSERE D 7 F > O EMEREIbIC X 5
BR~ORE BT L7 (20154512 H . #EWITZE) o
AN, BiRERR Y 2 7 v oA E, HEO
TIRE. . M. BCEE OF B, HETION, F
R, MRSE. WHEIRUL, BERE. A 7V T
7 F R ETh D MEHEIX3,889 N (1,830
N, FH4ER 708 %) TH Y. MiRKERE T 7 F v
Bz 20 TwizgEid 1,304 A (34%) TH o7z
BEE O b, EREAELR M L2 Nid 742 A
(57%) . EMEAE OB AR CORAEH 1L 562 AT
Holzo EMEMEOE AR T TOREES 3,327 A
RIS, TRERE T 7 7 il 2 R AR L L <,
B RN 2 4T o 72 k55, BB S (ref. FExT
%) TIXEHERICHT % OR(95% CI) 2% 12.3(10.0-
152) 2B L7z SR 228, T2
LOFEN (50%) THH . RKWT, 22020 DI ED
LO81D (17%). TVa<— vl (13%) THo
720 HTANC X 2 EFEN R REBAND T 71—
FOBHEREICEN TH D LE 2 BN,



10) ¥R 7 F Uitk a

O FARLIF, MEE - HREO 3/NERHE R
s L7220 A D 6 AT RRIZ. Ltk
L EEFI X FEAFZE  (test-negative design) % 1T\, 1T
FIANAT 7 F v OEREERE L7z (2018~
2019 ¥ — A > JEGIXTIRIIZE) . S E B 2SR T
FRBEREINIC 23 L7237 RTOIAL RIS LT, 1
5 AV ARHB WA Z Lt L. s % Esl,
BrE e BE Lz, SRODONSRENS, Hilsk
BB E D, 7o 5 CBRE, M, e, HER
., BILRE. EEEER, £ERE. Fliof s
EOREHRE R, £720 BBROEKRAT . HEK
PO WTIL, REZESED» SHEMEH2. BB
0y A NVABGROBEBELHT 55, mkHE
0 2 EM DN B B % % 58E L 72 & 1 ZBRA L
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ARTICLE INFO ABSTRACT
Artic{e history: Background: Pregnant women are in the highest priority group for receiving influenza vaccination.
Received 29 November 2019 However, they may be reluctant to receive the vaccination due to concerns about the influence of
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vaccination on the fetuses.
Methods: This prospective cohort study of 10 330 pregnant women examined the safety of influenza
vaccination in terms of adverse birth outcomes. Influenza vaccination during pregnancy was determined
Keywords: from questionnaires before and after the 2013/2014 influenza season. All subjects were followed until the
ﬁl%":;ezabgicfnfcomes enq of their pregnancy. Adverse birth outcomes, incluc]ipg miscarriage, stillbirth, preterm birth, low birth
Pregnant women weight, and malformation, were assessed by obstetrician reports.
Prospective cohort study Results: Adverse birth outcomes were reported for 641 (10%) of the 6387 unvaccinated pregnant women
Vaccine safety and 356 (9%) of the 3943 vaccinated pregnant women. Even after adjusting for potential confounders,
vaccination during pregnancy showed no association with the risk of adverse birth outcomes (odds ratio
0.90, 95% confidence interval 0.76-1.07). Vaccination during the first or second trimester displayed no
association with adverse birth outcomes, whereas vaccination during the third trimester was associated
with a decreased risk of adverse birth outcomes (odds ratio 0.70, 95% confidence interval 0.51-0.98).
Conclusions: Influenza vaccination during pregnancy did not increase the risk of adverse birth outcomes,
regardless of the trimester in which vaccination was performed, when compared to unvaccinated
pregnant women.
© 2020 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
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vaccination provides effective protection against infant influenza
(Benowitz et al., 2010; Black et al., 2004; Ohfuji et al., 2018;
Steinhoff et al,, 2012; Zaman et al., 2008). In general, however,
pregnant women tend to be concerned about the influence of
vaccines on the fetuses, which may lead to some reluctance to
undergo vaccination. In fact, a previous study identified concerns
about vaccine safety as the most significant reason for pregnant
women not undergoing influenza vaccination (Prospero et al.,
2019). Particularly in Japan, influenza vaccination for pregnant
women is performed as ‘voluntary vaccination’. In this situation,
positive vaccination behaviors among pregnant women are likely
to remain suboptimal until the safety concerns regarding effects on
fetuses can be addressed.

A review of previous reports on the safety of influenza
vaccination among pregnant women revealed no studies examin-
ing the influence of influenza vaccination among Japanese
pregnant women on adverse birth outcomes. Since the Japanese
population tends to show greater concern about vaccine safety
than other populations (Hanley et al., 2015; Nakayama, 2019), this
lack of evidence among the relevant population might present a
barrier to achieving adequate coverage with influenza vaccination
for pregnant women. Additionally, the proportions of preterm
delivery, low birth weight infants, and malformed infants vary
between countries (Kdllén, 2012; Morisaki et al., 2017; Sepkowitz,
1995).

We therefore conducted a prospective cohort study to examine
vaccine safety in comparison with the incidence of adverse birth
outcomes (including miscarriage, stillbirth, preterm birth, low
birth weight, and congenital malformation) between vaccinated
and unvaccinated pregnant women in Japan. In general, pregnant
women who receive influenza vaccination are likely to be older or
to have an underlying illness such as hypertension or diabetes,
representing conditions that may bring about a higher incidence of
adverse birth outcomes. In this study, the safety of influenza
vaccination in pregnant women was evaluated with consideration
of the effect of differences in such background characteristics.

Methods
Study subjects

This study was conducted with the cooperation of 117
maternity hospitals and clinics affiliated with the Obstetrical
Gynecological Society of Osaka, Japan. Study subjects comprised
Japanese pregnant women (regardless of gestational week)
attending the collaborating hospitals and clinics before the
beginning of the 2013/14 influenza season (i.e., between October
and December 2013). In Japan, pregnant women typically undergo
influenza vaccination at a maternity clinic or primary care clinic
between October and December, as a voluntary vaccination. All
study subjects received an explanation of the study from their
obstetrician and verbally provided informed consent prior to
participation.

The study protocol was approved by the Ethics Committee at
the Osaka City University Graduate School of Medicine, and was
performed in accordance with the Declaration of Helsinki.

Information collection

At the time of recruitment, study subjects completed a self-
administered questionnaire to provide the following information:
date of recruitment, age, gestational age at recruitment, expected
date of birth, height and weight before pregnancy, smoking and
alcohol drinking habits, underlying illnesses, influenza vaccination
status for the 2013/14 season, and month of vaccination for
vaccinated subjects. The accuracy of gestational age at recruitment

was confirmed by referring to the expected date of birth. To collect
information on receipt of influenza vaccination after responding to
the questionnaire at recruitment, the study subjects were sent a
second questionnaire after the end of the 2013/14 influenza season
(May 2014). In this post-season questionnaire, besides vaccination
status for the 2013/14 season and month of vaccination, we also
asked the following questions about pregnancy outcomes and their
babies: date of delivery and birth weight and height of their babies.
To confirm these self-reported pregnancy outcomes and neonatal
characteristics, the obstetrician-in-charge was contacted and
asked to provide the following information from the medical
records of each subject: pregnancy outcome (live birth, miscar-
riage, or stillbirth), and if a live birth was delivered, the date of
delivery, gestational week at delivery, birth weight and height,
Apgar scores at 1 min and 5 min, and presence and name of any
congenital malformations. In addition, information on pregnancy-
induced complications (i.e., multiple pregnancy, pregnancy-
induced hypertension, gestational diabetes, hospitalization due
to threatened miscarriage, placenta previa, fetal growth restriction,
abruptio placentae, and intrauterine infection) was also collected
by their obstetricians.

Statistical analysis

The primary exposure was influenza vaccination during
pregnancy, determined from information on the month of
vaccination and month of delivery. Subjects who received
vaccination in the same month as the delivery, or for whom
information on the month of vaccination was unavailable were
excluded from the analysis.

The study outcome was adverse birth outcomes including
miscarriage (termination of pregnancy before gestational week
22), stillbirth (dead at birth or after gestational week 22), preterm
birth (live birth at less than gestational week 37), and/or low birth
weight (birth weight <2500 g) for all study subjects. Miscarriage
and stillbirth included therapeutic abortions. Information on low
birth weight was primarily based on information from the
obstetrician. If information was unavailable from the obstetrician,
complementary data were obtained from the self-administered
questionnaire. In addition, Apgar scores at 1 min and 5 min were
also assessed using three categories: 0-3, very low; 4-6, low; 7-10,
healthy. Also, for women in the first trimester, congenital
malformation was assessed as another study outcome. Genetic
and chromosomal abnormalities were not included in congenital
malformation, because these occur at conception and are
uninfluenced by vaccination. For detailed analyses, congenital
malformations were classified into 10 categories by organ system
(i.e., central nervous system; ophthalmological, otological, or
orofacial; cardiac; respiratory; cleft lip and/or cleft palate;
gastrointestinal; genitourinary or renal; muscular or limb defects;
or other), according to International Classification of Diseases 10th
revision (ICD-10) codes, and were compared between unvaccinat-
ed and vaccinated women.

With regard to explanatory variables, age was categorized into
<30, 30-34, and >34 years old. Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?), and then
classified into three categories according to conventional cut-off
values. Gestational age was defined as gestational week at the time
of vaccination for vaccinated women or at the time of recruitment
for unvaccinated women, and was categorized into first trimester
(<16 weeks), second trimester (16-27 weeks), and third trimester
(>27 weeks). Gestational age at vaccination was calculated using
the information on the month of vaccination, gestational age at
recruitment, and date at recruitment, and considering the date of
vaccination as the 15th day (median) of the month. Calendar
month at the start of pregnancy was calculated by information on
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the date of recruitment and gestational age at recruitment, and was
classified into four seasons. The following influenza-related high-
risk conditions were included according to a previous report:
chronic respiratory disorders (including asthma), cardiovascular
disorders (excluding isolated hypertension), kidney disease,
liver disease, neurological disorders, blood disorders, metabolic
disorders (including diabetes), immunocompromised states
(such as malignant tumors, connective tissue disorders, inflam-
matory bowel disease, and chronic rheumatism), and obesity
(BMI > 25.0 kg/m?) (Centers for Disease Control and Prevention,
2013). Underlying obstetric and gynecological illnesses were
included as infertility, myoma uteri, ovarian diseases, endometri-
osis, diseases in the neck of the uterus including severe dysplasia or
cancer, endometrial polyp, adenomyosis uteri, habitual miscar-
riage, etc.

A logistic regression model was used to calculate the odds ratio
(OR) and 95% confidence interval (CI) for associations between
influenza vaccination during pregnancy and adverse birth out-
comes. The multivariate model included all variables related to
vaccination status (i.e., exposure variables) or adverse birth
outcomes (i.e., outcome index) showing values of p< 0.05 in
the univariate analyses. The Chi-square test and Wilcoxon rank-
sum test were used where appropriate.

In addition, in order to separately evaluate the influence of
influenza vaccination on adverse birth outcomes according to
gestational week, stratified analyses by trimester were conducted.

All analyses were two-tailed and were conducted using SAS
version 9.3 software (SAS Institute, Cary, NC, USA).

Results

Of the 20 420 pregnant Japanese women recruited, 12 838
responded to the post-season questionnaire. Among these, 301
vaccinated women were excluded, because vaccination had been
performed in the month of delivery; whether the vaccination had
been performed before or after delivery was thus unclear. Another
233 vaccinated women were excluded because of a lack of
information on the month of vaccination. Information on birth
outcomes was then obtained for 10 330 women from their
obstetricians, and these women therefore comprised the subjects
for analysis (Figure 1). Table 1 shows the characteristics of the
study subjects. A total of 3943 women (38%) received influenza
vaccination during pregnancy. Among these, about one-third had
received the vaccination during each of the first, second, and third
trimesters. Vaccinated women were older and more likely to have
underlying obstetric and gynecological illnesses, whereas unvac-
cinated women appeared to show higher frequencies of obesity,
hypertension, or fetal growth restriction as pregnancy-induced

Enrollment (Between October and December, 2013)

20,420 pregnant women enrolled

Post-season survey (Between May and August, 2014)

12,838 subjects responded

2,508 subjects excluded
Vaccination timing was unclear (n=301)

Month of vaccination was unavailable (n=233)

Birth outcome was unavailable (n=1,974)

Included for the analysis
10,330 subjects

Figure 1. The enrollment process for the study.

complications, and of having smoking or alcohol drinking habits
during pregnancy.

Table 2 shows birth outcomes for the study subjects. Miscar-
riage or stillbirth was reported for 0.1% of subjects, each with
similar proportions in unvaccinated and vaccinated women.
Preterm birth occurred in 4.1% of subjects, again with similar
proportions in the two groups. On the other hand, low birth weight
was significantly more frequent among unvaccinated women than
among women vaccinated during pregnancy (8% vs. 7%).

A total of 997 subjects (10%) reported miscarriage, stillbirth,
preterm birth, and/or low birth weight as adverse birth outcomes
(Table 3). Women who had received influenza vaccination during
pregnancy reported slightly fewer adverse birth outcomes
compared with unvaccinated women, although the difference
was not significant (9% vs. 10%, respectively; p= 0.09). In addition,
pregnant women >30 years old, with BMI <18.5 kg/m?, underlying
obstetric and gynecological illnesses, pregnancy-induced compli-
cations, or a smoking habit during pregnancy were significantly
more likely to present with adverse birth outcomes. After
considering the effects of these potential confounders in the
multivariate analysis, vaccination during pregnancy did not show
any significant association with adverse birth outcomes when
compared to unvaccinated women (OR 0.90, 95% CI 0.76-1.07).
However, age >30 years, lower BMI before pregnancy, and some
pregnancy-induced complications were significantly associated
with adverse birth outcomes.

Adverse birth outcomes were examined separately in sub-
groups according to the trimester at vaccination for vaccinated
women or at recruitment for unvaccinated women (Table 4). In the
first trimester, although congenital malformation was regarded as
one of the adverse birth outcomes, no significant difference in
these adverse birth outcomes was seen between unvaccinated and
vaccinated women (13% each). In the second trimester, the
proportion of adverse birth outcomes was broadly similar among
unvaccinated and vaccinated women. In the third trimester,
however, vaccinated women had significantly fewer reports of
adverse birth outcomes (6% vs. 9%, respectively), especially for low
birth weight (6% vs. 8%, respectively), than unvaccinated women.
Even in the multivariate analysis with consideration of the effect of
potential confounders, women who received vaccination during
the first or second trimester showed no significant elevation in
adverse birth outcomes compared with unvaccinated women (first
trimester: OR 1.07, 95% CI 0.81-1.40; second trimester: OR 0.87,
95% CI 0.65-1.16). On the other hand, women who received
vaccination during the third trimester showed a significantly
decreased OR for adverse birth outcomes when compared with
unvaccinated women (OR 0.70, 95% CI 0.51-0.98).

Discussion

The study findings demonstrated that influenza vaccination
during pregnancy was not associated with any increase in adverse
effects on the fetus. This result is consistent with previous studies
from other countries. To date, several randomized controlled trials
of pregnant women have shown that the incidences of miscarriage,
stillbirth, preterm birth, low birth weight, and congenital
malformations among influenza vaccination groups were similar
to those in placebo groups (Michikawa et al., 2018; Osaka City,
2019; Steinhoff et al., 2012). Most cohort studies have also shown
that vaccinated and unvaccinated pregnant women display similar
incidences of miscarriage, stillbirth, preterm birth, low birth
weight, or congenital malformation in their babies (Baum et al.,
2015; Black et al., 2004; Chambers et al., 2013; Chambers et al.,
2016; Cleary et al., 2014; de Vries et al., 2014; Fabiani et al., 2015;
Fell et al., 2012; Fell et al., 2017; Kharbanda et al., 2017; Ma et al.,
2014; Madhi et al., 2014; McHugh et al., 2017; Nordin et al., 2014a;
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Table 1
Characteristics of the pregnant women (N =10 330).%
Characteristics Total Unvaccinated Vaccinated p-Value
n (%) n (%) n (%)
Total 10 330 (100) 6387 (62) 3943(38)
Gestational age at recruitment or vaccination (weeks) <16 (first trimester) 2826 (27) 1705 (27) 1121 (28) <0.01
16-27 (second trimester) 3328 (32) 1738 (27) 1590 (40)
>27 (third trimester) 4176 (40) 2944 (46) 1232 (31)
Calendar month at pregnancy start March-May (Spring) 3506 (34) 1997 (31) 1509 (38) <0.01
June-August (Summer) 2908 (28) 1434 (22) 1474 (37)
September-November (Autumn) 1997 (19) 1215 (19) 782 (20)
December-February (Winter) 1919 (19) 1741 (27) 178 (5)
Age (years) Median (range) 32 (15-51) 32 (15-51) 33 (16-47) <0.01
<30 3273 (32) 2273 (36) 1000 (25) <0.01
30-34 3673 (36) 2154 (34) 1519 (39)
>34 3384 (33) 1960 (31) 1424 (36)
Body mass index before pregnancy (kg/m?) <18.5 1636 (16) 1007 (16) 629 (16) 0.04
18.5-24.9 7585 (75) 4640 (74) 2945 (76)
>24.9 960 (9) 640 (10) 320 (8)
Influenza-related high-risk conditions Present 2321 (22) 1456 (23) 865 (22) 0.31
Underlying obstetric and gynecological illness Present 1916 (19) 1075 (17) 841 (21) <0.01
Pregnancy-induced complications n/N (%) n/N (%) n/N (%)
Multiple pregnancy Present 149/10 328 (1) 91/6386 (1) 58/3942 (1) 0.85
Pregnancy-induced hypertension Present 338/10 302 (3) 234/6367 (4) 104/3935 (3) <0.01
Gestational diabetes Present 276/10 322 (3) 185/6383 (3) 91/3939 (2) 0.07
Hospitalization due to threatened miscarriage Present 526/10 318 (5) 324/6379 (5) 202/3939 (5) 0.91
Placenta previa Present 41/10 325 (0.4) 28/6384 (0.4) 13/3941 (0.3) 0.39
Fetal growth restriction Present 271/10 315 (3) 190/6377 (3) 81/3938 (2) <0.01
Abruptio placentae Present 36/10 324 (0.4) 25/6384 (0.4) 11/3940 (0.3) 0.35
Intrauterine infection Present 81/10 313 (1) 54/6376 (1) 27/3937 (1) 0.37
Smoking habit Present during pregnancy 306/9645 (3) 261/5983 (4) 45/3662 (1) <0.01
Alcohol drinking habit Present during pregnancy 66/9661 (0.7) 54/5996 (0.9) 12/3665 (0.3) <0.01

2 Data are expressed as the number (%) unless indicated otherwise.

Table 2
Birth outcomes of the study subjects.”
Birth outcomes Total Unvaccinated Vaccinated p-Value
n (%) n (%) n (%)
Pregnancy outcomes Live birth 10 305 (99.8) 6370 (99.7) 3935 (99.8) 0.38
Miscarriage 11 (0.1) 6(0.1) 5(0.1)
Stillbirth 14 (0.1) 11 (0.2) 3(0.1)
Gestational age at delivery (weeks) 22-36 (preterm birth) 421 (4.1) 258 (4.1) 163 (4.2) 0.81
37-41 9839 (95.5) 6084 (95.5) 3755 (95.4)
42+ 45 (0.4) 28 (0.4) 17 (0.4)
Birth weight (g) Median (range) 3030 (428-4670) 3032 (484-4670) 3030 (428-4615) 0.39
<2500 (low birth weight) 812 (7.9) 531 (8.3) 281 (7.1) 0.03
>2500 9493 (92.1) 5839 (91.7) 3654 (92.9)
Apgar score at 1 min 0-3 58 (0.6) 43 (0.7) 15 (0.4) 0.01
4-6 155 (1.5) 105 (1.7) 50 (1.3)
7-10 10 078 (97.9) 6212 (97.7) 3866 (98.3)
Apgar score at 5 min 0-3 10 (0.1) 8(0.1) 2(0.1) 0.16
4-6 32(0.3) 22 (0.3) 10 (0.3)
7-10 10 233 (99.6) 6323 (99.5) 3910 (99.7)

2 Data are expressed as the number (%) unless indicated otherwise.

Olsen et al.,, 2016; Omon et al.,, 2011; Oppermann et al., 2012;
Oskovi Kaplan and Ozgu-Erdinc, 2018; Pasternak et al., 2012; Regan
et al., 2016; Steinhoff et al., 2017; Sugiura-Ogasawara et al., 2019;
Vazquez-Benitez et al., 2016). In a previous case-control study, no
association was identified between influenza vaccination during
pregnancy and miscarriage (Ludvigsson et al., 2013).

In general, concerns have been raised regarding the effect of
maternal medications, including vaccination, on the fetus within
the first trimester, since the first trimester is a crucial period for
embryogenesis of the major organs. However, the present study
showed that even pregnant women who received influenza
vaccination during the first trimester showed similar incidences
of miscarriage, stillbirth, preterm birth, low birth weight, and
congenital malformations when compared with unvaccinated

women. The results suggest no adverse influences on the fetus,
even when providing influenza vaccination to pregnant women in
the first trimester.

Besides, pregnant women who received influenza vaccination
during the third trimester were less likely to have babies with low
birth weight. This was an unexpected finding. One possible
interpretation is that recent advances in medical checkups for
pregnancy have enabled better diagnosis of fetal growth restriction
during pregnancy. Pregnant women diagnosed with fetal growth
restriction during the third trimester might thus have been
reluctant to receive influenza vaccination. Such a difference in
vaccination behavior might result in apparent increases in babies
with low birth weight among unvaccinated pregnant women.
However, the present study did not collect information about the
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Table 3
Association between background characteristics including influenza vaccination and adverse birth outcomes.*

Characteristics Outcomes Univariate Multivariate®

n/N (%) OR (95% CI) OR (95% CI)
p-Value p-Value
Total 997/10 330 (10)
Influenza vaccination during pregnancy Unvaccinated 641/6387 (10) 1.00 1.00
Vaccinated 356/3943 (9) 0.89 (0.78-1.02) 0.90 (0.76-1.07)

Gestational age at recruitment or vaccination (weeks)

Calendar month at pregnancy start

Age (years)

Body mass index before pregnancy (kg/m?)

Influenza-related high-risk conditions

Underlying illnesses in obstetrics and gynecology

Pregnancy-induced complications
Multiple pregnancy

Pregnancy-induced hypertension

Gestational diabetes

Hospitalization due to threatened miscarriage

Placenta previa

Fetal growth restriction

Abruptio placentae

Intrauterine infection

Smoking habit

Alcohol drinking habit

<16 (first trimester)
16-27 (second trimester)

>27 (third trimester)
March-May (Spring)
June-August (Summer)
September-November (Autumn)
December-February (Winter)

<30
30-34

>34

<18.5

18.5-24.9
>24.9

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present

Absent
Present during pregnancy

Absent
Present during pregnancy

291/2826 (10)
354/3328 (11)

352/4476 (8)
358/3506 (10)
292/2908 (10)
213/1997 (11)
134/1919 (7)

264/3273 (8)
380/3673 (10)

353/3384 (10)

206/1636 (13)
689/7585 (9)
83/960 (9)
768/8009 (10)
229/2321 (10)
787/8414 (9)
210/1916 (11)
894/10 179 (9)

102/149 (68)

894/9964 (9)
99/338 (29)

957/10 046 (10)
37/276 (13)

821/9792 (8)
172/526 (33)

971/10 284 (9)
24/41 (59)

768/10 044 (8)
224/271 (83)

982/10 288 (10)
13/36 (36)

977/10 232 (10)
15/81 (19)

887/9339 (9)
43/306 (14)

926/9595 (10)
6/66 (9)

0.09

1.00

1.04 (0.88-1.22)
0.06

0.80 (0.68-0.94)
<0.01

(Trend p <0.01)
1.00

0.98 (0.83-1.16)
0.82

1.05 (0.88-1.26)
0.59

0.66 (0.54-0.81)
<0.01

1.00

1.32 (1.12-1.55)

<0.01

1.33 (1.12-1.57)

<0.01

(Trend p <0.01)
1.44 (1.22-1.70)
<0.01

1.00

0.95 (0.75-1.20)
0.66

(Trend p <0.01)
1.00

1.03 (0.88-1.21)
0.69

1.00

1.19 (1.02-1.40)

0.03

1.00
22.5(15.9-32.1)
<0.01

1.00

4.21 (3.29-5.37)
<0.01

1.00

1.47 (1.03-2.09)
0.03

1.00

5.31 (4.37-6.46)
<0.01

1.00

13.5 (7.25-25.3)
<0.01

1.00

57.6 (41.7-79.5)
<0.01

1.00

5.36 (2.71-10.6)
<0.01

1.00

2.15 (1.22-3.79)
<0.01

1.00

1.56 (1.12-2.17)
<0.01

1.00

0.94 (0.40-2.18)
0.88

0.24

1.00

1.25 (0.95-1.65)
0.12

1.05 (0.73-1.51)
0.79

(Trend p =0.89)
1.00

1.01 (0.78-1.31)
0.93

1.23 (0.86-1.76)
0.25

0.79 (0.60-1.03)
0.08

1.00

1.34 (1.09-1.64)
<0.01

1.32 (1.06-1.63)
0.01

(Trend p=0.01)
1.45 (1.18-1.78)
<0.01

1.00

0.78 (0.55-1.09)
0.14

(Trend p <0.01)
1.00

1.19 (0.95-1.50)
0.13

1.00

0.97 (0.79-1.19)
0.76

1.00

14.8 (9.73-22.4)
<0.01

1.00
3.81(2.79-5.21)
<0.01

1.00

1.41 (0.92-2.16)
0.12

1.00

4.45 (3.49-5.68)
<0.01

1.00

17.2 (8.38-35.1)
<0.01

1.00

66.1 (46.4-94.0)
<0.01

1.00

6.22 (2.55-15.2)
<0.01

1.00

2.13 (1.11-4.07)
0.02

1.00

145 (0.96-2.19)
0.08

1.00

1.15 (0.44-2.95)
0.78

OR, odds ratio; CI, confidence interval.

¢ Miscarriage, stillbirth, preterm birth, or low birth weight were included.

b Model included variables in this table.
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Table 4
Birth outcomes of study subjects according to trimester.
Birth outcomes First trimester p-Value Second trimester p-Value Third trimester p-Value
Unvaccinated Vaccinated Unvaccinated Vaccinated Unvaccinated Vaccinated
n (%) n (%) n (%) n (%) n (%) n (%)
Adverse birth Present 229 (13) 142 (13) 119 (11) 155 (10) 0.11 265 (9) 87 (6) 0.04
outcomes*®
Pregnancy Live birth 1697 (99.5) 1116 (99.6) 1733 (99.7) 1588 (99.9) 0.46 2940 (99.9) 1231 (99.9) 1.00
outcomes Miscarriage 6(04) 5(04) 0(0) 0(0) 0 (0) 0(0)
Stillbirth 2(0.1) 0(0) 5(0.3) 2(0.1) 4(0.1) 1(0.1)
Preterm birth Present 64 (4) 55 (5) 97 (6) 79 (5) 0.74 97 (3) 29 (3) 0.07
Low birth weight Present 148 (9) 86 (8) 155 (9) 125 (8) 0.27 228 (8) 70 (6) 0.02
Congenital Present 55(3.2) 33(3.0) - - - -
malformation
Categories by organ Central nervous system 0(0) 1(0.1)
system Ophthalmological, otological 1 (0.1) 3(0.3)
or orofacial
Cardiac 7 (04) 3(0.3)
Respiratory 0 (0) 1(0.1)
Cleft lip and/or cleft plate 1(0.1) 1(0.1)
Gastrointestinal 0(0) 1(0.1)
Genitourinary or renal 5(0.3) 2(0.2)
Muscular or limb defects 7 (04) 1(0.1)
Others 0(0) 1(0.1)
Unknown 34 (2.0) 19 (1.7)

2 Miscarriage, stillbirth, preterm birth, low birth weight, or congenital malformation were included for women in the first trimester. For women in the second or third

trimester, miscarriage, stillbirth, preterm birth, or low birth weight were included.

timing of diagnoses of fetal growth restriction. It is thus difficult to
determine how such diagnoses affected the vaccination behaviors
of pregnant women.

Various limitations need to be considered when interpreting
the results of this study. First, to increase the response rate, we
decided to collect information on vaccination month instead of
vaccination date, resulting in the exclusion of 301 vaccinated
women who had received vaccination in the same month as the
delivery. Besides, the trimester at vaccination for vaccinated
women might have been misclassified into the neighboring
category in some subjects, since calculations were made using
information on the month of vaccination, date of recruitment, and
gestational week at recruitment, and the date of vaccination was
regarded as the 15th of each month. Since we lacked accurate
information on the date of vaccination from the clinic at which
patients received vaccination, this represents the most important
limitation of the present study.

Second, since information on vaccination status and explanatory
variables was based on self-reports from pregnant women, some
data such as body weight before pregnancy, smoking, and alcohol
drinking status might have been underreported. However, the
present design using a prospective cohort study is less susceptible to
misclassification due to recall errors than a case-control study
design. Besides, to confirm the accuracy of self-reported data, the
date of delivery and birth weight, which were obtained using two
methods (self-report and obstetrician report), were examined by
comparing information from both sources. Among the subjects for
whom the date of delivery was available from both self-report and
obstetrician report (n=8227), the correlation coefficient between
self-report and obstetrician report was 0.988 (p <0.01). Among
subjects for whom birth weight was available from both reports
(n=8273), the correlation coefficient was 1.000 (p < 0.01). Based on
these confirmations, the self-reported information used in the
present study was expected to be relatively reliable.

Third, the subjects analyzed comprised 10 330 women who
answered the post-season questionnaire and had birth outcomes
provided by their obstetricians, from among the 20 420 women
recruited before the season. This follow-up proportion might have
affected the study results. For example, if women who experienced
miscarriage or stillbirth as the pregnancy outcome tended to be

less likely to answer the post-season questionnaire, a selection bias
for study subjects would have been present. Actually, considering
the number of stillbirths and livebirths in Osaka of 1621 and 69 968
in 2014 (Haberg et al., 2013), the proportion of miscarriage or
stillbirth among the present study subjects (0.1%) appeared lower
than among the general population (2%). On the other hand, the
proportions of preterm birth, low birth weight, or congenital
malformation in Japan were reported as 5.1%, 8.3%, and 3-5%,
respectively, in 2013 (Nordin et al., 2014b), representing propor-
tions broadly comparable to those in the present study. The
possibility of selection bias thus appears low in the assessment of
preterm birth, low birth weight, or congenital malformations, but
the possibility of selection bias due to study dropout in the
assessments of miscarriage or stillbirth cannot be ruled out.

Fourth, since the study subjects were pregnant women under
clinical follow-up at obstetric facilities in Osaka Prefecture before
the beginning of the 2013/14 influenza season, some concerns
remain about the generalizability of the results. Further inves-
tigations of different seasons and regions is desirable to confirm
the validity of the present study findings.

This study has the following strengths. First, with the
cooperation of the Obstetrical Gynecological Society of Osaka, it
was possible to investigate the safety of influenza vaccination
among pregnant women in a large cohort exceeding 10 000 study
subjects, covering 15% of pregnant women in the study area. This
also enabled the examination of the effects of the timing of
influenza vaccination on adverse birth outcomes. Second, since
information on pregnancy outcomes was based on reports from
the obstetricians of the study subjects, the accuracy of information
was considered high. In fact, the proportions of preterm birth, low
birth weight, congenital malformations, and pregnancy-induced
complications in the present study were comparable to those of
the general population in Japan (Munoz et al., 2005; Nordin et al.,
2014b; Sheffield et al., 2012). Additionally, maternal age, BMI, and
the proportion of smokers during pregnancy were similar in
another study in Japan (Munoz et al., 2005). In addition, the
present study detected known risk factors for adverse birth
outcomes, such as maternal age, pregnancy-induced complica-
tions, and smoking during pregnancy (Irving et al., 2013). These
findings suggest the reliability of the study results.
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In conclusion, this cohort study indicates that influenza
vaccination of pregnant women had no adverse effects on the
fetus regardless of the trimester in which the vaccination was
performed. The safety of influenza vaccination among pregnant
women in Japan was also suggested.
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Appendix A.

Other members of the Osaka Pregnant Women Influenza Study
Group are as follows (shown in alphabetical order of affiliation):
Shiro Imai (Department of Gynecology and Obstetrics, Aizenbashi
Hospital), Eiko Akagaki (Akagaki Ladies Clinic), Mariko Akai (Akai
Maternity Clinic), Yoshitsune Azuma (Azuma Ladies Clinic),
Shinichi Hamada (Department of Obstetrics and Gynecology, Bell
Land General Hospital), Satoru Motoyama (Department of
Obstetrics and Gynecology, Chibune General Hospital), Hiroko
Chimori (Chimori Medical Clinic), Shoko Nakagawa (Department of
Obstetrics and Gynecology, Fuchu Hospital), Takehiko Fukuda
(Fukuda Lady’s Clinic), Masahisa Hagiwara (Hagiwara Clinic),
Hideto Okuda (Hamada Women’s Hospital), Takuro Hamanaka
(Hamanaka Obstetrics and Gynecology), Seiichi Yamamasu (Ob-
stetrics and Gynecology, Hannan Chuo Hospital), Kenji Hirota
(Obstetrics and Gynecology, Hanwasumiyoshi General Hospital),
Masataka Oku (Obstetrics and Gynecology, Higashi Osaka City
General Hospital), Keizo Hiramatsu (Hiramatsu Obstetrics and
Gynecology Clinic), Masanori Hisamatsu (Hisamatsu Maternity

Clinic), Yasushi lijima (lijima Women’s Hospital), Mikio Takehara
(Department of Obstetrics and Gynecology, Ikeda City Hospital),
Somei Ikeda (Ikeda OB/GYN Clinic), Takeshi Inoue (Inoue Lady’s
Clinic), Eriko Yamashita (Ishida Hospital), Aisaku Fukuda (The
Centre for Reproductive Medicine and Infertility, IVF Osaka Clinic),
Itsuko Iwata (Iwata Clinic), Junko Nishio (Department of Obstetrics
and Gynecology, Izumiotsu Municipal Hospital), Tateki Tsutsui
(Department of Obstetrics and Gynecology, Japan Community
Healthcare Organization Osaka Hospital), Kenji Yamaji (Kajimoto
Clinic), Takao Kamiya (Kamiya Ladies Clinic), Atsushi Kasamatsu
(Department of Obstetrics and Gynecology, Kansai Medical
University Hirakata Hospital), Tatsuya Nakajima (Department of
Obstetrics and Gynecology, Kansai Medical University Takii
Hospital), Kanji Kasahara (Kasahara Clinic), Kenjitsu Kasamatsu
(Kasamatsu Obstetrics and Gynecology/Pediatrics), Kawabata
Ryoichi (Kawabata Lady’s Clinic), Kazume Kawabata (Kawabata
Women’s Clinic), Kozo Kadowaki (Department of Obstetrics and
Gynecology, Kawachi General Hospital), Hiroshi Nomura (Kawa-
shima Ladies Clinic), Tomoyuki Kikuchi (Kikuchi Ladies Clinic),
Ayako Suzuki (Department of Obstetrics and Gynecology, Kinki
University), Tadayoshi Nagano (Department of Obstetrics and
Gynecology, Kitano Hospital), Yoshitsugu Komeda (Komeda Ladies
Clinic), Ryousuke Kondo (Kondo Ladies Clinic), Shinjin Konishi
(Konishi Ladies Clinic), Hideo Takemura (Kosaka Women’s Hospi-
tal), Masako Kasumi (Masako Ladies Clinic), Kazuo Masuhiro
(Masuhiro Maternity Clinic), Ryoji Ito (Department of Obstetrics
and Gynecology, Matsushita Memorial Hospital), Yoshiki Saka-
moto (Department of Obstetrics and Gynecology, Mimihara
General Hospital), Kouzo Hirai (Minami-Morimachi Ladies Clinic),
Yoshimitsu Yamamoto (Department of Obstetrics and Gynecology,
Minoh City Hospital), Yoshitaka Kariya (Minoh Ladies Clinic),
Osamu Misaki (Misaki Clinic), Akira Miyake (Miyake Clinic),
Yasuko Osako (Mom Women’s Clinic Osako), Masao Mori (Mori
Obstetrics and Gynecology Clinic), Keizo Naka (Naka Ladies Clinic),
Yasumasa Tokura (Nakai Clinic), Jun Yoshimatsu (Department of
Perinatology and Gynecology, National Cerebral and Cardiovascu-
lar Center), Keiji Tatsumi (Department of Obstetrics and Gynecol-
ogy, National Hospital Organization Osaka National Hospital),
Takayoshi Kanda (Department of Obstetrics and Gynecology,
National Hospital Organization Osaka Minami Medical Center),
Masahiro Nishikawa (Nishikawa Ladies Clinic), Sekio Nishimoto
(Nishimoto Ladies Clinic), Yoshihiro Nishioka (Nishioka Clinic),
Takao Funato (Department of Obstetrics and Gynecology, Nissay
Hospital), Kouichi Nozaki (Nozaki Ladies Clinic), Gengo Ohira
(Ohira Ladies Clinic), Yoshiyuki Okamura (Okamura Ladies Clinic),
Yuzo Oga (Oga Clinic), Osamu Nakamoto (Department of Obstetrics
and Gynecology, Osaka City General Hospital), Shinichi Nakata
(Department of Obstetrics and Gynecology, Osaka City Juso
Hospital), Tetsuo Nakamura (Department of Obstetrics and
Gynecology, Osaka City Sumiyoshi Hospital), Masahiko Takemura
(Department of Obstetrics and Gynecology, Osaka General Medical
Center), Toshiyuki Sadou (Department of Obstetrics and Gynecol-
ogy, Osaka Gyoumeikan Hospital), Nobuaki Mitsuda (Department
of Obstetrics, Osaka Medical Center and Research Institute for
Maternal and Child Health), Daisuke Fujita (Department of
Obstetrics and Gynecology, Osaka Medical College), Koji Hisamoto
(Department of Obstetrics and Gynecology, Osaka Police Hospital),
Shinobu Akada (Department of Obstetrics and Gynecology, Osaka
Prefectural Medical Center for Respiratory and Allergic Diseases),
Takafumi Nonogaki, Chinami Horiuchi (Department of Obstetrics
and Gynecology, Osaka Red Cross Hospital), Yasuhiko Shiki
(Department of Obstetrics and Gynecology, Osaka Rousai Hospi-
tal), Tadashi Kimura (Department of Obstetrics and Gynecology,
Osaka University Graduate School of Medicine), Koutaro Kitamura
(Obstetrics and Gynecology, PL Hospital), Kazuhide Ogita (Depart-
ment of Obstetrics and Gynecology, Rinku General Medical Center),
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Shigeki Matsuo (Saint Barnabas Hospital), Yoshihito Ikeda (De-
partment of Obstetrics and Gynecology, Saiseikai Ibaraki Hospital),
Akihiro Moriyama (Department of Obstetrics and Gynecology,
Saiseikai Nakatsu Hospital), Yukiyoshi Ishikawa (Department of
Obstetrics and Gynecology, Saiseikai Noe Hospital), Hiroshi Muso
(Department of Obstetrics and Gynecology, Saiseikai Senri Hospi-
tal), Fuminori Kitada (Department of Obstetrics and Gynecology,
Saiseikai Suita Hospital), Toshiya Yamamoto (Department of
Obstetrics and Gynecology, Sakai City Hospital), Megumi Take-
mura (Department of Obstetrics and Gynecology, Sakibana
Hospital), Takeshi Sawada (Sawada Ladies Clinic), Kentaro Shimura
(Shimura Women's Clinic), Koh Shinyashiki (Shinyashiki Obstetrics
and Gynecology), Mitsuhiko Masuda (Department of Obstetrics
and Gynecology, Shiseikai Corporate Juridical Person), Tsuneo
Shoda (Shoda Medical Clinic), Takamichi Nishizaki (Department of
Obstetrics and Gynecology, Suita Municipal Hospital), Yoshinori
Suzuki (Suzuki Clinic), Isao Suzuki (Suzuki Obstetrics and
Gynecology), Hiroshi Nanjyo (Department of Obstetrics and
Gynecology, Taisho Hospital), Keiko Takabatake (Takabatake
Women’s Clinic), Kikuya Takase (Takase Ladies Clinic), Satoshi
Nakago (Department of Obstetrics and Gynecology, Takatsuki
General Hospital), Jun Takeyama (Takeyama Ladies Clinic), Takeshi
Taniguchi (Taniguchi Hospital), Keiichi Tasaka (Tasaka Clinic),
Toshiaki Tatsumi (Tatsumi Ladies Clinic), Atsushi Tokuhira
(Department of Obstetrics and Gynecology, Toyonaka Municipal
Hospital), Shogo Tsubokura (Tsubokura Women’s Clinic), Kayoko
Ueda (Ueda Ladies Clinic), Yukiko Uenae (Uenae Ladies Clinic),
Takahiko Unno (Unno Maternity Clinic), Hiroshi Yabuki (Yabuki
Maternity Clinic), Tokihiro Yanamoto (Yanamoto Maternity Clinic),
Yoshihiko Yamada (Department of Obstetrics and Gynecology, Yao
Municipal Hospital), Nobuyuki Maruo (Department of Obstetrics
and Gynecology, Yodogawa Christian Hospital), Yoshitsugu Takada
(Department of Obstetrics and Gynecology, Yoshikawa Hospital).
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Background. Infants <6 months of age are too young to receive influenza vaccine, despite being at high risk for severe influen-
za-related complications.

Methods. To examine the effectiveness of maternal influenza vaccination in preventing influenza in their infants, we conducted
a prospective cohort study of 3441 infants born at participating hospitals before the 2013-2014 influenza season. At the time of re-
cruitment, their mothers completed a questionnaire about influenza vaccination status for the 2013-2014 season. A follow-up survey
was conducted after the end of the 2013-2014 season to collect information regarding influenza diagnosis and hospitalization among
infants.

Results.  During the 2013-2014 influenza season, 71 infants (2%) had influenza diagnosed, and 13 infants (0.4%) were hospital-
ized with influenza. Maternal influenza vaccination (especially prenatal vaccination) decreased the odds of influenza among infants.
The effectiveness of prenatal vaccination was 61% (95% confidence interval, 16%-81%), whereas that of postpartum vaccination was
53% (—28%-83%). Although maternal influenza vaccination was also associated with a decreased odds of influenza-related hospi-
talization among infants, vaccine effectiveness (73%) did not reach statistical significance, owing to the limited number of infants

hospitalized because of influenza.

Conclusions. The present findings indicated that pregnant women and postpartum women should receive influenza vaccination

to protect their infants.

Keywords. Influenza; infants; maternal vaccination; prospective cohort study; vaccine effectiveness.

Infants <6 months of age are too young to receive the influenza
vaccine, despite being at high risk for severe influenza-related
complications. In the United States, to protect these infants,
influenza vaccination has been recommended for individuals
who live with or care for these infants, particularly their mothers
[1]. In addition, the World Health Organization issued a posi-
tion paper recommending that pregnant women be accorded
the highest priority for seasonal influenza vaccination, owing to
expectations of vaccine effectiveness in preventing influenza in
mothers and their infants [2].

However, to our knowledge, only 7 studies have reported the
effectiveness of maternal influenza vaccination for influenza in

Received 28 September 2017; editorial decision 27 November 2017; accepted 30 November 2017;
published online December 5, 2017.

aMembers of the study group are listed at the end of the text.

Correspondence: S. Ohfuji, MD, PhD, Department of Public Health, Osaka City University
Graduate School of Medicine, 1-4-3, Asahi-machi, Abeno-ku, Osaka-city, Osaka 545-8585,
Japan (satop@med.osaka-cu.ac.jp).

The Journal of Infectious Diseases® 2018;217:878-86

© The Author(s) 2017. Published by Oxford University Press for the Infectious Diseases
Society of America. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/licenses/
by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any
medium, provided the original work is not altered or transformed in any way, and that the
work is properly cited. For commercial re-use, please contact journals.permissions@oup.com
DOI: 10.1093/infdis/jix629

infants <6 months of age [3-9]. Moreover, these previous stud-
ies have reported inconsistent results. Four studies indicated
significant vaccine effectiveness in preventing infant influenza
and its related hospitalization [3-6], while the remaining 3
studies did not indicate any effectiveness of maternal influ-
enza vaccination [7-9]. We believe there could be several pos-
sible reasons for this inconsistency. Since the previous studies
focused on the effectiveness of vaccination of pregnant women,
they might not have taken the possible effects of vaccination of
postpartum women into consideration. Influenza vaccination
of postpartum women may prevent influenza among mothers,
which may contribute to protecting their infants from influ-
enza. If, however, these postpartum-vaccinated women were
classified as unvaccinated women, it would lead to underesti-
mation of the effectiveness of maternal influenza vaccination.
In addition, studies that used acute febrile respiratory illness
rather than laboratory-confirmed influenza as a study outcome
may have included noninfluenza cases, so that the resultant out-
come misclassification would make it more difficult to detect
vaccine effectiveness.

Thus, in the present prospective cohort study, which investi-
gated the effectiveness of maternal influenza vaccination in pre-
venting infant influenza and its related hospitalization, maternal
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influenza vaccination was divided into prenatal vaccination
and postpartum vaccination in the detailed analysis, and the
effectiveness of vaccination during each period was estimated
separately. In addition, although we used pediatrician-diag-
nosed influenza as the main study outcome, we considered it
an appropriate substitute for laboratory-confirmed influenza
because the influenza rapid diagnostic test is routinely per-
formed for infants who visit pediatric hospitals and clinics for
medical treatment of acute febrile respiratory illnesses during
the influenza season in Japan.

METHODS

Participants
This study was conducted with the cooperation of the 117
maternity hospitals and clinics affiliated with the Obstetrical
Gynecological Society of Osaka, Japan. To enroll infants born
at the collaborating hospitals and clinics before the start of
the 2013-2014 influenza season, 10720 pregnant women (re-
gardless of gestational age) who were attending these hospi-
tals and clinics between September 2013 and December 2013
were recruited to participate in the present study. At that time,
2812 women were in the first trimester, whereas 3585 and 4323
women were in the second and third trimesters, respectively.
A total of 3841 infants were delivered by these women before the
start of the 2013-2014 influenza season (ie, between October
and December 2013) and were identified as study candidates.
Mothers of the participating infants received an explanation
of the study from their obstetrician and verbally provided in-
formed consent prior to participation.

The study protocol was approved by the Ethics Committees
at the Osaka City University Graduate School of Medicine and
was performed in accordance with the Declaration of Helsinki.

Information Collection

At the time of recruitment, data on the following maternal
characteristics were obtained by means of a self-administered
questionnaire completed by each infant’s mother: maternal age,
height and weight before pregnancy, underlying illnesses, and
influenza vaccination status for the 2013-2014 season.

With respect to the follow-up survey conducted after the
2013-2014 influenza season (ie, May 2014), the mothers were
asked to fill out a mail-back questionnaire to collect the fol-
lowing information that had become available since the time
of recruitment: for infants, the date and gestational week of
birth, birth weight, daycare attendance, influenza diagnosis
made by a pediatrician, and hospitalization; and for moth-
ers, influenza vaccination history after recruitment and influ-
enza diagnosis. Mothers of infants who had been hospitalized
were also asked to provide the name of the disease that led to
hospitalization and the name of the hospital. To confirm this
self-reported information on hospitalization, we contacted

the pediatricians at the relevant hospitals and asked them to
provide the following information from the subject’s hospital
records: date of admission, date of discharge, name of disease
that led to hospitalization, and laboratory data at the time of
hospitalization.

In addition, to obtain clinical information about the infants’
birth, the obstetrician caring for their mothers was asked to
complete a structured questionnaire. The questionnaire gath-
ered information about the infants’ date and gestational week
of birth, birth weight, presence of congenital malformation, and
birth order (ie, the mother’s parity status when the infant was

delivered).

Statistical Analysis

As an exposure variable, the effect of maternal influenza vacci-
nation was first investigated after categorizing mothers as un-
vaccinated or receiving vaccination and then after categorizing
them as unvaccinated, receiving prenatal vaccination, or re-
ceiving postpartum vaccination.

The following 2 outcome measures for infants were used in
the present study: pediatrician-diagnosed influenza and hospi-
talization due to an influenza diagnosis.

With regard to explanatory variables, maternal age was cat-
egorized as <29, 30-34, and 235 years. The following maternal
influenza-related underlying conditions, based on a previous
report, were included: chronic respiratory disorders (including
asthma), cardiovascular disorders (excluding isolated hyper-
tension), kidney disease, liver disease, neurological disorders,
blood disorders, metabolic disorders (including diabetes),
immunocompromised state (due to factors such as malignant
tumors, connective tissue disorders, inflammatory bowel dis-
ease, and chronic rheumatism), and obesity (ie, a body mass
index [calculated as the weight in kilograms divided by the
height in meters squared] of >25.0) [1]. Data regarding the
number of siblings of the infants were based on the mother’s
parity status recorded during the obstetrician-administered
questionnaire.

A logistic regression model was used to calculate the odds
ratio (OR) and 95% confidence interval (CI) for the associa-
tions between maternal influenza vaccination and the outcome
measures. In the multivariate model, we included all variables
in the univariate analyses that were related to both maternal
vaccination status (ie, the exposure variable) and infant influ-
enza diagnosis (ie, the outcome index) with P values of <.10.
Furthermore, stratified analysis was conducted to examine
whether the effectiveness of maternal influenza vaccination
against influenza acquisition by their infants varied according to
the maternal influenza diagnostic status in the relevant season.
The X2 and Wilcoxon rank-sum tests were also used where ap-
propriate. All analyses were 2-tailed and were conducted using
SAS, version 9.3.
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RESULTS

Among 3841 infants, incomplete data on the variables under
study caused the exclusion of 400 infants, leaving 3441 infants
(89.6%) for analysis. Table 1 shows the characteristics of the
study infants and their mothers. Median maternal age was
32 years, and 22% of mothers had influenza-related underlying
conditions. A total of 39% of mothers received the influenza
vaccine for the 2013-2014 season, and 27% were vaccinated
during their pregnancy. A total of 5% of study infants were born
prematurely, whereas 9% had a low birth weight. Approximately
half the infants had older siblings, and 8% began attending day-
care facilities in the 2013-2014 season.

Table 2 shows the association between maternal influenza vac-
cination and select background characteristics. Unvaccinated
mothers were younger than vaccinated mothers. In addition,
infants’ birth month appeared to affect the timing of maternal
vaccination (ie, during the prenatal or postpartum periods).

Table 1. Characteristics of the Study Infants and their Mothers

Study Subjects

Characteristic (n = 3441)
Among mothers
Age, y 32 (17-49)
Presence of influenza-related underlying 758 (22)
condition(s)
Influenza vaccination status for 2013-2014 season
Unvaccinated 2101 (61)
Vaccinated 1340 (39)
Timing of influenza vaccination
Prenatal 943 (27)
Postpartum 397 (12)
Receipt of influenza diagnosis during 2013-2014 152 (4)
season
Among infants
Birth month
October 886 (26)
November 1227 (36)
December 1328 (38)
Gestational week
Overall 39.6 (23.1-42.4)
22-36 179 (5)
37-41 3244 (94)
>42 18 (1)
Birth weight, g
Overall 3024 (428-4716)
<2500 317 (9)
>2500 3124 (91)
Congenital malformation
Present 155 (5)
Older siblings, no.
Absent 1825 (53)
1 1137 (33)
>2 479 (14)
Attends daycare 260 (8)

Data are no. (%) of subjects or median value (range).

Preterm birth, low birth weight, and congenital malformations
were more often observed in infants delivered by unvaccinated
mothers. Vaccinated mothers were likely to be multipara, sug-
gesting that their infants had at least 1 older sibling.

During the 2013-2014 influenza season, 71 infants (2%)
had influenza diagnosed (Table 3). Univariate analysis revealed
that maternal influenza vaccination had a decreasing effect on
the occurrence of pediatrician-diagnosed influenza among
infants. The proportion of infants with an influenza diagnosis
was also lower among those born in December or with a low
birth weight. On the other hand, maternal influenza diagnosis,
presence of older siblings, and daycare attendance were associ-
ated with a higher risk of influenza among infants. Even after
considering the effects of these potential confounding factors,
maternal vaccination showed a decreasing OR for an influenza
diagnosis among infants (OR, 0.42; 95% CI, .22-.78). In par-
ticular, prenatal vaccination was associated with a statistically
significantly lower OR of 0.39 (95% CI, .19-.84). Although
postpartum vaccination also showed a decreasing OR for influ-
enza among infants, it did not reach statistically significant lev-
els, owing to the limited number of study subjects. Conversely,
a diagnosis of maternal influenza elevated the OR for a diag-
nosis of influenza in infants by 36-fold, implicating influenza
in mothers as a strong risk factor for influenza virus infection
in infants. In addition, the presence of older siblings or daycare
attendance also increased the ORs for influenza among infants
by approximately 2-3-fold.

Table 4 shows the association between infant hospitaliza-
tion due to influenza and background characteristics, including
maternal vaccination. In multivariate analysis, maternal vacci-
nation decreased the OR for infant hospitalization due to in-
fluenza by approximately one fourth, with marginal statistical
significance (OR, 0.27; 95% CI, .06-1.24). The OR of prenatal
vaccination was also decreased to 0.33, which, however, was
not statistically significant. We could not calculate the OR of
postpartum vaccination, since there were no hospitalized cases
in this category. On the other hand, maternal influenza was
associated with a higher risk of infant hospitalization due to
influenza, while a greater number of older siblings was also as-
sociated with an elevated OR for infant hospitalization. The ORs
for these variables were 13.8 (95% CI, 4.42-42.9) and 6.88 (95%
CI, 1.27-37.3), respectively.

The effect of maternal influenza vaccination was examined in
terms of the status of maternal influenza diagnosis in the 2013-
2014 season (Table 5). Among mothers with a diagnosis of influ-
enza in the 2013-2014 season, the proportion of infants with
influenza was 33% for unvaccinated mothers, 16% for those with
a prenatal vaccination, and 16% for those with a postpartum
vaccination. Among mothers without a diagnosis of influenza,
the proportions of infants with influenza were much smaller
(1% for unvaccinated mothers, 0.4% for those with a prenatal
vaccination, and 0.8% for those with a postpartum vaccination).
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Table 2. Association Between Maternal Influenza Vaccination and Select Background Characteristics, by Maternal Vaccination Status

Unvaccinated Prenatal Vaccination Postpartum Vaccination
Characteristic (n =2101) (n =943) (n =397) P
Among mothers
Age, y 32 (17-49) 33 (19-47) 33 (17-46) <.01
Presence of influenza-related underlying condition(s) 457 (22) 213 (23) 88 (22) .87
Receipt of influenza diagnosis during 2013-2014 season 103 (5) 37 (4) 12 (3) A7
Among infants
Birth month
October 567 (27) 53 (6) 266 (67) <.01
November 765 (36) 345 (37) 17 (29)
December 769 (37) 545 (58) 14 (4)
Gestational week
22-36 123 (6) 41 (4) 15 (4) .02
37-41 1969 (94) 896 (95) 379 (95)
>42 9(0.4) 6 (1) 3(1)
Birth weight, g
<2500 215 (10) 74 (8) 28 (7) .01
>2500 1886 (90) 869 (92) 369 (93)
Presence of congenital malformation 114 (5) 24 (3) 17 (4) <.01
Older siblings, no.
0 1217 (58) 423 (45) 185 (47) <.01
1 597 (28) 387 (41) 153 (39)
>2 287 (14) 133 (14) 59 (1b)
Attends daycare 166 (8) 55 (6) 39 (10) .03

Data are no. (%) of subjects or median value (range).

However, the ORs of maternal influenza vaccination were quite
similar regardless of whether the mothers received a diagnosis
of influenza. Regarding infant hospitalization due to influenza,
stratified analysis could not provide meaningful results, since
the number of infants hospitalized due to influenza was very
limited.

DISCUSSION

The findings of the present study demonstrated that maternal
influenza vaccination decreases the occurrence of influenza and
its related hospitalization in their infants. Among infants, the
vaccine effectiveness of maternal influenza vaccination was 58%
(95% CI, 22%-78%) for pediatrician-diagnosed influenza and
73% (95% CI, —24%-94%) for influenza-related hospitalization.
These results are consistent with those of previous studies con-
ducted in other countries [3-6].

When we examined the effects of maternal vaccination by
dividing it into prenatal vaccination and postpartum vacci-
nation, prenatal vaccination seemed to be more effective in
preventing influenza infection in infants; the effectiveness of
prenatal vaccination for infants’ pediatrician-diagnosed influ-
enza was 61% (95% CI, 16%-81%) and that of postpartum vac-
cination was 53% (95% CI, —28%-83%). However, we did not
conclude that postpartum vaccination had no effect on infant
influenza, because the effectiveness of postpartum vaccination
was 53% (point estimate) and the number of study subjects with
postpartum vaccination was really smaller than the number of

those with prenatal vaccination. It is therefore possible that the
lack of statistical significance in the effectiveness of postpar-
tum vaccination might have resulted from the lack of statistical
power in our study.

There are 2 possible mechanisms for the observed effect of
maternal influenza vaccination on decreasing the risk of influ-
enza among infants. The first is through passive immunity, in
which maternal antibodies produced in response to prena-
tal vaccination are transferred to the fetus via the umbilical
cord and, thus, protect the infant from contracting influenza.
Previous studies have reported this possibility by showing the
presence of passive antibodies in umbilical cords and serum
samples from infants [10-13]. The second mechanism is that
vaccinated mothers have a lower risk of developing influenza,
which secondarily results in a reduced risk of influenza among
infants. In theory, since prenatal vaccination could have both
of these effects and postpartum vaccination only includes the
latter mechanism, the difference between the effectiveness of
prenatal and postpartum vaccination is probably the effect of
passive immunity. From this point of view, the effect of passive
immunity could be calculated as only 8%, and the remaining
53% might be explained by the latter mechanism. Hence, pre-
natal vaccination is expected to be more effective for prevent-
ing influenza in infants because it exerts effects through both
mechanisms described above. Prenatal vaccination is therefore
considered preferable for preventing influenza among infants,
although if mothers do not receive influenza vaccination during
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Table 3. Association Between Subjects’ Background Characteristics, Including Maternal Influenza Vaccination Status, and Pediatrician-Diagnosed

Influenza in Infants

Univariate Multivariate®
Characteristics Influenza Cases, n/N (%) OR (95% ClI) P OR (95% ClI) P
Among mothers
Age, y°
<29 22/1043 (2) 1.07 (.60-1.91) .81
30-34 25/1269 (2) 1.00
>35 24/1129 (2) 1.08 (.61-1.90) .79
Influenza-related underlying conditions
Absent 59/2683 (2) 1.00
Present 12/758 (2) 0.72 (.38-1.34) .30
Influenza vaccination during 2013-2014 season
Absent 56/2101 (3) 1.00 1.00
Present 15/1340 (1) 0.41 (.23-.73) <.01 0.42 (.22-.78) <.01
Timing of influenza vaccination
Prenatal 10/943 (1) 0.39 (.20-.77) <.01 0.39¢ (.19-.84) .02
Postpartum 5/397 (1) 0.47 (.19-1.17) .10 0.47¢(.17-1.28) 14
Influenza diagnosis during 2013-2014 season
Absent 29/3289 (1) 1.00 1.00
Present 42/152 (28) 42.9 (25.8-71.5) <.01 36.0 (21.1-61.4) <.01
Among infants
Birth month
October 24/886 (3) 1.00 1.00
November 31/1227 (3) 0.93 (.54-1.60) .80 0.99 (.63-1.82) .96
December 16/1328 (1) 0.44 (.23-.83) .01 0.50 (.25-1.01) .05
Birth weight, g
<2500 2/317 (1) 0.28 (.07-1.15) .08 0.26 (.06-1.16) .08
>2500 69/3124 (2) 1.00 1.00
Congenital malformation
Absent 69/3286 (2) 1.00
Present 2/155 (1) 0.61 (.15-2.561) 49
Older siblings, no.d
0 17/1825 (1) 1.00 1.00
1 33/1137 (3) 3.18 (1.76-5.73) <.01 2.02 (1.06-3.85) .03
>2 21/479 (4) 4.88 (2.55-9.32) <.01 3.29 (1.61-6.71) <.01
Daycare attendance
Absent 59/3181 (2) 1.00 1.00
Present 12/260 (5) 2.56 (1.36-4.83) <.01 2.05(.98-4.32) .06

Abbreviations: Cl, confidence interval; OR, odds ratio.
2Model includes variables in this table.
bIn univariate analysis, P‘ = .46.

rend =

°The OR was obtained from the model in which maternal influenza vaccination status during the 2013-2014 influenza season (ie, unvaccinated or vaccinated) was replaced by maternal vac-
cination status that included stratification of vaccination timing (ie, unvaccinated, prenatal vaccination, or postpartum vaccination).

dIn univariate and multivariate analyses, P, , = <.01.

rend

pregnancy, postpartum vaccination would also be useful in pro-
tecting their infants from the threat of influenza.

The present study also showed strong associations between
an influenza diagnosis among infants and the presence of influ-
enza in their mothers, the presence of older siblings, and attend-
ance at a daycare facility. In particular, the risk of an influenza
diagnosis among infants with mothers who had influenza was
36 times the risk among infants without mothers who had
influenza. In general, younger infants, especially those aged
<6 months, tend to be kept inside the house during winter;
therefore, household members are usually the primary source

of influenza virus infection among infants. Mothers in partic-
ular tend to have the most contact with infants because they
are usually their main caregivers. Hence, if a mother is infected
with influenza virus, it is often easily transmitted to their infant.
Infants can also be exposed to influenza virus in the daycare
setting. Therefore, to protect infants <6 months of age who
are too young to be vaccinated, family members living in the
same household (particularly mothers) should receive influenza
vaccine; the stratified analysis in the present study supported
this recommendation by also showing the protective effect of
maternal influenza vaccination against influenza among infants
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Table 4. Association Between Subjects’ Background Characteristics, Including Maternal Influenza Vaccination Status, and Infant Hospitalization Due to

an Influenza Diagnosis

Univariate Multivariate?
Characteristic Hospitalized Cases, n/N (%) OR (95% ClI) P OR (95% ClI) P
Among mothers
Age, y°
<29 5/1043 (0.5) 1.62 (.41-5.69) .53
30-34 4/1269 (0.3) 1.00
>35 4/1129 (0.4) 1.12 (.28-4.51) .87
Influenza-related underlying conditions
Absent 10/2683 (0.4) 1.00
Present 3/758 (0.4) 1.06 (.29-3.87) .93
Influenza vaccination during 2013-2014 season
Absent 11/2101 (0.5) 1.00 1.00
Present 2/1340 (0.1) 0.28 (.06-1.28) .10 0.27 (.06-1.24) .09
Timing of influenza vaccination
Prenatal 2/943 (0.2) 0.40 (.09-1.83) .24 0.33¢ (.07-1.56) .16
Postpartum 0/397 (0) NA NA
Influenza diagnosis during 2013-2014 season
Absent 7/3289 (0.2) 1.00 1.00
Present 6/152 (3.9) 19.3 (6.40-58.1) <.01 13.8 (4.42-42.9) <.01
Among infants
Birth month
October 2/886 (0.2) 1.00 1.00
November 5/1227 (0.4) 1.81 (.35-9.34) .48 1.98 (.37-10.5) 42
December 6/1328 (0.5) 2.01 (.40-9.96) 40 2.53 (.49-13.0) 27
Birth weight, g
<2500 0/317 (0) NA NA
>2500 13/3124 (0.4)
Congenital malformation
Absent 12/3286 (0.4) 1.00
Present 1/155 (0.6) 1.77 (23-13.7) .58
Older siblings, no.d
0 2/1825 (0.1) 1.00 1.00
1 6/1137 (0.5) 4.84 (.97-24.0) .05 3.96 (.78-20.2) .098
>2 5/479 (1.0) 9.62 (1.86-49.7) <.01 6.88 (1.27-37.3) .03
Daycare attendance
Absent 11/3181 (0.3) 1.00 1.00
Present 2/260 (0.8) 2.23(.49-10.1) .30 1.49 (.31-727) .62

Abbreviations: Cl, confidence interval; NA, not applicable; OR, odds ratio.
2Model includes variables in this table.
bIn univariate analysis, Piong = 93

rend =

¢The OR was obtained from the model in which maternal influenza vaccination status during the 2013-2014 influenza season (ie, unvaccinated or vaccinated) was replaced by maternal vac-
cination status that included stratification of vaccination timing (ie, unvaccinated, prenatal vaccination, or postpartum vaccination).

dIn univariate analysis, P ong <-01; in multivariate analysis, P, = .02.

whose mothers received a diagnosis of influenza. And if family
members contract influenza, protective measures, such as wear-
ing masks and putting some distance between infected family
members and the infant, should be taken to avoid transmission
to the infant.

In the present study, infants born in December and those with
low a birth weight had a lower risk of influenza. These findings
are unexpected but might be explained by the possibility that a
decreased opportunity for contact with influenza virus results
in a lower odds of contracting influenza. Specifically, during the
influenza season, infants born in December are younger than

those born in October and, thus, have a greater likelihood of
remaining indoors in the winter. In addition, because infants
with a low birth weight are usually treated in incubators until
they reach an adequate weight, they may have spent less time at
home during the influenza season than those with a normal or
higher birth weight. However, we cannot confirm whether this
explanation is accurate, since we did not obtain any informa-
tion on the frequency of leaving home and the date of hospital
discharge after birth. In addition, infants born in December had
an increased odds of hospitalization, although the association
was not statistically significant. Thus, it seems sensible to have
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Table 5. Effect of Maternal Influenza Vaccination on Infants’ Influenza, by Presence or Absence of Maternal Influenza Diagnosis During the 2013-2014

Season

Pediatrician-Diagnosed Influenza

Hospitalization Due to influenza

Characteristic, by Diagnosis Status Proportion (%) OR (95% Cl)? P Proportion (%) OR (95% Cl)? P
Present (n = 152)
Influenza vaccination during 2013-2014 season
Absent 34/103 (33.0) 1.00 5/103 (4.9) 1.00
Present 8/49 (16.3) 0.41 (.17-.99) .048 1/49 (2.0) 0.43 (.05-4.06) 46
Timing of influenza vaccination
Prenatal 6/37 (16.2) 0.42° (.15-1.18) .099 1/37 (2.7) 0.46° (.05-4.45) .50
Postpartum 2/12 (16.7) 0.36° (.07-1.86) .22 0/12 (0) NA
Absent (n = 3289)
Influenza vaccination during 2013-2014 season
Absent 22/1998 (1.1) 1.00 6/1998 (0.3) 1.00
Present 7/1291 (0.5) 0.42 (.18-1.01) .051 1/1291 (0.1) 0.23 (.03-1.94) 18
Timing of influenza vaccination
Prenatal 4/906 (0.4) 0.40° (.13-1.19) .098 1/906 (0.1) 0.30° (.04-2.58) .27
Postpartum 3/385 (0.8) 0.47° (.13-1.65) 24 0/385 (0) NA

Abbreviations: Cl, confidence interval; NA, not applicable; OR, odds ratio.

2Model includes maternal influenza vaccination status during the 2013-2014 influenza season, birth month, birth weight, older siblings, and daycare attendance.

The OR was obtained from the model in which maternal influenza vaccination status during the 2013-2014 influenza season (ie, unvaccinated or vaccinated) was replaced by maternal vac-
cination status that included stratification of vaccination timing (ie, unvaccinated, prenatal vaccination, or postpartum vaccination).

reservations about a relationship between birth month and
influenza risk among infants.

The present study has the following advantages. First, this is
the first study to investigate the effects of maternal vaccination
on influenza among infants by using a large cohort of infants
(>3000). This enabled us to examine not only the effects of ma-
ternal vaccination, but also that of prenatal versus postpartum
vaccination, which further helps to elucidate the mechanisms
of protective effects of maternal influenza vaccination against
influenza among infants. Second, while information on infant
hospitalization relied on self-reported data from mothers, the
accuracy of the data was ensured by contacting the relevant
admitting hospital. Although we were able to obtain informa-
tion from hospital records for only 54% of infants reported to
be hospitalized, almost all information obtained from moth-
ers about the admission date and name of the disease leading
to hospitalization was identical to the data from the hospital
records. Thus, we believe that the self-reported information
about infant hospitalization was reliable. Third, since all study
subjects were recruited from within Osaka Prefecture, charac-
teristics of the subjects’ exposure to influenza viruses were con-
sidered to be similar.

However, this study also had some limitations. First, there
may have been some misclassification of infants’ influenza
diagnoses. However, in Japan, since rapid diagnostic tests are
conventionally used in the clinical setting, almost all reports of
infant influenza would be expected to be based on the results
of rapid tests. On the other hand, the infants” influenza diagno-
ses would be affected by their mothers’ attitudes toward seek-
ing medical attention. For example, febrile infants observed at

home without visiting a medical facility may have been classified
as not having influenza even if they had contracted the virus.
However, since infants were as young as several months olds,
most mothers would have taken their infants to the hospital or
clinic if they had a fever. Thus, the number of misclassifications
of infants’ influenza diagnoses, if any, would be expected to be
low, compared with the studies targeting older infants. Second,
generally speaking, since vaccinated mothers have a higher
level of health consciousness than unvaccinated mothers, they
might avoid taking their infants outside in the influenza season.
If this behavior was different between vaccinated and unvacci-
nated mothers, the observed vaccine effectiveness in the present
study might be biased toward overestimation. Third, since the
infants in the present study were all born at obstetric facilities in
Osaka Prefecture before the beginning of the 2013-2014 influ-
enza season, there is some concern about the generalizability
of the results. Further investigation in different seasons and
regions is desirable to confirm the validity of the findings in the
present study.

In conclusion, these results indicate that maternal vaccina-
tion could protect infants from contracting influenza. Pregnant
women should receive influenza vaccination to protect not only
themselves but also their infants. If they do not receive influ-
enza vaccination during pregnancy, postpartum vaccination
would also be useful in protecting their infants from the threat
of influenza.

MEMBERS OF THE STUDY GROUP

Other members in the Osaka Pregnant Women Influenza
Study Group are as follows (in alphabetical order of affiliation):
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Shiro Imai (Department of Gynecology and Obstetrics,
Aizenbashi Hospital), Eiko Akagaki (Akagaki Ladies Clinic),
Mariko Akai (Akai Maternity Clinic), Yoshitsune Azuma
(Azuma Ladies Clinic), Shinichi Hamada (Department of
Obstetrics and Gynecology, Bell Land General Hospital),
Satoru Motoyama (Department of Obstetrics and Gynecology,
Chibune General Hospital), Hiroko Chimori (Chimori
Medical Clinic), Shoko Nakagawa (Department of Obstetrics
and Gynecology, Fuchu Hospital), Takehiko Fukuda (Fukuda
Lady’s Clinic), Masahisa Hagiwara (Hagiwara Clinic), Hideto
Okuda (Hamada Womens Hospital), Takuro Hamanaka
(Hamanaka Obstetrics and Gynecology), Seiichi Yamamasu
(Obstetrics and Gynecology, Hannan Chuo Hospital), Kenji
Hirota (Obstetrics and Gynecology, Hanwasumiyoshi General
Hospital), Masataka Oku (Obstetrics and Gynecology, Higashi
Osaka City General Hospital), Keizo Hiramatsu (Hiramatsu
Obstetrics and Gynecology Clinic), Masanori Hisamatsu
(Hisamatsu Maternity Clinic), Yasushi Iijima (Iijima Women’s
Hospital), Mikio Takehara (Department of Obstetrics and
Gynecology, Tkeda City Hospital), Somei Ikeda (Tkeda OB/
GYN Clinic), Takeshi Inoue (Inoue Lady’s Clinic), Eriko
Yamashita (Ishida Hospital), Aisaku Fukuda (The Centre for
Reproductive Medicine and Infertility, IVF Osaka Clinic),
Itsuko Iwata (Iwata Clinic), Junko Nishio (Department of
Obstetrics and Gynecology, Izumiotsu Municipal Hospital),
Tateki Tsutsui (Department of Obstetrics and Gynecology,
Japan Community Healthcare Organization Osaka Hospital),
Kenji Yamaji (Kajimoto Clinic), Takao Kamiya (Kamiya Ladies
Clinic), Atsushi Kasamatsu (Department of Obstetrics and
Gynecology, Kansai Medical University Hirakata Hospital),
Tatsuya Nakajima (Department of Obstetrics and Gynecology,
Kansai Medical University Takii Hospital), Kanji Kasahara
(Kasahara Clinic), Kenjitsu Kasamatsu (Kasamatsu Obstetrics
and Gynecology/Pediatrics), Kawabata Ryoichi (Kawabata
Lady’s Clinic), Kazume Kawabata (Kawabata Women’s Clinic),
Kozo Kadowaki (Department of Obstetrics and Gynecology,
Kawachi General Hospital), Hiroshi Nomura (Kawashima
Ladies Clinic), Tomoyuki Kikuchi (Kikuchi Ladies Clinic),
Ayako Suzuki (Department of Obstetrics and Gynecology,
Kinki University), Tadayoshi Nagano (Department of
Obstetrics and Gynecology, Kitano Hospital), Yoshitsugu
Komeda (Komeda Ladies Clinic), Ryousuke Kondo (Kondo
Ladies Clinic), Shinjin Konishi (Konishi Ladies Clinic), Hideo
Takemura (Kosaka Women’s Hospital), Masako Kasumi
(Masako Ladies Clinic), Kazuo Masuhiro (Masuhiro Maternity
Clinic), Ryoji Ito (Department of Obstetrics and Gynecology,
Matsushita Yoshiki
(Department of Obstetrics and Gynecology, Mimihara

Memorial ~ Hospital), Sakamoto
General Hospital), Kouzo Hirai (Minami-Morimachi Ladies
Clinic), Yoshimitsu Yamamoto (Department of Obstetrics
and Gynecology, Minoh City Hospital), Yoshitaka Kariya

(Minoh Ladies Clinic), Osamu Misaki (Misaki Clinic), Akira

Miyake (Miyake Clinic), Yasuko Osako (Mom Women’s Clinic
Osako), Masao Mori (Mori Obstetrics and Gynecology Clinic),
Keizo Naka (Naka Ladies Clinic), Yasumasa Tokura (Nakai
Clinic), Jun Yoshimatsu (Department of Perinatology and
Gynecology, National Cerebral and Cardiovascular Center),
Keiji Tatsumi (Department of Obstetrics and Gynecology,
National Hospital Organization Osaka National Hospital),
Takayoshi Kanda (Department of Obstetrics and Gynecology,
National Hospital Organization Osaka Minami Medical
Center), Masahiro Nishikawa (Nishikawa Ladies Clinic), Sekio
Nishimoto (Nishimoto Ladies Clinic), Yoshihiro Nishioka
(Nishioka Clinic), Takao Funato (Department of Obstetrics
and Gynecology, Nissay Hospital), Kouichi Nozaki (Nozaki
Ladies Clinic), Gengo Ohira (Ohira Ladies Clinic), Yoshiyuki
Okamura (Okamura Ladies Clinic), Yuzo Oga (Oga Clinic),
Osamu Nakamoto (Department of Obstetrics and Gynecology,
Osaka City General Hospital), Shinichi Nakata (Department of
Obstetrics and Gynecology, Osaka City Juso Hospital), Tetsuo
Nakamura (Department of Obstetrics and Gynecology, Osaka
City Sumiyoshi Hospital), Masahiko Takemura (Department
of Obstetrics and Gynecology, Osaka General Medical Center),
Toshiyuki Sadou (Department of Obstetrics and Gynecology,
Osaka Gyoumeikan Hospital), Nobuaki Mitsuda (Department
of Obstetrics, Osaka Medical Center and Research Institute
for Maternal and Child Health), Daisuke Fujita (Department
of Obstetrics and Gynecology, Osaka Medical College), Koji
Hisamoto (Department of Obstetrics and Gynecology, Osaka
Police Hospital), Shinobu Akada (Department of Obstetrics
and Gynecology, Osaka Prefectural Medical Center for
Respiratory and Allergic Diseases), Takafumi Nonogaki,
Chinami Horiuchi (Department of Obstetrics and Gynecology,
Osaka Red Cross Hospital), Yasuhiko Shiki (Department of
Obstetrics and Gynecology, Osaka Rousai Hospital), Tadashi
Kimura (Department of Obstetrics and Gynecology, Osaka
University Graduate School of Medicine), Koutaro Kitamura
(Obstetrics and Gynecology, PL Hospital), Kazuhide Ogita
(Department of Obstetrics and Gynecology, Rinku General
Medical Center), Shigeki Matsuo (Saint Barnabas Hospital),
Yoshihito Ikeda (Department of Obstetrics and Gynecology,
Saiseikai Ibaraki Hospital), Akihiro Moriyama (Department
of Obstetrics and Gynecology, Saiseikai Nakatsu Hospital),
Yukiyoshi Ishikawa (Department of Obstetrics and Gynecology,
Saiseikai Noe Hospital), Hiroshi Muso (Department of
Obstetrics and Gynecology, Saiseikai Senri Hospital),
Fuminori Kitada (Department of Obstetrics and Gynecology,
Saiseikai Suita Hospital), Toshiya Yamamoto (Department
of Obstetrics and Gynecology, Sakai City Hospital), Megumi
Takemura (Department of Obstetrics and Gynecology,
Sakibana Hospital), Takeshi Sawada (Sawada Ladies Clinic),
Kentaro Shimura (Shimura Women’s Clinic), Koh Shinyashiki
(Shinyashiki Obstetrics and Gynecology), Mitsuhiko Masuda
(Department of Obstetrics and Gynecology, Shiseikai
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Corporate Juridical Person), Tsuneo Shoda (Shoda Medical
Clinic), Takamichi Nishizaki (Department of Obstetrics
and Gynecology, Suita Municipal Hospital),
Suzuki (Suzuki Clinic), Isao Suzuki (Suzuki Obstetrics and
Gynecology), Hiroshi Nanjyo (Department of Obstetrics and
Gynecology, Taisho Hospital), Keiko Takabatake (Takabatake
Women’s Clinic), Kikuya Takase (Takase Ladies Clinic), Satoshi
Nakago (Department of Obstetrics and Gynecology, Takatsuki

Yoshinori

General Hospital), Jun Takeyama (Takeyama Ladies Clinic),
Takeshi Taniguchi (Taniguchi Hospital), Keiichi Tasaka
(Tasaka Clinic), Toshiaki Tatsumi (Tatsumi Ladies Clinic),
Atsushi Tokuhira (Department of Obstetrics and Gynecology,
Toyonaka Municipal Hospital), Shogo Tsubokura (Tsubokura
Women’s Clinic), Kayoko Ueda (Ueda Ladies Clinic), Yukiko
Uenae (Uenae Ladies Clinic), Takahiko Unno (Unno Maternity
Clinic), Hiroshi Yabuki (Yabuki Maternity Clinic), Tokihiro
Yanamoto (Yanamoto Maternity Clinic), Yoshihiko Yamada
(Department of Obstetrics and Gynecology, Yao Municipal
Hospital), Nobuyuki Maruo (Department of Obstetrics and
Gynecology, Yodogawa Christian Hospital), and Yoshitsugu
Takada (Department of Obstetrics and Gynecology, Yoshikawa
Hospital).
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Background: The approval of the extended use of 1-dose varicella vaccine (VVL) in adults aged 50 and
older against herpes zoster (HZ) in 2016 and the 2-dose recombinant zoster vaccine (RZV) in 2018 raised
the need to evaluate the value for money between these two vaccines.
Methods: We conducted a cost-effectiveness analysis with Markov modelling to evaluate the efficiency of
the immunisation programmes from payer’s perspective. Eight strategies with different ages to receive
VVL or RZV were set, namely: 65-84 year old (y.o.), 70-84 y.o., 75-84 y.o., and 80-84 y.o. VVL- or
RZV-strategy. Incremental cost-effectiveness ratios (ICERs) compared with curative care scenario were
calculated. The health statuses following the target cohort were as follows: acute HZ followed by recov-
ery, post-herpetic neuralgia followed by recovery, post HZ/PHN, recurrence of HZ, and general death.
Results: At the vaccination cost ¥8000 (US$73) for 1-dose ZVL and ¥30,000 (US$273) for 2-dose RZV,
ICERs ranged from ¥2,633,587/US$23,942 (age 80-84 y.0.) to ¥3,434,267 or US$31,221 (age 65-84
y.0.)/QALY gained for VVL-strategies; from ¥5,262,227 or US$47,838 (age 80-84 y.o.) to ¥6,278,557 or
US$57,078/QALY gained (age 65-84 y.o.) for RZV-strategies. Cost-effectiveness acceptability curves
derived from probabilistic sensitivity analyses showed that if the cost-effective threshold was at
¥3,000,000 or US$27,273/QALY, the acceptability was 90.7% and 8.8% for 65-84 VVL-strategy and 65—
84 RZV-strategy, respectively; if at ¥5,000,000 or US$45,455/QALY, 56.2% and 43.8%, and if at
¥10,000,000 or US$90,909/QALY 11.9% and 88.1%, respectively.
Conclusion: Vaccinating individuals aged 65-84 y.o., 70-84 y.o., 75-84 y.o., 80-84 y.o. with VVL or RZV to
prevent HZ-associated disease in Japan can be cost-effective from payer’s perspective, with vaccination
costs at ¥8,000 per shot for VVL, ¥30,000 for 2-dose RZV. While the results suggesting that only 65-84
VVL-strategy and 65-84 RZV strategy should be considered when introducing HZ immunisation pro-
gramme. The optimal strategy varies depending on the willingness-to-pay threshold.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

Herpes zoster (HZ) results from the reactivation of varicella-
zoster virus (VZV) in sensory ganglia after a long latency period fol-
lowing primary infection from varicella [1,2]. In high-income set-
tings, age-adjusted HZ incidence in the total population ranged
from 3.4 to 5.0 per 1000 person-years, with particularly higher
incidence (8.0-11.0 per 1000 person-years) for those aged 65 and
over [3]. Post-herpectic neuralgia (PHN) is the most common seri-
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ous complication of HZ, which is characterised by persistent pain
beyond the acute phase of vesicular rash [3]. Common treatment
for HZ complications include antiviral chemotherapy, which short-
ens the length and severity of acute HZ, provided that the therapy
must be started as soon as the rash appears [3]. Although health-
care in Japan is easily accessible, percentage of HZ patients visiting
within the ideal period for antiviral chemotherapy, 0-2 days, is still
low at 37% [4].

There are two kinds of HZ vaccine currently available in some
countries for the immunisation of adults with HZ, who are aged
50 and over, namely single-dose Zoster Vaccine Live (ZVL, Zosta-
vax®) and two-dose Recombinant Zoster Vaccine (RZV, Shingrix®).
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ZVL has been licensed for use among immunocompetent adults
>50 years old (y.o.) since 2006 in over 60 countries [3]. On the other
hand, RZV has been approved and used in the USA, Canada, and EU
for HZ prevention in adults aged >50 y.o. from 2017 to 2018 [5].

In Japan, HZ incidence ranged from 3.0 to 8.0 per 1000 person-
years, with particularly higher incidence (8.0 per 1000 person-
years) for those 70 and over, according to a large-scale epidemio-
logical study [6,7]. Though ZVL is not available, there are two kinds
of vaccine available for the immunisation of HZ among adults aged
50 y.o. and over, namely: (1) 1-dose Varicella Vaccine Live (VVL),
which has similar annual mean titer (42,000-67,000 plaque-
forming unit (PFU) per dose) with ZVL [8] and has been approved
in March 2016 for the extended use in adults aged 50 y.o. and over
against HZ, and (2) 2-dose RZV, which was approved in March
2018. In Japan, Pharmaceuticals and Medical Devices Agency
(PMDA) approves vaccines based on quality, safety and efficacy.
There are two categories for approved vaccine immunisation,
namely: routine immunisations and voluntary immunisations.
Routine immunisations are defined by the Preventive Vaccination
Law and scheduled in the National Immunisation Programme
(NIP). These vaccinations included several childhood vaccinations
and two vaccinations (seasonal influenza and pneumococcal dis-
eases) for adults aged 65 and over. Childhood vaccinations are fully
funded by public fund, while influenza and pneumococcal vaccina-
tions are fully or partially funded depending on the municipalities,
which are responsible for the implementation of the immunisation
programme. Voluntary immunisations are not covered by the NIP,
while individuals can uptake the vaccine with their own pocket
money if only the vaccine is approved and is marketed. RZV utili-
sation was considered to be zero, since it was not included in the
routine immunisation, given that the vaccine was just approved
one years ago, and it is yet to be available in the market. On June
22, 2016, the Health Science Council in charge of Immunisation
and Vaccine started to discuss issues related to VVL against HZ
among elderly, on the premise of defining VVL into the routine
immunisation [9]. This has raised the need to evaluate its value
for money particularly taking into consideration the matters
related to or arising from disease burden, effectiveness and safety
of vaccine, and its cost-effectiveness. Based on the progress of
these events, we have published a cost-effectiveness analysis in
2017, which estimated the value for money of VVL immunisation
programme against HZ and PHN for adults aged 65 and over in
Japan. We found that VVL immunisation programme is highly
cost-effective compared to no immunisation programme, i.e., cura-
tive care scenario, (from ¥2,670,000 or US$24,273/QALY gained for
adult age 65-84 to ¥3,650,000 or US$33,182/QALY for age 80-84)
from payer’s perspective (1US$=¥110, average of 2017) [10].
Amidst the increasing number of available HZ vaccines, a public
immunisation programme (against HZ) is yet to be implemented.
If ever the HZ immunisation programme were to be implemented,
this raises the need to compare the value for money between the
currently available vaccines (VVL and RZV).

Two cost-effectiveness studies from USA reported that RZV dom-
inated ZVL from both payer’s and societal perspectives [11,12]. The
vaccination costs (including administration cost) of RZV/ZVL in
these studies were at US$332/US$238.7 [11] and US$320/US$217
[12], respectively. In Japan, VVL vaccination cost ranges from
¥6,000 (US$55) to ¥10,000 (US$91), which is much lower than that
of ZVL in previous studies, and may therefore provide varying yet
insightful results if compared to that of other studies.

2. Method

We conducted a cost-effectiveness analysis with a decision tree
and Markov modelling to evaluate the efficiency of 1-dose VVL

immunisation programmes and 2-dose (administered 2-6 months
apart) RZV immunisation programmes among Japanese elderly
from payer’s perspective, in which costs included both vaccination
costs and disease treatment costs borne by all payers (including
government, municipalities, vaccinees, patients and third-party
payers), following the Research guidelines on the evaluation of
the cost-effectiveness of vaccination in Japan [13,14]. Incremental
cost-effectiveness ratios (ICERs) were calculated to determine
resource use efficiency. In reference to the research guidelines on
the evaluation of the cost-effectiveness of vaccination in Japan,
the ICERs compared to curative care scenario (i.e., status quo in
Japan) were reported as the base-case results. While ICERs com-
pared to the next best alternative were also reported. The software
used in this study was TreeAgePro 2018 [15]. In defining immuni-
sation programmes and constructing the model, we conducted a
literature survey to find out the best available evidence.

2.1. Programme and model

While both VVL and RZV were approved for adults aged 50 and
over in Japan, we defined the study target population of the immu-
nisation programmes to be evaluated as immunocompetent adults
aged 65-84 [16]. We set the lower age of vaccination at 65
because: (1) in Japan, inoculated subjects’ age of a routine immu-
nisation programme was specified by a Cabinet Order; the target
population of the currently being implemented immunisation pro-
grammes for adults (against seasonal influenza and pneumococcal
disease) were those aged 65 and over, regardless that influenza
vaccine and pneumococcal vaccination were also approved for
adults under 65, and (2) the sub-committee, infections committee
for national immunisation policy established by MHLW, is cur-
rently working on establishing the baseline data of herpes zoster
of the “elderly” (defined to be aged 65 and over in Japan) [17,18].
We applied eight different preventive strategies with different ages
to receive VVL or RZV, namely: 65-84 y.o. VVL- or RZV-strategy,
70-84 y.o. VVL- or RZV-strategy, 75-84 y.o. VVL- or RZV-
strategy, and 80-84 y.o. VVL- or RZV-strategy. Because VVL and
RZV were approved recently and since vaccination is voluntary,
no data is available for the uptake rates. Instead, we adopted the
vaccine uptake rate of the routine 23-valent pneumococcal
polysaccharide vaccination in 2016, 40.8%, for the VVL-strategies
and of the first dose of RZV-strategies [19]. As for the uptake rate
of the second dose of RZV-strategies, we assumed it at 80% of 1st
dose of RZV in base-case, in reference to those in previous cost-
effectiveness studies [11,12,20]. Sensitivity analyses for the uptake
rate were also performed.

The decision tree started from a decision node (Fig. 1a). For
those under the VVL or RZV strategies, two/three kinds of decisions
were considered for VVL/ZVL. For VVL strategies it is either they
receive vaccine or not, while for ZVL strategies, decisions included:
“to receive 1-dose”, “to receive 2-dose”, or “not to receive”. The
vaccinated and not vaccinated then followed the Markov model
(Fig. 1b). Static Markov model with one-year cycle was updated
from our previous study by including one time recurrence of HZ
into the model based on recently published Miyazaki study by Shi-
raki et al. [6]. Six mutually exclusive health states considered,
namely: healthy (being without the diseases defined by the model
under consideration), HZ, PHN, recovery from HZ/PHN, recurrent
HZ and death. Transitions between states were indicated with
arrows. The model followed up the individuals in the cohort until
they reach 100 y.o. Our model did not include, however, VZV-
related complications (ophthalmic, neurological, or ocular) due to
insufficient data in Japan. To accurately assess the value of an
intervention, the benefits for the treated individual as well as for
others must be considered, thus, a dynamic model should be con-
sidered initially. However, there were certain conditions which
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Fig. 1. Decision tree mocel (a) and Markov model (b). OJ: Decision node, O: Chance
node, M with circle: Markov node. Six mutually exclusive health states considered,
namely: healthy (being without the diseases defined by the model under consid-
eration), HZ, PHN, recovery from HZ/PHN recurrent HZ and death. Transitions
between states were indicated with arrows. A Markov cycle for each stage was set
at one year, the model continued until the surviving individual/s reached 100 y.o.
Only one-time recurrence was assumed.

(b) Markov Model

favoured more the use of a static Markov model, than of a dynamic
model. In our case, these were due to: (1) HZ results from reactiva-
tion of the varicella-zoster virus (VZV) in sensory ganglia after a
long latency period following primary infection from varicella
[1,2], and (2) the groups we targeted were individuals aged >65,
among them very few individual were susceptible to the transmis-
sion of varicella [21]. These conditions ignored the potential pro-
tective effect of vaccination for preventing varicella, both in the
vaccinated individual as well as in the remainder of the commu-
nity, which most of the previous studies did (Table S1, Supplemen-
tary 1), thus, we also used static Markov models to conduct the
analysis.

2.2. Outcome estimation

Outcomes in terms of QALY were estimated by assigning
transition

probabilities and utility weights from literature. There were
four epidemiological studies [6,7,22,23], which reported age- and
sex-specific HZ incidence rates in Japan (supplementary 2,
Fig. S1). The incidence rates were from the Miyazaki study, which
we also utilised in our previous study [10], but were updated by
using the latest data (1996-2006 data [7] vs. 2009-2015 data
[6]). The Miyazaki study was a large-scale epidemiological study,
which included 36 dermatology clinics and the dermatology
departments of seven flagship general hospitals belonging to the
Miyazaki Dermatologist Society. Age- and sex-specific proportion
of recurrence were also estimated from the latest Miyazaki study,
while only one-time recurrence was assumed, based on the low
proportion of patients experiencing three to four episodes (0.3%).
Since data related to PHN was not available in the Miyazaki study,
we used the proportion of PHN cases among HZ cases from the
SHEZ study [22], which were at 19.4%, 12.5%, 34.8% for men and

10.8%, 24.7%, 32.0% for women aged 60-69, 70-79 and 80, respec-
tively. SHEZ study was a prospective cohort study, which recruited
participants aged >50 y.o. from 19,058 residents between Dec
2008 and Nov 2009. Rates of general death were from vital statis-
tics [24].

Health-related quality of life utility weights of HZ and PHN
were also updated from our previous study. They were calculated
from the recent studies of Mizukami et al [25] and Kawashima
et al [26]. The former was a prospective observational cohort study,
which recruited 412 adult age >60 y.o. diagnosed with HZ and
demonstrated the first EuroQol-5 Dimension (EQ-5D) utility scores
in HZ with/without PHN by age group over time (from day 0 to day
360, Supplementary 3, Table S3-1) as well as the median duration
and quartile (134 days, 185 days, and 274 days for Q1, median, and
Q3, respectively) (Supplementary 3, Table S3-2) in Japan. The lat-
ter, which was the first randomized double-blind study in Japan
to evaluate the efficacy and safety of amenamevir (for treatment
of HZ), reported pain resolution duration as 5 days, 10 days, and
19 days for Q1, median, and Q3, respectively (Supplementary 3,
Table S3-2). Using these EQ-5D scores and durations of pain
release, we estimated the utility weights of HZ/PHN of each age
group. Data and process to estimate the figures were shown in
Table S3-3 (Supplementary 3).

2.3. Vaccine effectiveness (VE)

Although VVL was developed in Japan, not until October 2014
when the routine vaccination for children started, the vaccination
has been used primarily for voluntary vaccination [8]. Most of
the evidence related to the efficacy against varicella of Oka strain
varicella vaccine for children were largely based on studies con-
ducted in the United States, since they have adopted early the vac-
cine as part of the universal immunisation in 1996 [27]. Same
situation happened with the evidence related to efficacy against
HZ and PHN. An application, submitted on the pretense that over-
seas usage of drug and medical literature published both in Japan
and other countries were sufficient to prove that the drug’s safety
and efficiency based on the common scientific knowledge within
the medical and pharmacological communities, and does not
require additional clinical studies to be conducted, either in whole
or in part, was used to approve the extended use of VVL in adults
>50 years old against HZ in Japan. We used instead the vaccine
effectiveness (VE) of VVL in reducing HP/PHN incidence rates from
overseas’ studies on ZVL. Table S4 (Supplementary 4) indicated the
similarities and differences between these two vaccines.

Since the first clinical trial, comparing RZV and ZVL directly, is
expected to be completed on December 2019 [28], we decided to
adopt the VEs from different studies which compared each vaccine
with placebo, respectively. VEs of VVL for prevention of HZ were
adopted from VEs of ZVL. In our study, they were
70.6%/64.5%/63.7% during the first year after vaccination for age
65-69/70-79/80+, waned to 48.8%/45.2%/41.8% during the second
year after vaccination, then waned to zero until the 9th year in our
study as shown in Table 1. These data were from a recently pub-
lished long-term cohort study (5.8million person-years of follow-
up, from 2007 to 2014) in USA by Baxter et al [29].

VEs of 2-dose/1-dose RZV, and waning duration (the duration
that VE declines linearly from the initial VE to 0%) of 2-dose/1-
dose RZV were based on the Advisory Committee on Immunization
Practices (ACIP) presentation document on Oct. 25th, 2017 by Dr.
Prosser [30]. In the document, VEs of initial year of 2-dose RZV’s
were cited from study of Lal et al. [31] (ZOE 50/70 study) and study
of Cunningham et al. [32], which were two pivotal studies related
to VEs of RZV. VEs of initial year of 1-dose RZV'’s, duration of 2-dose
RZV was based from Cummingham et al. with an additional
assumption; while waning duration of 1-dose RZV was thoroughly
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Table 1
Variables.
Base case One-way sensitivity analyses PSA® Reference
Low High
Target Population of alternative strategies (x1000) [16]
Age 65-84 strategy 29,389
Age 70-84 strategy 19,115
Age 75-84 strategy 11,707
Age 80-84 strategy 5,181
Male and female population in different age strata (x1000)
Age Male Female
65-59 4,971 5,303
70-74 3,452 3,956
75-79 2,906 3,620
80-84 2,096 3,085
Age-specific incidence rates of HZ (per 1000 persons) B [6]
Age Male Female Male Female Male Female
60-69 6.25 8.08 5.0 6.46 7.5 9.70 Male:(500; 80,000)°
Female (690; 85,000)
70-79 8.44 8.89 6.75 7.11 10.13 1.067 Male:(440; 58,000)
Female (630; 76,000)
80-89 8.45 8.30 6.76 6.64 10.14 9.96 Male:(250; 30,000)
Female (420; 55,000)
90+ 6.78 6.51 5.42 5.21 8.14 7.81 Male:(20; 5000)
Female (110; 17,000)
Percentage of PHN cases among HZ cases [ [22]
Age Male Female Male Female Male Female
60-69 19.4% 10.8% 15.5% 8.6% 23.3% 8.6% Male: (7; 29)%; Female (8; 66)
70-79 12.5% 24.7% 10.0% 19.8% 15.0% 19.8% Male: (6; 42); Female (20; 61)
80+ 34.8% 32.0% 27.8% 25.6% 41.8% 25.6% Male: (8; 15); Female (16; 34)
Percentage of HZ recurrence; % [6]
Age Male Female Male Female Male Female
60-69 432 10.77 3.46 8.62 5.18 12.92
70-79 6.87 9.56 5.50 7.65 8.24 11.47
80-89 6.27 9.04 5.02 7.23 7.52 10.85
90+ 5.60 5.84 448 4.67 6.72 7.01
General death (per 100,000 persons) [24]
Age Male Female
65 1315.6 538.8
70 2111.2 896.4
75 3354.6 1550.6
80 6124.0 31143
85 111449 6326.7
90 18771.1  12624.0
95 31750.7 23627.2
100 44611.1 393193
Vaccine effectiveness for VVL (%) [29]
Base-case Sensitivity analyses (Low, High) Uniform
Age 65-69 70-79 >80 65-69 70-79 >80 95(CI)
Year 1 70.6 64.5 63.7 67.9,73.2 60.5, 68.1 57.3, 69.1 95(CI)
Year 2 44.8 45.2 41.8 445,527 395,503 319,503 95(CI)
Year 3 40.5 36.8 354 35.1,455 29.9,43.0 22.3,46.3 95(CI)
Year 4 40.5 44.2 34.7 33.8,45.6 36.9, 50.7 18.8, 47.5 95(CI)
Year 5 399 32.6 39.8 32.8,46.2 23.6,40.5 218,537 95(CI)
Year 6 343 29.1 35.8 253,422 183,384 12.0, 53.2 95(CI)
Year 7 34.7 26.9 0 22.7,44.7 12.3,39.0 - 95(CI)
Year 8 321 0 0 8.1,49.9 - - 95(CI)
Year 9 0 0 0 - - -
Vaccine effectiveness for 2-dose RZV (%)° Uniform [30-32]
65-69 >70 65-69 >70
Initial year 100 97.0 95.0, 1 92.0,1
Waning duration 19.4 years  18.8 years 10, 30 10, 30
Vaccine effectiveness for 1-dose RZV (%) Uniform [30-32]
Initial year 90.0 69.0 0.85,095 0.64, 0.74
Waning duration 11.0 years 4.0 years 1,175 1,134
Grade 3 solicited systemic events (myalgia, fatigue, headache, shivering, fever, and gastrointestinal [33]
symptoms)
VLV 2%
RzvV 10.8%
Utility weights
Age HZ PHN HZ (Low) HZ (High) PHN (Low) PHN (High) [25,26]
65-69 0.99098 0.87983 0.95480 - 0.79000 0.89400

(continued on next page)
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Table 1 (continued)

Base case One-way sensitivity analyses PSAP Reference
Low High

70-79 0.98633 0.82631 0.95440 - 0.76000 0.84400

80+ 0.98363 0.76661 095440 - 0.76000 0.84400

Costs per vaccination VZV (1-dose ¥8000; RZV (2-doses) ¥30,000 Assumed

Treatment costs Normal [36]

Age HZ PHN SD (HZ) SD (PHN)

65-69 36,615 123,988 35,418 147,992

70-79 38,414 82,502 25,151 74,362

80+ 33,853 113,304 20,418 60,806

@ First and second values in parentheses correspond to o and 8 in § distribution, or o and A in y distribution.

b VE of year1 to year4 for age 70+ (both in base-case and in sensitivity analysis were based on study of ZOE-70 by Cunningham et al [32] except year3, which is estimated
by 0.5 * (year2 + year4), in order to make VE to decrease yearly. Waning duration of 2-dose was 19.4 year (range 10-30)/18.8 year (range 10-30) for age 65-69/age 70+
(Cunningham et al 2016, assumption made by Prosser [30]. Waning duration of 1-dose was 11.0 year (range 1-17.5)/4.0 year (range 1-13.4) for age 65-69/age 70 +) [30].

based on assumption. We conservatively assumed no additional VE
against PHN and burden of illness for both vaccines.

Serious adverse events (SAE) associated with vaccination were
not considered because no serious adverse events related to both
vaccination was found, while Grade 3 solicited systemic events
(myalgia, fatigue, headache, shivering, fever, and gastrointestinal
symptoms) were included in sensitivity analyses (10.8% for RZV
vs. 2% for VVL [33].

2.4. Costing

In reference to the “Research guidelines on the evaluation of the
cost-effectiveness of vaccination in Japan” [13,14], this study
defined costs in terms of those (costs) borne by the government,
municipalities, vaccinees, patients and third-party payers, while
direct non-medical costs and productivity costs were not included.
Direct non-medical costs related to the immunisation programme
were not included because the vaccination programme was built
within the public health services routine. Likewise, productivity
costs were not included in accordance with the guidelines (only
when the target population aged less than 65, will the productivity
loss be incorporated). Amount of direct payments to healthcare
providers by these entities was estimated as costs, whereby cost
items were identified along the decision tree and Markov model.
All cost data were shown in Table 1.

The vaccination costs (including vaccine price, doctor fee and
technical fee) of 1-dose VVL, ¥8000 (US$73; US$1 = ¥110, average
of 2017) (¥6,000-¥10,000), was based on an ad hoc internet survey
from about 60 clinics. In Japan, regardless of voluntary or routine
vaccination, only physicians can administer a vaccine, and the vac-
cination costs (including administration fee) for one shot is decided
by the private or public facilities (clinics or hospitals). If the vacci-
nation is defined as routine vaccination, then public subsidy (full or
partial subsidy will depend on the municipality where the vaccinee
inhabits) will pay directly to the private or public facilities and the
facility will request the payment difference from the vaccinee. VVL
is currently in the category of voluntary vaccination in Japan,
therefore, the use of the vaccination costs at ¥8,000 or US$73,
based on an ad hoc internet survey is considered to be sufficiently
adequate. With reference to the CDC cost/private sector cost, US$
102.19/US$140 per dose and average wholesale price, US$336 for
2-dose series [34,35], we assumed that the 2-dose RZV cost was
at ¥300,000 or US$273. In Japan, in determining the vaccination
costs for a newly vaccinated, costs in other high-income countries
are usually used as a reference.

Disease treatment costs were updated from our previous study
based on a recently published prospective physician practice-
based cohort study, which reported age-specific treatment costs

collected from 412 aged >60 y.o. patients diagnosed with herpes
zoster: ¥33,853-¥38,414 (US$308-US$349) for HZ without PHN,
¥82,502-¥123,988 (US$750-US$1127) for HZ with PHN [36]. We
incorporated the costs reported before 2016 with no adjustment
because the variation of consumer price index of services related
to medical care was less than 0.1% during these 10 years. On the
other hand, sensitivity analyses were conducted on cost-related
data.

2.5. Discounting
Outcomes and costs were discounted at a rate of 3% [37].
2.6. Sensitivity analyses

To appraise the ICERs’ stability with the assumptions made in
our economic model, and to explore the impact of each variable
relative to each other, we performed one-way sensitivity and prob-
abilistic sensitivity analyses (PSA). The probability density func-
tions and the ranges for sensitivity analyses were shown in Table 1.

3. Cost-effectiveness threshold and net monetary benefit (NMB)

Although the MHLW of Japan has not yet set a willingness-to-
pay (WTP) threshold for judging the cost-effectiveness of public
health programmes in the country [38], local studies have initially
begun citing the WTP threshold, at ¥5,000,000 (US$45,455) per
QALYgained, from Shiroiwa et al. [39] to facilitate the analysis. In
this study, we also used net monetary benefits (NMB) to express
cost-effectiveness. NMB is another way of presenting the results
of cost-effectiveness, especially when multiple alternatives are
compared [37,40,41]. It is a summary statistic that represents the
value of an intervention in monetary terms when a WTP threshold
for a unit of benefit (QALY in this study) is known. NMB was calcu-
lated as “(incremental benefit x threshold) - incremental cost”. A
positive incremental NMB indicates that the intervention was
cost-effective compared with the alternative at the given WTP
threshold. Which means the cost to derive the benefit is less than
the maximum amount that the decision-maker would be willing to
pay for this benefit [41].

4. Results

Table 2(a) showed the expected costs per person and expected
QALYs per person associated with curative care scenario and eight
preventive alternatives. We have observed that compared to cura-
tive care scenario, all eight preventive strategies reduced disease
treatment costs, however, these reduced costs did not offset vacci-
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(a). Costs, effectiveness, incremental costs, incremental effectiveness, and incremental cost-effectiveness ratio (compared to curative care scenario) in Japanese context

Scenario/ Vaccination  Disease Total Effectiveness Incremental  Incremental Incremental cost- NMB at certain WTP
Strategies costs treatment costs  costs costs effectiveness effectiveness ratio threshold (¥/QALY)
¥ ¥ (¥) (QALY) ¥ (QALY) (¥/QALY) 5,000,000 10,000,000
Curative care 0 6,520 6,520 11.81693378 - - - - -
scenario
VVL 80-84 782 6,343 7,125 11.81716358 605 0.000230 2,633,587 544 1,693
VVL 75-84 2,071 6,035 8,106 11.81748032 1,586 0.000547 2,902,059 1,147 3,879
VVL 70-84 2,250 5,992 8,242 11.8175153 1,722 0.000582 2,961,041 1,186 4,093
VVL 65-84 3,200 5,750 8,950 11.81764131 2,430 0.000708 3,434,267 1,108 4,645
RZV 80-84 2,640 6,189 8,826 11.81737193 2,306 0.000438 5,262,227 -115 2,076
RZV 75-84 6,991 5,589 12,580 11.81802341 6,060 0.001090 5,561,451 —612 4,836
RZV 70-84 7,592 5,503 13,096 11.81810179 6,575 0.001168 5,629,590 -735 5,105
RZV 65-84 10,800 5,004 15,804 11.81841243 9,284 0.001479 6,278,557 -1,891 5,503

(b). Costs, effectiveness, incremental costs, incremental effectiveness, and incremental cost-effectiveness ratios (compared with the next best alternative)

Scenario/Strategies Total costs Incremental cost Effectiveness Incremental effectiveness ICER (excluding dominated)
(¥) (¥) (QALY) (QALY)

Curative care scenario 6,520 - 11.81693 - -

VZV 80-84 7,125 605 11.81716 0.00023 2,633,587
VZV 75-84 8,106 981 11.81748 0.00032 3,096,832
VZV 70-84 8,242 136 11.81752 0.00003 3,882,797
RZV 80-84 8,826 11.81737 abs. dominated -

VZV 65-84 8,950 708 11.81764 0.00013 4,540,425
RZV 75-84 12,580 11.81802 ext. dominated -

RZV 70-84 13,096 11.81810 ext. dominated -

RZV 65-84 15,804 6,854 11.81841 0.00077 8,888,295

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; NMB: net monetary benefits; WTP: willingness-to-pay.

nation costs, which means all the strategies gained more QALYs but
cost more. Incremental costs per person ranged from ¥605-¥2430
or US$76-US$22 for VVL-strategies; from ¥2306-¥9284 or US$21-
US$84 for RZV-strategies. Incremental effectiveness per person
ranged from 0.000230 to 0.000708 QALYs for VVL-strategies; from
0.000438 to 0.001479 QALYs for RZV-strategies. Both incremental
costs and incremental effectiveness increased with increasing tar-
get age in both VZV- and RZV-strategies. ICERs of strategies using
the same vaccine were nearly similar, such as ¥2,633,587 or US
$23,942 (age 80-84 y.0.) - ¥3,434,267 or US$31,221 (age 65-84
y.0.) per QALY gained for VVL-strategies; ¥5,262,227 or US
$47,838 (age80-84 y.o.) — ¥6,278,557 or US$57,078 (age 65-84 y.
0.) per QALY gained for RZV-strategies. VVL-strategy gained less
QALY and cost less than their corresponding RZV-strategy, the ICER
of VVL-strategy was around half of their corresponding
RZV-strategy. Table 2(b) showed ICERs compared to the next best
alternative. Among all the eight vaccination strategies, three
RZV-strategies, namely 70-84 RZV-strategy, 75-84 RZV-strategy
and 80-84 RZV-strategy, were dominated (absolute or extended,
as shown in Table 2(b) and Fig. 2). The NMBs on Table 2(a) showed
that all the strategies have positive values if the cost-effectiveness
threshold was at ¥10,000,000 or US$90,909/QALY, with 65-84
RZV-strategy having the highest NMB. On the other hand, when
WTP threshold was at ¥5,000,000 or US45,455/QALY, all four RZV
strategies have negative values.

One-way sensitivity analyses showed that among four VVL-
strategies, costs of vaccination, utility weight (HZ without PHN,
only for 65-84 strategy), VE of VVL (only for 80-84 strategy) were
variables which made the ICERs to change over +¥1,000,000 or US
$9,091 per QALY from the base-case ICERs. While among four RZV-
strategies, vaccination cost, waning duration of 2-dose RZV and
utility weight (HZ with/without PHN), made the ICERs change over
+¥1,000,000 or US$9,091 per QALY from the base-case ICERs. Other
variables have less impact to the ICERs (Fig. 3).

The cost-effectiveness acceptability curves (CEACs) derived
from PSA (Fig. 4) showed that if the cost-effective threshold was
at ¥2,000,000 or US$18,182/QALY, the acceptability for 65-84
VVL-strategy was 97.1% (ie., the uncertainty for 65-84 VVL-

strategy not to be accepted was only 2.9%), 0.24% for 70-84 VVL-
strategy, 0.5% for 80-84 VVL-strategy. Whereas, if the threshold
increased to ¥3,000,000 or US$27,273/QALY, the acceptability for
65-84 VVL-strategy decreased to 90.7% and 65-84 RZV-strategy
increased from 0% to 8.8%. If the threshold increased to
¥5,000,000 or US$45,455/QALY, the acceptability for 65-84 VVL-
strategy further decreased to 56.2% and 65-84 RZV-strategy
increased to 43.8%. While if the threshold increased to
¥10,000,000 or US$90,909/QALY, the acceptability for 65-84 VVL-
strategy decreased to 11.9% while for 65-84 RZV-strategy increase
to 88.1%. For the other 6 strategies (70-84 y.o., 75-84 y.o0., 80-84 y.
0. VVL- or RZV-strategy) the acceptability were either 0% or less
than 0.1%.

5. Discussion

With the approval of RZV in March 2018, two kinds of vaccines,
against HZ (VVL and RZV) became available for adults aged 50 and
over in Japan, which has raised the need to compare the value for
money of immunisation programmes using VVL and RZV. We con-
ducted cost-effectiveness analyses using age and sex-specific- inci-
dence rates, VEs, utility weights, and disease treatment costs to
estimate ICERs of four VVL-immunisation programmes and four
RZV-immunisation programmes targeting different age stratum:
65-84 y.0, 70-84 y.o0., 75-84 y.o0., and 80-84 y.o. All the strategies
were compared to curative care scenario (i.e., status quo). Results
showed that, at the vaccination cost of ¥8,000 (US$73) for 1-dose
VVL and ¥30,000 (US$273) for 2-dose RZV, all the fourVVL strate-
gies’ ICERs were less than, while all the four RZV strategies’ ICERs
were higher than, the frequently cited WTP threshold of
¥5,000,000 or US$45,455 per QALY gained [39]. On the other hand,
cost-effectiveness results using NMB varied depending on the WTP
threshold being utilised. At ¥5,000,000 or US$45,455/QALY, four
VVL-strategies were considered to be cost-effective. All eight
strategies were cost-effective at WTP threshold of ¥10,000,000 or
US$90,909/QALY. The 70-84 and 65-84 VVL-strategy (at WTP
threshold of ¥5,000,000 or US$45,455/QALY) and the 70-84 and
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Fig. 2. Results of base-case analyses. Among strategies which used same vaccine (VVL or RZV), ICERs are very similar.

65-84 RZV-strategy (at WTP threshold of ¥10,000,000 or US
$90,909/QALY) were considered to be optimal alternatives, since
they have higher NMBs in the respective WTP threshold groups.
One-way sensitivity analyses revealed that for VVL-strategy, vacci-
nation costs, utility weight (HZ without PHN, only for 65-84 strat-
egy), VE of VVL (only for 80-84 strategy) were the variables which
made the ICERs increase or decrease over ¥1,000,000 or US$9,091
per QALY from base-case ICER, while for RZV-strategy, vaccination
cost, RZV waning duration, and the utility weight (HZ with/without
PHN) made the ICER increase or decrease over ¥1,000,000 or US
$9,091 per QALY from the base-case ICER. CEACs derived from
PSA showed that among the eight strategies, only 65-84 y.o.
VVL-strategy and 65-84 y.o. RZV-strategy should be considered
when introducing HZ immunisation programme, the other six
strategies should be excluded because their acceptabilities were
either 0% or less than 0.1%. The acceptability of 65-84 VVL-
strategy reached 97.1% at ¥2,000,000 or US$18,182/QALY WTP
threshold, decreased to 56.2% at ¥5,000,000 or US$45,455/QALY,
further decreased t011.9% at ¥10,000,000 or US$90,909/QALY. On
the other hand, the acceptability of 65-84 RZV-strategy increased
from 0% at ¥2,000,000 or US$18,182/QALY to 43.8% at ¥5,000,000
or US$45,455/QALY and to 88.1% at ¥10,000,000 or US$90,909/
QALY. This means that the optimal strategy change between these
two strategies depend on the WTP threshold.

Since our study is the first study which estimated the value for
money of VVL-immunisation programme and RZV-immunisation
programme against HZ in Japan’s healthcare setting, no compar-
ison can be done within same healthcare setting. A study which
evaluated the potential public health impact but not cost-
effectiveness of HZ vaccination (VVL vs. RZV) among adults con-
ducted by Watanabe et al [20], reported that RZV demonstrated
a superior public health impact compared with VVL. Though our
study presented the same results (RZV-strategy gained more
QALYs than VVL-strategy), there are apparent differences between
our study and that of Watanabe et al’s study. Firstly, the incidence
rates in Watanabe et al.’s were from the SHEZ study [22], while our
data were adopted from the Miyazaki study [6]. As we have men-
tioned in Section 2, there are four epidemiological studies which
reported age- and sex-specific HZ incidence rates in Japan, namely

SHEZ study [22], Kushiro Study [23] and two Miyazaki studies
(1997-2006 study and 2009-2015 study) [6,7] (supplementary 2,
Fig. S1). Among them, SHEZ study reported the highest HZ inci-
dence rates. The population, ageing rates, demographic composi-
tion of adult >65, and number of medical facilities of the site
where the SHEZ study was conducted were significantly different
to that of Miyazaki studies (supplementary 2, Table S2). Secondly,
study of Watanabe et al. adopted lower vaccine waning rates than
our study. Thirdly, the Markov model of Watanabe et al’s study
included ocular, neurologic and cutaneous complications, while
we only used a simple model without including these
complications.

We were able to identify two previously published studies
which compared RZV- and ZVL- (similar to VVL in our study) vac-
cination programmes, namely; by Le et al. [11] and by Curran et al.
[12], both from USA. Markov Model and data used in these two
studies are not completely the same, therefore caution is war-
ranted when comparing these two studies. We found that though
both studies reported that RZV-programme dominated (gained
more QALYs with less costs) ZVL-programme for adults aged >60
y.o., however, the ICERs (compared to no programme, including
indirect costs) in the two studies were significantly different.
Firstly, the ratio of ICER (vaccination adult aged >60) of ZVL to that
of RZV in Curran et al. was 10.1:1, while in Le et al. were at 2.2:1
(vaccination at age 60), 1.7:1 (at age 70), 1.9:1 (at age 80). Sec-
ondly, Curran et al. reported lower ICERs of RZV-strategies and
higher ICERs of ZVL-strategy than those reported by Le et al. In Cur-
ran et al, ICERs of RZV-programmes were about 0.5 time of those in
Le et al., while ICERs of ZVL-programmes were around 1.5 time of
those in Le et al. Higher HZ incidence rates, higher RZV’s VEs, lower
RZV’s VE waning rates, higher RZV’s second dose uptake rate, and
lower RZV’s vaccination costs were considered to contribute to
the lower ICERs of RZV-programme in Curran et al. Curran et al.
was an industry-funded study, while Le et al. reported no conflict
of interest. Our study showed that, in Japan ICERs of VVL-
programmes were lower than RZV-programmes, which is inconsis-
tent with the results of the above mentioned two studies. Reasons
for the inconsistency may be due to (1) the low vaccination costs of
VVL (US$73) compared to ZVL (US$217 or US$239) in previous
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Fig. 3. Results of one-way sensitivity analyses. One-way sensitivity analyses were performed by varying one input at a time while holding others constant at their base-case

estimates.

studies, and (2) the higher VEs of VVL in our study than in previous
studies, especially VEs of the first 3 years after vaccination. Curran
et al. and Le et al. adopted VEs of VZL from the initial RCT, while our
study utilised VEs from a recently published large-scale cohort
study presented by Baxter et al [29]. Baxter et al. reported higher
VEs of time since vaccination and age at vaccination than those
reported in previous studies. Baxter et al. highlighted that their
overall VE estimate (49.1%) was consistent with the 51.3% VE esti-
mate from the initial report on the pivotal trial [42], the 48.7% esti-
mate based on longer follow-up from the trial [43], the 55%
estimate from the initial report on the Kaiser Permanente Southern
California population [44], and the 51% estimate from longer
follow-up on the same population [45]. The 2-dose VEs of RZV in
our study were not all that different from those in the two previous
studies, while the 1-dose VEs of RZV in our study were more con-
servative than those in the two previous studies. VEs of both 2-
dose and 1-dose RZV in our study were based on the ACIP presen-
tation document by Prosser [30]

This study also updated our previous study, which evaluated
the value for money of VVL immunisation programmes for adult

aged >65 [10]. Regardless of the adoption of higher utility weights,
the ICERs in the current study were slightly lower than those in our
previous study. This was due to the higher incidence rates, the
lower vaccination costs, the inclusion of one HZ recurrence into
the model, and the adoption of VEs from Baxter et al. [29].

Our study faced certain limitations, such as: (1) in the absence
of long-term effectiveness data, we modeled RZV effectiveness, in
adults aged 65-69 years or >70 years, in such a way that it would
wane to zero by 19 years following vaccination based on the rate of
waning observed during the first four years of clinical trials as well
as expert opinion, (2) Markov model used in the study is simple
compared to previous studies from overseas. For example, we did
not model the reduction in HZ pain in patients who have HZ
despite vaccination, nor did we incorporate ophthalmic zoster
cases due to the insufficient of data. Exclusion of these aspects of
HZ infection could underestimate health benefits of all the strate-
gies, (3) our incidence rates of HZ were from the Miyazaki study,
the authors discussed that a proportion of participants with HZ
likely received prompt antiviral therapy in Japan, which may have
reduced the rate of complications and hospitalisation, (4) adverse
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Fig. 4. Probabilistic sensitivity analyses (PSA). In PSA, all the inputs simultaneously varied according to pre-specified distributions of 1000 iterations. Acceptability curves
indicate that at ¥2,000,000 (US$ 18,182)/QALY WTP threshold, the acceptability is at 97.1% for 65-84 VVL-strategy and 0% for 65-84 RZV-strategy. For ¥3,000,000 (US
$27,273)/QALY, 65-84 VVL-strategy acceptability is at 90.7%, while 8.8% for 65-84 RZV-strategy. On the other hand, at ¥5,000,000 (US$45,455)/QALY, 65-84 VVL-strategy
acceptability is at 56.2% and 43.8% for 65-84 RZV-strategy. While at 10,000,000/per QALY, 65-84 VVL-strategy is at 11.9% and 88.1% for RZV-strategy.

reaction was not incorporated into the model, while one-way sen-
sitivity analysis has shown that the impact of Grade 3 reaction was
small because it only lasts for 1-3 days, and (5) Japan started to
give childhood varicella vaccination programme from October
2014. It has been hypothesised that varicella vaccine introduction
might increase HZ incidence in the population because of VZV
reduction circulating in the community, which can result to a
decrease in the opportunity for boosting immunity against VZV
[2]. On the other hand, some recent studies reported that there is
no conclusive evidence in whether varicella vaccination pro-
grammes have been associated with an HZ incidence increase
[46]. While the influence of the childhood varicella vaccination in
our results remains to be unknown, we believe that the incorpora-
tion of robust, locally-published epidemiologic data, utility weights
and costs, may have reduced this uncertainty to a certain level. We
acknowledge that the study is limited to the Japanese setting. Nev-
ertheless, we believe that the results of this study are fundamental
components for policy-relevant strategies.

6. Conclusion

From our analyses, we found that vaccinating individuals aged
65-84 y.0., 70-84 y.0., 75-84 y.0., 80-84 y.0. with VVL or RZV to
prevent HZ-associated disease in Japan can be cost-effective from
payer’s perspective, with vaccination costs at ¥8,000 (US$73) per
shot for VVL, ¥30,000 (US$280) for 2-dose RZV, while the results
of PSA suggest that only 65-84 VVL-strategy and 65-84 RZV strat-
egy should be considered when introducing HZ immunisation pro-
gramme. The optimal strategy varies depending on the WTP
threshold. When the WTP threshold >¥5,000,000 or US$45,455/
QALY, RZV-strategy is preferred, whereas, when WTP
<¥5,000,000 or US$45,455, VVL-strategy is preferred. Our results

are partially consistent with the results of two previous cost-
effectiveness studies and recommendation of CDC, which preferred
RZV than ZVL (VVL in Japan). The main factor affecting these
results is the cost of VVL in Japan, which is much lower than cost
of VZL in USA. Further analysis is warranted when costs per shot
of RZV become apparent as well as when long-term VEs of RZV is
reported, because waning duration of RZV is a key variable which
has a large impact in the results.
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Role of rotavirus vaccination on an emerging
G8P[8] rotavirus strain causing an outbreak in
central Japan

L)

Gheck for
updates

The manuscript by Hoque et al. reports the role of rotavirus
vaccination on the emerging G8P[8] rotavirus A strains that caused
a local outbreak in Shizuoka, Japan, during the 2017 rotavirus
season [1]. Apart from whether or not a favorable result was due
to the sharing of the P[8] VP7 genes between the vaccine strains
and the outbreak strains, we welcome their findings, which lend
strong assurance to current global recommendations of the use
of rotavirus vaccines for the prevention of severe rotavirus gas-
troenteritis (RVGE) and encourage public health authorities to
expedite the introduction of the rotavirus vaccine to infant immu-
nization schedules in countries where the introduction has been
delayed, such as Japan.

Regrettably, however, we noticed an apparent methodological
inconsistency in the calculation of vaccine effectiveness (VE),
which we wish to draw to the authors’ attention for clarification.
According to the authors, they designed a case-controlled study
using rotavirus-negative patients as controls, which itself is being
increasingly used and has gained acceptance [2]. This test-negative
design aimed to estimate the VE by comparing the frequency of
vaccination exposure of RVGE case-patients with the background
frequency of control-patients who were free of rotavirus. Testing
of all surveillance specimens indicates that these “test-negative
controls” have similar healthcare-seeking behaviors for diarrheal
illness to cases with confirmed rotavirus [3]. In Fig. 2 and Table 2,
however, the authors divided the patients into vaccinated and
unvaccinated groups [1], which suggests that they conducted a
cohort study similar to those typically used in randomized clinical
trials [4]. Moreover, they calculated attack rates of G8P[8] in
vaccinated and unvaccinated patients instead of vaccine coverage
among case and control patients.

According to the values and categorization of patients described
in Fig. 2 and Table 2 [1], we understand that there were 41 G8P[8] -
RVGE cases of which 22 were vaccinated and 19 were unvacci-
nated, and 20 test-negative controls of which 14 were vaccinated
and 6 were unvaccinated. Therefore, a simple chi-squared test pro-
duces a crude odds ratio of 0.50 with lower and upper limits of the
95% confidence interval (CI) of 0.16 and 1.55. This indicates that

DOI of original article: https://doi.org/10.1016/j.vaccine.2018.05.004

https://doi.org/10.1016/j.vaccine.2018.05.002
0264-410X/© 2018 Elsevier Ltd. All rights reserved.

the estimated VE against RVGE by emerging G8P[8] strains was
50% (95%Cl: —55% to 84%). The small sample size and low statisti-
cal power (23%) would have made it difficult to detect statistical
significance for a VE of 50% against G8P[8] -RVGE. When stratified
by severity of RVGE, the authors estimated a VE by using G8P[8] -
RVGE cases only, without including test-negative controls. There-
fore, in the strict sense of the term, what the authors calculated
does not represent the VE.

While the issues raised here do not change the overall results of
the study, the methodological inappropriateness, if present as we
suspect, needs to be clarified. Moreover, despite the methodologi-
cal inconsistencies, we share the authors’ view that currently-
licensed vaccines play a pivotal role in preventing children from
developing severe disease, including those with G8P[8] -RVGE.
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Background: Both re-emergence of pertussis outbreak among adolescents/adults and recent approval of
the extended use of DTaP vaccine for boosting adolescents/adults against pertussis in Japan, have raised
the possibility of using aP-containing vaccine in pregnant women to protect neonates and unvaccinated
infants. There is a need, therefore, to evaluate the value for money of such possibility.

Methods: We evaluated the cost-effectiveness of conducting antepartum maternal vaccination (AMV)
strategy in Japan. Considering the duration of vaccine effectiveness for infant (single year) and for mother
(multiple years), the decision tree model and Markov model was adapted for infant and mother, respec-
tively. Incremental cost-effectiveness ratio (ICER) compared with current no AMV strategy from societal
perspective were calculated. The transition probabilities, utility weights to estimate quality-adjusted life

Keywords:
Cost-effectiveness
Economic evaluation

Pertussis

Tdap year (QALY), and disease treatment costs were either calculated or extracted from literature. Costs per
DTaP vaccination was assumed at ¥6000/US$54.5. Markov model for mothers with one-year cycle runs up to
Vaccination year four after vaccination, based on the waning of vaccine effectiveness. Infant who survived from per-

Quality-adjusted life year tussis was assumed to live until to his/her life expectancy.
Results: AMV strategy reduces disease treatment costs, while the reduction cannot offset the vaccination
cost. Incremental QALYs were at 0.0002802, among them 79.5% were from infants, and others from moth-
ers. ICER was ¥9,149,317/US$83,176 per QALY gained. One-way sensitivity analyses identified that the
incidence rate and costs per shot were the two main key variables to impact the ICER.
Conclusion: We found that vaccinating pregnant women with aP-containing vaccine to prevent neonatal
and unvaccinated infants from pertussis-associated disease in Japan can be cost-effective from societal
perspective, under the WHO-suggested “cost-effective” criteria (1 to 3 times of GDP). Pertussis is
expected be designated as a notifiable disease in 2018, re-analysis should be conducted when straight-
forward incidence data is available.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction infants, thus making the prevention of such infection among the

said vulnerable population of prime importance [1,2]. Even after

Pertussis is an acute respiratory disease caused by the bac-
terium Bordetella pertussis. It is a highly contagious disease trans-
mitted through respiratory droplets and is usually difficult to be
differentiated from similar pathological conditions such as pro-
longed cough or common cold [1]. These similar pathological man-
ifestations lead to underdiagnoses, thus leaving a pool of patients
harboring the infection, which can serve as a source of future infec-
tions [1,2]. Pertussis can affect people of all ages, but with particu-
larly severe complications among neonates and unvaccinated

* Corresponding author.
E-mail address: hoshi@hcs.tsukuba.ac.jp (S.-1. Hoshi).

https://doi.org/10.1016/j.vaccine.2018.07.026
0264-410X/© 2018 Elsevier Ltd. All rights reserved.

the introduction of vaccination programmes and the achievement
of high vaccination coverage, pertussis, which is endemic to all
countries, have epidemic cycles occurring every 2-5 years [1].
Strategies for preventing pertussis among young infants before
they commence their vaccinations at 2 or 3 months of age include:
(1) booster doses in adolescents or adults (though there is yet have
a substantial evidence that these programmes have significant
impact) [1]; (2) cocooning strategy, i.e., vaccinating the infant’s
close contacts (beneficial effects of this strategy are inconsistent)
[1]; (3) antepartum maternal vaccination (AMV) strategy, i.e., giv-
ing aP-containing vaccine in the third trimester in every pregnancy
to prevent severe infant morbidity and mortality from pertussis
during the narrow window before receiving their first dose of
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vaccine. Though AMV is relatively new [3], convincing and robust
evidences have consistently indicated that it will not only reduce
the infection among mothers, but also protect infants through
the transfer of maternal antibody [1,4,5]. High-income countries,
such as United States, the United Kingdom, Belgium, Ireland, Italy,
Portugal, and New Zealand, where pertussis immunisation pro-
grammes have existed for a long time have already been imple-
menting AMV [4,6].

In Japan, DTaP vaccine was introduced in 1981 and pertussis
has been controlled by means of a vaccination schedule of three
primary doses (at 3, 4, 5 months) and a single booster dose (18-
23 months). Vaccine coverage of three primary doses of DPT-IPV
in 2014 were at 99.2%, 99.1%, and 99.1%, in the first, second and
third doses, respectively [7]. Similar to other countries, there is a
re-emergence of pertussis outbreak in adolescents and adults, rais-
ing topics about pertussis control through various strategies. Cur-
rently, national initiatives have paved way in addressing
pertussis control. In February 2016, the Ministry of Health, Labour
and Welfare (MHLW) approved the extended use of DTaP as a
booster for both adolescents and adults. This has then led to the
possibility of using DTaP in pregnant women [8]. Taking into
account the current progress in pertussis control, our study aims
to estimate the value for money of AMV strategy by using aP-
containing vaccine in Japan, assuming that in the future, there
may be a need to consider its implementation.

2. Method
We conducted a cost-effectiveness analysis to evaluate the cost-

effectiveness of the vaccination programme. The model was con-
structed by using TreeAge Pro, 2017, TreeAge Software.

2.1. Literature search

We searched the various databases for the parameters
which were included in the modeling. Studies pertaining to

Not vaccinated

AMV strategy

Safe childbirth St

vaccinated

Infant

Mother

Perinatal death <

No AMV strategy

Contracted,
hospitalised

epidemiology and prognosis of pertussis-relevant disease in
Japan’'s setting were accessed from Medline database, Igaku
Chuo Zasshi database (a Japanese medical bibliographic data-
base which contains over 10 million citations originating from
Japan), MHLW Grant System, and annual statistical reports
published by the government. Due to insufficient evidences
from Japan, overseas’ reports from Medline, The Cochrane Data-
base of Systematic Reviews, Health Technology Assessment
database, and National Health Service, Economic Evaluation
Database regarding vaccine effectiveness and utility weights
to estimate QALY were used instead. Though we didn’t limit
the literature search to recently published journal articles, we
selected, as much as possible, the robust ones suitable to our
model, particularly data relevant to the epidemiology and prog-
nosis of the disease, together with the vaccine effectiveness
and the related utilities.

2.2. Programme

Our study estimated the value for money of AMV strategy in
Japan by comparing AMV strategy with current no AMV strategy.

2.3. Models and variables

Two cohorts were followed via a decision tree and Markov
model; one for the pregnant women and the other for their new
born babies (given that maternal pertussis antibodies protect the
newborn in the first 3 months of life). The decision tree model
describing the courses for individuals started from a decision node,
which were consequently followed by chance nodes with regard to
the following circumstances (Fig. 1): (1) vaccinated/not vaccinated,
(2) perinatal mortality/live birth, (3) pertussis contraction/no per-
tussis contraction, and (4) clinical courses after the contraction.
Adverse effects of vaccination were not incorporated based on
reports from large clinical trials and from post-marketing surveys
[9,10].

+ (same as AMV strategy, while no VE applied on model )

Not contracted

A

/ Contracted , self-medication

4—Contracted mild ~moderate illness

—<

Contracted , complications with asthma/bronchial asthima <]

Contracted. hospitalised due to development of pneumonia

Not contracted 1

LOS 1-5 day

LOS 6~10 day<]

+ (same as AMV strategy, while no VE applied on model)

No ventilation 1
ILOS >10 day | _ Survival <

Ventilation

Die <

Fig. 1. Model. M: Markov model; £: Sum of both mother’s and infant’s results; LOS: Length of stay (in hospital).
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Probability that a pregnant woman decided whether to uptake
the vaccine or not, at 0.50, was based on influenza vaccine cover-
age among pregnant women in Japan in 2009 [11]. The probability
that a baby was not safely delivered, at 0.0026, was based on the
perinatal mortality in Japan in 2017 [12]. When perinatal mortality
occurred, the benefit of vaccination will only go to the mothers.

The decision tree model continued for the infant’s branch,
because as the infant reaches the vaccination age, vaccine effec-
tiveness (VE) from AMV strategy will no longer be considered,
and the probability of being infected by pertussis will not be differ-
ent between children born to vaccinated or non-vaccinated moth-
ers. An infant who survived from pertussis was assumed to live
until to his/her life expectancy [13]. In Japan, since pertussis inci-
dence rate among infants aged < 3 m.o. is not available, we esti-
mated the incidence rate from Suge et al. [14], at 139.6/100000
person-year (as seen in Table 1), instead.

We assumed that the pertussis cases aged <3 m.o. were all hos-
pitalised [15]. The hospitalised infants were further divided into
three groups by length of stay (LOS): (a) short-LOS group (probabil-
ity of belonging to the group at 20.9%), (b) medium-LOS group (at
49.5%), and (c) long-LOS group (at 29.7%) [14]. LOS of each group is
shown in Table 2. Among long-LOS group, 20.6% needed mechani-
cal ventilation [14,16,17]. The fatality rate for those who required
ventilation was assumed at 7.14% [17].

For mother’s branch, a Markov model with one-year cycle was
applied, since VE was expected to continue to the fourth year after
vaccination [18]. Incidence rate of pertussis for the mother was
assumed to be the same with that of the infant’s [19]. Five mutu-
ally exclusive health states were used to describe the courses that
a mother may follow (shown in Fig. 1). We assumed that 0.50% of
mothers were hospitalised due to development of pneumonia
based on a study by Miyashita et al. [20]. Miyashita et al. reported
that among the 183 patients with laboratory-confirmed pertussis
(by serology and polymerase chain reaction), only 0.50% was hos-
pitalised, whereas percentage of hospitalisation among 1132 non-
laboratory confirmed pertussis was at 0.80%; the study was con-
ducted in a medical university hospital from 2005 to 2012 (with
participants aged 16-77). There is a possibility that proportion of
hospitalisation was underestimated because the authors excluded
patients with underlying diseases that caused persistent cough.
Taking all of these into consideration, we conservatively assumed
the 0.50% hospitalisation rate in base-case analysis and used
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0.80% for sensitivity analysis. Furthermore, we also assumed that
35.7% had complications with asthma/bronchial asthma and other
mild-moderate illnesses based on study by Nogami et al. [21].
Nogami et al. reported that 5 of 14 loop-mediated isothermal
amplification (LAMP) method and pertussis toxin antibody test of
confirmed pertussis adult cases developed asthma/bronchial
asthma, while only 5.3% (1/19) of non-confirmed cases developed
asthma/bronchial asthma. We adopted the 35.7% in our base-case
analysis and used 18.1% (6/33) in sensitivity analyses. Due to the
data unavailability, we assumed that among patients who had
mild-moderate illnesses, 80% seek medical treatment from a physi-
cian, while 20% treated themselves by purchasing over-the-
counter (OTC) medication.

2.4. Vaccine effectiveness

VE in reducing contract pertussis for infants born to vaccinated
mothers was assumed at 91% (86.5-94.4%) [4,5], preventing infants
with pertussis from hospitalisation was at 58% (15-80%) [22], and
preventing infant from death was at 95% [23]. Since there is no
straightforward data related to the VE of preventing a vaccinated
mother from contracting the disease, we adopted the VE estimates
from two studies, which reported efficacy of aP-containing vaccine
among adolescents/adults; namely, (1) Ward et al.’s RCT (reported
a VE at 92% (32-99%) for a 22-month median follow-up duration
among 18 wards), and (2) Koepke et al.’s comparison of VE
between different Tdap brands (indicated that by the 4th year of
Tdap receipt, no significant VE can be observed) [18]. In our study,
VE in preventing a vaccinated mother from contracting pertussis
was assumed to be at 92% (32-99%) in the 1st year and was
assumed to linearly decrease to 0% within four years [18,24].

2.5. Health outcomes and end point

Incremental cost-effectiveness ratio (ICER) of AMV programme
compared with no immunisation programme was calculated. ICER
is defined as difference in cost between immunisation programme
and no immunisation programme, divided by the difference in
their effectiveness in terms of quality-adjusted life year (QALY).
QALY, which takes into account the utility weights and the dura-
tion of illness, was estimated by assigning transition probabilities
and utility weights from literature to the Markov model. The utility

Table 1
Estimation of infant pertussis hospitalisation incidence rate.
Prefectures
Mie Fukuoka Chiba Okinawa Kouchi Fukusima Total
Original data from study of Suge et al.* (January 2009-December 2013)
(a) Number of pertussis hospitalised patients age < 15 y.o. 22 249 57 78 24 35 465
(b) Percentage of hospitalised patient age < 3 m.o. 59% 57% 61% 49% 54% 57% 56%
(c) Number of pertussis hospitalised patients age < 3 m.o. 13 142 35 38 13 20 260
(=axDb)
Number of birth from vital statistic
2009 15,614 46,084 51,839 16,744 5415 16,326 152,022
2010 15,262 46,818 51,633 17,098 5518 16,216 152,545
2011 15,080 46,220 50,379 16,918 5244 15,072 148913
2012 14,729 45,815 48,881 17,074 5266 13,770 145,535
2013 14,514 45,897 48,343 17,209 5266 14,546 145,775
(d) Total number of birth (2009 ~ 2013) 75,199 230,834 251,075 85,043 26,709 75,930 744,790
Person-year (<3m.o.) 18,800 57,709 62,769 21,261 6677 18,983 186,198
=(3/12) * (d)
Incidence rate/10000 person-year 139.9
(=100000 x 260/186198)
Incidence rate/100000 person-month 11.66

2 Suge et al.’ study [14] is a complete enumeration retrospective survey from all the hospitals located in six prefectures of Japan, which reported 465 pertussis patients
aged < 15 years old, who were hospitalised during January 2009 to December 2013, among them 56% (260 patients) were aged < 3 months.
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Table 2
Variables.
Probability used at each chance node Maternal Infant Distribution Reference
used in PSA

Probability for a pregnant woman to uptake the vaccine; % 50 - constant [11]
Probability that a baby was safely delivered (perinatal mortality); % 0.26 - constant [12]
Probabilities of a non-vaccinated mother or her infant to contract pertussis; per 100,000 139.6 (119.0-519.6) Uniformed [14,19,27]
Probabilities of a non-vaccinated mother/infant to be hospitalised after contracting 0.50 100 [15]
pertussis;%
Probabilities of a hospitalised infant who's LOS* was 1-5 days (mean: 3 days); % - 20.9 ¢ [14]
Probabilities of a hospitalised infant who's LOS was 6-10 days (mean: 8 days); % - 49.5 (39.6-59.4) Uniformed [14]
Probabilities of a hospitalised infant who’s LOS was >10 days (mean: 15 days); % - 29.7 (23.8-35.6)  Uniformed [14]
Probability of an infant pertussis patient with LOS >10 days, require mechanical - 20.6 (16.8-25.1)  Uniformed [14,16,17]
ventilation treatment; %
Probability of an infant pertussis patient dying in NICU; % 7.14 (3.10-8.60)  Uniformed [17]
Probabilities of a non-vaccinated mother developed pneumonia after contracting 0.5 [20]
pertussis; %
Probabilities of a non-vaccinated mother developed asthma/bronchial asthma after 35.7 - [21]
contracting pertussis; %
Probabilities of a non-vaccinated mother ill mild ~ moderate visted a doctor after 80.0 - assumed
contracting pertussis; %
Probabilities of a non-vaccinated mother ill mild ~ moderate treated herself 20.0 - assumed
by purchasing OTCs; %

Life expectancy for new born (before discounting®) - Mlae:79.58 constant [13]

Female: 86.32

Percentage of male new born 0.513 constant [12]

Vaccine effectiveness
Protecting from contracting pertussis;% 92.0 (waning to 0 by 4 91 (32-99) uniform [18,24,4,5]

years)

Protecting infant with pertussis from hospitalisation;% - 58.0 (15-80) uniform [22]
Protecting hospitalised infant from death;% - 95.0 (76-100) uniform [23]
Reducing LOS; days - 3 (2-4) uniform [22]
Reducing cough days 5 (4-6) uniform [26]

Utility weights
Infant: hospitalised - 0.58 (SD 0.37) Normal [25]
Infant: mechanical ventilation - 0.29 (0.23-0.35)  uniform [25]
Mother: mild ~ moderate illness 0.85 (0.696-0.99) - [25]
Mother: hospitalised 0.82 (SD 0.3) - Normal [25]
Mother: asthma 0.81 (SD 0.30) - Normal [25]

LOS for short-LOS group; days - 5 (4-6) Triangle assumed

LOS for median-LOS group;days - 8(7-9) Triangle assumed

LOS for long-LOS group; need not ventilation; days - 9.5 (SD 4.4) Normal [16]

LOS for long-LOS group; need ventilation; days - 26 (SD 9.6) Normal [16]

Average duration of assisted ventilation; days - 12.5 (SD 7.4) Normal [16]

Mean cough days for none vaccinated mother/their infant; days 55 (45-120) 60 (45-120) Triangle [20.21]

Mean cough days for vaccinated mother/their infant; days

Costs*
Vaccination
Treatment costs
Infant: per hospitalised day
Infant: per NICU/PICU day
Mother: OTC
Mother: outpatient
Mother: asthma/bronchial asthma
Mother hospitalised due to develop of pneumonia

Half of mean cough days for none vaccinated mother/their infant

¥6,000 (¥2000-¥10000) - constant assumed
- ¥46,010(+20%)  Gamma® [36]
- ¥147,800(+20%) Gamma® [37]
¥10,000 (+20%) - Gamma® assumed
¥33,901 - Gamma® [36]
¥100,000 - Gamma® [36]
¥116,304 - Gamma® [36]

LOS: Length of stay (in hospital); OTC: Over the counter medicine; NICU: Neonatal intensive care unit; PICU: Perinatal intensive care unit; PSA: probabilistic sensitivity

analysis.

Numerical values shown in parentheses are, lower- and upper- values, Stand Deviation (SD) used for sensitivity analyses.
3 Future cost and health benefit occurred after fist year were discounted (3% yearly) by using P = Fy + F;/1.03 + F,/1.03% + F3/1.03 + ... Where P = present value, Fn = future

cost or health benefit at year n.
b Probability density plots of gamma distributions: o = 1, § = cost/cost?.

€ This variable are set as (1— Probabilities of a hospitalised infant whose LOS was 6-10 days - Probabilities of a hospitalised infant who’s LOS was >10 days.

weights for mother/infant in different health states were from Lee
et al. [25], which were frequently cited in previous studies. The
literature search did not identify any study reporting the utility
of patients who were in need of assisted ventilation, so it was
assumed to be half of that of hospitalised infants. LOS for infant
born to vaccinated mother was assumed to be 3 days shorter than
those born to unvaccinated mothers [22]. The mean cough days for
unvaccinated mothers and infants were assumed to be 55 (45-120
days) [20,21] and 60 days, respectively, while those for vaccinated

mothers and their infants were assumed to be half of the unvacci-
nated and their infants [26].

We estimated ICER from societal perspective, which in this case
is also payer’s perspective because maternity leave (six weeks
ahead of expected date of birth to eight weeks after delivery for
all the female employees) and child-care leave (one year for
male/female employee) are provided under Japanese law, there-
fore, there is no need to consider productivity loss due to vaccina-
tion or disease treatment.
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2.6. Costs

The amount of direct payments to health care providers by gov-
ernment, municipalities, vaccinees, patients and third party payers
was estimated as costs, while non-direct medical costs related to
the immunisation programme were not included, because we
assumed that the vaccination programme will be built within the
public health services routine.

Vaccination costs per aP-containing shot (included doctor’s fee
for medical advice and technical fee for administering) was
assumed at ¥6000 (US$54.5) based on: (1) costs per Tdap shot,
though not available in Japan, ranged from US$14.6~$57.6 accord-
ing to previous studies [19,27-34] and (2) cost per DTaP in Japan is
around ¥5500 (US$50.0) [35]. Treatment costs for hospitalised
infant were estimated as cost per diem multiplied by hospital days.
For infants, cost per diem of acute upper respiratory tract infection
for patients aged 0-4 year old was assumed at ¥46,014 (US$418.3)
based on the data published by MHLW in 2015 [36]. Cost per diem
for patient who needs ventilation was assumed at ¥147,600 (US
$1341.8; including NICU/PICU fee) based on medical fee schedule
published in 2015 [37]. Cost for those who died after treatment,
assumed as cost per diem for patient who needed ventilation mul-
tiplied by assisted ventilation days (12.5 + 7.4 days), was from
Kishimoto et al., which reported the treatment process of 46 severe
infantile pertussis cases [16]. For mothers, ¥10,000 (US$90.9) per
case for patients who purchased OTC, ¥30,000 (US$272.7) per case
(¥4843/visit x 7 visits)for those who sought a doctor, and
¥100,000 (US$909.1) per case for those who developed bronchial
asthma. For those who were hospitalised due to the development
of pneumonia, cost was estimated as costs per diem multiplied
by hospital days (¥38,768/US$352.4 x 3 days) based on data pub-
lished by MHLW in 2015 [36]. Costs per diem used in this study
were all reported at 2015, which were the most recently available
data.

In this study, we used the average currency ratio from 2017 Jan-
uary to 2018 January, at 1US$ = ¥110.

2.7. Discounting

Costs and outcomes occurring over 1 year were discounted at
an annual rate of 3% [38].

2.8. Sensitivity analyses

To appraise the ICERs’ stability with the assumptions made in
our economic model, and to explore the impact of each variable
relative to each other, we performed one-way sensitivity analyses
with all the variables utilised in this study. We also performed a
two-way sensitivity analyses using the top two variables which

Table 3

changed the ICER the most. Probabilistic sensitivity analyses
(PSA) [38,39], i.e.,, 1000 Monte Carlo simulations, were also con-
ducted. Results of the upper- and lower- limits as well as distribu-
tions for PSA are reported in Table 3.

2.9. Cost-effectiveness threshold

Since there is no established threshold in judging the cost-
effectiveness of public health programmes in Japan, a
willingness-to-pay threshold at ¥5,000,000 (US$45,455) per QALY
gained was utilised; a suggested threshold for evaluating health-
care interventions [40]. Also, WHO suggests a “cost-effective” cri-
terion at 1 to 3 times of GDP [41]. These criteria were used in
determining whether the immunisation programme was cost-
effective or not.

3. Results
3.1. Results of base-case analysis

Table 3 shows the results of base-case analyses. When compar-
ing AMV strategy with current no AMV strategy, estimated average
incremental QALYs were at 0.0002802, among them 79.5%
(0.0002227 QALYs) were from infant, and remaining 20.5% were
from mother. Though AMV strategy reduces disease treatment
costs, the reduction cannot offset the vaccination costs. Estimated
incremental cost-effectiveness ratio (ICER) were at ¥9,149,317 (US
$83,176)/QALY gained.

3.2. Results of sensitivity analyses

In Fig. 2-1, we can observe the eight variables which changed
the ICER to be greater than ¥1,000,000 (US$9091)/QALY. Two-
way sensitivity analyses on two key variables (Table 4, Fig. 2-2),
i.e., costs per shot and probabilities of an infant aged < 3 m.o. from
a non-vaccinated mother to contract pertussis, showed that if we
adopt a ¥10,000,000 (US$90,909)/QALY as a criterion for cost-
effectiveness, AMV strategy will be cost-effective regardless of
the incidence rate of infant pertussis when cost per shot <¥5,500
(US$50.0). While if we adopt ¥5,000,000 (US$45,454.5)/QALY as a
criterion, AMV strategy will only be cost-effective when cost per
shot is <¥3,000 (US$27.3). Fig. 2-3 shows the cost-effectiveness
acceptability curve (CEAC) of AMV strategy compared to current
no AMV strategy. Among 1000 ICERs produced by Monte Carlo
simulations, the probabilities that ICER is under ¥5,000,000 (US
$45454.5) and ¥10,000,000 (US$90909.1) per QALY gained was at
65.4% and 92.3%, respectively. Mean ICER was ¥4,595,055 (SD =
¥3,563,788) or US$41,773 (SD = US$32,398) per QALY.

Results: cost, incremental cost effectiveness and incremental effectiveness per mother and/or per infant, and ICER of base-case analysis.

Cost Incremental cost Effectiveness Incremental effectiveness ICER
Strategy (¥) (US$) (¥ (US$) (QALYs) (QALYs) (¥/QALY) (US$/QALY)
Total (mother and infant)
current strategy 981 89 35.341758 -
current strategy + AMV 3545 322 2564 233 35.342038 0.0002802 9,149,317 83175.6
Mother
current strategy 305 2.8 3.9825251
current strategy + AMV 3188 29 2883 26.2 3.9825846 0.0000575
Infant
current strategy 675 6.1 319 29 31.35923
current strategy + AMV 356 3.2 0 0 31.35946 0.0002227

AMV: Antepartum Maternal Vaccination.
QALY: Quality Adjusted Life Year.
ICER: Incremental cost-effectiveness ratio.
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Base-case

ICER=¥9,149,317/QALY

Variables (lower limit, base-case, upper limit

Costs per vaceine shot |_'—;
2000 i

Probability of mother & her infant to contract Pertussis
(0.00119, 0.00140, 0.005520)

Probabilty of an infant in dying in NICU
(0.031, 0,071, 0.086)

Probability of an infant hospitalised >10 days
(0.238, 0.297, 0.356)

Probability of an infant needing ventiation among Long-LOS group
(0.168, 0.206, 0.251)

Utllty weight of mother patient (moderate il)
(0.696.0.85.0.99)

Vaceine effectiveness on preventing mother from being contracted
(329%.929%. 99%)

Average days of cough (mother patient)
(45.55.120)

-8,000,000 -6,000,000 -4,000,000 2,000,000

(1) One-way sensitivity analysis (Tornado diagram showing the eight variables which changed the
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(2) PSA: cost-effectiveness acceptability curve (CEAC).
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Among 1,000 ICERs produced by Monte Carlo simulations, the probabilities that ICER is under ¥5,000,000 (US$45,454.5)/ ¥10,000,000 (US$90,909.1) per

QALY gained was at 65.4%/92.3% when the costs of per course of vaccination were at¥60,000 (US$54.5).

Fig. 2. Sensitivity analyses (Current strategy + AMV vs. current strategy): (2-1) One-way sensitivity analyses, (2-2) Two-way sensitivity analyses, and (2-3) Probabilistic
sensitivity analyses (PSA) QALY: quality adjusted life year. ICER: incremental cost-effectiveness ratio (¥/QALY). WTP: willingness-to-pay.

Table 4
Results (ICERs) of two-way sensitivity analyses (ICER = ¥/QALY).

Incidence rate of pertussis in infant and mother, respectively

Costs per shot 0.001 0.002 0.003 0.004 0.005
¥2000 3,438,545 941,905 109,841 Dominant’ Dominant
¥3000 5,936,300 2,191,228 943,019 319,026 Dominant
¥4000 8,434,056 3,440,551 1,776,198 944,132 444,982
¥5000 10,931,811 4,689,874 2,609,376 1,569,239 945,245
¥6000 13,429,566 5,939,196 3,442,555 2,194,345 1,445,508
¥7000 15,927,321 7,188,519 4,275,733 2,819,451 1,945,770
¥8000 18,425,076 8,437,842 5,108,912 3,444,557 2,446,033
¥9000 20,922,831 9,687,165 5,942,090 4,069,664 2,946,296
¥10,000 23,420,586 10,936,488 6,775,269 4,694,770 3,446,559

" Dominant: When comparing AMV strategy with current no AMV strategy, AMV strategy gained more QALYs with less cost.

4. Discussion

to prevent infant<3 m.o. from contracting pertussis. Results
showed that ICER of AMV strategy was under the WHO-

We conducted the first cost-effectiveness analysis in Japan com- suggested “cost-effective” criterion at 1 to 3 times of GDP
paring AMV strategy (with aP-containing vaccine) to current no (¥11,000,000 or US$100,000 in Japan) [41]. One-way sensitivity
vaccination for pregnant women. The purpose of AMV is mainly analyses showed that costs per shot and incidence rate of infant
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pertussis were the two key variables which have large impacts on
the results. Two-way sensitivity analyses indicated that the upper
limit of the cost per shot to gain one QALY under ¥5,000,000 (US
$45,455) and ¥10,000,000 (US$9091), regardless of the incidence
rate of infant pertussis, were at ¥3000 (US$27.3) and ¥5500 (US
$50.0), respectively. PSA show that the probabilities of AMV strat-
egy to be under ¥5,000,000 (US$45454.5) and ¥10,000,000 (US
$90909.1) per QALY are 65.4% and 92.3%, respectively. Mean ICER
(¥4,595,055 or US$41773.2 per QALY) derived from PSA was
favoured than that of deterministic analysis (¥9,149,317 or US
$83175.6 per QALY) due to the usage of a relatively high upper
limit of incidence rate of pertussis, i.e.,, 519.6/100,000 person-
year; adopted from van Hoek et al. [19].

Since our study is the first study which evaluated the value for
money of AMV strategy with aP-containing vaccine in Japan, no
comparison can be done within same healthcare setting, hence,
we compared our study with seven previous studies from overseas
[19,27,30-34]. Reports by Atkins et al. (USA), Sartori at al. (Brazil)
and Westra et al. (Netherland) concluded that AMV strategy was
cost-effective [30-32]. While, van Hoek et al. (England) reported
that AMV strategy gained one QALY at £16,856~£42,070 depend-
ing on the incidence [19]. Lunger et al. (Netherland) reported an
ICER of €126,000/QALY and discussed that the high ICER may partly
be due to the assumption about the lower disease burden. Ter-
ranella et al. (USA) reported an ICER at US$414,523/QALY; the
resulting high ICER may partly be due to the high vaccine cost
US$57.6/shot (the highest one among the previous studies).
Ferndndez-Cano et al. (Spain) reported a benefit-to-cost ratio of
0.15 and mentioned that additional CEA studies are needed. Ana-
lytic time horizon for mother in previous studies as well as in
our study was more than 1 year, while this variable in study of
Ferndndez-Cano et al. was set at 1year only; this assumption
may contribute to the low benefit-to-cost ratio. Our results sug-
gested that AMV strategy in Japan can be potentially cost-
effective, while the result is largely depending on the incidence.
The incidence rates (per 100,000 person-month) of infant pertussis
from previous studies were: 10.8 (age <5 m.o.) in Lugner et al.’s
study, 7-43.3 (age < 3 m.o.) in Van Hoek et al.’ study; 5.54 (age <
12 m.o.) in Satori et al.’s study, 9.9 (age <2 m.o.) in Fernandez-
Cano et al’s study; 12.4 (age<1m.o.), 18.9 (age 1 m.o.), 15.3
(age 2 m.o.) in Terranella et al.’s study; 9.0 (age <1 m.o.), 17.7
(age 1 m.o.), and 23.4 (age 2 m.o.) in Westra et al.’s study. While
in our study we observed that it was at 11.7 (<3 m.o.), which is
comparatively low when compared to those used in previous stud-
ies. Incidence rates in all the seven previous studies were from the
notifiable diseases’ surveillance system of each country. Underre-
porting related to incidence in infants has been discussed in all
the previous studies, most studies concluded that there were
minor underreporting in infants’ incidence because pertussis usu-
ally leads to disease severe enough to be recognise among infants
[19,27,30-34]. Pertussis in Japan is defined as a sentinel-reported
disease, therefore, at this point we have no way of finding whether
our estimated results are under-reported or not. Costs per vaccina-
tion is another key variable which impacts the results largely.
Among previous studies, cost per vaccination is between
¥1606~¥6336 (US$14.6-57.6), which, in our study, was set at
¥6000 (US$54.5).

Our study has certain limitations, namely: (1) One-way sensi-
tivity analyses revealed that pertussis incidence rate is a variable
which has strong impact on ICER. In Japan, pertussis is not a noti-
fiable disease, therefore we estimated the incidence rate based on
a complete enumeration retrospective survey from all the hospi-
tals located in six prefectures in the country. As discussed above,
our estimated incidence rate is comparatively low when com-
pared to those used in previous studies. Until the disease is
assigned as a notifiable disease, there is no way to know whether

the figure is overestimated or under estimated. From January
2018, pertussis is expected to be assigned as a notifiable disease,
re-analysis should be conducted when incidence data is available.
(2) Since we are not able to further characterise infant health out-
come according to pneumonia or other pertussis-related compli-
cations, we used the costs of upper respiratory infection to
estimate the hospitalised instead; this might result to the under-
estimation of pertussis cost. (3) We didn’t define other strategies,
which also aims at reducing the incidence among infant as alter-
native strategies. There are three previous studies which com-
pared AMV with cocooning/neonatal strategy. Among them, two
reported that AMV strategy is favourable than cocooning/neonatal
strategy [31,34], while Lugner et al. reported that cocooning strat-
egy is favourable than AMV strategy [33]. Lugne et al. assumed
that in cocooning, all new mothers would be vaccinated only if
they had not received the vaccine in the previous 5 years, while
in AMV strategy all pregnant women had to be vaccinated during
each pregnancy, this assumption makes the cocooning strategy to
have lower vaccination cost than AMV strategy, which led to the
result of cocooning being favourable than AMV. (4) The utility
weights were cited from overseas which would cause uncertainty
to the result, however, sensitivity analyses revealed that the
impact of these utility weights were not significantly large. (5)
Though vaccine coverage are high in Japan with three primary
doses reaching 90%, the delays of vaccination, which happened
in some cases would leave infants at a longer vulnerable age with
less protection than anticipated [42]. It is possible that transpla-
cental maternal antibodies or the antibody through breastfeeding
could protect those infants [43]. (6) We only took into account
the benefits of the protection of pertussis without considering
additional benefits, which can be expected if combination vaccine
was to be used. (7) An ecological study reported that increased
DTaP immunisation coverage is associated with decreased sudden
infant death syndrome (SIDS) mortality [44]. Another study
reported that among SIDS mortality, 5.1% was caused by pertussis
[45]. If these additional benefits were to be included, ICERs may
be improved.

In February 2016, the MHLW approved the extended use of
DTaP for boosting adolescents and adults [6]; a DTaP-IPV dose to
replace current one Td dose for adolescents ageing 11-12 y.o. is
now under consideration. Several countries have implemented
booster dose for adolescents to control the transmission, however,
vaccinating adolescents might increase the average age of re-
infection resulting to more susceptible young mother due to the
waning of the VE of the acellular vaccine to protect against the
transmission of pertussis [19]. Taking into account the current cir-
cumstances in pertussis control, in the near further, Japan may
need to consider the implementation of AMV strategy to protect
infants from pertussis during the narrow window before receiving
their first dose of vaccine. Our study suggests that in Japan using
aP-containing vaccine in pregnant women has the potential to be
cost-effective.
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Background: Rotavirus (RV) vaccination has been available in Japan since November 2011, but is not yet
part of Japan’s national immunisation programs. There are insufficient data on vaccine effectiveness (VE)
among Japanese children.

Methods: Between the months of January and May in 2014 and 2015, we conducted active surveillance of
gastroenteritis among children at 14 medical facilities. Rectal swabs from all patients with diarrhoea or
vomiting were tested for RV by immunochromatography, and positive specimens were genotyped.

Il:z{:;‘;:ﬁz: Demographic data and immunisation records were obtained from a questionnaire completed by their
Vaccine effectiveness parents/guardians or medical records. A test-negative case-control design was used to examine vaccine
Genotype effectiveness (VE) using unconditional logistic regression analysis adjusted for possible confounding
Severity factors.

Results: Among the 1519 eligible subjects (children with acute gastroenteritis symptoms aged >2 months
to <3 y visiting medical facilities) recruited, 487 cases and 925 controls were enrolled. Cases had more sev-
ere symptoms than controls, requiring more intensive treatment, including intravenous rehydration or
hospitalisation. VE against all rotavirus gastroenteritis (RVGE) was 80.0% (95% confidence interval [CI],
72.8-85.5%), and VEs against RV1 and RV5 were similar, at 80.6% (95%Cl, 70.7-87.1%) for RV1 and 80.4%
(95% CI, 69.1-87.6%) for RV5. Although VEs of both vaccines decreased with age, VEs against all RVGE were
>70% up to 2 years after vaccination. VEs increased with severity of RVGE, and VE against severe RVGE,
requiring intravenous rehydration or hospitalisation, was 97.3% (95% CI, 88.8-99.3%). VEs of RV1 and
RV5 against G1P[8] and G2P[4] were comparable, at RV1, 89.8% (95% CI, 78.2-95.5%) and 78.3% (95% (I,
23.6-93.8%); and RV5, 85.8% (95% CI, 72.8-92.6%) and 88.1% (95% CI, 10.1-98.4%), respectively.
Conclusions: Rotavirus vaccines were effective in preventing mild to severe RVGE, irrespective of vaccine
type, time since vaccination, or RV genotype.
© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

1. Introduction

Rotavirus (RV) is a common cause of severe gastroenteritis
among infants and young children aged <5years. It causes
diarrhoea and vomiting, and can cause fatal dehydration, especially
in developing countries [1]. Since 2006, two live oral vaccines, a
monovalent human rotavirus vaccine (RV1, Rotarix®,
GlaxoSmithKline Biologicals, Rixansart, Belgium) and a pentavalent
bovine-human reassortant vaccine (RV5, RotaTeq®, Merck & Co.,

* Corresponding author at: Department of Preventive Medicine, Faculty of
Medicine, Saga University Saga, Japan.
E-mail address: e5814@cc.saga-u.ac.jp (K. Araki).

https://doi.org/10.1016/j.vaccine.2018.07.007
0264-410X/© 2018 The Authors. Published by Elsevier Ltd.

Inc., Rahway NJ, USA) have been licensed in >100 countries [2,3].
The World Health Organization (WHO) recommends these vacci-
nes for national immunisation programs (NIP) [4]. Globally, 86
countries had developed NIPs by September 2016 [5].

Despite the WHO recommendations [4], and the effectiveness
[6,7], safety [8], and impact of the RV vaccines against RV-related
death [9,10] or hospitalisation [10], many countries in Asia, includ-
ing Japan, have not yet introduced RV1 or RV5 into their NIPs [5].
The disease burden, severity of disease, vaccine efficacy or vaccine
effectiveness (VE), and vaccine safety are generally addressed in
the decision-making process of introducing a vaccine into an NIP
[11]. Following clinical trials in Japan [12,13], RV1 and RV5 became
available on the private market in November 2011 and July 2012,

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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respectively. Before the introduction of RV vaccines in Japan,
RVGE-related hospitalisation among children aged <5y was esti-
mated to be 7.9-17.6 hospitalisations/1000 person-years, 2-5
times higher than that in other developed countries (before the
advent of the vaccine), although fatal cases were rare [14].
Recently, substantial declines in RVGE incidence [15] and RVGE
hospitalisation cases were reported in the post-licensure period
[16]. A case-control study using a test-negative design showed that
vaccine effectiveness (VE) against hospitalisation due to RVGE
among children <5 y was 70.4% in Japan [17]. However, VE against
RVGE according to disease severity, virus genotype, vaccine type,
and duration after vaccination have not been fully evaluated in
Japan. Because the disease burden, epidemic virus type, and vacci-
nation coverage are different in different countries, evaluation of
VE by each country is needed. Without such evidence it is difficult
for health decision makers to decide upon introduction of RV vac-
cine into their country’s NIP.

The present study was conducted to evaluate the VE of RV
against RVGE according to vaccine type, duration of protection,
RVGE severity, and RV genotype among children aged <3y in
Japan.

2. Materials and methods
2.1. Study design and setting

We evaluated the VE of rotavirus vaccines using a WHO test-
negative design, which is commonly used for assessing VE against
rotavirus [18]. We conducted active surveillance of gastroenteritis
among children >2 months to <3 years. All patients presenting to a
medical facility for acute gastroenteritis were enrolled. The study
was conducted between 1st January and 31 May in both 2014
and 2015. According to the National Epidemiological Surveillance
of Infectious Diseases, Japan, this period correlates with the peak
rotavirus epidemic data reported by a national infection research
institute [19]. The investigation areas were Saga and Fukuoka pre-
fectures. In most of these areas, rotavirus vaccination is voluntary,
costing ¥13000-15000 (€96.7-111.6) per inoculation. We
requested the cooperation of 14 medical facilities (12 clinics and
2 hospitals). Clinics were paediatric outpatient departments with
weekday hours, and hospitals included paediatric outpatient, inpa-
tient, and emergency departments. The survey protocol was
approved by the Ethical Committees of Saga University Faculty of
Medicine and Saga-ken Medical Centre Koseikan. Other facilities
were approved as cooperating institutions of the Saga University
Faculty of Medicine.

2.2. Patient recruitment and case/control definition

Children, >2 months to <3y, visiting the target medical facili-
ties for acute gastroenteritis, whose parents or guardian gave con-
sent according to the rules of the Declaration of Helsinki to this
study, were eligible for recruitment. Acute gastroenteritis was
defined as two or more diarrhoea (looser-than-usual stool or liquid
stools or frequent stools) during the preceding 24 h or vomiting
(excluding coughing with vomiting). Children were excluded if
their symptom onset occurred within 14 days of rotavirus vaccina-
tion (immunization status was available from records in 98% of
patients; 2% were from parent/guardian verbal report) or they
had a history of previous rotavirus infection before presentation.
Stool samples were collected by rectal swabs from all eligible chil-
dren and tested initially for rotavirus via an immunochromato-
graphic assay (ICA, ImmunoCard® SD Rota/Adeno, Standard
Diagnostics, Inc., Yongin-si, South Korea) at each facility. The sen-
sitivity and specificity of ICA were 100% and 99.7%, respectively

[20]. Even if the initial symptom was vomiting only and diarrhoea
appeared after the visit, all rectal swabs were tested for rotavirus.
Stool samples obtained at study recruitment were stored at —20 °C
after testing in each medical facility, and positive samples were
sent to Sapporo Medical University for genotyping.

2.3. Data collection

The following data were obtained by means of a self-
administered questionnaire completed by each child’s parents or
guardian during the visit: sex, date of birth, birth weight, current
breastfeeding (yes/no), receipt of day care service, number of fam-
ily members in the home, number of siblings in the home, par-
ents/guardian age(s), underlying illnesses (food allergy, asthma,
atopic dermatitis, epilepsy, otolaryngologic disease, digestive dis-
ease, heart disease, Kawasaki disease, febrile convulsions, immun-
odeficiency, and congenital deformity), history of RVGE, history of
rotavirus vaccination, number of doses, date of the last dose and
type of vaccine (if vaccinated), clinical symptoms (diarrhoea, vom-
iting, fever, seizures), and date of symptom onset. In Japan, vacci-
nation history is usually recorded in a maternal and child health
handbook maintained by individuals. Thus, the information col-
lected about vaccination status was verified using the record.
When missing answers or illogical data were detected, accurate
data were obtained by telephone interview with the parent/-
guardian. In addition, we also obtained the following clinical find-
ings from medical records in the medical facilities in cooperation
with paediatricians: detailed clinical symptoms, date at diagnosis,
and treatment (oral medication, intravenous rehydration to correct
dehydration, hospitalisation). Unless there was a second visit for
the acute illness, within 1-2 months after the subjects’ outpatient
visit we telephoned their parents/guardians to assess when their
symptoms had resolved, and whether they had taken the child to
a different facility for further treatment.

2.4. Severity classification

To assess the severity of disease in the outpatient setting, we
adopted three of seven variables in the modified Vesikari score
[21] (MVS) (severity score): (1) maximal number of diarrhoeal
stools per 24 h period (0 points: none, 1 point: 1-3, 2 points:
4-5, 3 points: >6), (2) maximal number of vomiting episodes per
24 h period (0 points: none, 1 point: 1, 2 points: 2-4, 3 points:
>5), and (3) maximal fever (recorded at the facility or at home)
(0 points: <37.0 °C, 1 point: 37.1-38.4 °C, 2 points: 38.5-38.9 °C,
3 points: >39.0 °C). The symptoms of all enrolled patients were
scored, and disease severity was classified into three categories
(mild severe: 1-4, moderate severe: 5-6, and severe: 7-9 in total
score).

2.5. Rotavirus genotypes

Double-stranded RNA was extracted from stool suspensions of
cases in assay diluent using a QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany). Reverse transcription-polymerase chain reac-
tion (RT-PCR) was performed as previously described [22] using
conventional G and P genotyping primers [23,24]. Briefly, reverse
transcription was performed using reverse transcriptase (Super-
Script 1I®, Invitrogen, Carlsbad CA, USA) at 45 °C for 45 min fol-
lowed by 94 °C for 3 min. Polymerase chain reaction (PCR) was
performed using a DNA polymerase (GoTaq Flexi DNA poly-
merase®, Promega, Madison WI, USA) in a thermal cycler (Sim-
pliAmp®, Applied Biosystems, Foster City CA, USA) under the
following conditions: initial denaturation at 95 °C for 15 min; 40
cycles at 94 °C for 45 s, 50 °C for 45 s, and 70 °C for 2.5 min; and
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a final extension at 70 °C for 7 min. The G and P genotypes were
determined by the size of the second PCR products.

2.6. Statistical analysis

Primary analysis assessed the effectiveness against any severity
of RVGE of at least one dose of either vaccine, full doses of RV1
(two doses) or RV5 (three doses), or partial vaccination (one dose
of RV1 and one or two doses of RV5), compared with no vaccina-
tion. Subgroup analyses were performed to estimate (1) the dura-
tion of protection after vaccination by measuring effectiveness
among children 6-11 months, 1y, and 2 y of age, (2) potential dif-
ferences in protection against RVGE according to severity and
treatment, and (3) strain-specific protection.

We first performed bivariate analyses to assess differences in
indicators of the background characteristics, clinical symptoms,
and treatment between cases and controls using the chi-squared
test or Wilcoxon rank sum test. Background characteristic vari-
ables that exhibited a P <.05 or appeared to be medically related
to the disease were considered potential confounders for adjust-
ment. Unconditional logistic regression models were constructed
to calculate the odds ratios (ORs) with 95% confidence intervals
(ClIs). We employed the following continuous and categorical vari-
ables for adjustment: age (months), use of day care (yes/no),
having siblings (yes/no), current breastfeeding (yes/no), facility
(12 clinics/2 hospitals), onset year (2014/2015), and severity score
(1-4, 5-6, and 7-9). For sensitivity analysis, we further adjusted
for year and month of birth, creating six categories: January-June
2012, July-December 2012, January-June 2013, July-December
2013, January-June 2014, and July 2014-February 2015. We
included this as a possible confounding factor. VE was calculated
as (1 — OR) x 100 (%). Commercial software (Ver. 9.3 for Windows;
SAS Institute, Cary, NC, USA) was used for statistical analysis.

3. Results

Of a total of 1516 patients, the parents/guardians of 1488
(98.1%) consented to participate in this study and responded to
the questionnaire. Of these, we excluded 76 patients (5.1%) who
did not meet the inclusion criteria, leaving a final group of 1412,
including 487 cases and 925 test-negative controls (Fig. 1).

Table 1 shows the characteristics, clinical symptoms, and treat-
ment of cases and controls. The mean severity score of all 1412
patients was 3.42, and the scores in the top 10% and 25% of all
patients were >7 and >5, respectively. Based on this result, we
defined the severity of disease according to the following severity
score: 1-4 mild, 5-6 moderate, and 7-9 severe. The proportion of
subjects with severe symptoms was significantly higher in cases
than in controls. In total, progress following outpatient visits could
be confirmed for 1010 patients (395 cases and 615 controls). Cases
more commonly required extensive treatment, including intra-
venous rehydration and hospitalisation, than controls.

After adjustment for potential confounders, the VE against any
severity of RVGE was calculated at 80.0% (95% CI, 72.8-85.5). The
VE was similar for full doses of the two vaccines; partial vaccina-
tion provided lower protection than full vaccination (Table 2).

Table 3 shows VE according to age by vaccine type. Because
only seven cases were fully vaccinated by 6-11 months of age,
we considered the VE of the two vaccines together. Although the
VE declined over time following vaccination, the effect persisted
at 24-35 months of age.

Table 4 shows VE by symptom severity or clinical treatment.
The VE against RVGE with a severity score of 5-6 was 85.9% (95%
Cl, 76.2-91.6) and that for a severity score of 7-9 was 91.4% (95%
CI, 78.1-96.6). Among children with complete clinical information

Approached and assessed for
eligibility by their clinician
N=1519

Refused to participate
N=28

Enrolled and answered to
the questionnaire by their guardian
N =1491

Excluded from analysis
N=79
« age ineligible (n = 3)
« unclearness of RV vaccine record (n = 1)
* past history for RVGE (n = 70)
« vaccinated within 14 days before
presented the symptoms (n = 4)
* negative by RT-PCR (n = 1)

\

Total included in analysis
N=1412
* Rotavirus positive (n = 487)

« Rotavirus negative (n = 925)

Fig. 1. Flow diagram for the enrollment of cases and controls (January to May 2014
and 2015).

for treatment, only two vaccinated cases (0.5%) required intra-
venous rehydration, and none needed hospitalisation. The VE for
patients needing intravenous rehydration or hospitalisation due
to RVGE was 97.3% (95% CI, 88.8-99.3).

The rotavirus genotype was identified in 99.8% (487/488) of
rotavirus-positive specimens. The most common rotavirus GP
genotype was G1P[8], which was detected in 235 strains (48.2%),
followed by G9P[8] (175; 35.9%) and G2P[4] (35; 7.2%) (Supple-
mental Table 1). The VEs of RV1 and RV5 against G1P[8] were
89.8% (95% CI, 78.2-95.5) and 85.8% (95% Cl, 72.8-92.6), and those
against G2P[4] were 78.3% (95% CI, 23.6-93.8) and 88.1% (95% CI:
10.1-98.4), respectively. The VE against G9P[8] was lower for both
vaccines compared to that against G1P[8] and G2P[4] (Table 5).
Results from sensitivity analyses, including adjustments for year
and month of birth, were comparable to the above VEs (Supple-
mental Tables 2-5).

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.vaccine.2018.07.
007.

4. Discussion

We demonstrated the effectiveness of RV vaccines according to
vaccine type, time interval after vaccination, disease severity, and
virus genotype in Japan, using a case test-negative control design.
RV vaccines were highly effective against severe RVGE needing
intravenous rehydration or hospitalization (VE was 97.3%
[95% CI: 88.8-99.3]) and mild-to-moderate RVGE (VE was 78.7%
[68.9-85.4] for mild RVGE and 85.9% [76.2-91.6] for moderate
RVGE). The VEs of RV1 and RV5 against any genotype of RVGE were
comparable. These levels of effectiveness were similar to those
reported by previous clinical trials [12,13], confirming the effec-
tiveness of rotavirus vaccines in the real-world setting in Japan.
In addition, although it waned somewhat with age, VE was >70%
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Table 1
Baseline characteristics, clinical symptoms, and treatment of cases and controls.
Cases, n =487 Controls, n =925 P value®
Variables Rotavirus-positive Rotavirus-negative
Demographics
Age at onset, median months [range] 19 [2-35] 15 [2-35] <.01
Sex: males, n (%) 269 (55.2) 503 (54.4) 0.76
Location of hospital, n (%) 0.14
Saga 347 (71.2) 693 (74.9)
Fukuoka 140 (28.8) 232 (25.1)
Onset year, n (%) <.01
2014 season 64 (13.1) 262 (28.3)
2015 season 423 (86.9) 663 (71.7)
Additional history
Underlying condition: Yes, n (%) 83 (17.0) 146 (15.8) 0.54
Premature (BW > 2500 g) °, n (%) 438 (90.7) 811 88.3 0.18
Use of day care : Yes, n (%) 320 (66.4) 482 (52.5) <.01
Siblings: Yes, n (%) 319 (65.5) 554 (59.7) 0.03
No. of siblings, median [range] 1 [1-7] 1 [1-6] 0.18
Age of parents, median years [range]
Mother® 32 [19-46] 32 [18-48] 0.35
Father? 34 [20-57] 34 [20-62] 0.67
Breastfed®: Yes, n (%) 143 (29.6) 405 (44.1) <.01
Systemic symptoms before receiving the medical examination
Diarrhea, n (%) 460 (94.5) 805 (87.0) <01
No. of diarrheal stools, median [IQR] 4 [2-6] 3 [2-6] 0.15
Vomiting, n (%) 368 (75.6) 412 (44.5) <01
No. of vomiting episodes, median [IQR] 3 [2-5] 2 [1-4] <.01
Fever, n (%) 340 (69.8) 364 (394) <.01
Max recorded fever, median [IQR] 38.5 [37.9-39.0] 38.0 [37.6-38.9] 0.02
Seizure' (in the course of disease), n ( 8 (2.0) 4 (0.7) 0.07
Severity of disease®, n (%) <.01
Mild severe 256 (52.6) 80.1 (86.6)
Moderate severe 162 (32.3) 103 (11.1)
Severe 69 (14.1) 21 (2.3)
Treatment”, n (%) <01
Outpatient (oral treatment) 320 (81.0) 594 (96.6)
Outpatient (intravenous rehydration) 64 (16.2) 16 (2.6)
Hospitalisation 11 2.8) 5 (0.8)

Abbreviations: SD, standard deviation; IQR, Interquartile Range.

¢ Chi-squared test or Wilcoxon’s rank-sum test was used as appropriate.
Analyses were based on data from 483 cases and 919 controls.
Analyses were based on data from 482 cases and 919 controls.
Analyses were based on data from 485 cases and 919 controls.
Analyses were based on data from 459 cases and 909 controls.

b

c
d
e

 Analyses were based on data for children younger than 12 months old (n = 383).

& Severity of disease was assessed using the severity score (see the Methods section) “mild severe” corresponds to a total score of 1-4, “moderate severe” corresponds to

5-6, and “severe” corresponds to 7-9.

" Analyses were based on data from patients for whom confirmation of the outcome was possible (cases/control = 395/615).

Table 2

Vaccine effectiveness against rotavirus disease.

Cases Controls Crude OR Adjusted OR” VE(%) 95% CI(%)
n (%) n (%)
Unvaccinated 420 (86.2) 498 (53.8) 1¢ 1¢
Vaccinated (>1 dose) 67 (13.8) 427 (46.2) 0.19 0.20 80.0 72.8-85.5
Partial vaccination® 4 (0.8) 22 (2.4) 0.30 0.33 67.2 —3.7-89.6
Full dose vaccination
RV1 2 doses 36 (7.4) 226 (24.4) 0.19 0.19 80.6 70.7-87.1
RV5 3 doses 27 (5.5) 179 (19.4) 0.18 0.20 80.4 69.1-87.6

Abbreviations: OR, odds ratio; VE, vaccine effectiveness; CI, confidence interval; RV1, monovalent; RV5, pentavalent.

@ Received one or two doses of RV5 or one dose of RV1.

> Adjusted for age in months, use of day care, having siblings, breastfeeding, severity score, facility, and onset year.

¢ Reference category.

2 y after vaccination. These results are pivotal evidence in favour of
the introduction of RV vaccine into the Japanese NIP.

The strength of this study was that VE was evaluated according
to the vaccine type and RV genotype. The effectiveness of RV1
against RVGE of G2P[4] strains has been a concern because geno-
types of all 11 genes of G2P[4] are typically different from those

of G1P[8] strains [25]. However, despite being slightly less effective
than the 88.1% of VE of RV5, the 78.3% VE of RV1 proves its worth
against G2P[4] in our study. These data are compatible with
previous reviews in other developed countries. The pooled VEs of
RV1 and RV5 against severe RVGE attributed to G2P[4] were 87%
(95% Cl, 76-93) and 82% (95% CI, 70-89), respectively [26]. In
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Table 3
Vaccine effectiveness against rotavirus disease in Japan according to age.
Cases Controls Crude OR Adjusted OR" VE 95% CI (%)
Age n (%) n (%)
6-11 months Unvaccinated 53 (88.3) 141 (52.6) 1° 1°
Full-dose vaccination® 7 (11.7) 123 (45.9) 0.15 0.14 85.8 64.3-94.3
12-23 months Unvaccinated 233 (87.9) 240 (54.7) 1¢ 1¢
RV1 2 doses 14 (5.3) 103 (23.5) 0.14 0.16 84.5 70.6-91.8
RV5 3 doses 17 (6.4) 90 (20.5) 0.20 0.17 83.0 68.7-90.7
24-35 months Unvaccinated 129 (82.2) 88 (54.0) 1¢ 1°
RV1 2 doses 15 (9.6) 50 (30.7) 0.21 0.24 75.7 51.4-87.8
RV5 3 doses 10 (6.4) 25 (15.3) 0.27 0.29 70.8 32.2-87.4

Abbreviations: OR, odds ratio; VE, vaccine effectiveness; Cl, confidence interval; RV1, monovalent; RV5, pentavalent.
? Received two doses of RV1 or three doses of RV5.
b Adjusted for use of day care, having siblings, breastfeeding, severity score, facility, and onset year.
¢ Reference category.

Table 4
Vaccine effectiveness against rotavirus disease in Japan by severity of symptoms or clinical treatment.

Cases Controls Crude OR Adjusted OR® VE(%) 95% CI(%)
n (%) n (%)
Mild severe”

Unvaccinated 213 (83.2) 498 (53.8) 1¢ 14

Full-dose vaccination® 40 (15.6) 405 (43.8) 0.23 0.21 78.7 68.9-85.4
Moderate severe”

Unvaccinated 143 (88.3) 498 (53.8) 1¢ 14

Full-dose vaccination® 18 (11.1) 405 (43.8) 0.16 0.14 859 76.2-91.6
Severe®

Unvaccinated 64 (71.1) 498 (53.8) 14 14

Full-dose vaccination® 5 (5.6) 405 (43.8) 0.10 0.09 914 78.1-96.6
Requiring intravenous
Rehydration

Unvaccinated 61 (15.4) 295 (48.0) 14 14

Full-dose vaccination® 2 (0.5) 302 (49.1) 0.03 0.03 96.8 86.8-99.2
Requiring hospitalisation

Unvaccinated 11 (1.8) 295 (48.0) 1¢ 14

Full-dose vaccination® 0 (0.0) 302 (49.1) 0 0 100 Not estimated

Abbreviations: OR, odds ratio; VE, vaccine effectiveness; Cl, confidence interval; RV1,monovalent; RV5, pentavalent.

@ Received two doses of RV1 or three doses of RV5.

b Severity of disease was assessed with severity score (see the Methods section).“mild severe” corresponds to a total score of 1-4, “moderate severe” corresponds to 5-6,
and “severe” corresponds to 7-9.

¢ Adjusted for age in months, use of day care, having siblings, breastfeeding, facility, and onset year.

d Reference category.

Table 5
Vaccine effectiveness against rotavirus disease in Japan by genotype.
Cases Controls Crude OR Adjusted OR? VE(%) 95% ClI(%)
n (%) n (%)
With G1P[8] strains
Unvaccinated 212 (18.3) 498 (53.8) 1° 1°
RV1 2 doses 8 (0.7) 226 (24.4) 0.08 0.10 89.8 78.2-95.5
RV5 3 doses 12 (1.0) 179 (19.4) 0.16 0.14 85.8 72.8-92.6
With G9P[8] strains
Unvaccinated 138 (12.5) 498 (53.8) 1° 1°
RV1 2 doses 22 (2.0) 226 (244) 0.35 0.32 67.8 45.7-80.9
RV5 3 doses 13 (1.2) 179 (19.4) 0.26 0.33 67.5 39-82.7
With G2P[4] strains
Unvaccinated 31 (3.2) 498 (53.8) 1° 1°
RV1 2 doses 3 (0.3) 226 (24.4) 0.21 0.22 78.3 23.6-93.8
RV5 3 doses 1 (0.1) 179 (19.4) 0.09 0.12 88.1 10.1-98.4

Abbreviations: OR, odds ratio; VE, vaccine effectiveness; Cl, confidence interval; RV1, monovalent; RV5, pentavalent.
2 Adjusted for use of day care, having siblings, breastfeeding, severity score, facility, and onset year.
b Reference category.
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contrast, the effectiveness of both vaccines against GOP[8] was low.
In addition to temporal and regional differences in rotavirus
genotype [27], the improvement of vaccine coverage may induce
changes in the dominant genotype and the appearance of reassor-
tant mutant strains. Therefore, long-term observation of the
rotavirus genotype distribution will be necessary.

In general, the VEs for RVGE are higher in developed countries
than in developing countries, irrespective of disease severity [28].
For example, VE against RVGE not requiring hospitalisation in
Spain was 83.5% (95% CI, 25.4-96.3) [29] compared to 64% (95%
Cl, 24-83) in Malawi [30]. The VE for RVGE may also be affected
by whether vaccination is provided as part of a country’s NIP or
not, because vaccination under NIP can attain higher vaccine cov-
erage than vaccination paid for out-of-pocket. However, the VEs
against severe RVGE in countries where RV vaccination is paid
for out-of-pocket [29,31-33] have been similar to those in coun-
tries where RV vaccination is under NIP [34]. Our findings are anal-
ogous to those in developed countries where RV vaccination is paid
for out-of-pocket.

In relation to the duration of protection after vaccination,
Immergluck et al. [34-36] reported no evidence of waning of pro-
tection from RV1 and RV5 beyond 24 months of age. Conversely,
Correia et al. [37] found that VE declined among children aged
>12 months. Although the VE decreased over time, VE against
RVGE was >70% in children aged 24-35 months in our study. In
Japan, before the introduction of rotavirus vaccines, 70% of cases
of RVGE requiring hospitalisation in children <5y were <2y [14].
This result indicates that rotavirus vaccination is particularly pro-
tective against severe RVGE in children aged <2y in this country.

Several reports have evaluated the disease burden for RVGE
hospitalisation [14,38], and a recent study has examined the
impact of RV vaccine introduction on RVGE hospitalisation in Japan
[16]; however, disease burden data for RVGE outpatient visits are
still lacking. Only one study reported the age-specific annual inci-
dence of RVGE outpatient visits before 2000, before RV vaccine was
introduced [38]. According to Yokoo et al., the age-specific annual
incidence of RVGE outpatient visits before RV vaccine was intro-
duced were 151.3 per 1000 infants of 6-11 months and 270.7 per
1000 children of 12-23 months [38]. Given the results of our study,
with 85.8% VE among infants 6-11 months old and the 83.0%-
84.5% VE among children 12-23 months old, the rate of RVGE cases
would be expected to decrease to 21.2 per 1000 infants 6-11
months, and 43.3-46.0 per 1000 children aged 12-23 months, if
all infants received the RV vaccines. In fact, a substantial reduction
in the disease burden of RVGE incidence after RV vaccine introduc-
tion was observed in national surveillance data of Infectious Agents
Surveillance Reports (laboratory-confirmed RV  pathogen)
[15,19,39]. During the 2010/2011 to 2012/2013 seasons (from
October to September), before RV vaccine had been introduced,
the number of laboratory-confirmed RV infections was 908-940,
while it was 435 in the 2013/2014 season (from October to
September) after its introduction.

This study has some limitations. First, we used our original
independent score to compare severity. MVS is useful for assessing
the severity of acute gastroenteritis, and it is also used in clinical
trials [12]. However, it is difficult to compare severity using MVS,
which incorporates the durations of diarrhoea and vomiting [21],
because many target children visit medical facilities and receive
treatment during the early disease stage. We adopted parts of
the MVS and scored each symptom at the time of the outpatient
visit. Severity was determined by the score distribution of all
patients, and this was considered sufficiently valid. Second, most
of the target medical facilities were limited to primary care facili-
ties. If symptoms are severe, patients tend to visit not a clinic but a
hospital to receive more aggressive treatment. In the 2012/13 sea-
son, we targeted higher-order medical institutions and evaluated

the VE of rotavirus vaccines retrospectively [40]. The effectiveness
for hospitalised patients was 88.8% (95% CI, 34.3-100.0). That find-
ing coincides with our present results in that the VE of rotavirus
vaccines was higher among cases of severe illness. Finally, this
study targeted medical facilities in Saga and Fukuoka prefecture
in the 2015 and 2016 seasons, and it is a concern whether the same
results would be obtained in other seasons or areas, because vacci-
nation coverage and endemic virus genotype might vary. The Min-
istry of Health, Labour and Welfare published rotavirus vaccine
coverage data by prefecture in April 2013. Vaccine coverage in Saga
and Fukuoka prefectures totalled 28% and 40%, respectively, which
were lower than those in other prefectures. However, our findings
are similar to those in developed countries, and confirm the effi-
cacy of rotavirus vaccines in Japan.

5. Conclusions

Rotavirus vaccines were effective in preventing not only severe
RVGE, but also mild and moderate RGVE, irrespective of vaccine type
or RV genotype. The highly protective effect lasted well over 2 y.
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In October 2014, a routine pneumococcal vaccination programme in the elderly aged 65-100 years old
was initiated in Japan. Currently, this programme is within a transitional period. Eligibility for subsidy
under the programme is granted for target ages in 5-year increments, over a 5-year roll-out period.
We assessed the impact of the routine vaccination programme on vaccination coverage and explored
the factors relating to pneumococcal vaccine uptake. We conducted a cross-sectional web-based survey
in 2015 for respondents aged 65-79 years. A total of 3889 respondents answered the survey. The vacci-

;(fé’;"r’frds" nation coverage in this study was estimated as 33.5%. Of the total respondents, 3327 were not vaccinated
Pneurzococcal at initiation of the routine vaccination programme. The uptake of vaccination after implementation of the
Vaccination programme among them was 22.3%. There was a significant relationship between vaccination and eligi-

bility for subsidy under the routine vaccination programme (adjusted odds ratio: 16.7). While there are
some limitations to this study, introduction of the routine vaccination programme might affect pneumo-

Routine programme

coccal vaccination coverage in the elderly.

© 2018 Published by Elsevier Ltd.

1. Introduction

Pneumococcal infection carries the risk of serious infection,
hospitalisation and even death, especially in older people [1,2].
Pneumococcal vaccines are effective in prevention of invasive
pneumococcal disease (IPD) in healthy adults [3,4]. Pneumococcal
polysaccharide vaccine (PPSV) 23 and/or pneumococcal conjugate
vaccine (PCV) 13 are recommended for vaccination of older people
in many countries, including the USA [5], UK [6], Germany [6],
Canada [7], Singapore [8], and Taiwan [9].

In Japan, pneumonia is the third leading cause of death (96.5
per 100,000 population in 2015), and this type of death is particu-
larly high in the older population (death caused by pneumococcal
disease among those aged >65 years comprised 97% of the total
deaths in 2015) [10]. In October 2014, a routine vaccination
programme for the older people, targeting individuals aged
65-100 years, aimed to prevent IPD was initiated by an amend-
ment of the Immunisation Act [11]. During the five-year from
2014 to 2019, this programme has been in a transitional period;

Abbreviations: PCV, pneumococcal conjugate vaccine; PPSV, pneumococcal
polysaccharide vaccine; IPD, invasive pneumococcal disease.
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eligibility for subsidy under the programme is granted for those
newly of ages 65, 70, 75, 80, 85, 90, 95 or 100 in the fiscal year
[11]. Individuals falling within these age criteria are eligible for a
subsidised single vaccination per person. The routine vaccination
programme is nationwide, but its implementation is decentralised
to municipalities which set differing payment amounts, with some
municipalities adding their own subsidy schemes such as granting
subsidy without age criteria from the first year. While both PCV13
and PPSV23 pneumococcal vaccines are available in Japan, only
PPSV23 is subsidised for use in the routine vaccination programme
[11].

The national vaccination coverage of pneumococcal vaccines in
older people (>65 years) was reported as 38.3% in 2014 (vaccina-
tion counts under the national programme divided by eligibility
for subsidy for the fiscal year) after the programme started [12].
Vaccination coverage under the new programme was low com-
pared with the influenza vaccine in 2014 (50.6%) [12], and was also
lower than the USA (63.6%) [13], UK (69.8%) [14], and Australia
(56.0%) [15]. The vaccination coverage in Japan is higher than that
in other Asian countries that introduced it as a recommendation,
including Taiwan (20.7%, >75 years) [16] and Singapore (6.1%)
[17].

Currently in Japan, the routine pneumococcal vaccination pro-
gramme represents an ongoing nationwide experiment during



A. Shono et al./Vaccine 36 (2018) 5886-5890 5887

the five-year transitional period. In this study, therefore, we
assessed the effect of this programme on vaccination coverage in
older people. We have also explored the factors relating to pneu-
mococcal vaccine uptake.

2. Methods

We conducted a cross-sectional web-based survey in December
2015. The target population involved those who were registered
throughout Japan with a private web survey company because
there is no official behavioural surveillance system in Japan. There-
fore, this was a closed survey that was only open to individuals
that were registered and invited by the survey company [18].

Respondents were aged 65-79years at the time of this
research. This target age was chosen for feasibility of collecting
data. For the recruitment process, an invitation was provided to
the registered target population through personal websites and
e-mail, and people could access the research website. Those who
answered the question could obtain some incentives from the sur-
vey company, such as points that are exchangeable for gift cards
once they reach a certain value.

The respondents were within the target population for the rou-
tine vaccination programme, both already eligible for subsidy (i.e.
aged 65, 70, 75, 80, 85, 90, 95 or 100 at the end of fiscal year
2014/2015) and not yet eligible for subsidy (all other ages from
65 to 100 years).

The questionnaire mainly comprised 15 queries and was cate-
gorized into two parts involving a general part and a health-
specific part, including vaccination status. The general part of the
questionnaire assessed the following: age (birth month, year), gen-
der, marital status, household income, education background as
the final level of education completed, employment status, and
children living in the same household. The health-specific part
assessed smoking status, pneumococcal and seasonal influenza
vaccination status, and any disease under treatment. The queries
regarding pneumococcal vaccination also included the timing of
vaccination (calendar year and month of vaccination) and the rea-
son for seeking this vaccination. The reason for vaccination was
queried to obtain information on the influence of the media and
other resources. We did not differentiate between PPSV23 and
PCV13 in this study because we aimed to focus on the vaccination
trend and ease of response.

Firstly, we estimated the vaccination coverage (vaccinated pop-
ulation divided by target population) to investigate the effect of the
routine vaccination programme. Second, we analysed the relation-
ship between pneumococcal vaccination after programme imple-
mentation and the factors affecting vaccination uptake using a
logistic regression model. These factors were as follows: eligibility
for subsidy, age, gender, marital status, education, employment
status, smoking status, seasonal influenza vaccination status, any
disease under treatment, children within the same household,
and household income. In addition, the main reason for vaccination
was analysed as summary statistics.

Only respondents who provided informed consent were
included in this study. This study was approved by the ethical com-
mittee at Meiji Pharmaceutical University.

3. Results

The total number of valid responses was 3889 (total respon-
dents). The median amount of time to complete the questionnaire
was 2 min and 23 s. Summary statistics are shown in Table 1. The
average age of respondents was 70.8 years old at the time of sur-
vey, with males accounting for 1830 (47.1%). The proportion of
respondents with a marital status was 77.1%, high school graduate

was the most common educational background, and the propor-
tion of employed respondents was 24.4%. The proportion answer-
ing “never smoked” was 60.6% and “ever smoked but currently
do not smoke” was 29.6%. Influenza vaccination status was as fol-
lows: 44.3% for “annual vaccination”, 36.0% for “never vaccinated”.
The proportion of respondents with any disease under treatment
was 59.2% and that for having children within the same household
was 2.7%. Household income data was available for 3090 respon-
dents (79.5%), with a mode and median of 3-4 million yen
(27,000-36,000 USD, 1USD = 110JPY) and 4.2 million yen (38,000
USD), respectively.

We estimated the vaccination coverage in this study from the
total respondents and from those who were not vaccinated at
introduction of the routine vaccination programme. A total of
1304 (33.5% of the total respondents, 1304/3889) respondents
answered that they had been vaccinated with the pneumococcal
vaccine at the time of the survey (vaccinated respondents)
(Table 1). The vaccination coverage of the total respondents by
age is shown in Fig. 1.

Of the total respondents, 3327 (85.5%, 3327/3889) were not
vaccinated at initiation of the routine vaccination programme.
During the second fiscal year after introduction, a total of 1368
respondents aged 65, 66, 70, 71, 75, 76 or 80 comprised the eligible
population within our survey (41.1%, 1368/3327). Seven hundred
and forty-two respondents (22.3%, 742/3327) were vaccinated
after implementation of the programme. While 619 of 742
(83.4%) vaccinated respondents were eligible for subsidy under
the programme, 123 (16.6%, 123/742) vaccinated respondents
were not.

The effect of programme implementation was explored as a
regression model based on the 3327 respondents who were not
vaccinated at programme initiation (Table 2). There was a signifi-
cant relationship between vaccination and eligibility for subsidy
under the routine vaccination programme in the unadjusted and
adjusted models (odds ratio: 12.3; 95% confidence interval: 10.0-
15.2 for unadjusted and 16.7; 12.6-22.0 for adjusted). There were
also relationships between vaccination and the following factors:
age, employment status, influenza vaccination status, any disease
under treatment, and household income in the adjusted model.

The main reason for vaccination after introduction of the rou-
tine vaccination programme was notification by post from munic-
ipalities (49.7%), followed by recommendation by a family doctor
(16.7%), and commercial information from pharmaceutical compa-
nies through television (12.9%) (Table 1). Those who were already
eligible for the routine vaccination programme answered that noti-
fication by post from municipalities was the main reason for vacci-
nation. The main reason for vaccination in those who were not
eligible was the family doctor, followed by notification by post.

4. Discussion

Currently in Japan, the routine pneumococcal vaccination pro-
gramme for older people (>65 years old) is within a transitional
period. At the time this survey was performed, the programme
was in its second year of a 5-year roll-out and 41.1% of respondents
in this study were eligible for subsidised vaccination. Eligibility for
subsidy under the routine vaccination programme was found to
have an effect on coverage (Fig. 1), and it had the largest odds ratio
(adjusted odds ratio:16.7) among the factors affecting vaccination
uptake. Therefore, introduction of the routine vaccination pro-
gramme has had an effect on pneumococcal vaccination coverage
in older people, similar to the effect observed in Australia following
introduction of universal funding [15].

In this study, vaccine uptake differed according to the respon-
dents’ factors, such as any disease under treatment, household
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Table 1
Summary statistics.

Attributes Total respondents Respondents who were not vaccinated at
N =3889 the point of introduction of the routine
vaccination programme
N=3327
Count % Count %
Age
65-69 1665 42.8 1542 46.3
70-74 1364 35.1 1139 34.2
75-79 860 221 646 19.4
Gender (male) 1830 471 1566 471
Marital status (yes) 3000 771 2560 76.9
Education background
Junior high school 212 5.5 188 5.7
High school 1868 48.0 1601 48.1
College 593 153 509 153
University 1139 293 970 29.2
Graduate school 71 1.8 54 1.6
Others or no answer 6 0.2 5 0.2
Employment (yes) 948 24.4 850 25.5
Smoking
Yes 382 9.8 345 104
Never 2355 60.6 1991 59.8
Ever smoked 1152 29.6 991 29.8
Influenza vaccination
Never 1401 36.0 1338 40.2
Annually 1723 443 1317 39.6
Sometimes 765 19.7 672 20.2
Any disease under the treatment (yes) 2302 59.2 1892 56.9
Children within the same household (yes) 105 2.7 91 2.7
Eligible for subsidy' - - 1368 411
Pneumococcal vaccination (yes) 1304 335 742 22.3
Main reason for vaccination Respondents who were vaccinated after
implementation of the programme
N =742
Count %
Postal information from municipalities 369 49.7
Recommendation by a doctor 124 16.7
Commercial information via television’ 96 12.9
Recommendation by family member 50 6.7
Public information from municipalities 35 4.7
Commercial information at clinic or hospital 21 2.8
Information from friends 20 2.7
Commercial information via newspaper 18 24
Others 6 0.8
None 3 0.4
Income per yr (million yen)® (Thousand USD) N % N %
<1 <9 101 2.6 85 2.6
1-2 9-18 332 85 289 8.7
2-3 18-27 631 16.2 547 16.4
3-4 27-36 753 194 636 19.1
4-5 36-45 505 13.0 424 12.7
5-6 45-55 272 7.0 238 7.2
6-7 55-64 137 35 115 3.5
7-8 64-73 89 23 75 23
8-9 73-82 70 1.8 60 1.8
9-10 82-91 69 1.8 60 1.8
10-15 91-136 89 23 79 24
15< 136< 42 1.1 29 0.9
no answer - 799 20.6 690 20.7

! For the routine vaccination programme. Individuals who were already vaccinated at the time of programme introduction were not eligible for subsidy under the routine

vaccination programme.
2 From pharmaceutical companies through television.

3 Respondents could answer from one million yen (9000 USD) to 15 million yen or more (136,000 USD) and they could also select “do not know/do not want to answer”.

1USD = 110JPY.

income, age, and employment. Respondents undergoing any treat-
ment were likely to be vaccinated, which was also found in other
countries [19]. Recipients in Japan are required to pay about
3000 JPY (27 USD) as the median copayment for vaccination under
the routine vaccination programme [20]. Therefore, income could
be a factor influencing vaccine uptake [21]. This was also shown

for seasonal influenza vaccination for adults and children in Japan
[22-24]. However, some studies on vaccination in other countries
showed no associations with income [21,25]. Influenza vaccine
uptake is also related to that of the pneumococcal vaccine, and risk
perception is further considered to be a factor [19,26]. Further-
more, in our study, a higher age of the respondents, especially
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Fig. 1. Vaccination coverage by age*. *Age at the end of fiscal year.
Table 2
Logistic regression model for vaccine uptake under the routine pneumococcal vaccination programme.
Unadjusted odds ratio 95%Cl Adjusted odds ratio 95%Cl
Age 0.99 0.97 1.01 1.04 1.01 1.07
Gender (male; 1) 0.98 0.84 1.16 1.23 0.91 1.66
Marital Status (yes; 1) 1.24 1.01 1.51 1.24 0.80 1.94
Education (year) 1.01 0.98 1.05 1.00 0.95 1.07
Employment (yes; 1) 0.92 0.76 1.11 0.64 0.48 0.86
Smoking status
Smoking -
Never 1.34 1.00 1.80 1.28 0.82 1.98
Ever smoked 1.27 0.93 1.73 1.24 0.79 1.93
Influenza vaccination
Never -
Annually 3.55 291 4.34 4.86 3.63 6.50
Sometimes 1.90 1.48 243 2.00 1.42 2.82
Any disease under treatment (yes; 1) 1.62 1.36 1.92 137 1.07 1.77
Children within the same household (yes; 1) 0.96 0.58 1.58 0.72 0.35 1.49
Eligibility for subsidy” (yes; 1) 1234 9.99 15.24 16.67 12.65 21.96
Income (million yen) 1.0036 1.0003 1.0069 1.0062 1.0018 1.0107

In the unadjusted model, 3327 cases were included, and 2172 were included in the adjusted model. Missing data were excluded in both models.

" For the routine vaccination programme.

older than 75 years, resulted in a tendency to be vaccinated, even
though they were not eligible for the subsidy. Other research con-
ducted before introduction of the routine pneumococcal vaccina-
tion programme in Japan has also shown that vaccine coverage
for those older than 75 years was relatively higher than that for
older people aged younger than 74 years [27]. There could be
two possible reasons for these findings. Older people may have
protective behaviour [28] and they may have more chances to visit
doctors who recommend vaccination [29]. With regard to the fac-
tor of employment, people who are employed might miss the
opportunity to be vaccinated because they have limited time [30].

The municipalities’ strategy of posting information directly to
those eligible for subsidy was the main trigger for seeking the vac-
cine in our study. However, the effort spent in promotion of vacci-
nation differed between municipalities. In 2016, 85% of
municipalities informed individuals about the vaccination by
posted mail [20]. This approach may affect the vaccination beha-
viour of older people in a similar manner to that seen for human
papillomavirus vaccination in the younger generation in Japan
[31]. The encouragement by a family doctor could also be effective
for the ineligible group because older people may have a higher
chance of visiting the family doctor [29].

There are some limitations to this study. First, currently, only
PPSV 23 is covered by the subsidy programme, but we did not dif-
ferentiate between PPSV23 and PCV13. Because we focussed on the
vaccination coverage trend for pneumococcal infection by intro-
duction of the subsidy program, we consider that our main conclu-
sions are legitimate. Second, we should consider selection bias.
This study was a web-based survey of the spontaneous registered
population of a private web survey service. Therefore, respondents
in this survey were not selected by random sampling. While the
respondents were collected from overall Japan, there was self-
selected bias. The age structure (>65 years old) in the target pop-
ulation in this survey and that in Japan is different. Additionally,
internet access in Japan is only available for 71.4% of the popula-
tion aged 65-69 years and in 53.5% of those aged 70-79 years
[32]. Therefore, this study might not be representative of Japan.
Third, self-reporting bias could also have occurred because we
did not confirm the respondents’ certificate of their vaccination.
Fourth, we did not specifically investigate the effect of any original
municipality-instigated programmes before and after introduction
of the routine pneumococcal vaccination programme [33]. Fifth,
we only included 15 questions. Therefore, we did not examine
other factors, such as social factors of the area residence, living
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conditions, private insurance, and knowledge on pneumococcal
infection that affects vaccination behaviour [21]. Finally, this sur-
vey was conducted in the middle of the fiscal year. Therefore, some
respondents might not have been vaccinated yet, but intended to
be vaccinated. While there are some limitations to our study, we
attempted to determine the current situation throughout Japan.

Currently in Japan, the routine pneumococcal vaccination pro-
gramme is ongoing under the 5-year transitional period, until fiscal
year 2018; eligibility for subsidy under the programme is granted
for those newly aged 65, 70, 75, 80, 85, 90, 95 or 100 years in the
fiscal year. As this is a new trial of vaccine policy by the Japanese
government, the process will be finished in fiscal year 2018. After
that, the ongoing program of subsidizing vaccination for those
newly aged 65 years is assumed to maintain the vaccine coverage
among older populations. The study findings may also imply that
decentralised efforts by municipalities aimed at new target popu-
lations are also required, for example, through use of mass commu-
nication, like regular newsletters and through personal
communication intended to achieve higher coverage. This implica-
tion would be also valid for decentralised local governments in
other countries.

In conclusion, under the routine vaccination programme, eligi-
bility for subsidy appears to have a relation to higher coverage
(adjusted odds ratio: 16.7). Therefore, introduction of the routine
vaccination programme might affect pneumococcal vaccination
coverage in older people.
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We thank Curran and Mrkvan for their interest in and com-
ments to our paper “Cost-effectiveness of varicella vaccine against
herpes zoster and post-herpetic neuralgia for elderly in Japan” in
Vaccine [1].

We would like to respond to their insightful comments. Firstly,
vaccine efficacy (VE) reported by Long term Persistence Sub-study
(LTPS) [2] was our first choice, due to its feasibility in application
with our model. However, we found that LTPS was not able to
demonstrate how VE changed with chronological age, thus we
adopted VE estimates from Li et al. [3], and conducted sensitivity
analyses on these data to understand how it impacted the results.
Our sensitivity analysis showed that the uncertainty of VE didn’t
change the ICER largely as expected.

Secondly, in order to consider the alternative VE and waning
scenario, we conducted additional threshold analyses to find out
the VE duration, which could lead the ICERs of the four strategies
beyond the cost-effective criteria, which is ¥5,000,000/QALY in
our study. Results showed that ICERs would be beyond
5,000,000/QALY for each strategy when the duration is <6 years.

Lastly, we also conducted an additional scenario analysis, which
adopted the VE reported in LTPS [2]. We assumed VE estimates
from 1st to 8th year: 0.620, 0.489, 0.468, 0.446, 0.431, 0.306,

Table 1
Results of Scenario analysis (adopted VE reported by Morrison et al. [3] for all the four
strategies.

Strategies ICERs

No programme -

Age 80-84 ¥3,725,947/QALY
Age 75-84 ¥4,068,345/QALY
Age 70-84 ¥4,302,749/QALY
Age 65-84 ¥4,773,467/QALY

https://doi.org/10.1016/j.vaccine.2017.10.046
0264-410X/© 2017 Elsevier Ltd. All rights reserved.

0.460, and 0.311 over every age stratum, respectively, with no
VE set from 9th year and onwards. Results showed that ICERs for
all four strategies were less than ¥5,000,000/QALY (Table 1).

We think that the results of the additional threshold analyses,
of 6 years, suggest the stability of the conclusion of our paper.
Results of this additional scenario analysis using VE estimates
based on LTPS though produced less favourable ICERs, can still
be judged as cost-effective. Although the VE and waning scenario
adopted in our paper might be opportunistic, the vaccination pro-
grammes could still be concluded as cost-effective.
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Introduction: Immunogenicity studies on pandemic influenza vaccine are necessary to inform rapid
development and implementation of a vaccine during a pandemic. Thus, strategies for immunogenicity
assessment are required.
Objective: To identify essential factors to consider when evaluating the immunogenicity of pandemic
influenza vaccines using the experience in Japan with the influenza A(H1N1)pdm09 vaccine.
Methods: We conducted a search of observational studies using PubMed and IchushiWeb. Search terms
included “influenza vaccine AND (immunogenicity OR immune response) AND Japan AND (2009 OR
pdm09) NOT review,” and was limited to studies conducted in humans.
Results: A total of 33 articles were identified, of which 16 articles met the inclusion criteria.
Immunogenicity of the commercially available influenza A(H1N1)pdmO9 vaccine satisfied the interna-
tional criteria for influenza vaccine immunogenicity in all study populations. The most remarkable
immune response was observed in junior high school students, while the lowest immune response
was observed in hematological malignancy patients. Similar to immunogenicity studies on seasonal influ-
enza vaccines, factors such as patient background (e.g., age, underlying condition, pre-vaccination titer,
body mass index, etc.) and study procedure (e.g. concurrent measurement of pre- and post-
vaccination antibody titer, effects of infection during the study period) may have affected the assessment
of immunogenicity to the influenza A(H1N1)pdmO09 vaccine. In addition, prior vaccination with the sea-
sonal influenza vaccine may inhibit antibody induction by the influenza A(H1N1)pdm09 vaccine.
Conclusions: This review discusses factors and strategies that must be considered and addressed during
immunogenicity assessments of pandemic influenza vaccines, which may provide useful information for
future influenza pandemics.

© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Abbreviations: Cl, confidence interval; GMT, geometric mean titer; HI, hemag-
glutination inhibition; MFR, mean fold rise; OR, odds ratio; SCR, seroconversion
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In the Northern Hemisphere, seasonal influenza viruses typi-
cally circulate from late fall through early spring. Such characteris-
tics of seasonal influenza enable us to prepare influenza vaccines in
advance to prevent influenza illnesses. In addition, we can advise
populations at high risk for severe influenza to receive influenza
vaccination early [1].

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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However, the situation is quite different for pandemic influenza.
In April 2009, swine-origin influenza A(H1N1) virus was first iden-
tified in the United States; it rapidly spread throughout the world,
resulting in the first influenza pandemic of the 21st century [2].
Since this was a new strain of influenza, no vaccine was available
at the early stage of this pandemic. In addition, there was no data
on high-risk populations of this virus. To control this influenza
pandemic, various information regarding the epidemiology of
influenza A(H1N1)pdmO09 virus was necessary, and an effective
influenza vaccine had to be produced as soon as possible.

The general procedure for an immunogenicity study of influ-
enza vaccines includes the following processes: (1) measure the
antibody titer for paired serum samples (i.e., before and several
weeks after vaccination), and (2) analyze data of antibody titers.
In these analyses, most studies calculate the following markers
as outcome indices: (1) the geometric mean titer (GMT), (2) mean
fold rise (MFR), (3) seroconversion proportion (SCR), (4) serore-
sponse proportion (SRP), and (5) seroprotection proportion (SPP)
in all study subjects. The immunogenicity of influenza vaccines
in the target population is also assessed according to the interna-
tional licensing criteria of the European Medicines Evaluation
Agency and the United States Food and Drug Administration
(Table 1) [3,4]. However, several factors can affect vaccine
immunogenicity.

Here, we present a summary of the results from immunogenic-
ity studies of influenza A(H1N1)pdmO09 vaccine conducted in
Japan. The main objective was to discuss key points to consider
when evaluating the immunogenicity of pandemic influenza
vaccines.

2. Immunogenicity studies of influenza A(H1N1)pdmO09 vaccine
in Japan

We conducted a comprehensive search using PubMed and
IchushiWeb provided by Japan Medical Abstracts Society with
the search terms “influenza vaccine AND (immunogenicity OR
immune response) AND Japan AND (2009 OR pdm09) NOT review.”
Only studies conducted in humans were included. The literature
search was conducted on June 7, 2017 and yielded a total of 33
articles, of which 17 articles were excluded. Reasons for exclusion
included investigation of immune responses after influenza A
(H1IN1)pdmO09 virus infection (n = 2), investigation of viral charac-
teristics of influenza A(H1N1)pdmO09 virus (n = 1), investigation of
immunogenicity of influenza vaccine in another season (n=6),
experimental studies conducted in mice (n=2), and clinical trials

Table 1
International criteria for influenza vaccine immunogenicity.

EMEA criteria (satisfies 1 or more of the following 3 items)

Age: 18-60 years Age: >61 years

(1) scp” >40% >30%
(2) MFR >2.5 >2.0
(3) SPP! >70% >60%
FDA criteria
Age: <64 years Age: >65 years
(1) Lower limit of 95% CI of SCP’ >40% >30%
(2) Lower limit of 95% CI of SPP' >70% >60%

Cited and reconstructed from Refs. [3,4].

Abbreviations: EMA, European Medicines Evaluation Agency; SCP, seroconversion
proportion; MFR, mean fold rise; SPP, seroprotection proportion; FDA, Food and
Drug Administration.

" SCP: the proportion of persons with pre-vaccination HI antibody titer of <1:10
and post-vaccination titer of >1:40 or >4-fold post-vaccination rise in antibody
titer.
 SPP: the proportion of persons satisfying the protective level of antibody titer (HI
antibody titer of >1:40).

for a non-commercial vaccine (n = 6). Finally, the results from 16
articles [5-20] are summarized in Table 2.

When the results of these 16 studies were evaluated against the
international criteria for influenza vaccine immunogenicity as
shown in Table 1, the immunogenicity of the commercially avail-
able influenza A(H1N1)pdmO09 vaccine satisfied to meet the criteria
in all study populations. However, GMT after 1 dose of vaccination
(S1) ranged from 13 to 162, whereas SPP at S1 ranged from 25% to
92% (Table 2). Therefore, specific factors may be involved which
affected immune responses to influenza A(H1N1)pdm09 vaccine.
We reviewed these studies, paying careful attention to the study
procedure and the effect of subject background characteristics.

3. Factors to consider in immunogenicity studies of pandemic
influenza vaccines

3.1. At the study procedure

In general, the first key point to consider in the study procedure
is existed in the measurement of pre- and post-vaccination anti-
body titers. These measurements should be performed concur-
rently. Even if test accuracy has recently improved, a 1-tube (i.e.,
2-fold) difference in an influenza hemagglutination inhibition
(HI) antibody titer could occur as a result of measurement error.
For example, if pre- and post-vaccination antibody titers are mea-
sured at separate time points, the pre-vaccination antibody titer
could be 1-tube lower than the true value, whereas the post-
vaccination antibody titer could be 1-tube higher than the true
value due to measurement error. This measurement error would
result in a 4-fold increase from pre- to post-vaccination titers
although the patient’s antibody titer did not actually increase.
Therefore, to minimize the effects of measurement errors, the test
environment must be standardized as much as possible.

According to the descriptions in the papers we reviewed,
approximately 60% of studies on influenza A(H1N1)pdmO09 vaccine
in Japan performed concurrent measurement of pre- and post-
vaccination antibody titers [5,8,10-16,18]. Thus, in these studies,
the study procedure for the measurement of antibody titer did
not seem to explain the variation in antibody response. To provide
proper interpretation of vaccine immunogenicity, concurrent mea-
surement of paired serum samples would be needed, and the
description would help readers to interpret the results
appropriately.

The second key point to consider in the study procedure con-
cerns analysis and interpretation of results. During the study per-
iod, some subjects may develop influenza. If the effects of
subjects who develop influenza (including subclinical infection)
during the study period are included, then post-vaccination anti-
body titers will be increased because of influenza infection, which
can lead to an overestimation of the immunogenicity of the influ-
enza vaccine. Thus, in immunogenicity studies of influenza vacci-
nes, we should collect information regarding the development of
influenza during the study period, and infected subjects should
be excluded from the analyses.

Among published papers from Japan, approximately 60% of
papers disclosed the inclusion/exclusion of subjects who devel-
oped influenza during the study period and the management
methods of such infected subjects [5,7,8,11-14,16,18,19]. Espe-
cially in the case of the pandemic influenza vaccine, the spread
of influenza preceded the development of the vaccine. Thus, even
in the relatively short study period of an immunogenicity study
(generally 3-4 weeks), subjects can develop pandemic influenza.
In fact, in our study of influenza A(H1IN1)pdmO09 vaccine, 9 of
111 study subjects experienced a confirmed influenza A virus
infection (as determined by the rapid test) between the first dose
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Table 2
Immunogenicity of influenza A(HIN1)pdmO9 vaccine in Japan.

Ref. Study subjects N Age No. of doses  GMT MFR SCP" (95%CI) SPP' (95%CI)
(years) S0t s1t  s2¢ siso spso S atsi
[5] Junior high school 60 12-15 2 10 162 158 15.6 154 83% (73-93%) 92% (84-106%)
High school 46 15-18 2 15 126 136 83 83 72% (58-85%) 89% (80-98%)
[6]  Health-care workers 389  20-65 1 6 2 - 35 - 35% (30-40%) 38% (33-43%)
[7] Pediatricians 16 27-49 1 10 27 - 54 - 44% (17-71%) 44% (16-71%)
[8]  Pregnant women 149  17-41 2 38 139 114 171 14.1 91% (86-96%) 89% (84-94%)
9] Pregnant women 128 348+4.1 2 Not applicable Not applicable 90% at S2
[10]  Hematological malignancy patients 50 21-83 2 6 13 22 2.3 3.9 32% (19-45%) 27% (14-40%)
[11]  Subjects with severe motor and 104 40.1+129 2 7 39 41 5.4 5.6 54% (44-64%) 56% (46-66%)
intellectual disability
[12]  Diabetes mellitus patients 48 26-75 1 6 53 - 9.0 - 73% (60-86%) 73% (60-86%)
[13]  Diabetes mellitus patients 48  28-78 2 6 33 34 53 5.6 46% (32-60%) 25% (38-66%)
[14]  Hepatitis C patients 79 645+106 1 8 82 - 103 - 72% (62-82%) 71% (61-81%)
[15]  Duchenne muscular dystrophy patients 44 17-47 1 7 75 - 10.5 - SRPS: 84% (73- 70% (57-83%)
95%)
[16]  HIV-infected patients 104 34.3-53.0 2 8 31 39 Not applicable 44% (31-58%) 52% (38-66%)
[17]  HIV-infected patients 182 466+127 1 10 35 - Not applicable 39% (32-46%) 50% (43-57%)
[18]  Children with renal diseases under 15 11.8+4.0 2 104 50 16.9 9.0 69% (39-91%) 77% (46-95%)
immunosuppressive therapy
[19]  Pediatric liver transplant recipients 13 1-18 2: 6 32 5.2 46% (19-75%) 54% (25-81%)
<13 years;
1:>13 years
[20]  Healthy adults with prior seasonal 51 22-61 2 8 45 41 6.4 5.9 59% (44-72%) 61% (46-74%)
influenza vaccination
Healthy adults without prior seasonal 59 23-62 2 8 100 107 14.6 15.6 80% (67-89%) 80% (67-89%)

influenza vaccination

Abbreviations: CI, confidence interval; GMT, geometric mean titer; MFR, mean fold rise; SCP, seroconversion proportion; SPP, seroprotection proportion, SRP, seroresponse

proportion.

" SCP: the proportion of persons with pre-vaccination HI antibody titer of <1:10 and post-vaccination titer of >1:40 or >4-fold post-vaccination rise in antibody titer.
 SPP: the proportion of persons satisfying the protective level of antibody titer (HI antibody titer of >1:40).

+ 50, before vaccination; S1, 3-4 weeks after 1st dose of vaccination; S2, 4 weeks after 2nd dose of vaccination.

§

SRP: the proportion of persons with >4-fold post-vaccination rise in antibody titer.

and serum sampling after the second dose and thus were excluded
from the analyses [5]. Therefore, to accurately determine vaccine
immunogenicity, it is essential to compile data on the presence/
absence of disease development during the study period, and
infected individuals must be rigorously excluded from the analysis.

3.2. The effect of subject background characteristics

When we reviewed immunogenicity studies on influenza A
(H1IN1)pdmO09 vaccine in Japan (Table 2), the most remarkable
immune response was observed in junior high school students
[5], while the lowest immune response was observed in hemato-
logical malignancy patients [10]. This difference is likely due to dif-
ferences in patient characteristics, as patients with underlying
illnesses and/or receiving immunosuppressive therapy are known
to demonstrate lower immune responses to vaccines [1].

Age is another important factor that can affect immune
responses to vaccines. In general, elderly subjects are likely to exhi-
bit lower immune responses to vaccines, whereas young children
require two doses of influenza vaccine to achieve a sufficient
immune response [1]. In fact, the international criteria of vaccine
immunogenicity take into consideration the effect of age (Table 1)
[3,4]. According to these criteria, most studies about influenza A
(HIN1)pdmO09 vaccine conducted in Japan also considered the
effect of age by using stratified or multivariate analyses [5-8,10-
14,16,17]. In the study of hematological malignancy patients, half
of the subjects were >60 years of age, which might explain the
observed lower immune responses to the vaccine [10]. In addition,
other studies also indicated that higher aged subjects had lower
GMT and lower SPP after vaccination among diabetes mellitus
patients [12,13] and hepatitis C patients [14]. It is therefore

considered that higher age also affects the immunogenicity of
influenza A(H1N1)pdmO09 vaccine.

As for other subject characteristics which potentially affect to
vaccine immunogenicity, some studies showed that subjects with
a lower body mass index exhibited lower immune responses to
the vaccine, regardless of the effect of age, disease condition, med-
ication and pre-vaccination titer [12,13]. Another study indicated
that a lower serum protein level was associated with a lower
immune response, after adjusting for potential confounders includ-
ing body mass index [14]. Although the precise mechanisms
remain unclear, these results suggest that malnutrition might
account for the decreased immune response, since malnutrition
is related to a lower body mass index.

3.3. The effect of pre-vaccination titer

An inverse association between the pre-vaccination titer and
MFR and SRP has been shown, referred to as the “law of initial
value” or “negative feedback,” in an immunogenicity study of sea-
sonal influenza vaccine [21]. In general, persons with high pre-
vaccination titers (i.e., an influenza HI antibody titer of >1:40)
are likely to show lower MFR or lower SRP values. Inclusion of
these immunized subjects may lead to underestimation of vaccine
immunogenicity unless the effect of these immunized subjects is
appropriately considered in the analyses and interpretation of
results. The pre-vaccination titer is a significant concern in
immunogenicity assessment of seasonal influenza vaccines
because many people have some level of antibody due to a previ-
ous infection or vaccination with a similar strain as the relevant
vaccine. On the other hand, for pandemic influenza vaccines,
clinicians may presume few subjects have antibody to pandemic
influenza before vaccination and thus consider the effect of pre-



5306 S. Ohfuji et al./Vaccine 35 (2017) 5303-5308

vaccination titer negligible. However, our review of immunogenic-
ity studies of influenza A(H1N1)pdm09 vaccine demonstrated
some subjects had pre-vaccination titers of >1:40, despite that
all studies excluded subjects with a history of confirmed or sus-
pected infection of influenza A(H1N1)pdmO09 at the study recruit-
ment. As one example, we present below the results of an
immunogenicity study of the influenza A(H1N1)pdmO09 vaccine
in adolescents [5].

We conducted a study to provide information for a national
decision regarding the recommended number of doses of influenza
A(H1N1)pdmO09 vaccine for adolescents. We recruited 106 subjects
without any history of influenza A(H1N1)pdmO09 infection. In the
analysis, however, approximately 28% of high school students
demonstrated pre-vaccination titers [5], which may have resulted
from asymptomatic infection of influenza A(H1N1)pdm09 because
the influenza A(HI1IN1)pdmO09 pandemic in Japan started among
high school students. In addition, immunogenicity markers as the
study outcome (i.e., GMT, MFR, SCR, and SPP after 1 dose of vacci-
nation) were lower in high school students than junior high school
students (Table 2) [5]. Unless we considered the effect of subjects
with pre-vaccination titer, the results could suggest that the
immune response to this influenza vaccine was lower in high
school students than junior high school students, which would
mislead the decision about the number of doses for adolescents.
To avoid such misinformation, we conducted additional analyses
using stratified or multivariate analyses.

As shown in Table 3, a lower SRP value was also observed
among high school students compared with junior high school stu-
dents, which resulted in a lower (approximately half) odds ratio for
SRP in high school students compared to junior high school stu-
dents in the univariate analysis. However, subjects with higher
pre-vaccination titers also had lower SRP values, so-called “law
of initial value.” Thus, when we considered the effect of pre-
vaccination titer in the multivariate analysis, the odds ratio of high
school students approached the null value, indicating no difference
in the antibody response to this vaccine observed between junior
high school students and high school students. It became clear that
the results obtained from Table 2 (i.e., high school students had a
lower MFR in antibody titer and a lower SCP than junior high
school students) were merely due to the effect of pre-vaccination
antibody titer. The results of this study emphasize the importance
of considering the effect of pre-vaccination titer even in the study
of pandemic influenza vaccines.

The effect of the pre-vaccination antibody titer on vaccine
immunogenicity has been recognized in immunogenicity studies
of seasonal influenza vaccines [22]. Moreover, factors suggested
from immunogenicity studies of seasonal influenza vaccines (e.g.,

age, pre-vaccination antibody titer, underlying illness, use of an
immunosuppressant) should similarly be considered in the assess-
ment of vaccine immunogenicity of pandemic influenza vaccines.
Taking these factors into consideration by adjusting for subject
characteristics and pre-vaccination titer in stratified and multivari-
ate analyses or by using strict inclusion criteria will lead to proper
assessment of vaccine immunogenicity.

3.4. Time interval between seasonal influenza vaccination and
vaccination with a relevant pandemic influenza vaccine

In the assessment of pandemic influenza vaccine immunogenic-
ity, effects resulting from the time interval between seasonal influ-
enza vaccination and pandemic influenza vaccination should be
considered. As one example, we present the results of an immuno-
genicity study of the influenza A(H1N1)pdmO9 vaccine in pregnant
women [8]. Single vaccination of influenza A(H1N1)pdmO09 vaccine
led to a sufficient antibody response in pregnant women, which
satisfied the international criteria for the immunogenicity of the
pandemic influenza vaccine (Tables 2 and 4). However, the anti-
body response to influenza A(H1N1)pdmO09 vaccination was lower
in pregnant women who had received seasonal influenza vaccina-
tion prior to the influenza A(H1IN1)pdmO09 vaccine (Table 4). The
lower antibody response was particularly remarkable in subjects
who had a vaccination interval of <20 days. Moreover, when an
additional analysis was performed by changing the cut-off value
for the vaccination interval from 20 days to 14 days, subjects
who had been vaccinated with the seasonal vaccine within 14 days
demonstrated even lower antibody responses to the influenza A
(HIN1)pdmO09 vaccine (post-vaccination GMT =49, MFR=4.9,
SCP=60%, and SPP=50%) [8]. Similar observations were also
reported in patients with hepatitis C [13] and healthy children
[23]. Lower immune responses were also observed in the study
of health-care workers, in which 85% of study subjects had
received the seasonal influenza vaccine 7-10 days before influenza
A(H1IN1)pdmO9 vaccine [6]. In addition, one randomized con-
trolled trial among healthy adults also showed that subjects with
prior vaccination with the seasonal influenza vaccine had lower
SPP and SCP to influenza A(H1N1)pdmO9 vaccine than those with-
out prior vaccination with seasonal influenza vaccine, as shown in
Table 2 [20]. These findings suggest the possibility that, when the
interval after vaccination with the seasonal vaccine is short, inter-
ference between the two vaccines can occur, and the antibody
response to the influenza A(H1N1)pdmO09 vaccine might decrease.

For pandemic influenza, two main influenza vaccines (monova-
lent influenza vaccine against the pandemic influenza strain and
seasonal influenza vaccine) would be available. However, supply

Table 3
Effects of pre-vaccination titer on seroresponse proportion.
Category N SRP (95%CI) Univariate Multivariate'
OR (95%CI) P OR (95%CI) P
School type
Junior high school 60 87% (78-96%) 1.00 1.00
High school 46 78% (66-90%) 0.55 (0.20-1.54) 0.26 0.86 (0.25-3.03) 0.82
Pre-vaccination titer
<1:10 48 93% (86-100%) 1.00 1.00
1:10-1:20 36 94% (86-102%) 1.13 (0.18-7.16) 0.89 1.14 (0.18-7.22) 0.89
>1:40 22 41% (20-62%) 0.05 (0.01-0.20) <0.01 0.05 (0.01-0.21) <0.01

Trend P <0.01

Trend P <0.01

Cited and reconstructed from Ref. [5].
Abbreviations: OR, odds ratio; CI, confidence interval; SRP, seroresponse proportio

n.

" SRP: the proportion of persons with >4-fold post-vaccination rise in antibody titer.

t Model includes school type and pre-vaccination titer.
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Table 4

Immunogenicity in pregnant women after 1 dose of vaccination with influenza A(HIN1)pdmO9 vaccine.

Category N GMT MFR SCP" (95%CI) at S1 SPP! (95%Cl) at S1
So* S1#
All subjects 149 8 139 17.1 91% (86-96%) 89% (84-94%)
Vaccination with current seasonal vaccine
Not vaccinated 114 3 159 203 95% (91-99%) 92% (87-97%)
Vaccinated 35 9 90 9.8 80% (67-93%) 77% (63-91%)
P=0.41 P=0.03 P=0.008 P=0.007 P=0.02
Vaccination interval from seasonal vaccine
Not vaccinated 114 8 159 203 95% (91-99%) 92% (87-97%)
>20 days 17 8 120 154 100% (100%) 88% (73-100%)
<20 days 17 10 68 6.8 65% (42-88%) 65% (42-88%)
P=0.69 P=0.08 P=0.02 Trend P < 0.01 Trend P < 0.01

Cited and reconstructed from Ref. [8].

Abbreviations: CI, confidence interval; GMT, geometric mean titer; MFR, mean fold rise; SCP, seroconversion proportion; SPP, seroprotection proportion.
" SCP: the proportion of persons with pre-vaccination HI antibody titer of <1:10 and post-vaccination titer of >1:40 or >4-fold post-vaccination rise in antibody titer.
t SPP: the proportion of persons satisfying the protective level of antibody titer (HI antibody titer of >1:40).

¥ 50, before vaccination; S1, 3-4 weeks after 1st dose of vaccination.

of the pandemic influenza vaccine is limited, rendering it difficult to
obtain the pandemic vaccine. In this situation, many people may
choose to receive seasonal influenza vaccination first, and there is
no clear standard concerning the duration between seasonal influ-
enza vaccination and pandemic influenza vaccination. In general, a
vaccination interval of 4 weeks after vaccination with a live vaccine
and an interval of 1 week after vaccination with an inactivated vac-
cine are recommended to avoid mutual interference between vac-
cines. Moreover, findings concerning the influenza A(H1N1)
pdm09 vaccine suggest that a vaccination interval of at least
3 weeks may be necessary. However, this vaccination interval
may only be applicable to the influenza A(H1N1)pdmO9 vaccine,
since vaccines greatly differ from each other. Therefore, for future
pandemic influenza vaccines, the effect of the vaccination interval
between seasonal influenza vaccine and the newly developed pan-
demic influenza vaccine should be considered in the immunogenic-
ity assessment of the pandemic vaccine. This can be performed
using similar methods described for other factors, such as adjusting
for the vaccination interval in stratified and multivariate analyses.

4. Conclusion

We encountered an influenza pandemic in 2009, which gave us
an opportunity to study the immunogenicity of the influenza A
(H1N1)pdmO09 vaccine. This review describes the lessons our expe-
riences have taught us, which may provide useful information for
future influenza pandemics. However, studies on pandemic influ-
enza will most certainly succeed studies on seasonal influenza.
Therefore, appropriate procedures suggested by seasonal influenza
studies and factors affecting the immunogenicity of seasonal influ-
enza vaccines may be applied to similar studies on pandemic influ-
enza vaccines. In addition, factors and strategies described herein
might be applicable to immunogenicity studies of vaccines for
other infectious diseases, as they share the basic principles of
immunogenicity assessments.
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In Japan, the Vaccine Epidemiology Research Group created by the Ministry of Health, Labour and Welfare
has played an important role in demonstrating the solid scientific basis for vaccine efficacy and safety
since 2002. Members of the group, including epidemiologists, clinicians and microbiologists, have been
conducting collaborative studies on vaccines for influenza, pertussis, rotavirus gastroenteritis, polio
and pneumonia. So far, the group has achieved several works and contributed to the national vaccination
program, including research on the immunogenicity of low doses of influenza vaccine among young chil-

5?; \é\;ﬁreds: dren, the immunogenicity and effectiveness of the 2009 influenza pandemic vaccine among various risk
Epidemiology groups, the interchangeability of live/inactivated polio vaccines, the health impact of influenza on preg-
Influenza nant women, and the monitoring of influenza vaccine effectiveness using case-control studies with a test-

negative design. As part of the 18th Annual Meeting of the Japanese Society of Vaccinology, these accom-
plishments were featured in the Vaccine Epidemiology Symposium. This report summarizes the recent
epidemiological studies on vaccine in Japan as a prologue to the next six papers collected from the

Antibody efficacy
Immunogenicity
Pregnant women

Test-negative design symposium.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

After over 20 years of chaos with the influenza vaccination pol-
icy and debate over the effectiveness of the influenza vaccine in
Japan, an influenza vaccination program targeting elderly people
(>65 years of age) was started in 2001 [1]. Currently, the vaccine
coverage is estimated to remain constant at 50% or more in this
age group. The total amount of influenza vaccine manufactured
exceeded 33 KL (approximately 66 million doses) in 2013, as com-
pared to 0.3 kL (approximately 0.6 million doses) in 1994 when the
anti-vaccination campaign against the influenza vaccine was the
most intense. During the influenza pandemic in 2009, 27 kL
(approximately 54 million doses) of the pandemic vaccine was
manufactured in addition to the already produced 23.13 kL
(approximately 46.26 million doses) of the seasonal vaccine for

Abbreviations: MHLW, Ministry of Health, Labour and Welfare of Japan; JSV, the
Japanese Society of Vaccinology; ILI, influenza-like illness; HI, hemagglutination
inhibition.

* Corresponding author at: College of Healthcare Management, 960-4, Takaya-
nagi, Setaka-machi, Miyama-shi, Fukuoka 835-0018, Japan.

E-mail address: yos-hirota@healthcare-m.ac.jp (Y. Hirota).
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0264-410X/© 2017 Elsevier Ltd. All rights reserved.

that season. Thus, the importance of influenza vaccination against
influenza infection appears to have become well understood, and
the influenza vaccine production capacity has sufficiently recov-
ered despite the anti-vaccination campaigns that still remain
active to some extent. Over the course of these events, there is
no doubt that the Vaccine Epidemiology Research Group created
by the Ministry of Health, Labour and Welfare (MHLW) in 2002
has played an important role in demonstrating the solid scientific
basis for influenza vaccination [1].

Recently, Japan has made major progress in conquering the vac-
cine gap by amending or promulgating the law and ordinances for
general immunization programs. As such, five diseases have been
newly listed as target diseases of the Preventive Vaccination Law
since 2009. However, to achieve sound immunization programs,
it is essential to promote mutual understanding between both
the vaccine-providing and vaccine-receiving sides through the
sharing of accurate information on vaccine efficacy and safety.
Regrettably, however, poor-quality studies on vaccine effective-
ness are still being reported, and their results are often being
referred to without adequate scientific review.
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Based upon this history, the 18th Annual Meeting of the Japa-
nese Society of Vaccinology (JSV) adopted the theme “To promote
sound immunization programs: providing safe and effective vacci-
nes and obtaining public understanding” and organized a sympo-
sium titled “Vaccine Epidemiology: Principles and Methods” [2].
Here, as a prologue to the next six papers collected from among
the presentations in the symposium that focused on the methodol-
ogy for vaccine effectiveness and related research, this report sum-
marizes the current situation of vaccine effectiveness and safety
studies in Japan from an epidemiological viewpoint.

2. Vaccine Epidemiology Research Group
2.1. Outline and framework

The Vaccine Epidemiology Research Group was established by
the MHLW in 2002, immediately after the start of the influenza
vaccination program targeting elderly persons in 2001, to assess
the effectiveness of the influenza vaccine [1]. Following the success
of its first research group, the group has remained active by mod-
ifying the study theme every 3 years (Table 1), expanding the
objectives to several kinds of vaccines and involving more
researchers from various fields. Presently, there is a total of 172
members, including epidemiologists, pediatricians, physicians,
obstetricians, microbiologists, clinical pharmacologists and public
health specialists, who are conducting collaborative studies on vac-
cines for influenza, pertussis [3,4], rotavirus gastroenteritis, polio
and pneumonia [5].

2.2. Coordination

In addition to the routine studies performed by the individual
members in their own research areas, there are research projects
that are closely related to the national vaccination program, such
as studies on the target groups of vaccinations, interchangeability
among different vaccines for the same disease, and vaccination
schedules. These studies generally require investigators with vari-
ous specialties or from particular research institutes or organiza-
tions, and participants in large numbers or with certain
characteristics, such as high-risk conditions.

Thus, the group has worked in close cooperation with institutes
specialized in phase-1 trials from which experts in clinical pharma-
cology were invited. Their expertise as individual scientists and as
a pillar of the institute is quite beneficial for the group, since vac-
cine research almost always requires the participation of otherwise
healthy subjects. The group has also created a network of pediatric
practitioners in the community who have a strong interest in vac-
cines and are therefore helpful in achieving studies by interacting
with children and their parents for vaccinations, collecting blood
samples, and conducting attack surveys, etc.

2.3. Development of two research methodologies

So far, two noteworthy methods of vaccine research have been
developed by the group. One is the assessment of influenza vaccine

Table 1

efficacy based on “antibody efficacy” [6,7]. In this method, the fre-
quency of influenza-like illness (ILI) or other clinical outcomes is
compared between those who achieved a protective level of
hemagglutination inhibition antibody (HI > 1:40) and those who
did not (HI < 1:40) after vaccination; this is in contrast to the typ-
ical comparison made between vaccinees and non-vaccinees. The
product of the antibody efficacy and the achievement proportion
which is the percentage of those who achieved a protective level
of HI titer after vaccination among those with an HI < 1:40 before
vaccination, is theoretically equivalent to the vaccine efficacy. Mul-
tivariate analysis for computing antibody efficacy, which includes
variables representing HI titers against vaccine antigens together
with potential confounders, makes it possible to estimate the clin-
ical effectiveness of vaccine-induced antibodies by virus type or
subtype without confirming strain-specific diseases. This method
has two major strengths: first, vaccine efficacy can be calculated
from the data of vaccinees alone, which is advantageous as the
growing vaccine coverage among high-risk individuals makes it
difficult to create an unvaccinated comparison group; second, the
observation of clinical outcomes can be conducted in a double-
blind manner, i.e., information on the HI titers is not known by
the investigators or the study subjects, since antibody measure-
ments are usually performed in the post-season.

The other method is the detailed analysis of antibody responses
in immunogenicity studies. The generally used indices to illustrate
immunogenicity, such as the geometric mean titer, sero-response
proportion and the sero-protection proportion, are obtained
through rather simple calculations as long as they are carried out
for all of the subjects. However, studies for elucidating predictors
of immunogenicity require substantially redundant and iterative
calculations since the indices have to be computed separately for
the different groups of individuals with or without specific charac-
teristics, e.g., the age group, body mass index and severity among
diabetes mellitus patients [8]. Such laborious work has discour-
aged researchers from exploring antibody responses in detail,
and as a result, clinicians are obliged to provide and repeat expla-
nations based on inferences and not on evidence when asked ques-
tions such as “Which was responsible for the lowered immune
response: the underlying illness per se or the medicine for the
treatment?” The group has made it possible to perform such itera-
tive calculations more easily by developing a computational pro-
gram that can be used to demonstrate whether some factors are
actually associated with immunogenicity. Some outstanding stud-
ies have shown that prior seasonal influenza vaccination weakened
the antibody responses to the 2009 pandemic vaccine [9], and that
rituximab, a biological immune suppressant, rather than the dis-
ease per se, was the causal factor for lowered immunogenicity to
the influenza vaccine in those with a hematological malignancy
[10].

2.4. Accomplishments
The group has contributed to the national vaccination program

by providing data obtained from epidemiological studies. Several
examples are provided below.

Chronology of the Vaccine Epidemiology Research Group organized by the Ministry of Health, Labour and Welfare, Japan.

Fiscal year Title of research Grant amount (Japanese yen)
2002-2004 Appraisal of influenza vaccine effectiveness and vaccination policy in conformity with evidence-based medicine 103,950,000
2005-2007 Analytical epidemiologic study on the effectiveness of influenza and other vaccines and vaccination policy 124,600,000
2008-2010 Analytical epidemiologic study on influenza and other respiratory infections of concern in recent years 216,837,000
2011-2013 Analytical epidemiologic study on the effectiveness and safety of vaccines 256,478,000
2014-2016 Analytical epidemiologic study on vaccine effectiveness and safety and on vaccine-preventable disease control 113,944,000
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Compared to Western standards, the standard influenza vaccine
dose for children in Japan had long been low (0.1 mL if <1 year old;
0.2 mL if 1-5 years old; 0.3 mL if 6-12 years old; and 0.5 mL if
>13 years old). The group demonstrated the immunogenicity and
safety of the vaccine doses according to Japanese and Western
standards, and Japan subsequently switched to the same doses as
those used in the Western standard in 2011 [11].

During the 2009 influenza pandemic, the group investigated the
immunogenicity, effectiveness, and safety of the pandemic vaccine
in study subjects with various characteristics, including young
children and adolescents [12], the elderly and pregnant women
[9], persons with motor and intellectual disability [13], those under
hemodialysis, and patients with diabetes mellitus [8], chronic liver
disease [14,15], hematological malignancies [10], or neuromuscu-
lar disorders [16]. The clinical effectiveness among pregnant
women which was studied using the “antibody efficacy” method
is worthy of note [17] as it would have been difficult to create an
unvaccinated comparison group due to the prioritized use of vacci-
nes for this group.

Besides the influenza vaccine, the group also played a decisive
role in replacing the oral polio vaccine (OPV) with an inactivated
polio vaccine (IPV). In Japan, OPV had been used until 2013 despite
the strong calls to change to IPV because of the possibility of
vaccine-associated paralytic polio (VAPP). The group investigated
the interchangeability of OPV, DPT-IPV (Sabin) and IPV (Salk) by
comparing the immunogenicities among four arms, i.e., one dose
of OPV followed by three doses of DPT-IPV, one dose of OPV fol-
lowed by three doses of IPV, two doses of DPT-IPV followed by
two doses of IPV, and two doses of IPV followed by two doses of
DPT-IPV. This study was successfully achieved after overcoming
administrative and practical difficulties, i.e., the two test vaccines
(DPT-IPV and IPV) were products from different manufacturers
and neither had been licensed in Japan, and DPT-IPV had to be
given in conformity with the vaccination schedule for DPT since
many children had already received the dose(s) for the primary
series of DPT in the general vaccination program.

Presently, the group is making great efforts in conducting two
studies. The first study is the investigation of the health impact
of influenza on pregnant women. In Japan, there has been no evi-
dence on the extent of the effect of influenza on the health condi-
tion of pregnant women even though the World Health
Organization recommended annual influenza vaccination for this
group in its position paper in 2012 [18]. In fact, the proportion of
hospitalized cases of pregnant women with influenza was quite
low during the 2009 pandemic in Japan as compared to other coun-
tries [19]. A study adopting the “self-control method” has been
completed with the cooperation of the Osaka Association of Obste-
tricians and Gynecologists involving more than 10,000 pregnant
women; this represents a first since no large-scale database on
pregnant women, such as the health maintenance organization,
had been available in Japan. The final decision on whether routine
influenza vaccination for pregnant women should be stipulated in
the Preventive Vaccination Law will be made based on the findings
of this study.

The second is the establishment of a monitoring system of influ-
enza vaccine effectiveness; this is required as the level of detection
of vaccine effectiveness varies depending on the time, place, and
population. In a case-control study with a “test-negative (RT-
PCR) control design”, as are already being performed in the United
States, Canada, Europe, Australia and New Zealand [20-24], vac-
cine effectiveness is being assessed among children aged <6 years
who were recruited from five pediatric clinics in Osaka in the
2013-2014 season, and from 10 clinics in Osaka and Fukuoka in
the 2014-2015 season. This study is expected to provide an
abstract statement on influenza vaccine effectiveness and to enable

comparisons with the data from other monitoring systems outside
of Japan.

3. Frustrations of epidemiologists

When the fallacy that the influenza vaccine has no efficacy took
over Japanese society, those who could theoretically explain why
the influenza vaccine is so ineffective were regarded as influenza
vaccine specialists. Their negative views were founded upon exper-
imental findings, e.g., the nature of influenza virus to easily change
its antigenic characteristics, the presence of antigenic differences
between vaccines and circulating strains, and little or no antibody
induction by inactivated vaccines on the surface of the respiratory
tract mucosa. However, it is the principle that the efficacy and
safety of any pharmaceutical products must be described based
on data obtained solely from the human population. Thus, skepti-
cism about vaccine efficacy resulting from the clinicians’ low-
quality studies that contained substantial disease misclassifica-
tions [25] was reinforced by the inference led from the experi-
ments. In addition, the recent reports describing that seed
viruses for the influenza vaccine are liable to mutations during
incubation in eggs provided virologists with further speculative
bases to negate influenza vaccine effectiveness. It is not easy for
epidemiologists to overcome such negative inference generated
from experimental findings. Epidemiological verification requires
a large number of subjects and a long period of observation, while
the results from those studies are generally regarded as the “gold
standard” in evaluating medical intervention among human
populations.

Although they are decreasing in number, low-quality studies
containing substantial faults in the study design, conduct and anal-
ysis, that consequently suffer from serious validity problems, such
as confounding and bias, are still being reported by clinicians. Fur-
thermore, there are not many reviewers who can adequately judge
those studies. In one clinic-based study that analyzed nearly 9000
vaccinees and non-vaccinees to investigate vaccine effectiveness
against clinical influenza using a positive rapid diagnostic test, only
the influenza attacks among the clinic visitors were taken into
account, and those in non-visitors were not considered [26]. Thus,
this study does not satisfy the principle that all study participants
should be observed with equal intensity. A recent case-control
study with a test-negative design using rapid diagnostic test
results indicated no effectiveness for the influenza vaccine among
infants aged 6-11 months [27]. However, this study suffered from
selection bias due to a poor sampling scheme and a negative bias
that originated from false-negative test results. It is regrettable
that there are clinicians without even rudimentary knowledge of
epidemiology who attempt to conduct case-control studies by
themselves. Fortunately, however, a growing number of clinicians
are trying to gain insight into the weaknesses of such attempts at
epidemiological studies by consulting with epidemiologists.

Adverse events observed after vaccination, especially serious
ones that are seen as a cluster, are also the concern of epidemiolo-
gists from the view of causality. In Japan, serious adverse events
(SAEs) associated with vaccinations are usually explored by clini-
cians, as is the case for ordinal medicines, and presence or absence
of causal relation is apt to be judged based on the interpretation of
whether the connection between vaccination and SAEs can or can-
not be explained by existing medical knowledge; unfortunately,
vaccine-caused side effects are often unexplainable by current sci-
entific information. An epidemiological approach seems to be cru-
cial when examining whether an association is present or not, and
if present, whether it is causal or not. Relatively new methods, such
as case-crossover (CCO) studies and self-controlled case series
(SCCS) studies, may bring about further clues to illuminate such
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relationships [28,29]. However, the officials who are in charge of
pharmaceutical affairs and clinicians who are in the position to
remark on the SAEs often consider the judgment of causality to
be their exclusive responsibility, and are unlikely to understand
and apply epidemiological methods to their investigations.

4. Perspectives

When the symposium on influenza vaccine effectiveness was
first held at the 9th Annual Meeting of the JSV in 2005 [1], a group
of anti-vaccination activists took photographs point-by-point of
slides projected in the conference hall to scrutinize potential faults
in the presentation. Afterwards, they sent open letters addressed to
the organizer of the symposium and the chairperson of the meet-
ing to accuse them of the “faults” that they believed to have found.
In contrast, at the symposium in 2014, we were able to enjoy fruit-
ful discussions in an academic atmosphere. The public understand-
ing of and attitude toward vaccines and vaccination has actually
changed, but difficulty in establishing adequate scientific evidence
that is firm enough to convince the general public remains a major
obstacle in promoting the vaccination program in Japan.

The difficulties we have so far experienced with respect to the
influenza vaccine and vaccination are considered to represent the
general challenges faced with any vaccine. The maintenance and
expansion of the present framework of the Vaccine Epidemiology
Research Group will contribute to the creation of solid vaccination
programs at the national level. The following six articles related to
the subjects of the symposium will undoubtedly convey to the
readers not only information on the present research activities of
the group, but also insight into the obstacles related to the national
vaccination program in Japan.
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Influenza vaccines minimize the risk of influenza-related morbidity, complication, and death in elderly
people. Although evaluating vaccine effectiveness (VE) is important for promoting immunization pro-
grams and coping with influenza epidemics, it is difficult to evaluate its effectiveness in Japan, where
no frameworks to use large databases, such as a vaccination registry and health maintenance organiza-
tion datasets, are available. Therefore, another analytic epidemiological investigations to evaluate VE in
Japan are required. Herein, we describe the basic principles of a cohort study, which might be the most
comprehensive, but expensive, study design. It is particularly important to be aware of the potential bias
and confounding factors that should be minimized in the study design and analysis. We focus on
“laboratory-confirmed influenza” and “influenza-like illness”, and discuss why it is important to follow
up with equal intensity, and how to control for bias; problems that often arise in population-based obser-
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1. Introduction

Influenza is an infectious disease, and vaccination is available;
however, epidemiological evidence of vaccine effectiveness (VE)
of influenza vaccine among elderly people is insufficient in Japan.
In 1994, influenza was excluded from target disease list in the
Japan’s Preventive Vaccination Law. This owed to governmental
and medical distrust of the vaccine’s VE. Suspicions about VE
caused a reduced vaccination coverage in Japan around 2001, when
the Preventive Vaccination Law was amended to include influenza
for those aged 65 years or above and for those aged 60-64 years at
high-risk again [1]. To promote vaccination and to cope with a
potential influenza epidemic, evidence for VE among elderly peo-
ple in Japan is needed. In 2002, the Ministry of Health, Labour
and Welfare organized a research group on VE in Japan.

Among the epidemiological study designs, randomized con-
trolled trials that measure laboratory-confirmed influenza virus
infections as the outcome are the most persuasive for obtaining
reliable evidence of VE. However, such trials cannot be conducted
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ethically among groups recommended to receive vaccination
annually, because those assigned to control groups will thereby
miss their opportunity for vaccination. Longitudinal cohort studies
provide clear information about the vaccination and outcome.
Most cohort studies among community-dwelling older people
were reported in Western countries [2-9]. They were conducted
by record linkage studies, using large existing administrative data-
sets, such as health maintenance organizations, Medicare, Medi-
caid, national health insurance schemes, general practice
research databases, population and mortality registries, as well
as a vaccination registry database. The VE against serious outcome
measures such as influenza-related pneumonia, hospitalization,
and death were usually evaluated in those studies, but the VE
against clinically diagnosed influenza was rarely detected. Because
clinically diagnosed influenza was detected only among patients
who had visited medical institutions, this was considered an inap-
propriate indicator. Additionally, most linkage studies did not con-
trol adequately for differences in the propensity for healthier
persons to be more likely to receive vaccination than less healthy
persons.

In Japan, there is no vaccination registry and it is difficult to use
health maintenance organization datasets, owing to the Privacy
Protection Law and the nature of the Japanese health care system.
In principal, the Japanese health insurance system guarantees a
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patient’s freedom to choose a medical institution; thus the serious-
ness of influenza symptoms is not necessarily related with visiting
medical institutions. Therefore, special epidemiological investiga-
tions to evaluate VE in Japan are needed. In this article, we describe
the basic principles and several potential pitfalls of population-
base cohort studies, which are the most comprehensible study
design, with reference to our previous report [10].

2. Basic principle of cohort studies for VE

Vaccine efficacy and VE were first described by Greenwood and
Yule in 1915 [11]. In observational studies, VE is the percent reduc-
tion in the incidence of disease in vaccinated subjects (Iyac)
compared with the incidence of disease in unvaccinated subjects
(Iunv): VE = {(Iunv — Ivac)/Tunv} % 100 = {1 — (Iyac/lunv)} x 100 =
{1 — risk ratio (RR)} x 100. For ease of understanding, Fig. 1 shows
the concept and an example of VE. A reduction in the incidence of
disease in I,,c was “20%-6%", which accounts for “{(20%-
6%)/20%} x 100 (%) =70 (%)" of lyny. Therefore, a VE of 70% does
not mean that 70% of vaccinated subjects will not develop influen-
za. The concept of RR might make it easy to understand VE. Assum-
ing I,y to be 1, then I, will be 0.3, the ratio of the incidence of
vaccinated subjects compared with unvaccinated subjects.

It is an essential point that all cohort studies for evaluating VE
need to observe the target outcome in both vaccinated and unvac-
cinated subjects over time with “equal intensity”. “Laboratory-
confirmed influenza” virus infections as the outcome are the most
persuasive evidence of VE, because this reduces the risk of misclas-
sification of outcome for infection. However, laboratory-confirmed
influenza virus infections are not always ideal outcomes for popu-
lation based cohort studies. In general, they are diagnosed only
when subjects’ specimens are collected at medical institutions.
Because the likelihood of visits to medical institutions when
patients present symptoms depends not only on symptom sever-
ity, but also on patient characteristics, laboratory-confirmed influ-
enza may induce ascertainment bias in population-based cohort
studies. Unvaccinated subjects might visit medical institutions
more frequently when they have influenza-related symptoms as
compared with vaccinated subjects, because they might worry
about influenza. Thus, unvaccinated subjects tend to be diagnosed
as having laboratory-confirmed influenza by passive surveillance
in clinical settings, causing VE to be overestimated. To avoid such
bias by using laboratory-confirmed influenza as an outcome, active
surveillance with a weekly survey for symptom and specimen col-

lection should be performed. To the best of our knowledge, only
one randomized controlled trial among children demonstrated
VE using laboratory-confirmed influenza [12]. The researchers con-
tacted all study participants every week to obtain information
regarding the onset of influenza-like illness (ILI) during an epi-
demic period, and once they ascertained ILI, they collected respira-
tory specimens from every participant within a few days, and
identified influenza virus infection. However, because such a study
requires huge effort and cost, it is not easy to adopt for the study on
evaluation of VE. The case definition, which can collect all out-
comes from both vaccinated and unvaccinated subjects with an
“equal intensity”, should be made.

3. Case definition and standardized active surveillance

As already mentioned, the case definition is an essential ele-
ment for studies. A case definition that poorly represents the dis-
ease might cause a differential misclassification of the outcome,
leading to imprecise estimates of VE. Additionally, if infection or
disease is differently diagnosed in vaccinated and unvaccinated
subjects, potential bias may occur. Thus, the case detection must
be made independent of vaccination history, and can be adopted
within the scope of the budget and logistics of the study. To ascer-
tain influenza onset with equal intensity in a population-based
study, active surveillance requires contact with all study partici-
pants at regular intervals via mail [13] or telephone [10,12]. In this
situation, ILI during an influenza epidemic can be available for the
outcome. Although using ILI is likely to lead to underestimating VE
because of the non-differential misclassification of true influenza,
it is more favorable than using biased outcomes.

In our previous study of the 2003-2004 influenza season [10],
we asked participants to measure their body temperature prospec-
tively and record all sudden onset fever >37.0 °C with any symp-
toms onto a special diary sheet, that we provided before follow-
up. The diary sheets included a checklist of symptoms, such as
cough, sore throat, nasal congestion, muscle ache and arthralgia,
hospital visit, and medication. Active surveillance through monthly
phone calls by nurses was conducted to ascertain outcomes with
equal intensity throughout the influenza season. The subjects or
their family members reported their outcomes with reference to
the records on their diary sheet. The collected information was
as follows: all acute febrile illness >37.8 °C with any symptoms
in the list, visits to medical institutions owing to these symptoms,
hospitalization for all causes, hospitalization for influenza or
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Fig. 1. Concept of vaccine effectiveness (VE). VE refers to the percent reduction in the incidence of disease in vaccinated individuals (I,,.) compared with the incidence of

disease in unvaccinated individuals (Iny). RR, risk ratio.
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pneumonia, and total deaths. After the follow-up, the ILI was
defined by limiting the acute febrile illness to cases occurring dur-
ing the influenza epidemic in the study field. To increase the speci-
ficity of ILI, we analyzed the RR of vaccination according to fever
degree and defined the ILI with high fever. Self-reported medical
institution visits and hospitalization were identified by review
with physicians to verify clinically diagnosed influenza and hospi-
talization for all causes and those for influenza or pneumonia.
Death was certificated using the population registry.

4. Study setting and eligibility criteria for participation

Based on the characteristics of influenza, a VE study needs to
specify the season, place, and population, because epidemic strains
of influenza differ by season and place; the proportion of suscepti-
ble individuals differs by the season, place, and population; and
vaccine strains differ by season. In our previous study of the
2003-2004 influenza season, we set a fixed cohort of older persons
aged 65-79 years in the southern Japanese city of Saga [10]. In
addition to explaining the study purpose and receiving written
consent to study participation, we set the eligibility criteria for
study participation to complete follow-up with equal intensity as
follows: possible to contact by telephone at least once a month, liv-
ing with family, not being hospitalized, not being institutionalized,
and not having any long-term absence. We were also permitted to
inquire about their information at Basic Resident Register city
offices, when we failed to contact them during the follow-up
period.

5. Sample size calculation and making a list to enroll older
subjects

The parameters we used for sample size calculation were vacci-
nation coverage (40-60%), VE (30-50%), and proportion of primary
outcome onset among unvaccinated subjects (3-7%). If we set o-
error and B-error as 0.05 (for a two-sided test) and 0.10, respec-
tively, the total numbers of participants were estimated to be
5000-6000. When we take into account a participation proportion
of 50% to 60%, then almost 10,000 older persons must be enrolled.

Because Japan has a Privacy Protection Law, we could not obtain
electronic datasets from the population registry of the city office,
even though the study protocol was approved by an institutional
ethical committee. We selected 10,000 community-dwelling older
persons randomly from the Basic Resident Register, and traced
their name, sex, address, and birth date to form the study list.

6. Confounding and misclassification of vaccination status

Because VE can be determined by comparing the incidence of
disease among vaccinated and unvaccinated individuals, potential
bias may occur if any of the following conditions occur: there is
unequal opportunity for exposure to people with influenza that
encourages individuals to self-select for vaccination, and taking
action to receive vaccination systematically differs between
healthy and diseased persons. Confounding factors by indication
induce a bias in the comparison. For example, older persons with
any disease might be diagnosed as influenza, as well as be vacci-
nated, more frequently than a person without any disease, because
they visit to a medical institution regularly (Fig. 2). Therefore, con-
founding factors might lead to the reduction of VE. Factors such as
age, sex, race, socioeconomic status, residence, comorbid condi-
tions, day care use, health-conscious behavior, and vaccination his-
tory of influenza may be independently related to both risk of
influenza and vaccination status. Therefore, we asked subjects

Vaccination{] —————— Influenza {|

Elderly person

Comorbid conditions, health status,
health-conscious behavior
(confounder)

Fig. 2. Confounding factors on vaccine effectiveness in elderly persons.

about these factors using a self-administered questionnaire at the
beginning of the study, and adjusted them by multivariate analysis.

Misclassification of vaccination status by self-reporting may
also influence VE. Non-differential misclassification of vaccination
status can dilute the VE, which can be acceptable. In contrast, dif-
ferential misclassification may lead to either overestimation or
underestimation, which might cause more complicated or serious
consequences [14]. To avoid misclassification of vaccination status,
we verified self-reported vaccination status with the individual
records of the city vaccination subsidy.

7. Results and interpretation of the results

In our study of the 2003-2004 influenza season [10], a total of
4748 community-dwelling older persons were observed during
the 2003-2004 influenza season with “equal intensity” via a
monthly telephone survey based on a diary with a symptom check-
list. After limiting subjects to those with a fever >37.8 °C during
the influenza epidemic period, 115 cases were defined as ILL. The
higher the threshold of the fever, the greater the degree of VE
(Fig. 3). VE reached a plateau when fever was >38.5 °C, indicating
that limiting ILI to those with a fever >38.5 °C adequately mini-
mized the misclassification of influenza. We therefore defined this
threshold as “high fever” and set “ILI with high fever” as the pri-
mary outcome. Because female sex, vaccination history of influen-
za, comorbid conditions, day care use, health conscious behavior,
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Fig. 3. Minimizing misclassification of influenza by fever threshold. ILI, influenza-
like illness.
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Table 1

Vaccine effectiveness (VE) according to outcomes and their interpretations.
Outcomes Influence on VE Adjusted’ RR 95% CI VE (%)
ILI with high fever 0.38 (0.17-0.85) 62
Clinically diagnosed influenza Bias 0.76 (0.28-2.06) 24
Hospitalization for all causes Misclassification 0.72 (0.46-1.13) 28
Hospitalization for IP Sample size 0.37 (0.09-1.47) 63
Deaths from all causes Confounding, Misclassification, Sample size 3.68 (0.75-18.12) —268

CI: confidence interval, ILI: influenza-like illness, IP: influenza or pneumonia, RR: relative risk, VE: vaccine effectiveness.
" Adjusted for age and sex plus the potential confounders at baseline, which were significantly associated with the vaccine uptake. Marked the statistical significance in

bold.

and living with children were positively associated with both vac-
cination status and ILI, these confounding factors were adjusted by
multivariate analysis when estimating VE. After follow-up, 42
cases of ILI with high fever, 28 clinically diagnosed influenza, 137
hospitalizations for all causes, 17 hospitalizations for influenza or
pneumonia, and 18 deaths were recorded. The VE after adjustment
for possible confounding factors, ILI with high fever, clinically diag-
nosed influenza, hospitalizations for all causes, hospitalizations for
influenza or pneumonia, and death were estimated as 62%, 24%,
28%, 63%, and —268%, respectively (Table 1).

Determining which season is suitable for evaluating VE should
consider the following points: circulating virus strain and vaccine
strain are antigenically well matched or not, and the scale of epi-
demic is large or not, and the attack rate of influenza is high or
not. This season (2003-2004) was not advantageous for evaluating
VE, because the influenza epidemic was mild in comparison with
the previous 10 seasons, and antigenic similarity between vaccine
strain and circulating strain was low. However, we detected VE for
ILI with high fever, owing to several reasons as follows: complete-
ness of follow-up (>98%) by setting eligible criteria for participa-
tion, sufficient sample size to detect VE for ILI with high fever,
ascertainment of all outcomes in equal intensity throughout the
epidemic period via telephone interview based on a symptom
diary sheet, minimized misclassification of outcomes by setting a
fever threshold, minimized misclassification of vaccination status
by verification with list of recipients of partially funded vaccina-
tion, and controlling confounding factors by multivariate analysis.

In contrast to VE for ILI with high fever, VE against other out-
comes were not detected (Table 1). Regarding clinically diagnosed
influenza, biased outcome detection at clinical settings might have
occurred. Clinically diagnosed influenza was only detected among
ILI patients who visited medical institutions. Misclassification
might occur, because hospitalization for all causes might include
non-influenza virus diseases. Although the specificity of hospital-
ization for influenza and pneumonia was high and its evaluation
was not biased, the sample size was not large enough to detect sta-
tistically significant values of VE for this outcome. Regarding death
from all causes, several factors, such as confounding by indication,
residual confounding, misclassification of outcome, and a small
sample size for VE against death, had an influence on the inconclu-
sive result.

As I already mentioned, influenza epidemics differ by season,
population, and place; thus, we conducted a study for evaluating
VE in the following season in the same people and place. VE against
ILI with high fever was estimated at 45% (95% CI: 7-67%) in the
2004-2005 season. Therefore, VE against ILI with high fever in
community-dwelling older persons ranged from 45% to 62%, which
was consistent with a recent meta-analysis [15,16].

8. Conclusion

The main strategy to evaluate VE is to perform an observational
study, because influenza vaccination is recommended worldwide

to prevent suffering influenza. This article summarized the basic
principles and several potential pitfalls of population-based cohort
studies with reference to our previous report [10]. Several points
should be emphasized. First, unbiased active surveillance by “equal
intensity” for both vaccinated and unvaccinated is essential for
cohort studies. Second, minimizing the misclassification of both
vaccination status and outcome should be made. Last, careful con-
sideration should be made for confounding factors.
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Based on the unique characteristics of influenza, the concept of “monitoring” influenza vaccine effective-
ness (VE) across the seasons using the same observational study design has been developed. In recent
years, there has been a growing number of influenza VE reports using the test-negative design, which
can minimize both misclassification of diseases and confounding by health care-seeking behavior.
Although the test-negative designs offer considerable advantages, there are some concerns that wide-
spread use of the test-negative design without knowledge of the basic principles of epidemiology could
produce invalid findings. In this article, we briefly review the basic concepts of the test-negative design
with respect to classic study design such as cohort studies or case-control studies. We also mention selec-
tion bias, which may be of concern in some countries where rapid diagnostic testing is frequently used in
routine clinical practices, as in Japan.
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1. Introduction

It is widely accepted that the best study design for obtaining
conclusive findings on prophylactic or therapeutic effects in
human population is the randomized controlled trial (RCT). Such
a concept can be also applied in assessing efficacy/effectiveness
for almost all vaccines. With regard to the influenza vaccines, how-
ever, even a large and well-conducted RCT would simply provide a
time-, place-, and subject-specific observation because: (1) epi-
demic strains of influenza differ by time and place; (2) the propor-
tion of those having pre-existing antibody titers differ by time,
place and age group; (3) vaccine strains differ by time (i.e., season)
[1]. Together with the ethical consideration that influenza vaccina-
tion is recommended for wide-ranging high risk groups [2], the
concept of “monitoring” the influenza vaccine effectiveness (VE)
across the seasons using the same observational study design has
been developed.

During the last decade, a test-negative design, which is a mod-
ified case-control study, has been introduced to assess VE against
influenza. The design enables us to estimate VE in the early, mid,
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Graduate School of Medicine, 1-4-3, Asahi-machi, Abeno-ku, Osaka 545-8585,
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and end of the influenza season in a timely manner. Several coun-
tries including the US [3], Canada [4], Europe [5], Australia [6] and
New Zealand [7] have applied the method for monitoring the
annual VE. Because the test-negative design is practically easier
to conduct than other study designs, a growing number of reports
have been recently published. However, there are some concerns
that widespread use of the test-negative design without knowl-
edge of the basic principles of epidemiology would introduce inva-
lid findings. In this article, we briefly review the basic concepts of
the test-negative design with respect to classic study design such
as cohort studies or case-control studies. We also discuss selection
bias, which may be introduced when results from clinician-ordered
laboratory testing is used as an outcome measure. This may be par-
ticularly of concern in some countries, including Japan, where
rapid diagnostic testing for influenza is frequently used in routine
clinical practice.

2. Rationale for applying the test-negative design in evaluating
influenza VE

At present, the test-negative design seems to be very useful in
evaluating VE against influenza. Using laboratory-confirmed influ-
enza as an outcome measure, we can reduce disease misclassifica-
tion. Furthermore, the design enable us to minimize confounding
due to health care-seeking behavior. For a better understanding

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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of the latter advantage, the basic principles in cohort studies
should be referred.

In cohort studies, both vaccinees and non-vaccinees should be
followed-up with “equal intensity” to identify the occurrence of
the outcome [8,9]. If influenza-like illness (ILI) is used as an out-
come measure, equal intensity of follow-up would be achieved
via telephone or questionnaire survey for all subjects on a weekly
or monthly basis to obtain information on onset of the disease (i.e.,
active surveillance) [10-12]. In contrast, when using outcome of
laboratory-confirmed influenza, a more strictly defined outcome,
there is a concern that bias due to health care-seeking behavior
becomes an issue because: (1) the outcome is usually confirmed
only after the subjects visit medical institutions due to symptoms
(i.e., passive surveillance); (2) vaccinees and non-vaccinees are
inherently different in the likelihood of a medical visit (Fig. 1).
Given these issues relating to health care-seeking behavior, the
basic principle of following the vaccinees and non-vaccinees with
equal intensity is difficult to satisfy when laboratory-confirmed
influenza is used as an outcome measure in cohort studies. It is still
possible to comply with the principle, as noted in a previous RCT
among children [13]. In that study, the investigators contacted all
subjects on a weekly basis to obtain the information on ILI onset,
and once they confirmed that a subject had developed ILI, they
attempted to collect his/her respiratory specimens within a couple
of days. Obviously, such procedures require significant efforts and
costs. Other exceptions may include a VE study based on antibody
efficacy, in which all subjects received vaccine and medical visits
for respiratory illnesses were compared between those with and
without protective level of hemagglutination inhibition titer [14].
As subjects were not aware of their post-vaccination antibody
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level, the distortion due to health care-seeking behavior would
be non-differential. Although antibody efficacy is expected to be
an accurate index of VE [15], the estimates are strain-specific and
interpretation of the results is sometimes complicated. Thus, it is
considered a reasonable alternative for researchers to accept ILI
as an outcome measure in cohort studies, which ensures achieve-
ment of equal intensity of follow-up resulting in higher feasibility
and validity [10-12].

The test-negative design has a notable strength in controlling
for afore-mentioned health care-seeking behavior (Fig. 2). Typi-
cally, study subjects are patients who visit medical institutions
due to ILI during the influenza season. Subjects with positive test
results for influenza are classified into cases, while subjects with
negative results are classified as controls, and then vaccination sta-
tus during the season can be compared between cases and con-
trols. As the subjects are likely to visit a medical institution soon
after ILI onset, both cases and controls are considered to be similar
in their health care-seeking behavior. Therefore, the test-negative
design can minimize confounding by health care-seeking behavior
in evaluating influenza VE even though the outcome measure is
laboratory-confirmed influenza, which is expected to resolve the
dilemma in cohort studies.

Some articles have discussed the theoretical issues of the test-
negative design [16-19]. VE against influenza is supposed to be
the same in those who do seek care for ILI and who do not [17],
although the test-negative design is limited by visitor attendance
at the medical institution. An important factor relating to seeking
of care may be the disease severity because disease severity is also
expected to be associated with vaccination status. For example, it
is possible that non-vaccinees are likely to develop severe ILI once
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Laboratory-confirmed influenza (+)

Laboratory-confirmed influenza (-)

Fig. 1. Design of a cohort study to evaluate influenza vaccine effectiveness against laboratory-confirmed influenza. “Health care-seeking behavior” can introduce bias because
(1) the outcome is usually confirmed only after the subjects visit medical institutions and (2) vaccinees and non-vaccinees are inherently different in the likelihood of their

medical visit.

Vaccine (+) «——
Cases
Test positive
Vaccine (-) «—| for influenza
Vaccine (+) €—
) Controls
Test negative
Vaccine (-) «— for influenza

Those who visit medical

institutions due to ILI during
influenza season

Fig. 2. A test-negative design to evaluate influenza vaccine effectiveness against laboratory-confirmed influenza. ILI denotes influenza-like illness. The test-negative design
can minimize confounding by health care-seeking behavior even though the outcome measure is laboratory-confirmed influenza because “health care-seeking behavior” is

likely to be similar between cases and controls.
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they get infected by influenza, and those with severe ILI are likely
to seek care. Thus, an appropriate adjustment for disease severity
in analyses will be required to obtain a valid VE estimate [18].

3. Several principles must be satisfied in controls in the test-
negative design

In the test-negative design, researchers are not aware of sub-
jects’ case/control status at recruitment, but later classify the sub-
jects into cases or controls according to the test results. However,
they should satisfy the same basic principles as for the classic
case-control studies.

First, controls should be drawn from a source population, which
generates the cases (i.e., study base principle). This condition may
be inherently met in the test-negative design because both cases
and controls are subjects who visited the same institution due to
ILL

The second principle is that both cases and controls are likely to
have the same extent of experience in their exposure to influenza
virus (i.e., a necessary cause in disease etiology). Recruitment of
cases and controls when influenza is not circulating should be
avoided, which translates to avoiding recruitment of the subjects
who were not at risk of the disease in cohort studies. This is
straightforward because case-control studies provide findings that
mirror what could be learned from cohort studies [20].

Finally, controls should be selected independently of the expo-
sure status. In test-negative design assessing influenza VE, the risk
of non-influenza ILI that places the subjects into controls should be
independent of influenza vaccination status. Controls in the test-
negative design potentially consist of two types of ILI patients:
negative for influenza per se but positive for other respiratory virus
(other respiratory virus [ORV] positive controls), and negative for
all respiratory virus tested (pan-negative controls). Recently, an
argument regarding “appropriate controls” has been discussed.

The issue was pointed out for the first time in a study from Aus-
tralia, in which VE against trivalent inactivated influenza vaccine
(IIV3) was evaluated among young children aged <5 years in
2008 [21]. The study unexpectedly found that the proportion of
vaccination was higher among ORV positive controls than pan-
negative controls, resulting in higher VE using ORV positive con-
trols. Nasal swabs were used as respiratory specimens, which were
logistically difficult to obtain from young children. As pan-negative
controls would include some false negatives for influenza, they
interpreted that ORV positive controls were more appropriate in
ensuring adequate sample collection.

The phenomenon of higher vaccination rates in ORV positive
controls compared with pan-negative controls was further dis-
cussed. A viral interference known as “temporary non-specific
immunity” has been suggested [22]. This is a biological mechanism
that involves a respiratory virus infection, which induces immunity
not only against the same viruses but also for other viruses over a
short time. Those who receive influenza vaccine would miss two
opportunities: to be infected with influenza and to acquire tempo-
rary non-specific immunity to other respiratory viruses through
natural infection of influenza. In the test-negative design, such vac-
cinated subjects would be classified into ORV positive controls, and
contribute to higher vaccination rates among all controls. Control
selection irrespective of vaccine status may be violated, and VE
using all controls or ORV positive controls would be greater in
comparison to that using pan-negative controls.

Some test-negative studies of IIV3 using different controls
showed inconsistent results. Reports from Japan [23] and Portugal
[24] found considerable VE variation, whereas no difference was
observed in studies in the US [25] or Australia [26]. One small
RCT in Hong Kong children reported that those who received 11V3

had an increased risk of non-influenza infections during the pre-
pandemic period in 2009 [27]. On the other hand, a validation
study using datasets from 4 published, double-blind RCTs found
no meaningful association between live attenuated influenza vac-
cine and increased risk for non-influenza respiratory episodes
[28]. A recent simulation study indicated that the effect of tempo-
rary non-specific immunity was significant when the attack rate of
influenza was elevated to pandemic levels (>50%) but just marginal
in typical influenza seasons (<20%) [29]. This simulation also sug-
gested that combined data across the multiple influenza seasons
may conceal the variation in attack rate, which may partly account
for the inconsistency in the previous findings. To date, no recom-
mendation regarding the most appropriate controls has been pro-
vided. Further discussion including what is meant by ORV positive
controls or pan-negative controls is required.

4. Cautions for applying the test-negative design in routine
clinical practice

Practically, test-negative designs would be easier to conduct by
clinicians in comparison to classic case-control studies. Although
real-time reverse transcription polymerase chain reaction (RT-
RCR) or viral culture are desirable in defining case/control status
in test-negative studies, results based on rapid diagnostic testing
for influenza can be used as an outcome measure. In some coun-
tries where rapid diagnostic testing is widely available in routine
clinical practice, such as Japan, test-negative studies can be readily
employed using clinician-ordered testing results. The dataset
would be huge if the information from many institutions is com-
bined. However, such careless use of the test-negative design
would result in some repercussions.

First, using rapid diagnostic testing results as an outcome mea-
sure has been demonstrated to underestimate VE due to imperfect
sensitivity and specificity in comparison to RT-PCR or viral culture.
A simulation study examined the extent of underestimation, in
which the sensitivity and specificity of the rapid test was set at
80% and 90%, respectively. When rapid testing results were used
in the test-negative design, the true VE of 90%, 70% and 50% was
decreased to approximately 72.6%, 57.0% and 41.1%, respectively
[16]. Another simulation also showed that when true VE was set
at 70% for young children and 50% for all ages, use of a rapid test
with the same sensitivity and specificity (i.e., 80% and 90%, respec-
tively) in test-negative studies resulted in a VE estimate of 53% for
children and 37% for all ages, respectively [30]. It is notable that
lower specificity of the laboratory test for influenza was expected
to contribute more to underestimation of VE than a lowering of
sensitivity, if one value (e.g., sensitivity) was fixed at 1.0 and the
other value (e.g., specificity) was changed from 0.8 to 1.0 [30].
Since specificity of rapid diagnostic tests is usually high, the influ-
ence of applying a rapid test for estimation of VE in test-negative
studies might not be meaningful. However, as previously men-
tioned, the combination of imperfect sensitivity and specificity
would greatly affect the VE even if rapid test misclassification
was compensated by its high specificity. An approximate 20%
reduction in effect estimates are considerable in influenza VE
studies.

Second, enrolling the study subjects within a routine clinical
setting can introduce selection bias. As shown in Fig. 3, the source
population for the study is the patients with ILI who visit medical
institutions. A certain proportion is then sampled as study subjects
from the source population. The study subjects should have their
test results for influenza because they have to be classified into
either cases or controls thereafter. If the study subjects are limited
to those who received the clinician-ordered test in a routine clini-
cal setting, application of the test would depend on the likelihood

—102—



W. Fukushima, Y. Hirota/Vaccine 35 (2017) 4796-4800

Vaccine (+) «—
Cases

[ Test positive
for influenza

Controls /

[ Test negative
for influenza

Vaccine (-) <—

Vaccine (+) <

Vaccine (-) <—

Post-hoc grouping

according to test results

with test

4799

Source population

Study
subjects

Those who visit
medical institutions
due to ILI during

influenza season

results

Fig. 3. A test-negative design to evaluate influenza vaccine effectiveness against laboratory-confirmed influenza. ILI denotes influenza-like illness. Asterisk (*) indicates a
point where selection bias may occur. If the study subjects are limited to those who received the clinician-ordered test in the routine clinical setting, the application of the test
would be related to (1) the likelihood of having influenza (outcome) or (2) influenza vaccination status (exposure), resulting in biased sampling (non-representativeness) of

the study subjects from the source population.

of having influenza (outcome) or influenza vaccination status
(exposure), resulting in biased sampling (non-representativeness)
of the study subjects from the source population. For example, if
clinicians order the diagnostic test for those with severe ILI and
those who did not receive the vaccine, the proportion of non-
vaccinees among cases is likely to increase, resulting in overesti-
mation of VE. This translates to selection bias and it is impossible
to estimate its extent or direction once such a bias is introduced.
A report from the US pointed out that clinician-ordered rapid diag-
nostic testing could be a potential source of bias in influenza VE
studies using the test-negative design [31]. The study showed that
VE estimates based on rapid diagnostic testing results in the rou-
tine clinical setting were considerably underestimated and signifi-
cant VE would have been missed. This study emphasized the
importance of active recruitment of ILI patients according to the
pre-defined standardized criteria.

With respect to possible selection bias in recruitment of the
subjects, some researchers claim that during the influenza epi-
demic, clinicians would be too busy to develop their idea regarding
application of the test. However, we cannot completely deny the
possibilities that selection bias arise unconsciously. In order to
avoid selection bias as far as possible, it is essential to recruit study
subjects systematically from the source population according to
pre-defined criteria. In effect, research on test-negative designs
should be employed separately from routine clinical practice.

5. Conclusion

The methodology of VE studies is evolving. The test-negative
design, a modified case-control study, has notable advantages in
estimating influenza VE. Given that principles of case-control stud-
ies are more complicated than that of cohort studies or RCTs, col-
laboration, or consultation with epidemiologists would be useful.
It should also be noted that reflecting on the basic concepts of epi-
demiology is always worthwhile. Accumulation of evidence from
appropriately conducted test-negative designs will provide valid
and universal estimates of VE against influenza.
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When using a case-control study design to examine vaccine effectiveness, both the selection of control
subjects and the consideration of potential confounders must be the important issues to ensure accurate
results. In this report, we described our experience from a case-control study conducted to evaluate the
effectiveness of acellular pertussis vaccine combined with diphtheria-tetanus toxoids (DTaP vaccine).
Newly diagnosed pertussis cases and age- and sex-matched friend-controls were enrolled, and the his-
tory of DTaP vaccination was compared between groups. Logistic regression models were used to calcu-
late odds ratios (ORs) and 95% confidence intervals (CIs) of vaccination for development of pertussis.
After adjustment for potential confounders, four doses of DTaP vaccination showed a lower OR for
pediatrician-diagnosed pertussis (OR =0.11, 95% CI, 0.01-0.99). In addition, the decreasing OR of four

Keywords:
Effectiveness
DTaP vaccine

Pertussis
Friend control doses vaccination was more pronounced for laboratory-confirmed pertussis (OR =0.07, 95%CI, 0.01-
Risk factors 0.82). Besides, positive association with pertussis was observed in subjects with a history of steroid treat-

ment (OR =5.67) and those with a recent contact with a lasting cough (OR = 4.12).

When using a case-control study to evaluate the effectiveness of vaccines, particularly those for
uncommon infectious diseases such as pertussis, the use of friend-controls may be optimal due to the fact
that they shared a similar experience for exposure to the pathogen as the cases. In addition, to assess vac-
cine effectiveness as accurately as possible, the effects of confounding should be adequately controlled
with a matching or analysis technique.

© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Case-control study

1. Introduction

When using a case-control study to examine vaccine effective-
ness, the selection of control subjects is a critical issue. If it failed
to select adequate controls, the observed results will be biased,
and lead to an erroneous conclusion. According to a description
in “Epidemiology: An Introduction” edited by Rothman [1], “a control

Abbreviations: DTaP vaccines, acellular pertussis vaccine combined with
diphtheria-tetanus toxoids; LAMP method, loop-mediated isothermal amplification
method; OR, odds ratio; CI, confidence interval.
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http://dx.doi.org/10.1016/j.vaccine.2017.07.004
0264-410X/© 2017 The Author(s). Published by Elsevier Ltd.

group is sampled from the entire source population that gives rise to
the cases. Because the control group is used to estimate the distribu-
tion of exposure in the source population, the cardinal requirement
of control selection is that the controls be sampled independently of
exposure status”. In other words, when considering the optimum
controls, the first step is to define the source population from
which the controls will be selected.

Based on the fact that all cases who develop an infectious dis-
ease must have been exposed to the pathogen, the ideal setting
would one in which control subjects have a similar experience
for exposure to the pathogen as the cases. More specifically, the
“source population” should be defined as those who were exposed
to the pathogen in question. Cases and controls should then be

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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recruited from among this predefined “source population”, and dif-
ferences in vaccination history between the groups were com-
pared. However, in the case of uncommon sporadic infectious
diseases such as pertussis, it is particularly difficult to define a
“source population” with a similar experience of exposure to the
pathogen. In this case, even if traditional hospital or community
controls are selected, most of them might not have had the contact
with the pathogen; this would result in an underestimation of vac-
cine effectiveness. Therefore, in order to evaluate vaccine effective-
ness as accurately as possible, it is necessary to take into account
the opportunity of exposure to the pathogen when selecting
controls.

In addition, when performing observational studies such as
case-control studies to evaluate vaccine effectiveness, the presence
of confounders is another concern. In the field of vaccine epidemi-
ology, a confounding factor is defined as a variable which relate to
vaccination and to the outcome such as infection or infectious dis-
ease development, but which is not on the intermediate from vac-
cination to outcome [2]. For example, age and underlying illness
are generally considered to be important potential confounders
that may affect the evaluation of vaccine effectiveness. If potential
confounders such as these are not adequately controlled or
adjusted, they will inevitably introduce a bias in the results.

In this report, we present our experience from a case-control
study conducted to evaluate the effectiveness of acellular pertussis
vaccine combined with diphtheria-tetanus toxoids (DTaP vaccine).
In our study, friend-controls were chosen because they would have
shared a similar experience for exposure to pertussis as the cases.
Besides, in our study, by conducting several multivariate analyses,
we became aware of several confounding factors.

2. Materials and methods

The detail of the study methods and subjects have been
described elsewhere [3]. In brief, we conducted a multicenter,
case-control study at five collaborating hospitals in the following
five prefectures of Japan (from north to south): Chiba, Saitama,
Mie, Saga, and Fukuoka. Cases were patients newly pediatrician-
diagnosed with pertussis between April 2009 and October 2012,
whose age at diagnosis was less than 30 years and who satisfied
the following clinical criteria for pertussis: persistent cough for
more than 7 days with one or more additional symptoms (paroxys-
mal cough, whoop, or post-tussive vomiting) accompanied by pos-
itive results for Bordetella pertussis isolation, positive results by the
loop-mediated isothermal amplification (LAMP) method, serodiag-
nosis or an epidemiological link to a confirmed pertussis case. The
friend-control method was adopted for the recruitment of control
subjects. Each case was asked to provide up to five friend-
controls who had the same age (or school grade) and sex as the
case. Exclusion criteria for friend-controls were: presence of lasting
cough for more than 1week during 1 month prior to the case
diagnosis.

The following information was obtained by means of a self-
administered questionnaire completed by each child’s parent or
guardian: sex, date of birth; history of pertussis; history of DTaP
vaccination, number of vaccinations, vaccination dates, vaccine
manufacturer and vaccine lot number if vaccinated; underlying ill-
nesses (e.g., heart disease, renal disease, liver disease, diabetes
mellitus, anemia, asthma, other respiratory diseases, tonsillitis,
atopic dermatitis, allergic rhinitis, allergic conjunctivitis, immun-
odeficiency, epilepsy), history of steroid treatment for more than
one month; preschool or school attendance, frequency of going
out (per week), hand washing habits or gargling habits at getting
home, frequency of tooth brushing (per day); total room space in
the house (m?), number of family members, number of siblings;

contact with a confirmed pertussis case during the recent one
month; and contact with a person with a lasting cough during
the recent one month. In Japan, vaccination history is usually
recorded in individually maintained Mother-Child Health Records;
these books were used to confirm the information collected on vac-
cination status. When missing answers or illogical data were
detected by research technicians, research technicians conducted
a telephone interview to complete the data.

In the analyses, continuous variables except for age and the
number of family members were re-categorized into two levels
according to the median value of the distribution of controls. Age
was re-categorized into three levels, based on the age at which
most children completed DTaP vaccination (i.e., 2 years) and the
age when the effects of DTaP vaccination could be continued (i.e.,
10 years) [4-10]. Regarding the number of family members, a
three-level category was used when considering the family
structure.

The background characteristics were compared between cases
and controls using the chi-square test, Fisher’s exact test, or the
Wilcoxon rank-sum test. To calculate the odds ratios (ORs) and
95% confidence intervals (95% Cls) of each variables for pertussis,
a logistic regression model was employed. Because some cases
had no corresponding pair as controls and vice versa, main analy-
ses were conducted in all cases and controls who responded to the
questionnaire using an unconditional logistic regression model.
Trends for associations were assessed by assigning ordinal scores
to the level of the independent variable. In constructing the multi-
variate model, matching variables (age and gender) and variables
that showed a p-value less than 0.1 were considered potential con-
founders for adjustment. Since underlying illnesses, asthma, and
history of steroid treatment were strongly correlated with one
another, the variable most strongly associated with pertussis (i.e.,
history of steroid treatment) was considered to be a prior variable
to the multivariate models. Adjustment for age was conducted by
including variable of the three-level age category rather than con-
tinuous age, in order to increase the statistical power. Additional
analyses were then conducted to assess the effectiveness of DTaP
vaccination for laboratory-confirmed pertussis. All tests were
two-sided. All analyses were performed using SAS version 9.1.3
software (SAS Institute, Cary, NC, USA).

The study protocol was approved by the ethics committees at
the Osaka City University Faculty of Medicine and collaborating
hospitals. Written, informed consent was obtained from all sub-
jects (or their parents or guardians) prior to participation.

3. Results

Among the 72 pertussis cases and 75 controls enrolled, 63 cases
and 73 controls responded to the questionnaire (response rate:
88% for cases, 97% for controls). However, two controls were sub-
sequently found to be ineligible because they had a history of per-
tussis. A further eight cases and two controls failed to provide
complete data and were thus excluded. Eventually, 55 cases and
69 controls were included as subjects in the analysis. The number
of laboratory-confirmed cases (i.e., positive results for culture iso-
lation, the LAMP method, or serological assessment) was 39 (71%).

Table 1 shows a comparison of background characteristics
between the 55 cases and 69 controls. Age and gender were
well-matched. However, cases were less likely to have received
DTaP vaccine than controls. In addition, cases had more underlying
illnesses (particularly asthma), more history of steroid treatment,
less frequency of tooth brushing, smaller room space in the house,
and more contact with a person with a lasting cough.

A logistic regression model was employed to evaluate vaccine
effectiveness for pediatrician-diagnosed pertussis (Table 2). The
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Table 1
Comparison of background characteristics between cases and controls.
Variables Cases (N =55) Controls (N = 69) P value®
n (%) n (%)
Matching variables
Age (years) Median (range) 9.6 (0.5-27.5) 10.3 (0.5-25.1) 0.543
<2.0 5(9) 3 (4) 0.197
2.0-9.9 25 (45) 28 (41)
10.0+ 25 (45) 38 (55)
Sex Male 22 (40) 23 (33) 0.443
Female 33 (60) 46 (67)
Vaccination status
Number of DTaP vaccinations 0 7 (13) 3(4) 0.061
1-3 3(5) 2(3)
4 45 (82) 64 (93)
Health-related conditions
Underlying illnesses Present 21(38) 15 (22) 0.045
Asthma Present 10(18) 4 (6) 0.030
History of steroid treatment Present 10 (18) 3(4) 0.013
Environmental characteristics
Preschool or school attendance Present 50 (91) 67 (97) 0.240
Frequency of going out (per week) <4 22 (40) 33 (49) 0.344
4+ 33 (60) 35(51)
Hand washing habits at getting home Present 44 (80) 52 (75) 0.540
Gargling habits at getting home Present 27 (49) 29 (42) 0.432
Frequency of tooth brushing (per day) <2 42 (76) 39 (57) 0.021
3+ 13 (24) 30 (43)
Total room space in the house (m?) <100 36 (65) 34 (49) 0.071
100+ 19 (35) 35 (51)
Number of family members <4 20 (36) 16 (23) 0.149
4 11 (20) 23 (33)
5+ 24 (44) 30 (43)
Number of siblings Present 35 (64) 51 (74) 0.218
Recent contact with a person with a lasting cough Present 17 (31) 8(12) 0.008
¢ Chi-square test, Fisher’s exact test, or Wilcoxon rank-sum test, where apppropriate.
Table 2
Adjusted odds ratios of DTaP vaccination and selected variables for pediatrician-diagnosed pertussis.
Variables Univariate Multivariate®
OR (95%CI) P value OR (95%CI) P value
Number of DTaP vaccinations 0 1.00 1.00
1-3 0.64 (0.07-6.06) 0.700 0.24 (0.02-2.93) 0.264
4 0.30 (0.07-1.23) 0.094 0.11 (0.01-0.99) 0.049
(Trend P=0.071) (Trend P =0.050)
History of steroid treatment Absent 1.00 1.00
Present 4.89 (1.27-18.8) 0.021 4.66 (1.06-20.5) 0.042
Frequency of tooth brushing (per day) <2 1.00 1.00
3+ 0.40 (0.18-0.88) 0.023 0.48 (0.19-1.19) 0.113
Total room space in the house (m?) <100 1.95 (0.94-4.04) 0.073 1.97 (0.85-4.58) 0.117
100+ 1.00 1.00
Recent contact with a person with a lasting cough Absent 1.00 1.00
Present 3.41 (1.34-8.67) 0.010 4.54 (1.55-13.2) 0.006

DTaP vaccination, acellular pertussis vaccine combined with diphtheria-tetanus toxoids; OR, odds ratio; CI, confidence interval.
2 Model includes variables in this table and matching variables (three-level age category and sex).

crude OR of four doses vaccination was 0.30 (95%CI, 0.07-1.23) and
that of 1-3 doses vaccination was 0.64 (0.07-6.06). After adjustment
for the potential confounders, ORs of DTaP vaccinationrevealed to be
lowered and the reduction in the OR of four doses vaccination was
statistically significant (OR = 0.11, 95%CI, 0.01-0.99). Besides, a sig-
nificant positive association with pertussis was observed in subjects
with a history of steroid treatment (OR =4.66) and those with a
recent contact with a lasting cough (OR = 4.54).

When analyzed the association with laboratory-confirmed per-
tussis, these association were more pronounced than that with
pediatrician-diagnosed pertussis (Table 3). The multivariate OR
(95%CI) of four doses vaccination decreased to 0.07 (0.01-0.82),

although decreasing OR of 1-3 doses vaccination did not reach to
the significant association. In addition, the associations between
other potential confounders and pertussis were also emphasized.
Subjects with a history of steroid treatment (OR = 5.67) and those
with a recent contact with a lasting cough (OR = 4.12) seemed to
be a higher risk condition for development of pertussis. Since
72% of vaccinees provided the name of vaccine manufacture, we
also examined ORs of DTaP vaccination according to the vaccine
manufactures. However, no obvious difference of ORs among vac-
cine manufactures was observed (data not shown).

To confirm these results, conditional logistic regression models
were also employed. However, since only 31 cases and 56 controls
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Table 3
0Odds ratios of DTaP vaccination and selected variables for laboratory-confirmed pertussis.
Variables Univariate Multivariate®
OR (95%CI) P value OR (95%ClI) P value
Number of DTaP vaccinations 0 1.00 1.00
1-3 0.90 (0.09-8.90) 0.928 0.33 (0.02-4.40) 0.398
4 0.29 (0.07-1.30) 0.105 0.07 (0.01-0.82) 0.034
(Trend P =0.062) (Trend P =0.029)
History of steroid treatment Absent 1.00 1.00
Present 5.68 (1.41-22.9) 0.015 5.67 (1.15-27.9) 0.033
Frequency of tooth brushing (per day) <2 1.00 1.00
3+ 0.45 (0.19-1.06) 0.068 0.58 (0.20-1.63) 0.297
Total room space in the house (m?) <100 1.65 (0.74-3.67) 0.221 1.84 (0.70-4.81) 0.213
100+ 1.00 1.00
Recent contact with a person with a lasting cough Absent 1.00 1.00
Present 3.00 (1.09-8.26) 0.034 4.12 (1.23-13.8) 0.022

DTaP vaccination, acellular pertussis vaccine combined with diphtheria-tetanus toxoids; OR, odds ratio; CI, confidence interval.
2 Model includes variables in this table and matching variables (three-level age category and sex).

(i.e., 31 matched-set) maintained the initial matched combination
and statistical power lowered, no meaningful result could be
obtained. Therefore, a model was constructed in which age and
sex (i.e., matching variables), instead of matched-set number, were
included as stratified variables and other potential confounders
were included as explanatory variables. As a result, the model,
which included three-level age category and sex as stratified vari-
ables and other potential confounders as explanatory variables,
showed that the decreasing ORs of four doses vaccinees were sim-
ilarly observed for both pediatrician-diagnosed pertussis
(OR=0.12; 95%CI, 0.01-1.04) and laboratory-confirmed pertussis
(OR=0.08; 95%CI, 0.01-0.80). The ORs of other potential con-
founders were also similar to the results from the unconditional
logistic regression model (data not shown).

4. Discussion

Although the present case-control study had a unique design
that included friend controls, our results were comparable to those
of previous studies [11-13]. In our study, the vaccine effectiveness
of four doses vaccination was 89% (1-99%) for pediatrician-
diagnosed pertussis and 93% (18-99%) for laboratory-confirmed
pertussis. These results seemed to support the usefulness of DTaP
vaccine in the Japanese routine immunization program.

Regarding the selection of controls, some might think that hos-
pital controls would have been preferable, because our cases were
selected from among hospital patients. However, for the uncom-
mon sporadic infectious diseases such as pertussis, traditional hos-
pital or general population controls might not have had contact
with the pathogen. In this case, even if the controls had not been
previously vaccinated, they did not develop pertussis because they
had not been exposed to the pathogen. If this background charac-
teristics had been ignored and controls selected among those sub-
jects without exposure to pertussis, it could have resulted in an
underestimation of vaccine effectiveness. Therefore, in evaluating
vaccine effectiveness, particularly for uncommon infectious dis-
eases, the use of friend-controls may be optimal due to the fact that
they had shared a similar experience for exposure to the pathogen
as the cases.

Besides, since this was an observational study, some background
characteristics could have been unequally distributed between the
comparison groups. Therefore, it is essential to consider potential
confounders. In fact, although the crude ORs of vaccination did
not show any significant effectiveness (vaccine effectiveness,
70%), the multivariate ORs revealed a vaccine effectiveness of 89%

for pediatrician-diagnosed pertussis (Table 2), suggesting that the
effectiveness would have been underestimated by about 19%, if
the effect of potential confounders had not been considered. Previ-
ous studies on the effectiveness of pertussis vaccine also suggested
the importance of considering potential confounders. In most of the
previous case-control studies, controls matched with cases for age,
seX, and residence were selected [13-17]. In addition, the effects of
other confounders (e.g., the number of family members, age of sib-
ling, vaccination status of siblings, etc.) were controlled by conduct-
ing multivariate analyses [15-17]. Therefore, confounding factors
that may influence the effectiveness of pertussis vaccine should
be adequately controlled using conventional methods such as
matching or analysis technique.

When four potential confounders were simultaneously consid-
ered in our analysis of vaccine effectiveness, two factors mainly
contributed to affect the results as the confounders. These con-
founding factors also affect as risk factors of pertussis. First, sub-
jects with a history of steroid treatment were shown to have a
higher risk for pertussis. To the best of our knowledge, no previous
study has reported an association between a history of steroid
treatment and pertussis. However, some studies have reported a
higher risk for pertussis among patients with asthma [18,19],
who often receive steroid treatment. In addition, several studies
have reported that steroid treatment is a risk factor for respiratory
infections such as pneumonia [20] and influenza [21]. Taken
together, a history of steroid treatment might be a proxy variable
for severe asthma, and thus have an effect of increasing the indi-
vidual risk for pertussis infection.

Second, variables related to exposure to the pathogen (i.e., hav-
ing recent contact with a person with a lasting cough) were asso-
ciated with an increased risk of pertussis. In light of previous
studies, pertussis outbreaks often occurred in crowded environ-
ments such as schools [12,22], within families [23], or among sol-
diers [24]. Furthermore, some studies have reported that subjects
who had recent contact with a person with a pertussis-like cough
had a higher risk for pertussis infection [23-25]. These results sug-
gest that increased susceptibility to pertussis in a crowded situa-
tion or increased opportunities on contact with possible pertussis
patients is related to pertussis infection.

However, our study had the following limitations. First, due to
the small sample size, there was insufficient statistical power,
which made the detection of significant vaccine effectiveness and
potential confounders difficult. Particularly for younger pertussis
cases, however, it was very difficult to find up to five friend-
controls according to this study protocol, because they did not
have many friends. Thus, we could enroll only 75 controls for 72
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cases at the time of enrolment. Second, the possibility of residual
confounding cannot be ruled out. For example, the effect of total
room space in the house was adjusted in multivariate analyses,
but the two-level categorization may not have been sufficient to
control for all of the confounding by the room space. In addition,
the effects of other potential confounders such as social economic
status were not considered.

Despite the limitations, the results of our case-control study
using friend-control method indicated the effectiveness of DTaP
vaccination and the effects of several confounders. These results
are expected to highlight the importance both of selecting ade-
quate controls and of controlling for potential confounders when
assessing vaccine effectiveness using case-control study design.
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ARTICLE INFO ABSTRACT

Article history: We conducted a case-control study to elucidate associations between pneumonia in elderly individuals
Received 18 May 2016 and 23-valent pneumococcal polysaccharide vaccine (PPSV23) and seasonal influenza vaccine (influenza
Received in revised form 5 October 2016 vaccine). Here, we examined selection of controls in our study using an analytic epidemiology approach.
Accepted 24 November 2016 The study period was from October 1, 2009 through September 30, 2014. Cases comprised >65-year-old
patients newly diagnosed with pneumonia. For every case with pneumonia, two patients with other dis-
eases (one respiratory medicine, one non-respiratory medicine) who were sex-, age-, visit date- and visit
hospital-matched were selected as controls. Odds ratios (ORs) and 95% confidence intervals (Cls) of vac-
Elder] I cination for pneumonia were calculated using conditional logistic regression model. Similar analyses
y people . . .

Pneumonia were also conducted based on the clinical department of controls. Analysis was conducted in 234 cases
Effectiveness and 438 controls. Effectiveness of pneumococcal vaccination or influenza vaccination against pneumonia
23-valent pneumococcal polysaccharide was not detected. Proportions of either vaccination in controls were greater among respiratory medicine
vaccine (pneumococcal vaccine, 38%; influenza vaccine, 55%) than among non-respiratory medicine (23%; 48%).
Seasonal influenza vaccine Analysis using controls restricted to respiratory medicine showed marginally significant effectiveness
of pneumococcal vaccination (OR, 0.59; 95%Cl, 0.34-1.03; P =0.064) and influenza vaccination (0.64;

0.40-1.04; 0.072). However, this effectiveness might have been overestimated by selection bias of con-

trols, as pneumonia cases are not necessarily respiratory medicine patients. In the analysis using controls

restricted to non-respiratory medicine, OR of pneumococcal vaccination for pneumonia was close to 1,

presumably because the proportion of pneumococcal vaccination was higher in cases than in controls.

Because pneumococcal vaccine was not routinely administered during the study period, differences in

recommendations of vaccination by physician in different clinical departments might have greatly

affected vaccination proportions. When we select controls, we should consider the background factors

(underlying diseases, clinical department, etc.) which affect physicians’ recommendation of vaccination.

© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

- Pneumonia is the third leading cause of death in Japan, and the
Abbreviations: PPSV23, 23—}valent pnegmocpccal polysacc_haride vaccing; PCV13, mortality rate by age group is high in the elderly, particularly
13—v.aleT1t pneumococql con]ugaFe vaccine; mﬂue.nzava‘ccme, seas.opal mﬂuen'za among individuals >80 years old [1]. With Japanese society aging
vaccine; COPD, chronic obstructive pulmonary disease; ADL, activities of daily .
living; OR, odds ratio; CI, confidence interval. at an unprecedented rate not seen anywhere else in the world, pre-
* Corresponding author at: Department of Public Health, Osaka City University vention of pneumonia among the elderly is becoming a critical
Graduate School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, Osaka 545-8585, Japan. issue. In our country, both pneumococcal vaccine and seasonal

E-mail address: kyou@med.osaka-cu.ac.jp (K. Kondo). influenza vaccine (influenza vaccine) have been recommended.
1 Other members of the Study Group are listed in Appendix.
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For adults aged 65 years or older, 23-valent pneumococcal polysac-
charide vaccine (PPSV23) can be provided as a periodical inocula-
tion (starting from October 1, 2014) through the national
vaccination program and 13-valent pneumococcal conjugate vac-
cine (PCV13) can be inoculated as arbitrary vaccination [2]. On
the other hand, the Advisory Committee on Immunization Prac-
tices (ACIP) in the United States recommended PPSV23 and
PCV13 for adults 65 years old or older in September 2014 [3].

Large-scale observational studies from the United States, Swe-
den, and Hong Kong have investigated the association between
pneumonia in the elderly and influenza and/or pneumococcal vac-
cinations, and have demonstrated that vaccinations have
decreased hospitalizations and deaths caused by influenza or
pneumonia [4-7]. A Japanese study of nursing home residents
showed that PPSV23 prevented pneumococcal pneumonia and
thus reduced mortality from pneumococcal pneumonia [8].
Kawakami et al. reported the effectiveness of the PPSV23 against
pneumonia in elderly people 75 years old or older who received
the influenza vaccine in Japan [9]. We conducted a case-control
study from October 1, 2009 to September 30, 2014 to investigate
the effects of pneumococcal and influenza vaccines on pneumonia
prevention among elderly individuals in Japan. If our study
covered four vaccination patterns (no inoculation with either
vaccine, inoculation with influenza vaccine only, inoculation with
PPSV23 only, inoculation with both vaccines), we thought that
we might be able to clarify the effectiveness of each vaccination
pattern.

Selecting appropriate controls is extremely important in a case-
control study. Controls must be selected from the population to
which the cases belong, but vaccine effectiveness studies must also
consider whether both cases and controls have had the opportu-
nity to be exposed to the pathogen (necessary cause). The present
study considered the opportunity for exposure to the pathogen to
be relatively uniform within an area, and therefore controls were
defined as hospital controls. In addition, because pneumococcal
vaccine was not routinely administered during our study period,
the recommendation of vaccinations by physician may be different
in various clinical departments. We therefore further selected con-
trols from non-respiratory medicine.

Here, we examined the selection of controls in our case-control
study on the basis of an analytical epidemiology approach, and dis-
cussed the methods for investigating vaccine effectiveness in the
elderly.

2. Material and methods
2.1. Study subjects

A hospital-based matched case-control study at 24 hospitals in
Tokyo, Chiba, Shizuoka, Aichi, Gifu, Kyoto, and Fukuoka was con-
ducted between October 1, 2009 and September 30, 2014. Because
the study outcome was community-acquired pneumonia (CAP),
study subjects were limited to outpatients (i.e., those living in their
own home or in a home for the elderly that resembled their own
home). All study participants received an explanation of the study
content and provided consent prior to participation. The study pro-
tocol was approved by the Ethics Committee at the Osaka City
University Graduate School of Medicine and was conducted in
accordance with the principles of the Helsinki Declaration.

Cases were >65-year-old patients who were newly diagnosed
with pneumonia by a physician. Pneumonia was diagnosed based
on increased white blood cell count or elevated levels of
C-reactive protein (CRP), and the presence of an infiltrative shadow
on chest X-rays in addition to clinical presentation (cough, sputum,
fever).

Controls were sex-, age (grouped in 5-year increments)-, visit
date- (within 2 months after visit by case)-, and visit hospital-
matched patients without pneumonia. As much as possible, two
controls (one respiratory medicine and one non-respiratory medi-
cine) were selected for each case.

Exclusion criteria were: presence of aspiration pneumonia;
presence of malignant tumor; current treatment with oral steroid
or immunosuppressant; and history of splenectomy.

2.2. Data collection

The attending physicians of cases and controls completed a
questionnaire that included the following clinical information: a)
seX, age, presence or absence of underlying respiratory system dis-
ease (pulmonary emphysema, chronic bronchitis, diffuse panbron-
chiolitis, pulmonary fibrosis, bronchial asthma, pulmonary
tuberculosis sequelae); and b) disease information related to pneu-
monia (cases only), comprising date of definitive diagnosis and test
results concerning pathogenic diagnosis (influenza rapid diagnos-
tic test, pneumococcal urinary antigen test, sputum Gram staining,
sputum culture, blood culture).

Cases and controls completed a self-administered questionnaire
that included the following information: presence or absence of
underlying disease (respiratory system disease, hypertension,
hypercholesterolemia, heart disease, cerebral hemorrhage, cerebral
infarction, stroke, diabetes mellitus, kidney disease), activities of
daily living (ADL) (bedridden, semi-bedridden, semi-self-
supported, self-supported), and vaccination status (23-valent
pneumococcal polysaccharide vaccine (PPSV23), monovalent influ-
enza A (HIN1) pdmQ9, trivalent seasonal influenza vaccine (influ-
enza vaccine)).

2.3. Statistical analysis

Subjects who had received the pneumococcal vaccine within
the past 5years were considered “vaccinated,” while all others
were considered “unvaccinated.” Subjects who had received the
influenza vaccine (monovalent influenza A (H1N1) pdm09 vaccine,
trivalent seasonal influenza vaccine) within the past 6 months
were considered “vaccinated,” while all others were considered
“unvaccinated.” All underlying diseases were analyzed as “present
vs. absent” and ADL were analyzed as “non-self-supported (bedrid-
den, semi-bedridden, semi-self-supported) vs. self-supported.” For
medical institutions that did not have a respiratory medicine, clin-
ical department was determined based on the condition of the sub-
ject at the time of the visit: visits for respiratory system diseases
were considered “respiratory medicine,” and visits for all other dis-
eases were considered “non-respiratory medicine.”

The Wilcoxon rank-sum test and the chi-square test were used
where appropriate to compare characteristics between cases and
controls.

The odds ratio (OR) and 95% confidence interval (CI) of vaccina-
tion for pneumonia were calculated using a conditional logistic
regression model. Variables included in the multivariate analysis
model were pneumococcal vaccination, influenza vaccination, res-
piratory system disease, hypertension, diabetes mellitus, and ADL.

Next, to investigate the effects by different clinical departments,
similar analyses were conducted based on the clinical department
(respiratory medicine or non-respiratory medicine) of the control
subjects. Variables included in each multivariate model were sim-
ilar to those of the overall multivariate model. However, respira-
tory system diseases were excluded in the model using controls
restricted to respiratory medicine.

Values of P <0.05 were considered statistically significant. SAS
software (version 9.3, SAS Institute, Cary, NC) was used for analy-
sis. Since the influenza A (H1IN1) pandemic occurred and seasonal
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influenza did not spread during the 2009-2010 season [10], mono-
valent influenza A (HIN1) pdm09 vaccine was considered as the
influenza vaccine.

3. Results

A total of 234 cases and 438 controls were enrolled. Table 1
shows the comparison of characteristics between cases and con-
trols. The proportion of pneumococcal vaccination was 27% in
cases and 30% in controls, and the proportion of influenza vaccina-
tion was 44% in cases and 51% in controls. The prevalence of hyper-
tension and diabetes mellitus in controls was significantly greater
than cases. The proportion of self-supported participants in con-
trols was significantly greater than cases. Significant differences
between cases and controls were not observed in any other vari-
ables. Among our cases, 24% (56 of 234 cases) represented pneu-
mococcal pneumonia. Test results concerning the pathogenic
diagnosis of cases were as follows: 24% (46 of 190 cases) showed
positive results to the pneumococcal urinary antigen test, Strepto-
coccus pneumoniae was detected by sputum Gram staining in 23%
(28 of 124 cases), S. pneumoniae was detected by sputum culture
in 22% (33 of 147 cases), and S. pneumoniae was detected by blood
culture in 57% (4 of 7 cases).

Table 2 shows the OR of vaccination for pneumonia in all study
subjects. The crude OR of pneumococcal vaccination was 0.90 (95%
Cl: 0.60-1.35, P=0.603), and the adjusted OR decreased to 0.84
(95%CI: 0.54-1.30, P=0.437). The crude OR of influenza vaccina-
tion was 0.71 (95%Cl: 0.50-1.03, P=0.070), and the adjusted OR
was 0.74 (95%Cl: 0.51-1.08, P=0.119).

Results of analysis by the clinical departments of controls are
shown in Table 3. When controls were restricted to respiratory
medicine, there were 188 cases and 208 respiratory medicine con-
trols for analysis (155 sets of case: respiratory medicine control:
non-respiratory medicine control = 1:1:1; 13 sets of case: respira-
tory medicine control: non-respiratory medicine control = 1:1:0;

Table 1
Characteristics of cases and controls.
Characteristics Cases Controls p
(n=234) (n=438)

Age (mean years, range) 77.2 (65-99)  76.8 (65-100) 0.518"

Sex
Male 148 (63) 279 (64) 0.908¢
Female 86 (37) 159 (36)

Pneumococcal vaccine
Unvaccinated 170 (73) 307 (70) 0.486°
Vaccinated 64 (27) 131 (30)

Influenza vaccine
Unvaccinated 131 (56) 213 (49) 0.069°¢
Vaccinated 103 (44) 225 (51)

Underlying disease
Respiratory system disease® 96 (41) 176 (40) 0.832°¢
Hypertension 106 (45) 237 (54) 0.030°
Hypercholesterolemia 32 (14) 80 (18) 0.128°¢
Heart disease 40 (17) 88 (20) 0.346¢
Cerebral hemorrhage, 27 (12) 38(9) 0.232°¢
cerebral infarction, stroke
Diabetes mellitus 32 (14) 105 (24) 0.002¢
Kidney disease 7 (3) 18 (4) 0.466°¢

ADL
Self-supported 179 (76) 378 (86) 0.001¢
Semi-self-supported, 55 (24) 60 (14)

semi-bedridden, or bedridden

Variables are expressed as number (percent), unless otherwise specified.

2 Pulmonary emphysema, chronic bronchitis, diffuse panbronchiolitis, pul-
monary fibrosis, bronchial asthma, pulmonary tuberculosis sequelae.

b Wilcoxon rank-sum test.

€ Chi-square test.

and 20 sets of case: respiratory medicine control: non-
respiratory medicine control = 1:2:0). The adjusted OR of pneumo-
coccal vaccination for pneumonia was 0.59 (95%Cl: 0.34-1.03,
P =0.064) and the adjusted OR of influenza vaccination for pneu-
monia was 0.64 (95%Cl: 0.40-1.04, P =0.072), with both vaccines
showing marginal significance. Among respiratory medicine con-
trols, the pneumococcal vaccination proportion was 38% and the
influenza vaccination proportion was 55%.

When controls were restricted to non-respiratory medicine, 201
cases and 230 non-respiratory medicine controls were analyzed
(155 sets of case: respiratory medicine control: non-respiratory
medicine control =1:1:1; 17 sets of case: respiratory medicine
control: non-respiratory medicine control = 1:0:1; and 29 sets of
case: respiratory medicine control: non-respiratory medicine con-
trol = 1:0:2). The adjusted OR of pneumococcal vaccination for
pneumonia was 0.98 (95%Cl: 0.49-1.95, P=0.949) and the
adjusted OR of influenza vaccination for pneumonia was 0.68
(95%Cl: 0.39-1.17, P=0.163). In non-respiratory medicine con-
trols, the pneumococcal vaccination proportion was 23% and the
influenza vaccination proportion was 48%.

4. Discussion

In the present study, analysis using controls restricted to respi-
ratory medicine showed marginal effectiveness of the pneumococ-
cal vaccine. However, vaccine effectiveness in the examination
using controls restricted to respiratory medicine might be overes-
timated by selection bias of controls, because pneumonia cases are
not necessarily respiratory medicine patients. On the other hand,
analysis using controls restricted to non-respiratory medicine
showed that the OR of pneumococcal vaccination for pneumonia
was approximately 1. This is because the proportion of pneumo-
coccal vaccination among cases (27%) was higher than proportion
of pneumococcal vaccination among non-respiratory medicine
controls (23%).

The rate of pneumococcal vaccination in Japan during the study
period has been estimated at around 20%, although this number is
not absolute due to large differences based on region and clinical
department. The proportion of pneumococcal vaccination in the
present study differed greatly depending on the clinical depart-
ment, and was significantly higher among respiratory medicine
controls (38%) than among non-respiratory medicine controls
(23%). We expected that the extent of recommendations of vacci-
nation by physician would have been different depending on the
clinical department because the pneumococcal vaccine was not
routinely administered during the study period. According to the
above-mentioned result, when we perform case-control study
under the situation that pneumococcal vaccine is not routinely
administered, we should select controls in consideration of the
background factors (clinical section, underlying disease) which
affect physicians’ recommendation of pneumococcal vaccination.

The mean rate of influenza vaccination during the study period
in Japan was 51% [11]. The proportion of influenza vaccination in
the present study was 55% in respiratory medicine controls and
48% in non-respiratory medicine controls. Because the influenza
vaccine was routinely administered, the influenza vaccination pro-
portion among non-respiratory medicine patients resembled that
in the general population. Therefore, in case-control studies of rou-
tinely administered influenza vaccine, selection of controls from
non-respiratory medicine might also be necessary, on the basis of
the theory that controls must be selected from the population to
which the cases belong.

When we examine vaccine effectiveness in case-control studies
in situations where a vaccine is not routinely administered, con-
trols should be selected in consideration of the background factors
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Table 2
Odds ratios of vaccination (pneumococcal vaccine and influenza vaccine) for pneumonia.
Cases Controls Crude OR 95%ClI P Adjusted OR® 95%ClI P
(n=234) (n=438)
n (%) n (%)
Pneumococcal vaccine
Unvaccinated 170 (73) 307 (70) 1 1
Vaccinated 64 (27) 131 (30) 0.90 0.60-1.35 0.603 0.84 0.54-1.30 0.437
Influenza vaccine
Unvaccinated 131 (56) 213 (49) 1 1
Vaccinated 103 (44) 225 (51) 0.71 0.50-1.03 0.070 0.74 0.51-1.08 0.119

¢ Model included pneumococcal vaccination, influenza vaccination, underlying respiratory system disease, hypertension, diabetes mellitus and ADL.

Table 3

Vaccination proportion of pneumococcal vaccine and influenza vaccine and odds ratios of vaccination for pneumonia (by clinical departments of Controls).

Object for analysis n/n Pneumococcal vaccination Influenza vaccination

Proportion (%) Adjusted OR*  95%Cl P Proportion (%) Adjusted OR*  95%CI P
All cases/all controls 234/438 27/30 0.84 0.54-1.30 0437 44/51 0.74 0.51-1.08 0.119
All cases/respiratory medicine controls 188/208 29/38 0.59 0.34-1.03 0.064 45/55 0.64 0.40-1.04 0.072
All cases/non-respiratory medicine controls 201/230 27/23 0.98 0.49-1.95 0.949 43/48 0.68 0.39-1.17 0.163

¢ Model included the same as Table 2, but underlying respiratory system disease was excluded in “All cases/respiratory medicine controls”.

affecting physician recommendations for vaccination. On the other
hand, in situations where a vaccine is routinely administered,
selection of controls from various clinical departments appears
desirable.

We discussed the selection of controls in this case-control study
on the basis of an analytical epidemiological approach, but some
limitations must be acknowledged in this study. We included aspi-
ration pneumonia as an exclusion criterion. In the planning stages
of the current study in 2008, aspiration pneumonia (i.e., pneumo-
nia associated with physical factors such as aspiration at the time
of eating) was excluded because we thought that its mechanism
was different from “normal” pneumonia. However, it later became
clear that the incidence of aspiration pneumonia determined
according to swallowing function testing was high among hospital-
ized patients with CAP and HAP [12]. Therefore, use of aspiration
pneumonia as an exclusion criterion might be inappropriate. A fur-
ther limitation was that we obtained information about vaccina-
tion status from a patient questionnaire, but were unable to
verify the validity of that information.
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Appendix

The other members of the Pneumonia in Elderly People Study
Group are listed with their affiliation: Noriko Kojimahara (Tokyo
Women’s Medical University); Sakae Kan (Kaisei Hospital); Chi-
haru Ota, Ikuji Usami, Munehiro Kato, Toshinobu Yamamoto (Asahi
Rosai Hospital); Kazuhide Yamamoto (Kazu Clinic); Yoichi Nakan-
ishi, Takanari Kitazono (Graduate School of Medical Sciences,
Kyushu University); Nobumitsu Fujisawa, Takafumi Matsumoto,
Hideki Tashiro (St. Mary’s Hospital); Masahiko Taketomi (Doukai
Clinic); Tomoaki Iwanaga, Hiroko Nogami (Fukuoka National
Hospital); Koichi Takano (Nishifukuoka Hospital); Ken Tonegawa,

(Nagoya City Koseiin Geriatric Hospital); Yoshimitsu Hayashi
(Kasugai Municipal Hospital); Seiichiro Imai (Graduate School of
Medicine, Kyoto University); Ikuo lkeda (lkeda Clinic); Shigeki
Sugiyama (Sugiyama Clinic); Kunihiko Yoshimura (Mitsui Memo-
rial Hospital), Masahiro Aoshima, Kei Nakashima (Kameda Medical
Center), Yoshitaka Nakamori, Yasushi Seida, Yoshiko Kichikawa
(Mishuku Hospital), Akira Adachi (Kasadera Hospital), Atsushi
Nakamura (Graduate School of Medical Sciences, Nagoya City
University), Yasuhito Iwashima (Iwashima Clinic), Yasuhiro Kojima
(Kojima Clinic), Yasuo Yamada (Yama Clinic), Hidekazu Kawamura
(Kawamura Clinic), Toshiaki Niwa (Hamada Asai Clinic), Atsuro
Kawai (Kawai Clinic), Yuuji Ito, Emi Aoyama (Daiyukai Hospital),
Noriko Kusada, Chizuko Sumida (Inazawa Municipal Hospital),
Naoyuki Miyashita (Department of Internal Medicine 1, Kawasaki
Medical School).
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To evaluate influenza disease burden among pregnant women, an epidemiological study using the self-
control method was conducted. Study subjects were 12,838 pregnant women who visited collaborating
maternity hospitals and clinics in Osaka Prefecture, Japan, before the 2013/14 influenza season. As a
study outcome, hospitalization due to respiratory illnesses between the 2010/11 and 2013/14 seasons
was collected from each study subject through a baseline survey at the time of recruitment and a second
survey after the 2013/14 season. The hospitalization rates during pregnancy and non-pregnancy periods
was calculated separately. To compare the hospitalization rate during pregnancy with that during non-
pregnancy within the same single study subject, Mantel-Haenzel rate ratios (RRyy) were calculated.

During the four seasons examined in this study, nine and 17 subjects were hospitalized due to respi-
ratory illnesses during pregnancy and non-pregnancy periods, respectively. The hospitalization rate
was 2.54 per 10,000 woman-months during pregnancy and 1.08 per 10,000 woman-months during
non-pregnancy. The RRyy for the hospitalization rate during pregnancy compared with that during
non-pregnancy was 4.30 (95% confidence interval, 1.96-9.41).

Our results suggest that during the influenza season, pregnant women have a higher risk than non-
pregnant women for hospitalization due to respiratory illnesses. The self-control method appears to be
an appropriate epidemiological method for evaluating the disease burden of influenza among pregnant
women.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

severe disease, and the secondary protection of vaccination for
infants under 6 months of age [1]. However, in Japan, during the

In November 2012, the World Health Organization recom-
mended that pregnant women should be the highest priority group
for influenza vaccination. This recommendation was based on
compelling evidence regarding the substantial risk of severe
disease in pregnant women, the effectiveness of vaccines against

Abbreviations: OR, odds ratio; CI, confidence interval.
* Corresponding author.
E-mail address: satop@med.osaka-cu.ac.jp (S. Ohfuji).
1 Other members of the study group are listed in the Appendix.

http://dx.doi.org/10.1016/j.vaccine.2017.07.006
0264-410X/© 2017 The Authors. Published by Elsevier Ltd.

influenza A(H1N1)pdmO09 pandemic, influenza-related hospitaliza-
tion reported among pregnant women was only 74 cases [2] (cf.
the number of annual births was 1,070,035 in 2009) [3], which
was lower than that in other countries. Besides, no specific data
regarding seasonal influenza disease burden among pregnant
women has been reported. Therefore, before the highest priority
group for influenza vaccination in Japan can be identified, informa-
tion on seasonal influenza disease burden among pregnant women
must be obtained.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The objective of this study was to investigate whether preg-
nancy is a high risk condition for hospitalization due to severe
influenza. To examine this hypothesis, some might firstly consider
the feasibility of conventional epidemiological methods such as
cohort or case-control studies. In the countries that have estab-
lished databases capable of identifying cohorts and hospitalization
of pregnant women, cohort and case-control studies can be used to
examine our hypothesis. For example, Neuzil et al. conducted a
case-control study using a database of women aged 15-44 years
enrolled in the Tennessee Medicaid program. They found that com-
pared with postpartum women, those at 14-42 weeks’ gestation
had increased odds ratios for influenza-related hospitalization
[4]. However, under the situation that there is no available data-
base for child-bearing aged women and their hospitalization, it is
difficult to conduct such case-control study, and even more cohort
study.

As an alternative, a new epidemiological method called the
“self-control method” has been proposed. The self-control method
is described as a variant of the cohort study; however, as opposed
to a different comparison group, it comprises a comparison of the
person-time experience between the exposed and the unexposed
period within the same study subjects [5]. To date, this study
design has primarily been used to investigate the association
between vaccines and adverse events [6,7]; however, it has also
been widely used to investigate several issues in relation to infec-
tious diseases [8]. To apply the self-control method in an epidemi-
ological study, the study hypothesis needs to satisfy in principle
the following three points: (1) exposure status is changing accord-
ing to the time experience of the subjects; (2) the effect of expo-
sure is transient and only continues for a brief time; and (3)
outcomes must be characterized by an abrupt onset [5]. In our
study hypothesis, pregnancy status (i.e., exposure) varies from
time to time within the subject, and its related effects only con-
tinue within a period of about 10 months. In addition, influenza-
related hospitalization (i.e., outcome) occurs suddenly. Thus, the
self-control method was considered appropriate for investigating
our hypothesis.

Here, we present our experience using the self-control method
to examine whether pregnancy is a high risk condition for
influenza-related hospitalization.

2. Materials and methods
2.1. Study subjects

The Osaka Pregnant Women Influenza Study was conducted at
117 collaborating maternity hospitals and clinics in Osaka Prefec-
ture, Japan. Between September 2013 and January 2014 (i.e.,
recruitment), pregnant women who had been under clinical
follow-up for pregnancy at these hospitals and clinics were invited
to participate in this study. Eligible subjects were women at any
stage of pregnancy at the time of recruitment. A total of 20,420
subjects agreed to participate and were enrolled. All study subjects
verbally provided their informed consent prior to participation.

The study protocol was approved by the Ethics Committees at
the Osaka City University Faculty of Medicine and the collaborating
hospitals, and was performed in accordance with the Declaration
of Helsinki.

2.2. Information collection

To collect information on hospitalization during four influenza
seasons from 2010/11 to 2013/14 as a study outcome, a baseline
and a second survey were conducted on each study subject using

self-administered questionnaires. The baseline survey was carried
out at the time of recruitment. The baseline questionnaire was
composed of items regarding history of influenza vaccination,
physician-diagnosed influenza, and hospitalization (as a study
outcome) since January 2011, as well as the following background
characteristics: demographic factors such as age and date of birth;
gestational week at the time of recruitment, expected delivery
date; height and weight before pregnancy; influenza-related
underlying illnesses before pregnancy (e.g., asthma, chronic respi-
ratory disease, hypertension, heart disease, renal disease, liver dis-
ease, anemia, blood disease, diabetes mellitus, diseases of the
thyroid gland, diseases of the nerve or muscle systems, immunod-
eficiency), underlying illnesses in obstetrics and gynecology
(myoma uteri, endometriosis, ovarian disease, infertility, etc.),
mental disorders, allergic disorders; smoking and alcohol drinking
habits; and duration of residence in Osaka Prefecture. Next, after
the 2013/14 influenza season ended in May 2014, a second survey
was conducted on the study subjects each time they underwent a
regular medical examination for their pregnancy. In the case that
they had already delivered during the season and were not under
clinical follow-up at the hospitals, a questionnaire was sent by
mail to their residence. The questionnaire for the second survey
was composed of items regarding influenza vaccination,
physician-diagnosed influenza, and hospitalization (as a study
outcome) since the time of the baseline survey, and the delivery
date. In both surveys, subjects who answered “hospitalized” were
also asked to provide the reason for hospitalization and the hospi-
tal name.

The self-reported information on hospitalization in these two
surveys was confirmed by hospital records at the reported hospi-
tals. Based on the reported hospital name, we sent the question-
naire to physicians in the hospitals, and collected information for
confirmation, including date of admission, date of discharge, name
of disease that led to hospitalization, and laboratory data at the
time of hospitalization.

In addition, a structured questionnaire, completed by the
obstetrician-in-charge after delivery, was used to collect informa-
tion about the clinical course of pregnancy for each study subject.
The questionnaire gathered information about: pregnancy-induced
complications during pregnancy, pregnancy outcome (i.e., abor-
tion, dead birth, or live birth) and date; and reproductive history
(i.e., parity number, delivery date, and gestational week for older
children).

2.3. Outcome definitions and epidemic

The study outcome was defined as hospitalization due to respi-
ratory illnesses that occurred during an influenza epidemic. The
period of the influenza epidemic was determined using surveil-
lance data from Osaka Prefecture [9-12], and defined as the period
in which the weekly number of influenza patients remained at >5
per sentinel. Based on the epidemic curve (Fig. 1), the epidemic
periods were from the second week to the 17th week of 2011 in
the 2010/11 season, from the second week to the 14th week of
2012 in the 2011/12 season, from the second week to the 12th
week of 2013 in the 2013/14 season, and from the second week
to the 13th week of 2014 in the 2013/14 season.

Hospitalization due to respiratory illnesses was extracted from
all reported hospitalization during the epidemic period when the
following disease names were noted in the hospital records or
reported on the self-administered questionnaires: influenza,
pneumonia, bronchitis, common cold, infectious disease, asthma,
high fever, tonsillitis, otitis media, or sinusitis. The selected disease
names were adapted from those used in the previous studies [4,8].
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Fig. 1. Weekly number of influenza patients reported by sentinels in Osaka Prefecture during influenza seasons.

2.4. Statistical analysis

The number of woman-days for each influenza season was
counted from the beginning of each epidemic period until the date
of hospitalization due to respiratory illnesses or the end of the epi-
demic period, whichever came first. Next, based on the information
regarding the date and gestational week of delivery experiences,
the number of woman-days was divided into pregnancy and
non-pregnancy period for each study subject.

To compare the hospitalization rate between the pregnancy and
non-pregnancy periods within the same single study subject,
Mantel-Haenzel rate ratio (RRyy) and 95% confidence intervals
(CI) were calculated [13,14]. Analyses were conducted using
woman-days, but the results were translated to woman-months
for ease of interpretation. All tests were two-sided. All analyses
were performed using SAS version 9.3 software (SAS Institute,
Cary, NC, USA).

3. Results

Among the 20,420 study subjects enrolled, 12,838 subjects
responded to both the baseline and the second surveys, and
included in the analysis. The characteristics of the subjects are
shown in Table 1. Median age was 32 years, and median gesta-
tional week at the time of recruitment was 23.0 weeks. One third
of the subjects had any underlying illnesses, and the proportion
of subjects with influenza-related underlying illnesses was 15%.
Only a small number of subjects had pregnancy-induced complica-
tions such as hospitalization due to threatened abortion (5%),
hypertension (3%), diabetes (3%), intrauterine growth restriction
(3%) or multiple pregnancy (2%). Most of the subjects had lived
in Osaka Prefecture since three years or more before, suggesting
similar recent exposure to the influenza virus.

The weekly number of influenza patients reported from sen-
tinels in Osaka Prefecture since January 2011 are shown in Fig. 1.
The magnitude and length of the epidemic period in the 2013/14
season was similar to that in the 2012/13 season. The epidemic
in the 2011/12 season was the largest of the 10 most recent sea-
sons, and that in the 2010/11 season was smaller but longer con-
tinuing until May 2011.

Table 2 shows the number of hospitalizations and the hospital-
ization rate in each influenza season according to pregnancy status.
In the 2013/14 season, eight subjects were admitted to hospital
due to respiratory illnesses during pregnancy. The hospitalization
rate was 4.04 per 10,000 woman-months, which was higher than
that during the non-pregnancy period in any of the four influenza
season examined in this study. During the four seasons, a total of
nine subjects were admitted to hospital due to respiratory illness
during pregnancy, whereas 17 were hospitalized during non-
pregnancy. The hospitalization rate was 2.54 per 10,000 woman-
months during pregnancy and 1.08 per 10,000 woman-months
during non-pregnancy. The RRyy for the hospitalization rate dur-
ing pregnancy compared with that during non-pregnancy was
4.30 (95% CI, 1.96-9.41).

When limited to subjects who had lived in Osaka Prefecture
since three years or more before, these results were almost
unchanged. During the four seasons, the hospitalization rate was
2.59 per 10,000 woman-months during pregnancy and 1.04 per
10,000 woman-months during non-pregnancy. The RRyy for hos-
pitalization rate during pregnancy compared with that during
non-pregnancy was 5.17 (95%Cl, 2.14-12.5).

4. Discussion

In this study, which utilized a specific epidemiological tech-
nique called the “self-control method”, we found that the rate of
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Table 1
Baseline characteristics among pregnant women.

Variables N n (%) or median
(range)
Age at the time of recruitment Median 12,838 32.0 (15-51)
(years) (range)
Gestational age at the time of Median 12,831 23.0 (4-42)
recruitment (weeks) (range)
Body mass index before pregnancy Median 12,646 204 (9.1-62.5%)
(kg/m?) (range)
Underlying illnesses before Present 12,838 3978 (31)
pregnancy
Influenza-related Present 12,838 1909 (15)
Obstetrics and gynecology- Present 12,838 2329 (18)
related
Mental disorders Present 12,838 339 (3)
Allergic disorders Present 12,838 53(0.4)
Pregnancy-induced complications
Hospitalization due to Present 11,138 588 (5)
threatened abortion
Pregnancy-induced Present 11,127 375 (3)
hypertension
Gestational diabetes Present 11,152 310 (3)
Intrauterine growth restriction Present 11,135 315(3)
Multiple pregnancy Present 11,186 168 (2)
Intrauterine infection Present 11,128 98 (0.9)
Placenta previa Present 9453 56 (0.5)
Placental abruption Present 11,141 43 (0.4)
Smoking habit
Before pregnancy Present 12,618 2376 (19)
During pregnancy Present 11,974 386 (3)
Drinking habit
Before pregnancy Present 12,613 4790 (38)
During pregnancy Present 11,990 82(0.7)
Duration of residence in Osaka 3yearsor 12,131 11,045 (91)
Prefecture (years) more

2 Including 9 subjects whose body weight before pregnancy was less than 35.0 kg
and 14 subjects whose body weight before pregnancy was more than 100.0 kg.
When excluding these 23 subjects, body mass index before pregnancy ranged from
14.1 to 40.2 kg/m?.

the hospitalization during pregnancy was 4.3 times higher than
that during non-pregnancy. This suggests that pregnant women
are at a higher risk than non-pregnant women for hospitalization
due to respiratory illnesses during the influenza season. To the best
of our knowledge, only one study has applied the self-control
method to investigate hospitalization due to respiratory illnesses
during the influenza season among pregnant women. That study,
which examined data from pregnant women enrolled in the Nova
Scotia Atlee Perinatal Database in Canada, reported that the hospi-
talization rate among pregnant women was 1.7 and 5.1 times
higher during the first and third trimesters, respectively, than that
of the same subjects’ non-pregnancy periods [8]. Other cohort or
case-control studies, as well as those using descriptive epidemiol-
ogy, also found that pregnant women were at 3-22 times higher

Table 2

risk for influenza-related hospitalization [17-19] or ICU hospital-
ization [15-17] compared with non-pregnant women. Taken
together, the self-control method seemed to provide comparable
results to those using other study designs, and the results from
all of these studies suggest that pregnancy is a risk factor for
influenza-related hospitalization.

Regarding possible causal mechanisms, a previous study sug-
gested that during pregnancy, the immune system adapts to toler-
ate a genetically foreign fetus, and this immunologic adaptation
results in an increased risk for influenza-related complications.
Another possible interpretation is that physiological changes dur-
ing pregnancy, including increased heart rate, stroke volume, oxy-
gen consumption, and decreased lung capacity might put women
at an increased risk for severe influenza illness [20-22]. Therefore,
our results seem reasonable in terms of the mechanisms.

However, in our study, the observed hospitalization rate during
pregnancy was 2.54 per 10,000 woman-months, and that during
non-pregnancy was 1.08 per 10,000 woman-months; these rates
were lower than those reported in other countries [4,8]. For exam-
ple, the Canadian study reported that the hospitalization rate (per
10,000 woman-months) among women without comorbidities was
2.4 during the first trimester, 3.0 during the second trimester, 7.4
during the third trimester, and 1.4 during non-pregnancy [8]. The
discrepancy in the results between our study and the Canadian
study might be partly explained by the estimated influenza vacci-
nation coverage among the study subjects. In the Canadian study,
only 2.6% of pregnant women and 6.7% of non-pregnant women
were immunized [8], whereas vaccination coverage in our study
subjects was estimated to be 45% in the 2013/14 season, 38% in
the 2012/13 season, and 37% in the 2011/12 season. Therefore,
the relatively higher vaccination coverage among our study sub-
jects might have led to lower hospitalization rates, irrespective of
pregnancy status.

Our study had several methodological advantages. First, in the
self-control method, since hospitalization rates during pregnancy
and non-pregnancy were compared in the same study subjects,
the effect of confounding factors would be almost negligible. Sec-
ond, the information on hospitalization rates was highly reliable,
because the accuracy of the data on reported hospitalization was
guaranteed by contacting the relevant hospital of admission. In
fact, we were able to obtain the information from their hospital
records in 69% of the reported hospitalizations. The information
obtained from their hospital records proved the reported hospital-
ization to be right through the agreement of data on admission
date and disease name led to hospitalization for almost all verified
hospitalizations. Third, since we enrolled women from a single pre-
fecture, our study subjects are expected to have shared a similar
exposure to the influenza virus.

However, when interpreting the present results, the following
limitations should be kept in mind. First, the self-control method
could not control the effect of time-dependent factors, although

Hospitalization due to respiratory illnesses during influenza season according to pregnancy status.

Influenza season Pregnancy status

Observation period (woman-months)

No. of hospitalizations Rate per 10,000 woman-months

2013/14 Pregnant 19,785
Nonpregnant 18,712
2012/13 Pregnant 4398
Nonpregnant 34,109
2011/12 Pregnant 3874
Nonpregnant 47,464
2010/11 Pregnant 7418
Nonpregnant 57,186
2010/11~2013/14 Pregnant 35,475
Nonpregnant 157,471

4.04
1.07
0

1.17
2.58
1.05
0

1.05
2.54
1.08

- O O U= hON O
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some behaviors or situations might differ between the pregnancy
and non-pregnancy periods. For example, pregnant women typi-
cally avoid going to crowded places where many people mingle.
These health-conscious behaviors during pregnancy, if any, could
be expected to result in an underestimation of the association
between pregnancy and the risk of hospitalization due to respira-
tory illnesses. Second, since the present study subjects were preg-
nant women under clinical follow-up before the 2013/14 season,
their pregnancy period occurred during the 2013/14 season. In
other words, if they were pregnant for the first time in the
2013/14 season, their data during the previous seasons (i.e., the
2010/11 to 2012/13 seasons) only contributed to those during
the non-pregnancy period in the 2010/11 to 2012/13 seasons.
Thus, fewer pregnancies were observed in the 2010/11 to
2012/13 seasons, which resulted in fewer hospitalized cases and
unstable hospitalization rates during pregnancy in the 2010/11
to 2012/13 seasons. On the other hand, most of the pregnancy per-
iod were concentrated in the 2013/14 influenza season, and thus
the hospitalization rate during pregnancy was likely affected by
the influenza activity in the 2013/14 season. In that situation, if
the 2013/14 season was a larger epidemic season than the other
seasons examined in this study, we would not be able to interpret
whether the higher hospitalization rate observed during pregnancy
was explained by the pregnancy status itself or by the larger influ-
enza epidemic in the 2013/14 season. Fortunately, however, the
magnitude of influenza epidemic in the 2013/14 season was simi-
lar to that in the 2012/13 season, and was smaller than that in the
2011/12 season. In addition, the hospitalization rate during the
pregnancy period in the 2013/14 season was higher than that dur-
ing the non-pregnancy period in any of the past three seasons,
including the 2011/12 season, which was the largest epidemic in
the past 10 seasons. Thus, it is not conceivable that the magnitude
of influenza epidemic was enough to explain the observed risk of
hospitalization during pregnancy. Third, although our results sug-
gested that pregnancy was a high risk condition for hospitalization
due to respiratory illnesses, the magnitude of this risk may be
biased upward if clinicians had a lower threshold for admitting
pregnant women as a precaution. However, this upward bias could
also have occurred even in the other study designs unless care pro-
viders have identical thresholds for admitting pregnant women.
Fourth, the outcome of the present study, hospitalization due to
respiratory illnesses during an influenza epidemic, might be less
specific to influenza compared with laboratory confirmation, and
thus some outcome misclassification might be concerned. How-
ever, we considered that this misclassification, if any, should not
differ between those in the pregnancy and non-pregnancy periods.
Such misclassification, if any, could be expected to result in an
underestimation of the association between pregnancy and the risk
of hospitalization because of the diluting effect, and was therefore
considered not to materially affect the validity of the present
results. Finally, since the study subjects were pregnant women
under clinical follow-up at hospitals in Osaka Prefecture, there
may be some concern about the generalizability of the study
results. Therefore, additional studies in other areas or influenza
seasons would be desirable to confirm the validity of the present
results.

Despite these limitation, the results of our study using the self-
control method support previous findings that pregnancy is a high
risk condition for hospitalization due to respiratory illnesses dur-
ing the influenza season. Although the self-control method is used
less frequently than other epidemiological methods such as cohort
or case-control studies, our results suggest that the self-control
method is appropriate for evaluating seasonal influenza disease
burden among pregnant women.
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Appendix A

Other members in the Osaka Pregnant Women Influenza Study
Group are as follows (shown in alphabetical order of the affilia-
tion): Shiro Imai (Department of Gynecology and Obstetrics, Aizen-
bashi Hospital), Eiko Akagaki (Akagaki Ladies Clinic), Mariko Akai
(Akai Maternity Clinic), Yoshitsune Azuma (Azuma Ladies Clinic),
Shinichi Hamada (Department of Obstetrics and Gynecology, Bell
Land General Hospital), Satoru Motoyama (Department of Obstet-
rics and Gynecology, Chibune General Hospital), Hiroko Chimori
(Chimori Medical Clinic), Shoko Nakagawa (Department of Obstet-
rics and Gynecology, Fuchu Hospital), Takehiko Fukuda (Fukuda
Lady’s Clinic), Masahisa Hagiwara (Hagiwara Clinic), Hideto Okuda
(Hamada Women’'s Hospital), Takuro Hamanaka (Hamanaka
Obstetrics and Gynecology), Seiichi Yamamasu (Obstetrics and
Gynecology, Hannan Chuo Hospital), Kenji Hirota (Obstetrics and
Gynecology, Hanwasumiyoshi General Hospital), Masataka Oku
(Obstetrics and Gynecology, Higashi Osaka City General Hospital),
Keizo Hiramatsu (Hiramatsu Obstetrics and Gynecology Clinic),
Masanori Hisamatsu (Hisamatsu Maternity Clinic), Yasushi lijima
(Iijima Women's Hospital), Mikio Takehara (Department of Obstet-
rics and Gynecology, Ikeda City Hospital), Somei Ikeda (Ikeda OB/
GYN Clinic), Takeshi Inoue (Inoue Lady’s Clinic), Eriko Yamashita
(Ishida Hospital), Aisaku Fukuda (The Centre for Reproductive
Medicine and Infertility, IVF Osaka Clinic), Itsuko Iwata (Iwata
Clinic), Junko Nishio (Department of Obstetrics and Gynecology,
Izumiotsu Municipal Hospital), Tateki Tsutsui (Department of
Obstetrics and Gynecology, Japan Community Healthcare Organi-
zation Osaka Hospital), Kenji Yamaji (Kajimoto Clinic), Takao
Kamiya (Kamiya Ladies Clinic), Atsushi Kasamatsu (Department
of Obstetrics and Gynecology, Kansai Medical University Hirakata
Hospital), Tatsuya Nakajima (Department of Obstetrics and Gyne-
cology, Kansai Medical University Takii Hospital), Kanji Kasahara
(Kasahara Clinic), Kenjitsu Kasamatsu (Kasamatsu Obstetrics and
Gynecology/Pediatrics), Kawabata Ryoichi (Kawabata Lady’s
Clinic), Kawabata Kazume (Kawabata Woman’s Clinic), Kozo Kad-
owaki (Department of Obstetrics and Gynecology, Kawachi General
Hospital), Hiroshi Nomura (Kawashima Ladies Clinic), Tomoyuki
Kikuchi (Kikuchi Ladies Clinic), Ayako Suzuki (Department of
Obstetrics and Gynecology, Kinki University), Tadayoshi Nagano
(Department of Obstetrics and Gynecology, Kitano Hospital),
Yoshitsugu Komeda (Komeda Ladies Clinic), Ryousuke Kondo
(Kondo Ladies Clinic), Shinjin Konishi (Konishi Ladies Clinic), Hideo
Takemura (Kosaka Womens Hospital), Masako Kasumi (Masako
Ladies Clinic), Kazuo Masuhiro (Masuhiro Maternity Clinic), Ryoji
Ito (Department of Obstetrics and Gynecology, Matsushita Memo-
rial Hospital), Yoshiki Sakamoto (Department of Obstetrics and
Gynecology, Mimihara General Hospital), Kouzo Hirai (Minami-
Morimachi Ladies Clinic), Yoshimitsu Yamamoto (Department of
Obstetrics and Gynecology, Minoh City Hospital), Yoshitaka Kariya
(Minoh Ladies Clinic), Osamu Misaki (Misaki Clinic), Akira Miyake
(Miyake Clinic), Yasuko Osako (Mom Women'’s Clinic Osako),
Masao Mori (Mori Obstetrics and Gynecology Clinic), Keizo Naka
(Naka Ladies Clinic), Yasumasa Tokura (Nakai Clinic), Jun
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Yoshimatsu (Department of Perinatology and Gynecology, National
Cerebral and Cardiovascular Center), Keiji Tatsumi (Department of
Obstetrics and Gynecology, National Hospital Organization Osaka
National Hospital), Takayoshi Kanda (Department of Obstetrics
and Gynecology, National Hospital Organization Osaka Minami
Medical Center), Masahiro Nishikawa (Nishikawa Ladies Clinic),
Sekio Nishimoto (Nishimoto Ladies Clinic), Yoshihiro Nishioka
(Nishioka Clinic), Takao Funato (Department of Obstetrics and
Gynecology, Nissay Hospital), Kouichi Nozaki (Nozaki Ladies
Clinic), Gengo Ohira (Ohira Ladies Clinic), Yoshiyuki Okamura
(Okamura Ladies Clinic), Yuzo Oga (Oga Clinic), Osamu Nakamoto
(Department of Obstetrics and Gynecology, Osaka City General
Hospital), Shinichi Nakata (Department of Obstetrics and Gynecol-
ogy, Osaka City Juso Hospital), Tetsuo Nakamura (Department of
Obstetrics and Gynecology, Osaka City Sumiyoshi Hospital), Masa-
hiko Takemura (Department of Obstetrics and Gynecology, Osaka
General Medical Center), Toshiyuki Sadou (Department of Obstet-
rics and Gynecology, Osaka Gyoumeikan Hospital), Nobuaki Mit-
suda (Department of Obstetrics, Osaka Medical Center and
Research Institute for Maternal and Child Health), Daisuke Fujita
(Department of Obstetrics and Gynecology, Osaka Medical Col-
lege), Koji Hisamoto (Department of Obstetrics and Gynecology,
Osaka Police Hospital), Shinobu Akada (Department of Obstetrics
and Gynecology, Osaka Prefectural Medical Center for Respiratory
and Allergic Diseases), Takafumi Nonogaki, Chinami Horiuchi
(Department of Obstetrics and Gynecology, Osaka Red Cross Hospi-
tal), Yasuhiko Shiki (Department of Obstetrics and Gynecology,
Osaka Rousai Hospital), Tadashi Kimura (Department of Obstetrics
and Gynecology, Osaka University Graduate School of Medicine),
Koutaro Kitamura (Obstetrics and Gynecology, PL Hospital), Kazu-
hide Ogita (Department of Obstetrics and Gynecology, Rinku Gen-
eral Medical Center), Shigeki Matsuo (Saint Barnabas Hospital),
Yoshihito Ikeda (Department of Obstetrics and Gynecology, Sai-
seikai Ibaragi Hospital), Akihiro Moriyama (Department of Obstet-
rics and Gynecology, Saiseikai Nakatsu Hospital), Yukiyoshi
Ishikawa (Department of Obstetrics and Gynecology, Saiseikai
NOE Hospital), Hiroshi Muso (Department of Obstetrics and Gyne-
cology, Saiseikai Senri Hospital), Fuminori Kitada (Department of
Obstetrics and Gynecology, Saiseikai Suita Hospital), Toshiya
Yamamoto (Department of Obstetrics and Gynecology, Sakai City
Hospital), Megumi Takemura (Department of Obstetrics and Gyne-
cology, Sakibana Hospital), Takeshi Sawada (Sawada Ladies Clinic),
Kentaro Shimura (Shimura Women'’s Clinic), Koh Shinyashiki (Shi-
nyashiki Obstetrics and Gynecology), Mitsuhiko Masuda (Depart-
ment of Obstetrics and Gynecology, Shiseikai Corporate Juridical
Person), Tsuneo Shoda (Shoda Medical Clinic), Takamichi Nishizaki
(Department of Obstetrics and Gynecology, Suita Municipal Hospi-
tal), Yoshinori Suzuki (Suzuki Clinic), Isao Suzuki (Suzuki Obstet-
rics and Gynecology), Hiroshi Nanjyo (Department of Obstetrics
and Gynecology, Taisho Hospital), Keiko Takabatake (Takabatake
Women’s Clinic), Kikuya Takase (Takase Ladies Clinic), Satoshi
Nakago (Department of Obstetrics and Gynecology, Takatsuki Gen-
eral Hospital), Jun Takeyama (Takeyama Lady’s Clinic), Takeshi
Taniguchi (Taniguchi Hospital), Keiichi Tasaka (Tasaka Clinic),
Toshiaki Tatsumi (Tatsumi Ladies Clinic), Atsushi Tokuhira
(Department of Obstetrics and Gynecology, Toyonaka Municipal
Hospital), Shogo Tsubokura (Tsubokura Women'’s Clinic), Kayoko
Ueda (Ueda Ladies Clinic), Yukiko Uenae (Uenae Ladies Clinic),
Takahiko Unno (Unno Maternity Clinic), Hiroshi Yabuki (Yabuki

Maternity Clinic), Tokihiro Yanamoto (Yanamoto Maternity Clinic),
Yoshihiko Yamada (Department of Obstetrics and Gynecology, Yao
Municipal Hospital), Nobuyuki Maruo (Department of Obstetrics
and Gynecology, Yodogawa Christian Hospital), Yoshitsugu Takada
(Department of Obstetrics and Gynecology, Yoshikawa Hospital).
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ABSTRACT

It is unclear whether simultaneous administration of a 23-valent pneumococcal polysaccharide vaccine
(PPSV23) and a quadrivalent influenza vaccine (QIV) produces immunogenicity in older individuals. This
study tested the hypothesis that the pneumococcal antibody response elicited by simultaneous
administration of PPSV23 and QIV in older individuals is not inferior to that elicited by sequential
administration of PPSV23 and QIV. We performed a single-center, randomized, open-label, non-inferiority
trial comprising 162 adults aged >65 years randomly assigned to either the simultaneous (simultaneous
injections of PPSV23 and QIV) or sequential (control; PPSV23 injected 2 weeks after QIV vaccination)
groups. Pneumococcal immunoglobulin G (IgG) titers of serotypes 23F, 3, 4, 6B, 14, and 19A were
assessed. The primary endpoint was the serotype 23F response rate (a >2-fold increase in IgG
concentrations 4-6 weeks after PPSV23 vaccination). With the non-inferiority margin set at 20% fewer
patients, the response rate of serotype 23F in the simultaneous group (77.8%) was not inferior to that of
the sequential group (77.6%; difference, 0.1%; 90% confidence interval, —10.8% to 11.1%). None of the
pneumococcal IgG serotype titers were significantly different between the groups 4-6 weeks after
vaccination. Simultaneous administration did not show a significant decrease in seroprotection odds ratios
for HIN1, H3N2, or B/Phuket influenza strains other than B/Texas. Additionally, simultaneous
administration did not increase adverse reactions. Hence, simultaneous administration of PPSV23 and QIV
shows an acceptable immunogenicity that is comparable to sequential administration without an increase
in adverse reactions. (This study was registered with ClinicalTrials.gov [NCT02592486]).
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Introduction

Pneumococcal and influenza infections can cause significant  simultaneous administration facilitates immunization with

morbidity and mortality, particularly in older individuals."
Mortality rates due to invasive pneumococcal disease (IPD)
are highest in adults older than 65 years. Therefore, immu-
nization with a 23-valent pneumococcal polysaccharide vac-
cine (PPSV23) is recommended to prevent IPD; the
vaccine’s protective efficacy rate is 74%.> In most developed
countries, however, PPSV23 vaccination rates remain low
(31.4-69.8%), whereas influenza vaccination rates are
relatively high (50.0-82.0%) in individuals older than
65 years.*® Thus, a global strategy for improving PPSV23
vaccination compliance rates is required.

Simultaneous administration of PPSV23 and influenza vac-
cines, defined as administering both vaccines on the same day,
is a promising strategy for increasing PPSV23 coverage rates to
levels similar to those of influenza vaccinations.” Furthermore,

both vaccines in older individuals who have difficulty accessing
hospitals. Vaccination with both the PPSV23 and influenza
vaccine, even if not on the same day, is more protective and
cost-effective than the administration of either alone.'>!" How-
ever, previous studies that assessed the immunogenicity of
simultaneous administration of the PPSV23 and quadrivalent
influenza vaccine (QIV) in adults aged >65 years are
limited.'*"?

The objective of this study was to compare simultaneous
vs. sequential administration of PPSV23 and QIV to test
our hypothesis that simultaneous administration was not
inferior to sequential administration as determined by the
response rate (defined as a >2-fold increase of immuno-
globulin G [IgG] concentrations in serotype 23F) 4-6 weeks
after vaccination. We selected 6 pneumococcus serotypes

CONTACT Kei Nakashima @ kei.7.nakashima@gmail.com @ Department of Pulmonary Medicine, Kameda Medical Center, 929 Higashi-cho, Kamogawa, Chiba, 296-8602,

Japan.
@ Supplemental data for this article can be accessed on the publisher’s website.

© 2018 Kei Nakashima, Masahiro Aoshima, Satoko Ohfuji, Satoshi Yamawaki, Masahiro Nemoto, Shinya Hasegawa, Satoshi Noma, Masafumi Misawa, Naoto Hosokawa, Makito Yaegashi, and Yosh-

ihito Otsuka. Published with license by Taylor & Francis.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

—121—



1924 K. NAKASHIMA ET AL.

that are highly associated with IPD, namely 23F, 3, 4, 6B,
14, and 19A, for immunogenicity analysis."*"'®

Results
Patient characteristics

As shown in the CONSORT flowchart (Figure 1), 162 patients
were randomized to receive simultaneous (n = 81) or sequen-
tial administration (n = 81). After excluding 1 patient for ineli-
gibility, the 81 patients in the former group received
simultaneous vaccine administration while the 80 in the latter
group received only QIV; the PPSV23 vaccine was adminis-
tered 2 weeks later. The groups were well balanced upon ran-
domization (Table 1).

Primary endpoint

Figure 2 and Table 2 present the differences in the response
rates to 23F between the 2 groups 4-6 weeks after PPSV23
vaccination. The response rate in the simultaneous group
(63 of 81 patients [77.8%]) was not inferior to that of the
sequential group (59 of 76 patients [77.6%]). The difference
was 0.1% (90% confidence interval [CI], —10.8% to 11.1%),
which was well above the —20% non-inferiority margin. The
non-inferiority of simultaneous administration was main-
tained in both best-case and worst-case analyses
(Supplementary Figure 1). The characteristics of sequential
group patients who were analyzed after achieving their

primary endpoint as well as those who dropped out are
shown in Supplementary Table 1.

Secondary endpoints

Table 3 shows the antibody titers to pneumococcal capsular
polysaccharides in all serotypes. Before vaccination, the geo-
metric mean concentrations (GMCs) with 23F, 4, 6B, and 14
were significantly higher in the simultaneous group. The
GMCs 4-6 weeks after PPSV23 vaccination were not signifi-
cantly different in any of the serotypes. At 6 months after
PPSV23 vaccination, GMCs exhibited a significant difference
for serotype 14 only. Multivariate analysis revealed that only
serotypes 4 and 14 had significant reductions in seroresponse
odds ratios (ORs) 4-6 weeks after vaccination in the simulta-
neous administration group (Table 2). According to post-hoc
analysis, consistent results were observed on multivariate analy-
sis using pre-vaccination pneumococcal IgG titers as a con-
founder in addition to age and sex (Supplementary Table 2).
Table 4 shows the comparisons between seroprotection rates
4-6 weeks post-vaccination with the QIV. The seroprotection
rates against B/Texas and B/Phuket in the 2 groups were low
(40.7-62.3%); however, the rates against HIN1 and H3N2
strains were 77.9-84.0%. There were no significant differences
between the 2 groups in seroprotection against HINI,
H3N2, and B/Phuket strains of influenza on multivariate analy-
sis, although significant reductions in the ORs for seroprotec-
tion against B/Texas were noted in the simultaneous
administration group. There were no significant differences in
ORs for seroprotection between the 2 groups with respect to

Assessed for eligibility
(N not recorded)
Enrollment
Randomised
(n=162)
Allocation
Allocated fo simult istration (n=81) A[Eocal_cd o sequenti_a] admil!l;trnlion (n=481)
s : 7 -Received allocated intervention (n = 8()
-Received allocated intervention (n = 81) : 4 . i
Z 0 ¥ . -Did not receive allocated intervention (n=1)
-Did not receive allocated intervention (n = 0) ¢ M
I patient: eligibility error
Follow-up |Lost to follow-up (n= 1)

Lost to follow-up (n=0) ] _"“““T"" pal.wm 5 dc?'smn _

i R A G Discontinued intervention (n=3)
Discontinued intervention (n = 0) i

1 patient: fever
2 patients: patient’s decision
Analysis for
Analysed (n=81) rill:'la Analyzed (n=76)
Excluded from analysis (n=0) P L2d Excluded from analysis (n=4)
outcome

Figure 1. CONSORT flowchart
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Table 1. Patients’ characteristics at allocation

Simultaneous group  Sequential group

Variable (N =381) (N = 80)
Age, years (+ standard deviation) 71.0 (£5.1) 70.2 (+4.1)
Male 48 (59.3) 49 (61.3)
Influenza vaccination in last year” 20 (25.0) 29 (36.7)
Previous history of pneumonia’ 13 (16.0) 14 (17.7)
Previous history of influenza’ 10 (12.3) 15 (19.0)
Underlying disease
Chronic lung disease 54 (66.7) 55 (68.8)
Chronic heart disease 12 (14.8) 10 (12.5)
Hypertension 36 (44.4) 28 (35.0)
Diabetes 19 (23.5) 16 (20.0)
Dyslipidemia 37 (45.7) 28 (35.0)
Chronic renal disease 3(3.7) 1(1.2)
Cerebral vascular disorder 4(4.9) 5(6.2)
Neuromuscular disease 0 (0.0) 1(1.2)
Chronic liver disease 1(1.2) 2 (2.5)

Note. Data are expressed as number (%) of patients, unless otherwise indicated.
*data from 2 subjects are missing.
Tdata from 1 subject are missing.

any of the influenza antigens 6 months post-vaccination with
the QIV on multivariate analysis.

Safety

Table 5 shows the adverse events in the simultaneous and
sequential groups. Simultaneous administration did not show
any increase in systemic events and local reactions. However,
fatigue was more frequent in the sequential group (24.1%) than
in the simultaneous group (11.1%; P = 0.038).

Clinical events during the 6-month follow-up period

During the 6-month follow-up period, pneumonia and influenza-
like illnesses were observed in 2 (2.5%) and 10 (12.3%) of the
patients in the simultaneous group, respectively, and in 1 (1.3%)
and 8 (10.7%) of the patients in the sequential group, respectively.

Discussion

We found that the response rate of serotype 23F following
simultaneous administration was not inferior to that after
sequential administration. There were no significant differences
in GMCs 4-6 weeks after PPSV23 vaccination in any of the sero-
types. Multivariate analysis revealed no significant differences in
serotype 23F, 3, 6B, and 19A seroresponses in the simultaneous
administration group, although serotypes 4 and 14 had signifi-
cantly lower seroresponses. In the HIN1, H3N2, and B/Phuket

Zone of inferiority Zone of noninferiority
-10.8% 0.1% 11.1%

Sequential Simultaneous

group better group better

40 30 20 -0 0 10 20 30

A

Figure 2. Differences in the response rates of 23F between the 2 groups (the rate
in the simultaneous group minus that in the sequential group)
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strains of influenza, there were no significant differences in
seroprotection between the 2 groups 4-6 weeks post-QIV
administration, although seroprotection against B/Texas was
significantly lower in the simultaneous administration group.
Furthermore, there was no evidence of increased systemic events
and local reactions with simultaneous administration.

Rational of simultaneous administration of the PPSV23
and QIV

Pneumococcal pneumonia and influenza infections are both
vaccine-preventable diseases. As PPSV23 vaccination rates
remain low, specific strategies to increase PPSV23 immuniza-
tion rates are required.*”” As influenza vaccinations are admin-
istered annually and PPSV23 revaccination is recommended
5 years after first vaccination in older individuals, influenza
immunization schedules may provide ideal opportunities for
older individuals to receive their primary and secondary
PPSV23 administrations. Many countries that annually provide
seasonal influenza vaccinations in older individuals also rou-
tinely provide PPSV23."

Several studies have reported the additive benefits of influ-
enza and PPSV23 vaccinations.'®'"'”'® Large-scale cohort
studies have also demonstrated the additive preventative effect
of vaccination with both the PPSV23 and trivalent influenza
vaccine (TIV) compared to either vaccination alone in elderly
persons; the benefits included reductions in pneumonia rates,
influenza infections, hospitalizations, morbidity, and mortal-
ity.'®'® Prior studies also found that administering both the
PPSV23 and influenza vaccine reduced medical costs compared
to the influenza vaccine alone.'"!”

Immunogenicity of the pneumococcal antibody

Several randomized control studies have demonstrated that
the immunogenicity of pneumococcal antibody in patients
with simultaneous administration of pneumococcal polysac-
charide and influenza vaccines is similar to that of separate
administration.">'*** In the present study, we evaluated
the immunogenicity of 23F, 3, 4, 6B, 14, and 19A, which are
the most prevalent serotypes associated with IPD.'*'® More-
over, these 6 serotypes represent a range of capsular polysac-
charides, including serotype 3 that was previously shown to
have a relatively weak antibody response.'” We found no sig-
nificant differences in the GMCs of any of the 6 serotypes 4-6
weeks after PPSV23 vaccination, and 4 of the 6 serotypes
tested showed no significant changes in their seroresponses.
Several studies have similarly demonstrated attenuated reduc-
tions in seroresponse rates in the serotypes of pneumococcal
antibodies, such as serotypes 4 and 14, although most sero-
types showed no significant differences.'>'**' Thus, the possi-
bility of reduced response rates (>2-fold IgG) in some
serotypes appear to be reproducible; however, the clinical
impact may be low, as pneumonia and invasive pneumococcal
disease due to serotypes 4 and 14 are low worldwide.'**
Additionally, immunogenicity should be assessed using multi-
ple valuables, such as GMCs and seroresponse rates. We pro-
pose that the advantages of increasing the immunization rates
for both vaccines outweigh the effects of a possible small
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Table 2. Odds ratios for seroresponses 4-6 weeks post-vaccination with the 23-valent

pneumococcal polysaccharide vaccine.

Crude analysis

Multivariate analysis™

Category n/N (%) OR (95% CI) P-value OR (95% Cl) P-value

23F
Sequential group 59/76 (77.6) 1 (reference) 0.982 1 (reference) 0.997
Simultaneous group 63/81 (77.8) 1.01 (0.48-2.14) 1.00 (0.47-2.13)

3
Sequential group 52/76 (68.4) 1 (reference) 0.923 1 (reference) 0.964
Simultaneous group 56/81 (69.1) 1.03 (0.53-2.03) 1.02 (0.51-2.03)

4
Sequential group 66/76 (86.8) 1 (reference) 0.004 1 (reference) 0.003
Simultaneous group 54/81 (66.7) 0.30 (0.14-0.68) 0.30 (0.13-0.67)

6B
Sequential group 63/76 (82.9) 1 (reference) 0.133 1 (reference) 0.134
Simultaneous group 59/81 (72.8) 0.55 (0.26-1.20) 0.55 (0.25-1.20)

14
Sequential group 67/76 (88.2) 1 (reference) <0.001 1 (reference) <0.001
Simultaneous group 49/81 (60.5) 0.21 (0.09-0.47) 0.20 (0.09-0.47)

19A
Sequential group 59/76 (77.6) 1 (reference) 0.732 1 (reference) 0.705

Simultaneous group 61/81 (75.3)

0.88 (0.42-1.84)

0.86 (0.40-1.86)

*Adjusted for age (<70 and >70 years) and sex (male and female) as explanatory variables.

OR, odds ratio; Cl, confidence interval.

reduction in seroresponse in certain serotypes of the pneumo-
coccal antibody.

Immunogenicity of influenza antibody

We found no significant differences between the 2 groups
with respect to seroprotection rates in the A/HINI, A/
H3N2, and B/Phuket strains of influenza 4-6 weeks after

Table 3. Antibody titers to pneumococcal capsular polysaccharides.

Simultaneous  Sequential
group group

Variable N GMC N  GMC P-value”
23F

Before vaccination (P0) 81 0.40 80 0.20 <0.001

4-6 weeks after vaccination (P1) 81 2.04 76 141 0.157

6 months after vaccination (P2) 81 2.12 72 170 0.351
3

Before vaccination (P0) 81 0.07 80 0.07 0.277

4-6 weeks after vaccination (P1) 81 0.24 76 021 0.482

6 months after vaccination (P2) 81 0.26 72 024 0.632
4

Before vaccination (P0) 81 0.08 80  0.05 0.004

4-6 weeks after vaccination (P1) 81 0.24 76  0.28 0.520

6 months after vaccination (P2) 81 0.30 72 036 0.403
6B

Before vaccination (P0) 81 0.24 80 0.14 0.007

4-6 weeks after vaccination (P1) 81 0.96 76  0.96 0.993

6 months after vaccination (P2) 80 1.18 72 129 0.697
14

Before vaccination (P0) 81 0.68 80 042 0.032

4-6 weeks after vaccination (P1) 81 2.78 76 472 0.070

6 months after vaccination (P2) 81 3.57 73 621 0.046
19A

Before vaccination (P0) 81 0.72 80 049 0.051

4-6 weeks after vaccination (P1) 81 3.74 76 292 0.332

6 months after vaccination (P2) 81 461 73 338 0.147

Note. Data are presented as the geometric mean concentrations (GMC) of immu-
noglobulin G to each pneumococcal capsular polysaccharide, in micrograms per
milliliter. All changes within each group from PO to P1 and P2 were statistically
significant (P < 0.001) based on paired t-tests.

*P-values were calculated using Student's t-tests.

vaccination. However, seroprotection against B/Texas was
significantly reduced in the simultaneous group. In a dou-
ble-blind, randomized control study, 126 healthy partici-
pants aged 18-26 years who received simultaneous
administration of 14-valent pneumococcal polysaccharide
vaccine and TIV showed lower geometric mean titers of A/
HIN1 and B strains than participants who received separate
administrations, although there were no statistically signifi-
cant differences in seroprotection rates (post-vaccination
titer >1:40) in the 2 administration groups.20 Other studies
that assessed simultaneous administration of pneumococcal
polysaccharide vaccine and TIV found no significant differ-
ences in geometric mean titers of the influenza strains
between the simultaneous vs. sequential administration
groups.>'>?! In our study, both groups exhibited lower B/
Texas immunogenicity. Considering previous findings and
our own results, there exists a possibility of a slight reduc-
tion in the immune response against certain strains of influ-
enza with simultaneous administration of PPSV23 and QIV,
although the clinical implications of this remain unknown.

Adverse reactions

Several previous studies that evaluated the safety of simulta-
neous vaccine administration demonstrated acceptable adverse
reactions in older individuals.'>'*~*"* In a randomized control
study assessing young individuals (18-26 years), simultaneous
administration of the 14-valent polysaccharide pneumococcal
vaccine and TIV did not result in increases in local or systemic
reactions except for transient myalgias.”® In a prospective
cohort study assessing 861 elderly individuals, local erythema
was reported more frequently by individuals who received
simultaneous administration of PPSV23 and TIV; however, no
significant differences in other adverse reactions were found
between those immunized simultaneously with PPSV23 and
TIV (n = 541) and those administered PPSV23 alone (n
320).” In 2 other randomized control studies, simultaneous
administration was not associated with an increase in local and
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Table 4. Odds ratios for seroprotection 4-6 weeks post-vaccination with the quadrivalent influenza vaccine.

Crude analysis

Multivariate analysis”

Category n/N (%) OR (95% CI) P-value OR (95% Cl) P-value
H1N1
Sequential group 60/77 (77.9) 1 (reference) 0.336 1 (reference) 0.156
Simultaneous group 68/81 (84.0) 1.48 (0.67-3.30) 1.90 (0.78-4.59)
H3N2
Sequential group 68/77 (88.3) 1 (reference) 0.235 1 (reference) 0.259
Simultaneous group 66/81 (81.5) 0.58 (0.24-1.42) 0.56 (0.21-1.52)
B Texas
Sequential group 45/77 (58.4) 1 (reference) 0.027 1 (reference) 0.021
Simultaneous group 33/81 (40.7) 0.49 (0.26-0.92) 0.46 (0.24-0.89)
B Phuket
Sequential group 48/77 (62.3) 1 (reference) 0.812 1 (reference) 0.842

Simultaneous group 49/81 (60.5)

0.93 (0.49-1.76)

0.93 (0.47-1.86)

*Adjusted for age at vaccination (<70 and >70), sex and pre-vaccination titer (<1:10 and >1:10, in HIN1, B texas and B Phuket; and <1:10 and >1:10 in H3N2) as

explanatory variables.
OR, odds ratio; Cl, confidence interval.

systemic adverse reactions.'>'? Consistent with these findings,
simultaneous administration did not show any increase in sys-
temic events and local reactions in our study.

Clinical implications

Vaccination with both the PPSV23 and influenza vaccines is
recommended worldwide for adults over 65 years.'” Our results
provide justification for clinicians to simultaneously administer
PPSV23 and QIV, and for medical policymakers to recommend
the same. The attrition rate in the sequential administration
group is likely to be indicative of patients’ inconvenience of
having to return for a second vaccination in clinical practice.
Clinicians should thus attempt to recommend the administra-
tion of PPSV23 at the same time as the QIV in adults over

Table 5. Adverse events in patients of the simultaneous and sequential groups.

Simultaneous group Sequential group

%, (n/N) %, (n/N) P-value’
Systemic events
Total 24.7 (20/81) 39.2 (31/79) 0.062
Fever 2.5(2/79) 3.9 (3/76) 0.677
Fatigue 11.1 (9/81) 24.1 (19/79) 0.038
Headache 4.9 (4/81) 6.3 (5/79) 0.744
Joint pain 13.6 (11/81) 13.9 (11/79) 1.000
Pain of axilla 4.9 (4/81) 5.2 (4/77) 1.000
Rash 1.2 (1/81) 2.5(2/79) 0.618
Local reactions
Pneumococcal vaccination
Total 49.4 (40/81) 59.7 (46/77) 0.205
Induration 24.7 (20/81) 19.5 (15/77) 0.450
Itch 19.8 (16/81) 15.6 (12/77) 0.537
Pain 34.6 (28/81) 48.1 (37/77) 0.106
Redness 28.4 (23/81) 26.0 (20/77) 0.858
Swelling 29.6 (24/81) 18.2 (14/77) 0.098
Influenza vaccination
Total 46.9 (38/81) 36.7 (29/79) 0.204
Induration 23.5(19/81) 15.2 (12/79) 0.231
Itch 22.2 (18/81) 17.7 (14/79) 0.555
Pain 28.4 (23/81) 19.0 (15/79) 0.195
Redness 23.5(19/81) 22.8 (18/79) 1.000
Swelling 23.5(19/81) 19.0 (15/79) 0.564

Note. The population in which safety was assessed comprised study participants
who received a minimum of 1 dose of the study vaccine.
fp-values were calculated using Fisher's exact test.

65 years of age who were not previously vaccinated against
pneumococci.

Limitations

First, we did not evaluate the opsonization index, which may be
a more appropriate indicator for evaluating immune capability
compared to quantitative IgG measurement. However, we
employed a 2-fold increase in IgG concentrations as a measure
of vaccine response based on previous studies.”**> Second, our
patients were predominantly enrolled at the Department of
Pulmonology; therefore, chronic lung disease was the most fre-
quent underlying disease, and a relatively low proportion of
healthy subjects were enrolled. Therefore, our study should be
interpreted with caution.

Conclusions

Simultaneous administration of PPSV23 and QIV showed an
acceptable immune response that was comparable to that of
sequential administration without an increase in adverse reac-
tions. We propose that simultaneous administration of the 2
vaccines may be a promising strategy to increase PPSV23 cov-
erage rates. Further studies assessing the opsonization index or
clinical endpoints (such as all-cause pneumonia and all-cause
mortality) following simultaneous administration should be
performed to clarify the efficacy of simultaneous administra-
tion of PPSV23 and QIV.

Material and methods
Study design

This study was a randomized, open-label, non-inferiority trial
conducted at Kameda Medical Center (Chiba, Japan) between
October 2015 and August 2016. The protocol complied with
the Helsinki Declaration and was approved by the Research
Ethics Committee of Kameda Medical Center (#15-041-
160127). Written informed consent was obtained from all par-
ticipants. Additionally, CONSORT guidelines were followed
during the development of the research plan and reporting of
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the results. This study is registered with ClinicalTrials.gov
number: NCT02592486.

The primary endpoint was the percentage of patients with
positive antibody responses (>2-fold increase in IgG concen-
trations 4-6 weeks after PPSV23 vaccination) in serotype 23F
of the pneumococcal antibody. This endpoint was compared
between 2 groups of patients randomly allocated to receive
either simultaneous administration (simultaneous injections of
PPSV23 and QIV in 1 day) or sequential administration (injec-
tion of PPSV23 2 weeks after QIV vaccination). The 2-week
gap was employed because of: 1) patients’ ease-of-access to the
hospital; and 2) in Japan, sequential vaccination of inactivated
vaccine may be performed >7 days after the first vaccination.
Serotype 23F was selected because it is a major causative sero-
type of pneumococcal pneumonia, a representative penicillin-
resistant pneumococcus, and has a sufficiently high response
rate.”**° Secondary endpoints included positive antibody
responses in serotypes 3, 4, 6B, 14, and 19A as well as the
GMCs of specific antibodies to 6 serotypes (23F, 3, 4, 6B, 14,
and 19A) before vaccination, 4-6 weeks post-vaccination, and
6 months (24-27 weeks) post-vaccination with PPSV23.
Another endpoint included the percentage of seroprotected
patients (post-vaccination titer >1:40) 4-6 weeks and 6 months
post-vaccination with QIV.

Data for patient characteristics including age, sex, previ-
ous influenza vaccination status in the last year, and life-
time history of pneumonia or influenza were obtained from
questionnaires completed by the participants. Data for
underlying diseases were obtained from existing medical
charts at Kameda Medical Center. Patients were followed
for 6 months post-vaccination. Pneumonia, influenza-like
illness, hospitalization, and other medical events were
recorded throughout the 6-month follow-up period. Sup-
portive care, including cold medication and prophylactic
antibiotic treatment, was administered.

Eligibility of study subjects

Study participants included individuals aged >65 years with no
history of a pneumococcal vaccination (PPSV23 or pneumo-
coccal conjugate vaccine) or QIV during the 2015/2016 season.
Participants were excluded if they exhibited the following: sen-
sitivity to either pneumococcal or influenza vaccines; vaccina-
tion within 14 (inactivated) or 28 (live) days; conditions that
impaired their response to pneumococcal vaccination; a diag-
nosis of cancer; an acute illness necessitating treatment with
antibiotics or steroids within 30 days; using oral corticosteroids
or immunosuppressive agents; prior history of splenectomy; an
acute febrile illness or evidence of a severe acute illness at the
timing of vaccination; a limited chance of surviving for 12
months, and other specific conditions as judged by the attend-
ing physicians.

Randomization

Randomization was performed at the Data Coordinating Cen-
ter, Osaka University (Osaka, Japan). Participants were ran-
domly assigned to 1 of 2 study groups: the simultaneous
administration group (simultaneous injections of PPSV23 and

QIV in 1 day) or the sequential administration group (injection
of PPSV23 2 weeks after QIV vaccination). Randomization was
stratified according to patient age (<70 and >70 years) and sex.

Vaccination

Commercially available PPSV23 (Pneumovax NP®, MSDKK,
Tokyo, Japan), containing 25 ug of each of the 23 capsular
polysaccharide types was used. Each patient received a single
subcutaneous dose of the vaccine (0.5 mL) in their right upper
arm. Using a FLUBIK HA syringe (Handai Biken Ltd, Osaka,
Japan), the QIV (0.5 mL) containing inactivated A/California/
7/2009 (HIN1) pdm09, A/Swiss/9715293/2013 (H3N2), B/
Texas/2/2013, and B/Phuket/3073/2013 was administered as a
single subcutaneous injection in the left upper arm. In Japan,
subcutaneous administration of pneumococcal and influenza
vaccinations is routine.

Serum sample collection and antibody measurements

Serum samples were collected at 3 time points: before vaccina-
tion; 4-6 weeks after vaccination; and 6 months after vaccina-
tion. We evaluated antibody titers at 6 months to assess the
antibody titer decay of both the influenza and pneumococcal
vaccines. All serum specimens were stored at —20°C until anal-
ysis. Serotype-specific IgG antibody concentrations for the 6
pneumococcus serotypes (23F, 3, 4, 6B, 14, and 19A) were mea-
sured at PPD® Laboratories (Richmond, VA, USA) using the
Merck Sharp & Dohme Corp. multiplex, electrochemilumines-
cence-based detection assay that was bridged to the World
Health Organization reference ELISA.”” Furthermore, serum
antibody levels to influenza hemagglutinin were measured at
the Research Foundation for Microbial Diseases of Osaka Uni-
versity using the standard microtiter hemagglutination inhibi-
tion method with the same antigens found in the vaccine.”®
Immunogenicity was assessed in patients who received the allo-
cated intervention (i.e., received at least 1 dose of the study vac-
cine), and had a blood sample taken within the planned time
period.

Safety

The safety profiles of the 2 groups were compared. Local reac-
tions at the injection site as well as systemic reactions were
monitored for 28 days in the group that received the simulta-
neous administration, and for 14 days after each injection in
the sequential group, using case cards completed by the partici-
pants. The population in which safety was assessed consisted of
study participants who received a minimum of 1 dose of the
study vaccine.

Statistical methods

The primary endpoint was the inferiority/non-inferiority of
the immune response following simultaneous administration
to that following sequential administration, as measured by
the percentage of patients with >2-fold increases in IgG
concentrations in serotype 23F 4-6 weeks after administra-
tion. The non-inferiority margin was set at 20% fewer
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patients based on a previous study, given the probable ben-
efits associated with simultaneous administration.”’ The
lowest published response rate (>2-fold rise) for serotype
23F was 55% in adults.***> The primary endpoint was
tested using a 90% CI for differences in response rates. If
the lower 90% confidence limit was within the non-inferior-
ity region, non-inferiority was established. With o = 0.05,
154 patients (77 per group) were required to obtain 80%
power (8 = 0.20) for establishing non-inferiority.

Pneumococcal IgG concentrations were converted using
natural log transformations and presented as a GMC. The per-
centage of patients with positive antibody responses (>2-fold
rise) was also calculated for all 6 serotypes of the pneumococcal
antibody. Paired t-tests were used to assess the increase in sero-
type-specific IgG from pre-, to post-vaccination within study
groups. Student’s ¢-tests were used for between-group compari-
sons of pre- and post-vaccination IgG titers. We performed
univariate and multivariate analyses using logistic regression to
determine the relationship between age, sex, and pneumococcal
antibody response.

Seroprotection rates (post-vaccination titer >1:40) 4-6 weeks
and 6 months post-vaccination with QIV were calculated to
assess the immunogenicity of influenza vaccination. Logistic
regression was used to evaluate the independent effects that
potential confounders may have on antibody induction. Sero-
protection was used as the dependent variable in the constructed
models, and the following potential confounders were used: age
at vaccination (<70 and >70), sex, and pre-vaccination titer
(<1:10 and >1:10, in HIN1, B/Texas and B/Phuket; <1:10 and
>1:10, in H3N2) were considered explanatory variables. The
ORs and 95% ClIs were also calculated, and all tests performed
were 2-sided. The proportions of subjects reporting systemic
events or local reactions within 28 days were compared using
Fisher exact test. For all tests, P<0.05 was considered significant.
All analyses were performed using R version 3.2.2 (The R Project
for Statistical Computing, Vienna, Austria).
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Background: The extended use of varicella vaccine in adults aged 50 and older against herpes zoster (HZ)
was recently approved in Japan, which has raised the need to evaluate its value for money.

Methods: We conducted a cost-effectiveness analysis with Markov modelling to evaluate the efficiency of
varicella vaccine immunisation programme for the elderly in Japan. Four strategies with different ages to
receive a shot of vaccine were set, namely: (1) 65-84, (2) 70-84, (3) 75-84 and (4) 80-84 years old (y.o.).
Incremental cost-effectiveness ratios (ICERs) compared with no programme from societal perspective
were calculated. The health statuses following the target cohort are as follows: without any HZ-related
disease, acute HZ followed by recovery, post-herpetic neuralgia (PHN) followed by recovery, post HZ/
PHN, and general death. The transition probabilities, utility weights to estimate quality-adjusted life year
(QALY) and disease treatment costs were either calculated or cited from literature. Costs of per course of
vaccination were assumed at ¥10,000 (US$91). The model with one-year cycle runs until the surviving
individual reached 100 y.o.

Results: ICERs ranged from ¥2,812,000/US$25,680 to ¥3,644,000/US$33,279 per QALY gained, with 65-84
y.o. strategy having the lowest ICER and 80-84 y.o. strategy the highest. None of the alternatives was
strongly dominated by the other, while 80-84 y.o. and 70-84 y.o. strategy were extendedly dominated
by 65-84 y.o. strategy. Probabilistic sensitivity analyses showed that the probabilities that ICER is under
¥5,000,000/US$45,662 per QALY gained was at 100% for 65-84 y.o., 70-84 y.0., 75-84 y.o. strategy,
respectively, and at 98.4% for 80-84 y.o. strategy.

Conclusion: We found that vaccinating individuals aged 65-84, 70-84, 75-84, and 80-84 with varicella
vaccine to prevent HZ-associated disease in Japan can be cost-effective from societal perspective, with
65-84 y.o. strategy as the optimal alternative. Results are supported by one-way sensitivity analyses
and probabilistic sensitivity analyses.
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1. Introduction

Herpes zoster (HZ) results from reactivation of the varicella-
zoster virus (VZV) in sensory ganglia after a long latency period fol-
lowing primary infection from varicella [1,2]. Epidemiological data
of reports from high-income settings noted that age-adjusted HZ
incidence in the total population ranging from 3.4 to 5.0 per
1000 person-years, while for those aged over 65 are from 8.0 to
11.0 per 1000 person-years [3]. The most common serious compli-
cation of HZ is post-herpetic neuralgia (PHN), i.e., persistent pain
beyond the acute phase of vesicular rash [3]. Antiviral therapy
can shorten the length and severity of acute HZ, but therapy must
be started as soon as the rash appears [3]. In Japan, there are two

* Corresponding author.
E-mail address: hoshi@hcs.tsukuba.ac.jp (S.-1. Hoshi).
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0264-410X/© 2017 Elsevier Ltd. All rights reserved.

large-scale epidemiological studies, which reported age-specific
HZ incidence rates, namely: Miyazaki study and Shozu Herpes Zos-
ter (SHEZ) study [4,5]. The former reported an HZ incidence rate of
7.48 per 1000 person-year for adult aged 50 and over, while the
latter at 5.3-8.2. Although healthcare in Japan is easily accessible,
percentage of HZ patients visiting within the ideal period for
antiviral chemotherapy, day 0-2, is still low at 37% [6].

A single dose, high-potency, live-attenuated Oka VZV vaccine
against HZ (Zostavax®) has been licensed for use among immuno-
competent adults >50 years old [3], and has been used in over 60
countries for individuals >50 years old. The vaccine is formulated
with a minimal potency of 194,000 plaque-forming units (PFU)
and administered as a single 0.65 ml subcutaneous injection [7].
Cost-effectiveness studies from high-income countries found HZ
vaccination to be less than US$50,000 per quality-adjusted life year
(QALY) in 12 out of 15 studies, when the vaccine is given to those
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60-79 years old, and in 5 out of 5 studies when given to >65 years
old [8].

Zostavax® is not available in Japan, while a Japan-approved Oka
varicella vaccine with similar annual mean titer at 42,000-67,000
PFU per dose exists [9] (Table S1). In March 2016, the Ministry of
Health, Labour and Welfare (MHLW) approved the extended use
of varicella vaccine in adults aged 50 and older against HZ. On June
22, 2016, the Health Science Council in charge of Immunisation
and Vaccine added varicella vaccine against HZ as one of the topics
for discussion in one of their recent conferences [10], which has
raised the need to evaluate its value for money. This study aimed
to appraise the value for money of giving varicella vaccine to the
Japanese elderly, likewise, also explored the appropriate age for
vaccine uptake due to varying incidence of HZ, PHN, and vaccine
efficacy.

2. Method

We conducted a cost-effectiveness analysis with Markov mod-
elling to evaluate the efficiency of varicella vaccine immunisation
programmes among Japanese elderly from a societal perspective.
Incremental cost-effectiveness ratios (ICERs) were calculated to
determine resource use efficiency. The software used in this study
is TreeAgePro 2016 [11].

In defining immunisation programmes and constructing the
model, we conducted a literature survey to find out the best avail-
able evidence (Table S2).

2.1. Programme and model

The target population of the immunisation programmes to be
evaluated were those aged 65-84 in 2016 [12]. We set four differ-
ent strategies with different ages to receive a vaccine shot, namely:
(1) 65-84 years old (y.o.), (2) 70-84 y.o., (3) 75-84 y.o., and (4) 80-
84 y.o. We set the upper age at 84 and the lower age at 65 due to
the uncertainty of long-term vaccine efficacy of patients under 65
as well as beyond 85 years old. Since the coverage rate of seasonal
influenza vaccine in 2014 was 50.6% [13], we expect that varicella
vaccine coverage for HZ among elderly to be lower, hence, we
assumed the vaccine uptake rates to be at 40% for all four
strategies.

A static Markov model of courses followed by the cohort under
consideration was constructed based on epidemiological data, vac-
cine effectiveness and models from previous studies [14-34]. Five
mutually-exclusive health states were modelled: health (without
any HZ-related diseases), acute HZ followed by recovery, PHN fol-
lowed by recovery, post HZ/PHN, and general death (Fig. 1). Our
model did not include VZV-related complications (ophthalmic,
neurological, or ocular) due to insufficient data in Japan. A Markov
cycle for each stage was set at one year, the model continued until
the surviving individual/s reached 100 y.o. Adverse effects associ-
ated with vaccination were not considered in our model based
on systematic reviews [35]. Death directly from HZ/PHN was omit-
ted because the occurrence is rare in Japan.

l Healthy H HZ ]—>[ PHN ]
l De

Recovery from
HZ/PHN

Fig. 1. Markov model.

2.2. Outcomes estimation

Outcomes in terms of QALY were estimated by assigning transi-
tion probabilities and utility weights from literature with inci-
dence rates taken from the relevant Japanese studies; Miyazaki
study and SHEZ [4,5]. Miyazaki study, a retrospective study con-
ducted from 1997 to 2006 in Miyazaki Prefecture, reported the
HZ incidence at 6.36, 8.08, 7.8, and 6.39 per 1000 person-year for
persons aged 60-69, 70-79, 80-89, and 90 and over, respectively.
While, SHEZ, a prospective cohort study, which recruited partici-
pants aged >50 from 19,058 residents between 12, 2008 and 11,
2009, reported higher HZ incidence than Miyazaki study, at 6.5
11.3, 10.8 per 1000 persons for men, 12.4, 14.1 13.6 per 1000 per-
sons for women. In our model, HZ incidence was conservatively
adopted from Miyazaki study, while proportion of PHN cases
among HZ cases, namely 19.4%, 12.5%, 34.8% for men and 10.8%,
24.7%, 32.0% for women for person age 60-69, 70-79 and >80,
respectively, were from SHEZ, because data related to PHN is not
available in the Miyazaki study. Rates of general death are from
vital statistics [36].

2.3. Vaccine effectiveness

The approval of extended use of varicella vaccine in adults
>50years old against HZ in Japan was through an application
based on public knowledge. This type of application is submitted
on the pretense that overseas usage of drug and medical literature
published both in Japan and other countries are sufficient to prove
that the drug’s safety and efficiency is public knowledge within the
medical and pharmacological community, and does not require
additional clinical studies be conducted, either in whole or in part.
Therefore, we used the vaccine effectiveness (VE) of varicella vac-
cine in reducing HP/PHN incidence rates from overseas’ studies on
Zostavax®.

Even though the Shingles Prevention Study, Short-Term Persis-
tence Sub-study and Long-Term Persistence Sub-study (LTPS), have
continuously reported VE by year after vaccination [37-39], these
studies were not able to demonstrate how VE changed with
chronological age (age at start of each year since vaccination)
and duration after vaccination. We believe that the duration of pro-
tection and chronological age are important factors in evaluating
HZ vaccination strategy cost-effectiveness, hence, we adopted the
VE of model 3 from Li et al.’s study [40]. We further conservatively
assumed that the vaccine will decrease HZ incidence and PHN pro-
portion per HZ case, with no direct effects on PHN decrease. Age-
specific VE data are shown in Table 1 and Fig. S1.

2.4. Utility weights

Since no study has reported the utility weights or health-related
quality-of-life of HZ/PHN in Japan, we estimated these data based
on two studies. Drolet et al. reported mean ED-5D score of HZ in
different follow-up points after onset of rash as: 0.52 (0 day),
0.68 (30days ~ 180 days) for patients 61-70years old; 0.63
(0 days), 0.61 (30 days), 0.63 (90 days), 0.65 (180 days) for patients
over 70 years old [41]. They also reported that “the score remained
stable after 90 days (with a change of 0.2 points observed per
week)”. We therefore estimated the utility weights at 0.73 for
210 days and at 0.81 for 270 days and after. These figures were
then weighted by the proportion of local patients with pain by
month reported by Imafuku et al., which were 73.3%, 12.4%, 5.1%,
2.5%, 1.3%, 0.9% for month O to month 6, respectively [42]. These
calculations were used to estimate average HZ QALY at 0.9548
for individuals age 60-69 and 0.9544 for those >70 years old,
while, PHN utility weights, 0.79 (60-69 years old) and 0.76
(>70 years old), were the averages of month 0 to month 12.
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Table 1
Variables.
Base case One-way sensitivity analyses® PAS" Reference
Lower Upper
Target Population of alternative strategies (x1000) [12]
Age 65-69 strategy 28,090
Age 70-74 strategy 18,990
Age 75-79 strategy 11,099
Age 80-84 strategy 4854
Male and female population in different age strata (x1000)
Age Male Female
65-59 4391 4715
70-74 3673 4218
75-79 2758 3487
80-84 1938 2916
Age-specific incidence rates of HZ (per 1000 persons) B [4]
Age Male Female Male Female Male Female
60-69 6.36 7.78 5.09 6.22 6.50 12.40 Male:(4217; 62, 456)°
Female (5, 854; 72, 473)
70-79 8.08 8.25 6.46 6.60 11.30 14.10 Male:(3, 749; 44, 887)
Female (5, 378; 62, 426)
80+ 7.80 7.13 6.24 5.70 10.80 13.60 Male:(1, 244; 15, 200)
Female (2, 269; 32, 010)
Percentage of PHN cases among HZ cases B [5]
Age Male Female Male Female Male Female
60-69 19.4% 10.8% 15.5% 8.6% 23.3% 8.6% Male: (7; 29); Female (8; 66)
70-79 12.5% 24.7% 10.0% 19.8% 15.0% 19.8% Male: (6; 42); Female (20; 61)
80+ 34.8% 32.0% 27.8% 25.6% 41.8% 25.6% Male: (8; 15);Female (16; 34)
General death (per 100,000 persons) [36]
Age Male Female
65 1,345.2 554.0
70 2,104.0 890.2
75 3,591.8 1,655.3
80 6,481.9 3,272.5
85 11,388.1 6,546.8
90 18,861.4 12,8749
95 30,679.0 22,524.6
100 42,375.0 39,2569
Vaccine effectiveness (%) [37-40]
Age 65 Age 70 Age 75 Age 80 Uniform
Year 1 66.0 58.9 52.3 45.7 (95 CI 60, 70)° (95 CI 60, 70)°
Year 2 64.2 57.2 50.8 444 ¢ €
Year 3 61.9 55.2 49.0 42.8 ¢ ¢
Year 4 59.6 53.1 47.2 413 ¢ €
Year 5 57.3 51.1 45.4 39.7 ¢ €
Year 6 55.0 49.0 43.6 38.1 ¢ €
Year 7 519 46.3 41.1 359 ¢ €
Year 8 48.8 43.5 38.6 33.8 ¢ €
Year 9 45.7 40.7 36.2 31.6 ¢ ¢
Year 10 42.5 37.9 33.7 29.5 ¢ €
Year 11 394 351 31.2 273 € ¢
Utility weights [41-42]
Age HZ PHN HZ PHN HZ PHN
65-69 0.9548 0.7900 09518 0.7610 0.9698 0.8800
70+ 0.9544 0.7600 0.9514 0.7320 0.9693 0.8461
Cost per vaccine shot ¥10,000 Assumed
Treatment costs’ Y
HZ ¥15,000  ¥7500 ¥22,500 (1, 1/15,000) [43]
PHN ¥200,000 ¥100,000 ¥300,00 (1, 1/200,000) [43]

2 Upper limits for incidence rates were from SHEZ, while lower limits were assumed to be 80% of the base-case data, with costs/utility weights assumed to be +50%/+20% for
upper limits and —50%/—20% for lower limits.

b For PSA, B distribution is used for HZ incidence rates and PHN proportion among HZ; v distributions were assumed for costs. For utility weights/VE, though p/lognormal
distribution is more favourable, however, since there is no information about the probability density function, we used a uniform distribution instead.

¢ First and second values in parentheses correspond to o and B in B distribution, or o and A in v distribution.

4 Also shown in Fig. S1.

¢ The 95% CI was first given to vaccine at age 65 (year 1) based on study of Li et al. [47], which was considered as the reference. CI for remaining age groups or remaining
years after vaccination were determined by multiplying relative likelihood ratios among these ages and the reference age by the aforementioned reference.

f Treatment costs including consultation fee, prescription fee, Pharmaceutical management fee, dispensing fee (total of these 4 items were was estimated around ¥1720
(US$15.7) per visit), and drug fee (about ¥3200 per week). We assumed that a PHN patient sees a doctor once every two weeks.

2.5. Costing government, vaccinees, patients and third party payers. Non-
direct medical costs related to the immunisation programme, such

To estimate the opportunity cost of resource use from societal as new staff, new cold chain were not included, because the
perspective, we aggregated the direct medical costs borne by the vaccination programme was built within the public health services
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care was less than 0.1% during these 10 years. On the other hand,

routine; amount of direct payments to healthcare providers by
sensitivity analyses were conducted on cost-related data.

these entities were estimated as costs, whereby cost items were
identified along the decision tree and Markov model. We used

the literature along with some assumptions to estimate the neces- 2.6. Discounting
sary data. Productivity cost and direct non-medical cost related to
morbidity and immunisation were not incorporated, following the Outcomes and costs were discounted at a rate of 3% [44].

recommendation of the MHLW Vaccine Committee.
One vaccine shot is assumed to be ¥10,000 (US$91; US 2.7. Sensitivity analyses

$1 =¥109.5, average of 2016 January to August), which is the

sum of vaccine price, doctor fee and technical fee per shot. Average To appraise the ICERs’ stability with the assumptions made in
treatment cost of per HZ case (¥15,000/US$14) and per PHN case  oyr economic model, and to explore the impact of each variable
(¥200,000/US$1826) were from Ikeda et al. [43]. We incorporated relative to each other, we performed one-way sensitivity analyses,
the costs reported before 2016 with no adjustment because the  foyr sets of 1000 Monte Carlo simulations, i.e., probabilistic sensi-
variation of consumer price index of services related to medical tivity analyses (PSA), and a threshold analysis on vaccination costs.

Table 2
Results of base-case analyses.
Strategies Vaccination Treatment Total Effectiveness ICER (¥/QALY)*
Cost (¥/person) Costs ¥/person) Costs (¥/person) (QALY/person) Compared to no programme Compared to next lowest cost alternative®
No programme 0 5581 5581 12.96049 - -
Age 80-84 691 5477 6168 12.96065 3,643,599 3,643,599
Age 75-84 1580 5324 6904 12.96090 3,227,530 2,958,506
Age 70-84 2704 5109 7813 12.96127 2,883,491 2,495,974
Age 65-84 4000 4879 8879 12.96166 2,811,688 2,672,401

2 ICERs, incremental cost-effectiveness ratios; QALY, quality-adjusted life years.
> When compared to next lowest cost alternative, we have observed that ICER of moving from 80-84 y.o. strategy to 75-84 y.o. strategy (¥2,959,000/US$27,023 per QALY)

was higher than moving from 75-84 y.o. to 70-84 y.o. strategy (¥2,496,000/US$22,795 per QALY), which means that moving from 75-84 y.o. to 70-84 y.o. strategy offers
greater health improvements at lower ICER. Thus, 75-84 y.o. strategy was ruled out as an alternative that will never be chosen because it was extendedly dominated by 80-84
y.o. strategy. After the second and third rounds of comparison using the next lowest cost procedure, 80-84 y.o. and 70-84 y.o. strategies were observed to be extendedly
dominated by 65-84 y.o. strategy, which resulted to 65-84 y.o. strategy being the most cost-effective strategy.

Base-case
¥2.812,000/QALY gained

4
\
; | Utility weight of PHN (70+)
Y
Utility weight of PHN (65-69)
7 | Vaccine effectveness (65)

Incidence rates of HZ_M
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2

Costs per vaccine shot

| Discount rate

Utility weight of HZ (70+)
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Fig. 2. Results of one-way sensitivity analyses (only 65-84 strategy vs. no immunisation programme was shown because others were in same pattern). One-way sensitivity
analyses were performed by varying one input at a time while holding others constant at their base-case estimates.
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The probability density functions and the ranges for sensitivity
analyses are shown in Table 1.

3. Model validation

We validated our model by summing the annual cases of HA
and PHN in the vaccinated and non-vaccinated groups, and then
calculated the vaccine efficacy for time periods corresponding to
the vaccine effectiveness used.

4. Cost-effectiveness threshold

Although MHLW has not yet set a willingness-to-pay threshold
for judging the cost-effectiveness of public health programmes in
the country [45], local studies have initially begun citing the
willingness-to-pay threshold (at ¥5,000,000 (US$45,662) per QALY
gained) from Shiroiwa et al. [46] to facilitate the analysis. There are
also other existing thresholds being used by other studies, namely,
the “favourable” level set by the Committee to Study Priority for
Vaccine Development in the United States at US$ 10,000-100,000
per QALY [47], and WHO'’s suggested “cost-effective” criterion at
1 to 3 times of GDP [48].

5. Results
5.1. Results of base-case analyses

Table 2 reports the expected costs per person and expected
QALYs per person associated with no immunisation programme
and four alternatives. We have observed that compared to the low-
est cost alternative, i.e., no immunisation programme, all four
strategies reduced disease treatment costs, however, these reduced
costs did not offset vaccination costs, which means it gained more
QALYs but cost more. Incremental costs per person ranged from
¥587/US$5 (80-84 y.o. strategy) to ¥3298/US$30 (65-84 y.o. strat-
egy), while incremental effect ranged from 0.000161 QALYs (80-84
y.o. strategy) to 0.001173 QALYs (65-84 y.o. strategy) per person.
Both incremental costs and incremental effectiveness decreased
with increasing age to uptake of vaccine. ICERs of all four strategies
ranged from ¥2,812,000/US$25,680 to ¥3,644,000/US$33,279 per
QALY gained, with 65-84 y.o. strategy having the lowest ICER, fol-
lowed by 70-84 y.o., 75-84 y.o. and 80-84 y.o. strategies. None of
the alternatives was strongly dominated by the other. If 65-84 y.o.
strategy was to be adopted, at the 40% vaccine uptake rate, the
total vaccine cost will be around ¥112.4 billion, while it will save
¥19.7 billion treatment costs and 32,957 QALYs, compared to cur-
rent no immunisation programme.

5.2. Results of sensitivity analyses

One-way sensitivity analyses (Fig. 2) showed that, 65-84 y.o.
strategy was always identified as the most cost-effective strategy
among the four strategies. 80-84, 75-85 and 70-85 y.o. strategies
were always extendedly dominated by other strategies, except for
two variables, which are the HZ utility weight upper limit (=1) and
VE lower limit on reducing HZ. The variables which changed the
ICER more than ¥1,000,000/US$9132 per QALY gained, but did
not make the ICER larger than ¥5,000,000/US$45,662 per QALY
gained were: (1) cost per shot, and (2) PHN utility weight upper
limit for >70 years old patient. Threshold analysis on cost per shot
showed that the cost-saving cut-off point for immunisation pro-
grammes is at ¥1900/US$17. Table 3 and Fig. 3 shows the results
of PSA of four alternative strategies compared to no programme.
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Table 3

Results of probabilistic sensitivity analyses: incremental cost, incremental effectiveness, and ICER.

Age 70-84 vs. no programme Age 75-84 vs. no programme Age 80-84 vs. no programme

Age 65-84 vs. no programme

ICER (¥/QALY)

ICER Incr cost Incr eff ICER Incr cost Incr eff

Incr eff
(QALY/person)

Incr eff® ICER Incr cost
0.00129

Incr cost®

(QALY/person)
0.00024
0.000079
0.000067
0.000104
0.000242
0.000396
0.000474

(¥/person)
238
420

(¥/QALY)
929,623

(QALY/person)
0.000682
0.000173
0.000277
0.000364
0.000677
0.001008
0.001196

(¥/person)

582
874

(¥/QALY)

(¥/person)
959

(¥/QALY)
769,229

(QALY/person)
0.002017
0.000440
0.000918
0.001198
0.001995
0.002876
0.003222

(¥/person)
1465
2146

Mean
SD

1,141,461
2,149,605

797,014

0.000303
0.000550
0.000740

1508

1,458,147

1,300,682

1,162,922

—15,352,438
—4,163,032
1,445,776
4,510,405
8,737,822

-2915
-957

375

—9,054,196
—2,962,891
1,202,124
3,050,488
4,581,682

—4153
-1826

848

—7,919,961
—2,577,404
1,062,361
2,597,915
4,013,632

—6960
—3024
1400
2533
2660

—6,596,896
—-2,075,02
1,003,758
2,398,460
3,554,482

-9318
—4171
2048
3746
3936

Min

2.5%

0.001279
0.001894
0.002123

Median
97.5%
Max

649
679

1479
1555

2 Incr cost: incremental cost.

b Incr eff: incremental effectiveness.
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Fig. 3. Results of probabilistic sensitivity analyses (vs. no immunisation programme). PSA simultaneously varied all the inputs according to pre-specified distributions in
1000 iterations. (A) Scatterplots of incremental cost and incremental effectiveness per person on cost-effectiveness plane. Each dot represents the incremental costs and
incremental effects per person obtained from one simulation following the random draw of model parameters from their respective distributions. (B) Acceptability curves.
The probabilities that ICER is under ¥5,000,000 (US$45,662) per QALY gained was at 100% for 65-84 y.o. strategy, 70-84 y.o. strategy, 75-84 y.o. strategy, respectively, and at
98.4% for aged 80-84 y.o. strategy. The probability that the simulation resulted in cost less and gained more QALY was around 20% for all the four strategies.

6. Discussion

This is the first study which evaluated the value for money of
giving varicella vaccine to the elderly in preventing HZ-
associated diseases, and has also explored the appropriate age to
uptake the vaccine in Japan. We set four strategies with different
ages to receive the vaccine, which were 65-84, 70-84, 75-84
and 80-84 y.o. Results showed that all strategies were likely to
provide public health benefits in Japan and ICERs were estimated

to be lower than the cost-effective threshold, at ¥5,000,000/US$4
5,662 per QALY gained. We have also determined that the 65-84
strategy is the most cost-effective among the four. Sensitivity anal-
yses confirmed the robustness of our findings, wherein vaccinated
strategies always had an ICER less than ¥5,000,000/US$45,662 per
QALY within the plausible range of model inputs. PSA showed that
the probabilities that ICER is under ¥5,000,000/US$45,662 per
QALY gained were at 100% for 65-84 y.o., 70-84 y.o., 75-84 y.o.
strategy, respectively, and at 98.4% for 80-84 y.o. strategy.
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We were able to identify 21 previously-published studies from
developed countries: five from United States, three from United
Kingdom, two from Canada, Belgium, Netherlands, France,
Germany, respectively, and one from Switzerland, Spain, and
Italy, respectively [14-34]. Although there were 5 studies which
included the VZV-related complications in the models, the
remaining 16 out of the 21 reviewed studies used a simplified
model, in which we have opted to follow. When comparing our
age-specific HZ incidence rates to those of the 21 studies, we
found that the variables in our model are below the average
(Fig. S2). While, percentages of PHN cases among HZ cases com-
pared with those of the previous studies, are almost at the same
level of the average of the previous studies, except for those aged
greater than 80 (Fig. S3). All the previous studies except one
study from Germany [22] assumed that VEs were not age-
specific, lifelong or would remain stable for 10 years before
decreasing annually by certain percentages. These assumptions
seem unrealistic after the LTPS was published. Even with lower
values of incidence of HN, percentage of PHN, and lower VEs,
our study revealed that immunisation elderly aged 65 and over
is cost-effective, which is consistent with those of previous
studies. This may be due to the low vaccination cost in Japan.
The vaccination cost for one shot (including vaccine price, doctor
fee and technical fee) in our study is conservatively assumed at
¥10,000 (US$91), which is the highest cost from the internet sur-
vey. Previous studies set vaccine cost per shot at US$123-US$250,
which is 140-270% of the cost in our study. The low vaccination
cost may be due to the low price of live-attenuated Oka varicella
vaccine, which was developed in Japan in 1947 and has been in
supply from 1976.

We believe that the study’s strengths are primarily due to the
(1) usage of a Japanese data source with HZ incidence rates coming
from a large-scale epidemiological study, the Miyazaki study, and
(2) incorporation of VE waning assumption with age and time since
vaccination. However, our study faced certain limitations, such as:
(1) Markov model used in the study is simple compared to previ-
ous studies. For example, we did not model the reduction in HZ
pain in patients who have HZ despite vaccination, nor did we
incorporate ophthalmic zoster cases. Exclusion of these aspects of
HZ infection could underestimate health benefits, while account-
ing these as part of prevention could lead to cost-savings for HZ
vaccination, (2) due to the absence of Japanese disease-specific
utilities, data were estimated by using a combination of overseas’
data and Japanese data, with moderate impact on results using
the combined data, (3) average duration of PHN which can persist
for 12 months, may represent an overestimation for younger
patients and underestimation for older patients, (4) we defined
PHN as a persistent pain for 90 days after zoster onset, however,
this is still subject to validation since there are different definitions
of PHN, and can pose a difficulty when comparing our study with
previous ones, and (5) since Japan started to give childhood vari-
cella vaccination programme from October 2014, it has been
hypothesised that varicella vaccine introduction might increase
HZ incidence in the population because of VZV reduction circulat-
ing in the community, which can result to a decrease in the oppor-
tunity for boosting immunity against VZV [2]. In recent studies,
they have reported that there is no conclusive evidence in whether
varicella vaccination programmes have been associated with an HZ
incidence increase [49]. Thus, we cannot incorporate the influence
of childhood varicella vaccination programme into our model. Nev-
ertheless, we believe that the incorporation of robust, locally-
published epidemiologic data and costs, may have reduced this
uncertainty to a certain level. We acknowledge that the study is
limited to the Japanese setting. Nevertheless, we believe that the
results of this study are fundamental components for policy-
relevant strategies.

7. Conclusion

From our analyses, we found out that vaccinating individuals
aged 65-84, 70-84, 75-84, 80-84 with local varicella vaccine to
prevent HZ-associated disease in Japan can be cost-effective from
societal perspective, with 65-84 strategy as the optimal alterna-
tive. The results are supported by one-way sensitivity analyses
and by PSA. Aside from the cost per vaccination, we have observed
that PHN utility weight for >70 years old has considerably influ-
enced the result. A further budget impact analysis is needed for a
well-informed policymaking.
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Abstract

Background: In Japan, freeze-dried live attenuated varicella-zoster vaccine is available for adults aged =50 years to
prevent herpes zoster. However, limited evidence has been accumulated regarding vaccine safety for patients with
underlying illnesses, who have been considered as the high-risk group for herpes zoster.

Methods: A prospective cohort study of 1200 healthy adults and 300 patients with underlying illnesses such as
malignancy, diabetes mellitus, autoimmune diseases, and renal diseases was conducted. All subjects were
vaccinated and then their adverse events (AEs) were followed for 28 days after vaccination. Key safety measures
included any AEs, severe AEs (SAEs), and vaccine-related AEs such as injection-site AEs and systemic AEs. The
frequencies and 95% confidence intervals of AEs were calculated.

Results: During the follow-up period, 2 SAEs (bone fracture and acute cholecystitis) among healthy adults and 1
SAE (disseminated mycobacteriosis) among patients with underlying illnesses were reported, although none of
them was diagnosed as vaccine-related. Vaccine-related AEs were reported in 42% of healthy adults and patients
with underlying illnesses, and the proportions were similar between the groups. The most frequent AEs were
injection-site AEs in both groups (i.e, 41 and 39%), and systemic AEs were observed in 4% of both groups. Only
among healthy adults, those with a history of herpes zoster were more likely to report injection-site AEs than those
without a history of herpes zoster (53% vs 39%).

Conclusions: The present study confirmed the safety of freeze-dried, live attenuated varicella-zoster vaccine even in
patients with underlying illnesses. A history of herpes zoster might be related to development of injection-site AEs
in healthy adults.

Trial registration: The study was prospectively registered on Japic-Clinical Trials Information as JapicCTl-163415 on
October 31, 2016.
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Background

Herpes zoster (HZ), or shingles, is one of the important
diseases that could decrease quality of life of older adults. It
is caused by reactivation of varicella-zoster virus (VZV) in
individuals with latent infections, and is characterized by
unilateral radicular pain and a vesicular rash generally lim-
ited to a single dermatome, corresponding to the sensory
ganglion in which the latent VZV reactivated [1]. It can ex-
pand to involve several dermatomes, especially in immuno-
compromised subjects. The frequency and severity of HZ
increase with age, which correlates closely with a progres-
sive decline in cell-mediated immunity to VZV [2]. The
most common complication is post-herpetic neuralgia
(PHN), which is a very problematic condition because it is
often difficult to control the intolerable pain and results in
decreased quality of life for the affected individuals.

The incidence of HZ has been increasing with the
current ageing population in Japan. According to a Japanese
study using medical records between 1997 and 2006, the
annual incidence of HZ was 1.96-2.85/1000 person-years
among individuals below the age of 50years, but it
increased to 5.23-7.84/1000 person-years among those
aged 50 years or more [3]. The more recent studies in Japan
indicated that the incidence of HZ among older individuals
has been increasing to 10.2/1000 person-years [4] or 10.9/
1000 person-years [5].

Patients with diabetes mellitus, autoimmune diseases,
renal failure, and malignancies have a higher risk of HZ
than those with other diseases [6, 7]. In addition, the pro-
portion developing PHN among HZ patients ranged from
9% [4] to 19% [5], and its risk was increased in males, age >
65 years, and immunosuppressive therapy [4]. Thus, it is
important to protect these high-risk populations from the
threat of HZ and PHN.

Since immunity to VZV plays a role in the pathogen-
esis of HZ [1], ZOSTAVAX® (Merck & Co., Inc) as a live
attenuated virus vaccine for Oka strain (19,400 PFU or
more, based on the package insert) has been approved in
more than 60 countries or counties for prophylactic use
in older individuals. The clinical efficacy was reported to
be 51.3% for reducing the incidence of HZ and 66.5%
for reducing the incidence of PHN [8]. In Japan, freeze-
dried live attenuated varicella vaccine for Oka strain
(1000 PFU or more, based on the package insert), which
was originally used to prevent varicella in children since
1986, was additionally approved for use to reduce the
risk of HZ in individuals aged >50 years in 2016. Since
this varicella-zoster vaccine generally contains live atten-
uated Oka virus of 23,000-95,000 PFU [9], the identical
vaccine is used to prevent not only varicella in children
but also HZ in adults in Japan. However, the clinical trial
prior to approval targeted healthy adults aged >50 years,
and the safety profiles for patients with underlying
illnesses have been limited.
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Thus, the present study focused on adults aged >50
years with particular underlying illnesses (i.e., malignancy,
diabetes mellitus, autoimmune diseases, and chronic renal
disease), which were reported to be high-risk conditions
for HZ, and compared the reactogenicity of freeze-dried
live attenuated varicella-zoster vaccine with that in healthy
adults aged >50 years.

Methods

Setting and study subjects

A prospective cohort study was conducted to compare the
safety of live attenuated varicella-zoster vaccine between
patients with underlying illnesses and healthy adults. Study
subjects included patients with malignancy, diabetes melli-
tus, autoimmune diseases, or chronic renal disease attend-
ing the collaborating hospitals, SOUSEIKAI, in Japan. This
study was run between November 3, 2016 and November
24, 2017. All patients were Japanese adults aged >50 years;
were regarded as having a health condition compatible with
participation by their physicians; and in the case of
childbearing-aged women, those who had taken appropriate
birth control for the preceding 1 month and those who
consented to continue birth control for 2 months after vac-
cination. Exclusion criteria included receipt of transfusion
or a y-globulin preparation within the preceding 3 months,
or a large amount of y-globulin preparation (>200 mg/kg)
within the preceding 6 months; a history of anaphylaxis due
to vaccine components; participation in other clinical trials
within the preceding 4 months; lactating women or
pregnant women, including those with suspected preg-
nancy at enrollment or those desiring pregnancy during the
study period; or other condition making participation
inappropriate.

Patients with malignancy included those with (a history
of) malignant solid tumor such as colon cancer, lung cancer,
gastric cancer, liver cancer, breast cancer, prostate cancer
(males), cervical cancer (females), or with malignant lymph-
oma or acute lymphocytic leukemia, who were in the remis-
sion stage at the time of enrollment. Among them, the
following patients were excluded: those who received im-
munosuppressive chemotherapy or radiation therapy within
the preceding 6 months (or were planned to receive it within
28 days after vaccination); for patients with acute lympho-
cytic leukemia, those who had reached the remission stage
within the preceding 3 months, those whose number of
lymphocyte was less than 500/mm?, those with a negative
result on the delayed skin hypersensitivity test, those who re-
ceived chemotherapy for remission maintenance using med-
ications other than 6-mercaptopurine within the preceding
1 week (or were planned for it within 28 days after vaccin-
ation); and for patients with malignant solid tumor, those
whose tumor development could not be controlled by
surgery or chemotherapy, those whose tumor development
was under control but who received immunosuppressive
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chemotherapy or radiation therapy within the preceding 6
months (or were planned for it within 28 days after
vaccination).

The inclusion criteria for diabetes mellitus patients were:
patients diagnosed with diabetes mellitus; those without
diabetic neuropathy, diabetic retinopathy, or diabetic ne-
phropathy; those whose diabetes was not caused by the side
effects of immunosuppressants (corticosteroid, tacrolimus,
etc.); and those who did not receive cortical hormones,
immunosuppressants, or antiplatelet therapy including
aspirin.

Regarding autoimmune diseases, patients with rheuma-
toid arthritis, systemic lupus erythematosus, collagen dis-
eases, ulcerative colitis, etc. were candidates for enrollment.
Among them, patients who received cortical hormones,
immunosuppressants, biologic agents, or JAK inhibitors
within the preceding 6 months (or were planned to receive
them within 28 days after the vaccination) were excluded.

Patients with chronic renal diseases were regarded as
those with findings compatible with renal disease on urin-
alysis, imaging, laboratory, or pathological examination. For
example, patients whose albuminuria (>30mg/gCr) or
proteinuria (>0.15 g/gCr) had continued for >3 months, or
those with eGFR levels of 46-59 mL/min/1.73 m® were
included. Patients receiving cortical hormones or immuno-
suppressants were excluded.

For comparison, healthy adults aged 250 years were
also enrolled. Those with mild underlying illnesses such
as hypertension and dyslipidemia, if well-controlled,
were allowed to participate.

Sample size calculation

A total of 1500 subjects (300 patients and 1200 healthy
adults) were needed for enrollment based on the follow-
ing calculation. Based on the results of a domestic clin-
ical trial involving 259 healthy adults aged 250 years, the
proportion of any adverse events (AEs) after vaccination
was 51%, and the most uncommon events were fatigue
and rash (2% for each) [9]. Assuming that patients with
underlying illnesses had a 3-fold higher risk for the most
uncommon AEs than healthy adults, 1283 subjects (257
patients and 1026 healthy adults) were required to ob-
tain 80% power (B = 0.20) for detecting significant differ-
ences with an a level of 0.05. When considering loss to
follow-up (10%), a total of 1500 subjects were needed.

Information collection

At the time of enrollment, the physicians were asked to
complete a standardized case reporting form to collect the
following information: demographic characteristics such as
date of birth, age at vaccination, sex; a history of HZ and, if
present, date of diagnosis; a history of varicella-zoster vac-
cination and, if present, date of vaccination; a history of any
diseases; underlying illnesses (ie, malignancy, diabetes
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mellitus, autoimmune diseases, renal disease) and name of
medications; laboratory data (i.e., white blood cell counts
and fractions within the preceding 6 months) if available;
and HbA1lc level and duration from diagnosis for patients
with diabetes mellitus; and eGFR level, creatinine level, and
dialysis treatment for patients with chronic renal diseases.

Vaccination

All subjects received one subcutaneous injection of 0.5
mL of Live attenuated varicella virus vaccine BIKEN
(Lot Nos. VZ184, 189, 200) manufactured by The Re-
search Foundation for Microbial Diseases of Osaka Uni-
versity. To avoid confusion, this varicella virus vaccine is
called varicella-zoster vaccine in this paper. Each vaccine
was supplied as a single-dose vial containing live attenu-
ated Oka varicella-zoster virus (29,000-58,000 PFU). No
adjuvant was included in the vaccine.

Safety assessment

All subjects were carefully observed for signs of any
reactions for 30 min after vaccination at the hospitals. In
addition, they maintained a daily log of body temperature,
symptoms related to the injection-site (erythema, swelling,
induration, pain, itching, warmth, and others), systemic
symptoms (rash and others), any medications, and
hospitalization during the 28 days after vaccination. There-
after, they reported any symptoms until the next visit to
the study clinic. If subjects experienced erythema, swelling,
or induration at the injection site, they also reported the
length of the major axis. Major axis length <2cm was
regarded as mild, and an axis length >5 cm was regarded
as severe. For the other local symptoms (i.e., pain, itching,
warmth, and others) and systemic symptoms, they selected
the severity (i.e, mild, moderate, or severe). In general,
mild symptoms were regarded as unnecessary to treat and
did not interfere with daily activities, moderate symptoms
needed treatment or interfered with daily activities, and
severe symptoms needed hospitalization and interfered
with daily activities. As for fever, a temperature < 38.0 °C
was defined as mild fever, and a temperature > 39.0 °C was
defined as severe fever.

According to their daily logs, the physicians trans-
ferred the information to the case reporting forms and
offered their opinions whether the symptoms were re-
lated to the vaccination. After this review, a MedDRA
code was assigned to each AE.

Statistical analysis

Key safety measures included proportions of subjects with
any AEs, severe AEs (SAEs), and vaccine-related AEs such
as injection-site AEs and systemic AEs. In the analysis, the
frequencies and 95% confidence intervals (Cls) of AEs were
calculated. Stratified analyses were performed to examine
the effect of the following variables on the safety assessment:
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study population (patients and healthy adults); age at vaccin-
ation (5059, 6069, and > 70 years); and sex. The x” test or
Fisher’s exact test was used to compare the frequency of
AEs and their severity among the above-mentioned stratified
groups. Student’s t-test was also used as appropriate.
Furthermore, to assess the risk of AEs among patients
compared to healthy adults, logistic regression analyses were
also performed with adjustment for age categories and sex,
and the odds ratios (ORs) and 95% ClIs were obtained. All
tests were 2-sided. All analyses were performed using SAS,
version 9.4 (SAS Institute).

Results

Study population

During the study period, 1201 healthy adults and 300
patients with underlying illnesses (49 malignancies, 180
diabetes mellitus, 10 autoimmune diseases, 61 renal dis-
eases) were enrolled (Fig. 1). However, 1 healthy adult
refused to participate after providing informed consent
and was thus not vaccinated. Eventually, 1200 healthy
adults and 300 patients with underlying illnesses were
included in the safety analysis.

Table 1 shows the characteristics of the study subjects.
Approximately half of the healthy adults were males, while
male patients constituted more than half of the patients
with other than autoimmune diseases. The mean age of
healthy adults was 62.0 years, whereas older aged subjects
were enrolled as patients with underlying illnesses, espe-
cially malignancy, diabetes mellitus, and chronic renal dis-
eases. Patients with malignancy had a higher rate of HZ
history and VZV vaccination history than healthy adults.
Details of the sites of malignancy were: 11 breast cancer, 9
colon cancer, 8 prostate cancer, 7 gastric cancer, 3 uterine
cancer, 3 lung cancer, 3 bladder cancer, 3 thyroid gland can-
cer, 1 gallbladder cancer, and 1 renal cancer. Regarding clin-
ical information about diabetes mellitus, the HbAlc range
was 5.0-11.0, and 41% of patients were considered to have
well-controlled disease (i.e, HbAlc <7.0%) at a mean of
8.0 years since diagnosis. Details of autoimmune diseases
were: 6 Basedow’s disease, 3 autoimmune thyroiditis, 1
Sjogren’s syndrome with Basedow’s disease, and 1 Vogt-
Koyanagi-Harada disease. Among patients with chronic
renal diseases, ranges of creatinine levels and eGFR levels
were 0.71-120mg/dL and 46-59 mL/min/1.73 m? re-
spectively, suggesting that their disease activities were mild.
None of the patients had undergone dialysis.

Safety assessment according to the study population

Table 2 shows the incidences of AEs within 28 days after
vaccination. A total of 1623 events were reported from
603 healthy adults (50%), whereas 395 events were
reported from 146 patients with underlying illnesses
(49%). SAEs were reported from 2 healthy adults (frac-
tures, acute cholecystitis) and 1 patient (disseminated
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mycobacteriosis), although both cases were considered
to have no causal relationship with the vaccine. A total
of 1362 events from 509 healthy adults and 328 events
from 125 patients with underlying illnesses were diag-
nosed as vaccine-related AEs. The incidences of vaccine-
related AEs were similar between healthy adults and
patients with underlying illnesses (42% vs. 42%). Inject
ion-site AEs were reported from 491 healthy adults
(41%) and 118 patients (39%), and these were not signifi-
cantly different between the groups. The incidences of
systemic AEs were also similar between healthy adults
(4%) and patients (4%). However, when each symptom
was analyzed separately, the incidence of fever was
slightly higher among patients with underlying illnesses
(2%), more specifically malignancy patients and diabetes
patients, compared with healthy adults (0.4%). When the
risk of fever was examined among patients with
underlying illnesses compared with healthy adults, a 4.1
times higher OR (95% CI: 1.2-14.1) was obtained. The
age- and sex-adjusted OR reached the null value but
remained 3.2 times higher (95% CI: 0.9-11.3) with mar-
ginal significance (P = 0.08).

Regarding the severity of AEs, no significant difference
was observed in injection-site AEs between the groups. On
the other hand, a higher incidence of mild to moderate
fever was reported in patients with underlying illnesses (es-
pecially malignancy patients, diabetes patients) compared
to healthy adults. In addition, mild headache and mild fa-
tigue were found in one patient with autoimmune disease,
and the incidences were higher than in healthy adults.

Most of the vaccine-related AEs occurred within 0-3
days (mean: 2 days, median: 2 days) after vaccination in
both groups. Injection-site AEs were improved within 6
days, and systemic AEs were improved within a few days
(data not shown).

Safety assessment according to the history of herpes
zoster

Table 3 shows the incidence of vaccine-related AEs accord-
ing to the history of HZ. Among healthy adults, those with
an HZ history were more likely to report injection-site AEs
than those without an HZ history (53% vs 39%, P = 0.017).
In particular, only erythema was significantly more com-
mon in those with an HZ history than in those without
(43% vs. 32%, P =0.026). The severity of erythema was
mild to moderate, and it occurred most frequently the day
after vaccination, with an average duration of 5 days (data
not shown). When the risk of erythema was examined in
healthy adults with an HZ history compared to those with-
out, a 1.7 times higher OR (95%CI: 1.2-2.4) was observed
even after adjustment for age and sex. Further, among pa-
tients with underlying illnesses, no significant differences
were observed in the incidences of AEs between patients
with and without a history of HZ (Table 3).
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49 Malignancy

180 Diabetes mellitus

1,201 Health adults

1,501 assessed for eligibility
1,501 subjects enrolled

10 Autoimmune diseases

61 Chronic renal diseases

\

_

1 healthy adult excluded

(Refused to participate)

49 Malignancy

180 Diabetes mellitus

1,200 Health adults

1,500 subjects vaccinated

10 Autoimmune diseases

61 Chronic renal diseases

49 Malignancy

180 Diabetes mellitus

1,200 Health adults

1,500 Subjects included for safety assessments

10 Autoimmune diseases

61 Chronic renal diseases

9 Lost to follow-up
2 Diabetes mellitus

\4

1 Chronic renal disease
6 Healthy adults

49 Malignancy

178 Diabetes mellitus

1,194 Health adults

Fig. 1 Flowchart of the study subjects

1,491 Safety assessments completed

10 Autoimmune diseases

60 Chronic renal diseases

Safety assessment in patients by disease severity

Additionally, the effect of disease condition on vaccine
safety in patients with underlying illnesses was exam-
ined. In diabetes patients, no significant association was
observed between the HbAlc level and the incidence of
AEs (data not shown). However, those with a shorter
time since diabetes diagnosis had a higher incidence of
injection-site pain compared with those with a longer
duration (within 4 years vs. 4-9years vs. 10years or
more, 20% vs. 23% vs. 5%; P =0.01). As for patients
with renal diseases, those with a lower creatinine level

had significantly higher rates of injection-site erythema
(<0.9 mg/dL vs. 0.9-1.08 mg/dL vs. >1.08 mg/dL, 70%
vs. 28% vs. 22%; P < 0.01), itching (40% vs. 11% vs. 4%;
P <0.01), pain (30% vs. 6% vs. 4%; P =0.01), and indur-
ation (40% vs. 0% vs. 13%; P =0.03), and those with a
higher eGFR level had significantly higher rates of
injection-site erythema (<51 vs. 51-56 vs. more than
56 mL/min/1.73 m?, 29% vs. 32% vs. 55%; P = 0.04) and
itching (12% vs. 5% vs. 36%; P = 0.03). No other signifi-
cant differences were observed in AEs and background
characteristics.
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Table 1 Baseline characteristics of the study subjects
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Characteristics Healthy adults ~ Patients with

Patients with  Patients with Patients with  Patients with

(N=1200) underlying illnesses  malignancy diabetes mellitus  autoimmune  chronic
(N=300) (N=49) (N=180) diseases renal diseases
(N=10) (N=61)
Sex Male 607 (51%) 188 (63%)* 26 (53%) 120 (67%)* 2 (20%)** 40 (66%)*
Age (y) Mean+SD  620+80 66.0£80 71.0+9.0* 65.0 + 8.0* 61.0£70 69.0 + 8.0*
50-59 530 (44%) 63 (21%)* 3 (6%)* 46 (26%)* 4 (40%) 10 (16%)*
60-69 425 (35%) 129 (43%) 21 (43%) 80 (44%) 4 (40%) 24 (39%)
70+ 245 (20%) 108 (36%) 25 (51%) 54 (30%) 2 (20%) 27 (44%)
History of HZ Present 155 (13%) 49 (16%) 11 (22%)** 28 (16%) 1 (10%) 9 (15%)
Previous vaccination Present 3(0.3%) 3 (19%)** 2 (4%)* 1 (1%) 0 (0%) 0 (0%)
White blood cells (/uL) Mean+SD - 6289 + 1685 5386+ 1223 6505+ 1811 6100 + 520 5980 + 1430
HbATc (%) Mean£+SD - - - 70+£10 - -
Duration of diabetes Mean+SD - - - 80+70 - -
mellitus (y)
Creatinine (mg/dL) Mean+SD - - - - - 0.99+0.15
eGFR (ML/min/173m?)  Mean+SD - - - - - 53+4
Dialysis Present - - - - - 0 (0%)

Data are expressed as n (%) unless otherwise indicated
HZ Herpes zoster, SD Standard deviation

*P < 0.05, **P < 0.1 (compared with the proportion of subjects among healthy adults)

Discussion

In the present study, no vaccine-related SAEs were ob-
served in both patients with underlying illnesses and
healthy adults. The incidence of AEs in healthy adults
was almost the same as reported in domestic clinical tri-
als for healthy adults >50years old (any AE: 50% vs.
56%; injection-site AEs: 41% vs. 50%) [10], suggesting
that the present results are reliable. The present study
also indicated that the incidences of most AEs were
similar between healthy adults and patients with under-
lying illnesses, although the incidence of fever was sig-
nificantly higher in patients than in healthy adults. In
particular, fever was not observed in patients with auto-
immune diseases and patients with chronic kidney dis-
ease, but only in patients with malignancy or diabetes. It
is therefore considered that they are more likely to de-
velop fever due to the background diseases rather than
the vaccination itself. The period of emergence of fever
in patients with underlying illnesses ranged from 0 to 5
days after vaccination, the extent of fever was mild to
moderate, and all improved in 1-3 days, suggesting that
it was a transient response. However, just as a precau-
tion, patients with malignancy and diabetes patients
should be aware of the possibility of fever for several
days after vaccination.

Most of the previous studies that evaluated the safety of
HZ vaccine were based on randomized, controlled trials.
According to these studies, injection-site AEs were more
commonly reported in the HZ-vaccinated group than in
the placebo group, while the incidence of systemic AEs

was similar between the HZ-vaccinated group and the pla-
cebo group, not only in elderly people with underlying ill-
nesses, considered at high risk for HZ (AIDS, diabetes,
steroid administration, autoimmune disease, renal
disorder) [11-13], but also in healthy adults [14, 15]. These
results suggested that the reported systemic AEs are less
likely to be related to HZ vaccination. Furthermore, based
on AE reports after ZOSTAVAX® had been used around
the world for 10 years, injection-site AEs were the most
frequently reported [16]. Therefore, this seemed to indicate
that we need not be overly concerned about systemic AEs.

The present study also showed that healthy adults
with an HZ history had a higher incidence of erythema
after vaccination than those without. As far as we
know, only one previous study examined vaccine safety
by comparing 420 subjects with an HZ history and
13,254 subjects without an HZ history and showed that
the incidence of SAEs during the 28 days after vaccin-
ation was similar between these groups (0.95% vs.
0.66%) [17]. However, the study targeted only the inci-
dence of SAEs rather than all AEs or vaccine-related
AEs, and, thus, the incidence of injection-site AEs
including erythema was not reported. Since cellular
immunity against VZV was activated by the HZ history
[1], it is possible that the local reaction after vaccin-
ation was more likely to develop among those with a
history of HZ. As additional information, however,
erythema was self-controlled and recovered within an
average of 5 days, and no severe erythema was observed
in the present study.
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Table 3 Incidence of selected vaccine-related adverse events by a history of herpes zoster

Adverse events  Healthy adults Patients with

Patients with

Patients with Patients with Patients with

underlying illnesses  malignancy diabetes mellitus autoimmune chronic renal
diseases diseases
No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
events subjects (%) events subjects (%) events subjects (%) events subjects (%) events subjects (%) events subjects (%)
(95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Subjects with ~ N=155 N =49 N=11 N=28 N=1 N=9
HZ history
Vaccine- 198 87 (56%) 54 23 (47%) 8 4 (36%) 30 13 (46%) 6 1 (100%) 10 5 (56%)
related AEs (48-64%)* (33-62%) (11-69%) (28-66%) (21-86%)
Injection-site 189 82 (53%) 54 23 (47%) 8 4 (36%) 30 13 (46%) 6 1 (100%) 10 5 (56%)
AEs (45-61%)* (33-62%) (11-69%) (28-66%) (21-86%)
Systemic AEs 9 8 (5%) 0 0 (0%) 0 0 (0%) 0 0 (0%) 0 0 (0%) 0 0 (0%)
(2-10%)
Subjects without N = 1045 N=251 N=38 N=152 N=9 N=52
HZ history
Vaccine- 1164 422 (40%) 274 102 (41%) 36 16 (42%) 167 60 (39%) 8 4 (44%) 63 22 (42%)
related AEs (37-43%) (35-47%) (26-59%) (32-48%) (14-79%) (29-57%)
Injection-site 1117 409 (39%) 260 95 (38%) 33 14 (37%) 161 58 (38%) 6 3 (33%) 60 20 (38%)
AEs (36-42%) (32-44%) (22-54%) (30-46%) (7-70%) (25-53%)
Systemic AEs 47 38 (4%) 14 11 (4%) 3 2 (5%) 6 5 (3%) 2 1 (11%) 3 3 (6%)
(3-5%) (2-8%) (0.6-18%) (1-8%) (0.3-48%) (1-16%)

AE Adverse event, HZ Herpes zoster

*P < 0.05, **P < 0.1 (compared with the proportion of reported subjects without HZ history within the category of subjects)

Patients with diabetes are considered to have a high
risk for HZ, since cellular immunity against VZV is
lower than that of healthy adults [7, 18]. In the present
study, the incidences of injection-site AEs and systemic
AEs in diabetic patients were 39 and 3%, respectively,
similar to healthy adults, irrespective of their HbAlc
levels, although their disease condition, on the whole,
tended to be mild. Further, patients with a shorter time
since diabetes diagnosis had a higher incidence of
injection-site pain. However, other AEs were similarly
reported by patients, irrespective of time since diagnosis.
Thus, a higher incidence of pain in patients with a
shorter time since diagnosis may be obtained by chance.
Therefore, we considered that the benefit of receiving a
live attenuated varicella-zoster vaccine to prevent HZ
and PHN exceeds the safety concerns, at least among
such milder diabetes patients.

Patients with chronic renal diseases are also regarded as a
high-risk group for HZ and would need vaccination. How-
ever, some injection-site AEs were reported more often
from patients with lower creatinine levels or higher eGFR
levels, with relatively mild disease. There is no possible ex-
planation for why injection-site AEs were more frequently
reported from milder renal disease patients. Further investi-
gations of chronic renal disease patients may clarify the
potential difference in AE occurrence after vaccination by
disease severity.

As far as we know, few studies have compared the safety
of a live attenuated HZ vaccine in patients with underlying
illnesses with that in healthy adults, and only small-scale

studies are available [19, 20]. In a study comparing safety
in 10 diabetic patients and 10 healthy adults, no systemic
AEs were observed in both groups [19]. In a study of 41
patients with rheumatism and 28 patients with osteoarth-
ritis, 17 (25%) AEs occurred within 7 days after vaccination,
of which 8 were injection-site AEs [20]. When investigating
rare AEs after vaccination, it is difficult to detect AEs in
such small-scale studies. From this point of view, the
present study was a large-scale study comparing 1200
healthy adults and 300 patients with underlying illnesses,
and the safety comparison is highly reliable. Although
patients with diabetes and patients with chronic renal
diseases in the present study had relatively mild disease,
the evidence for the safety of these patients receiving a live
attenuated HZ vaccine is valuable.

However, the present study has the following limitations.
First, the number of patients with autoimmune diseases
was too small and heterogeneous, which may not have been
sufficient to examine disease-specific vaccine safety. In
particular, statistical power may have been insufficient for
systemic AEs, which usually occur with a low frequency,
when comparing the incidence of disease-specific AEs. In
addition, the cancer group was also heterogeneous, with
small patient numbers per cancer type. As for vaccine
safety in patients with autoimmune diseases, a previous
study that included a larger number of patients with several
kinds of autoimmune diseases did not identify any safety
signal in the use of immunosuppressive therapies within 42
days after vaccination [21]. Second, the generalizability of
the present study needs to be considered. Since the present
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vaccine contains a similar amount of live attenuated Oka
virus as ZOSTAVAX®, the present results could be applic-
able to ZOSTAVAX" users. In the present study, however,
diabetes patients accounted for 60% of patients with under-
lying illnesses, which means that the present patients may
not be representative of the general population of patients
with underlying illnesses. In addition, it is important to note
that the present findings would be limited for malignancy
patients in longer remission and without therapy for more
than 6 months, non-severe diabetes (i.e., no organ damage)
patients, autoimmune disease patients without immuno-
suppressive therapy, and patients with only mild renal
disease. Third, since sex and age distributions differed be-
tween healthy adults and patients with underlying illnesses,
the incidence of AEs may have been influenced by these
background factors. In the present study, sex- and age-ad-
justed analyses were also performed, but the possibility of
residual confounding cannot be excluded. Fourth, there
was no primary outcome, since it was considered that
comparing every AE outcome between healthy adults and
patients with underlying illnesses was an important goal.
However, it resulted in many comparisons in the analyses,
which might run the risk of some spurious findings. In the
present results, there was no possible explanation for why
injection-site AEs were more common in those with milder
renal diseases, which may be spurious.

To recommend vaccination for patients with under-
lying illnesses, evidence for vaccine efficacy is also
needed. A retrospective cohort study of 463,541 patients
aged 60years or older with immune-mediated diseases
reported that HZ vaccine was associated with a 39%
(95%CI: 29-48%) decreased risk for HZ [21]. In a
large-scale US study, the efficacy of HZ vaccine was 52%
(95%CI: 44—61%) among subjects aged =65 years, and
63% (95%CL:  42-94%) among immunosuppressed
patients [22]. In another study of 180,000 patients with
chronic renal disease, vaccine efficacy was reported to be
51% (95%CIL: 35-64%) among all patients and 54%
(95%CI: 32-91%) among patients with diabetes mellitus
[23]. Therefore, we believe that it is highly valuable to
recommend vaccination for such patients with
underlying illnesses, although it should be noted that
live-attenuated varicella-zoster vaccine is contraindicated
for some immunosuppressed patients (e.g. receiving cor-
tical hormones, immunosuppressants including rituxi-
mab, chemotherapy, radiation, etc.).

Conclusions

The present study confirmed the safety of freeze-dried
live attenuated varicella-zoster vaccine even among
patients with underlying illnesses who are at high risk
for HZ. These results would be useful when providing
vaccines to such patients.
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Abstract

Background: Older adults are vulnerable to hospitalization or death from norovirus infection, but the actual disease
burden remains unknown. Therefore, we conducted a nationwide survey to estimate the number of inpatients with
norovirus gastroenteritis and associated deaths among Japanese older adults.

Methods: We performed a nationwide two-step query targeting 4184 hospital departments selected from 17,575
departments using stratified random sampling according to the number of beds. We asked each department to
complete a mail-back questionnaire on the annual numbers of inpatients with infectious gastroenteritis and associated
deaths between administrative years 2012 and 2014, and the implementation status of norovirus infection testing. In a
second query, we investigated the annual number of inpatients with norovirus gastroenteritis and associated deaths in
departments that had reported infectious gastroenteritis inpatients in the first query. Clinical information was collected for
inpatients with norovirus gastroenteritis in administrative year 2014.

Results: Norovirus testing for patients hospitalized for acute gastroenteritis was routinely conducted in 16% of the
responding departments. Although half the departments responded that some acute gastroenteritis inpatients received
such testing but others did not. In this situation, numbers of inpatients with norovirus gastroenteritis in Japan were
estimated as 31,800 (95% Cl: 25,700-37,900) in administrative year 2012, 21,600 (95% Cl: 17,700-25,500) in administrative
year 2013, and 15,700 (95% Cl: 12,900-18,500) in administrative year 2014. The estimated number of associated deaths
was approximately 600 in each administrative year. Factors associated with death included higher age, living in long-term
care facilities, underlying illnesses such as chronic respiratory diseases, and complications such as aspiration pneumonia.

Conclusions: The actual number of norovirus inpatient would be higher than the estimated here due to the low rate of
routinely implemented norovirus testing. Considering Japan'’s rapidly aging society and the disease burden of norovirus
infection among Japanese older adults, it is important to protect this high-risk population from norovirus infection.

Keywords: Older adults, Epidemiology, Hospitalization, Mortality, Norovirus gastroenteritis

Background

Noroviruses typically circulate from late fall through win-
ter and causes gastrointestinal symptoms such as vomit-
ing, diarrhea, and abdominal pain. The symptoms are
generally mild and resolve within a few days. In older
adults, however, norovirus infection can be serious and in
some cases can lead to death from pulmonary aspiration
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Nihonbashi-Honcho 2-chome, Chuo-ku, Tokyo 103-8668, Japan
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of vomit. A 2016 review found hospitalization for noro-
virus and associated medical expenses and mortality rates
are high in older adults [1]. As Japan is rapidly becoming
a “super-aging” society, measures to maintain the health
of older people are crucial [2]. However, there are cur-
rently no therapeutic medications for norovirus gastro-
enteritis, and symptomatic therapy is the main treatment.
For these reasons, vaccines to prevent norovirus infection
are under development [3].

In order to introduce vaccines, accurate information
about the disease burden of norovirus gastroenteritis is

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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needed. In Japan, the incidence of infectious gastroenter-
itis can be estimated from disease surveillance data
obtained as part of the National Epidemiological Surveil-
lance of Infectious Diseases [3]. However, the surveil-
lance of infectious gastroenteritis is based on sentinel
surveillance reports from pediatric hospital departments,
and so it is not possible to estimate the potential num-
ber of older adults affected by norovirus. Furthermore,
infectious gastroenteritis includes not only norovirus
gastroenteritis, but also infections by other viruses such
as rotavirus, adenovirus, and sapovirus, as well as bacter-
ial infections [4, 5]. Consequently, the number of patients
infected with each pathogen is unknown. Moreover, many
cases of infectious gastroenteritis resolve within a few days
so it is unusual for a diagnostic examination to be con-
ducted in typical outpatient settings.

Therefore we conducted a nationwide epidemiologic
study in Japan to assess the number of Japanese older
adults hospitalized for infectious gastroenteritis and nor-
ovirus gastroenteritis and to clarify the clinical and epi-
demiologic features of these patients.

Methods

The study was conducted in accordance with existing
procedures proposed by the Research Committee on
Epidemiology of Intractable Diseases in Japan [6]. The
general method has been described previously [7-9].
The study consisted of two queries: the first intended to
estimate the number of inpatients with infectious gastro-
enteritis among older adults, and the second to estimate
the number of inpatients with norovirus gastroenteritis
and to clarify their clinical and epidemiologic features.

First query

A number of hospital departments were selected using
stratified random sampling from a total of 17,575 depart-
ments of internal medicine, digestive diseases, gastroenter-
ology, respiratory diseases, and cardiovascular diseases
nationwide. These are the departments in which older
people with aggravated infectious gastroenteritis predom-
inantly receive treatment in Japan. The sampling was
stratified by the number of hospital beds; sampling pro-
portions were as follows: general hospitals with 99 beds or
fewer, 5%; 100—-199 beds, 10%; 200299 beds, 20%; 300—
399 beds, 40%; 400—-499 beds, 80%; 500 beds or more,
100%; and university hospitals, 100%. A final total of 4184
departments were selected (Additional file 1: Table S1).

In January 2016, we asked these departments to
complete a mail-back questionnaire, which was designed
to ascertain the presence or absence of hospitalized pa-
tients with infectious gastroenteritis among adults aged
260 years between administrative years 2012 and 2014
(i.e., between April 1, 2012, and March 31, 2015). The
information of the hospitalized patients included both
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community-acquired infection and nosocomial infection.
We obtained data by administrative year, as hospital
reporting is typically done in this manner in Japan. If
present, the number of inpatients and deaths in each ad-
ministrative year were additionally solicited. We also col-
lected information on whether norovirus tests were
routinely conducted at the department (routinely con-
ducted, often conducted, or not conducted). A reminder
was mailed to non-respondents in April 2016.

Second query

In September 2016, we sent a second query to depart-
ments that had responded “yes” to the presence of patients
hospitalized for infectious gastroenteritis in the first query.
The second query was to collect data on the numbers of
inpatients and deaths of those diagnosed with norovirus
gastroenteritis among adults aged =60 years between ad-
ministrative years 2012 and 2014. Determination of noro-
virus gastroenteritis depended on the physician’s diagnosis
of each hospital. Clinical diagnosis without viral examin-
ation such as possible epidemiological link was allowed
for counting number of norovirus gastroenteritis. To take
into account the nosocomial infected cases, cases of noro-
virus gastroenteritis diagnosed not only at admission but
also during the hospital stay were included. For patients
hospitalized in administrative year 2014, the following
clinical information was also collected: birth month and
birth year, sex, residence at the onset of gastroenteritis
(i.e., home, long-term care facility, or hospital), underlying
diseases (hypertension, heart disease, diabetes, stroke, ma-
lignant tumor, renal disease, chronic respiratory disease,
liver disease, hematological disorders, or collagen dis-
eases), date of admission, date of discharge, possible cause
of infection based on the physician’s medical examination
including interview to the patients (contaminated food,
contact with infected person(s), disease epidemic in the
area), results of tests for norovirus, clinical symptoms
(presence, frequency, and duration of diarrhea and vomit-
ing; presence of fever), date of symptom onset and
duration, complicated diseases (such as aspiration pneu-
monia), laboratory data at the time of admission, treat-
ment (e.g., intravenous drip, antibiotics, and intensive care
unit therapy), clinical outcome (recovered, moved to an-
other hospital, self-discharged, or deceased), and cause of
death if deceased. We assumed that the clinical informa-
tion of norovirus gastroenteritis did not change signifi-
cantly between administrative years 2012 and 2014, and
due to research budget constraints we did not obtain the
clinical information for patients hospitalized in adminis-
trative years 2012 and 2013, but choose to investigate the
latest information available, i.e. in administrative year
2014. We confirmed our assumption that the epidemic
trend of norovirus infection in the three administrative
years was stable in Japan using national surveillance data

—148—



Ohfuji et al. BVIC Infectious Diseases (2019) 19:400

[10]. We mailed a reminder to non-respondents in
November 2016. Additionally, we asked the departments
that had responded to confirm or revise those parts of the
previously returned questionnaire that had missing or
conflicting information. If there were missing data even
after confirmation or revision, the data were considered
incomplete.

Statistical analysis

Accounting for sampling and response proportions in
the first query, we estimated the total numbers of inpa-
tients and deaths due to infectious gastroenteritis among
adults aged >60 years between administrative years 2012
and 2014 according to the following formula: estimated
total number of inpatients = reported number of inpa-
tients / (sampling proportion x response proportion).
Additionally, 95% confidence intervals (Cls) were calcu-
lated with an assumption of multinomial hypergeometric
distribution [6-9].

We also estimated the total numbers of inpatients and
deaths due to norovirus gastroenteritis among adults
aged >60 years between administrative years 2012 and
2014 using data from the second query. In this calcula-
tion, we used the following formula: estimated total
number of inpatients with norovirus gastroenteritis =
estimated total number of inpatients with infectious
gastroenteritis x proportion of reported number of inpa-
tients with norovirus gastroenteritis among the reported
number of inpatients with infectious gastroenteritis. This
latter proportion was based on information from depart-
ments that responded to the second query. Total esti-
mated numbers and 95% ClIs were rounded to three
significant digits, except for the hundreds, which were
rounded to two significant digits.

Hospitalization and mortality rates in each administra-
tive year were calculated using the number of Japanese
people aged =60 years at October 1 in each administra-
tive year (i.e., 41,038,000 in administrative year 2012,
41,561,000 in administrative year 2013, and 41,980,000
in administrative year 2014) [11-13].

The clinical characteristics of inpatients with norovirus
gastroenteritis were also examined. Age at admission
was calculated using information on birth month and
birth year and date of admission. If the admission date
had not been recorded, it was regarded as October 1 for
the calculation. Disease severity was assessed using
modified Vesikari scores [14]. In order to assess the dis-
ease severity using laboratory data such data were cate-
gorized into two or three levels according to standard
values for the Japanese population [15]. To examine fac-
tors associated with death, a logistic regression model
was used to obtain odds ratios (ORs) and 95% Cls. Since
age and sex are the important predictors for death, these
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variables were included as co-factors in a logistic regres-
sion model.

All tests were two-sided. All analyses were performed
using SAS version 9.3 software (SAS Institute, Cary,
NC, USA).

Results

In the first query, 1325 out of 4184 departments
responded (response proportion: 31.7%). Among these,
561 departments reported the presence of inpatients
with infectious gastroenteritis; numbers of reported in-
patients were 9857 in administrative year 2012, 8361 in
administrative year 2013, and 8410 in administrative
year 2014 (Additional file 1: Table S1). The response
rates from gastroenterology departments in large hospi-
tals were low (e.g. 20% in five University hospitals, 0% in
four =500 beds hospitals). Since there were only nine
gastroenterology departments, the low response rate did
not have a major impact on the present results (Add-
itional file 1: Table S1). Based on the results of the first
query, the numbers of inpatients with infectious gastro-
enteritis among Japanese adults aged =60 years were esti-
mated to be 118,000 (95% CI: 95,700-141,000) in
administrative year 2012, 95,100 (95% CI: 77,700-
112,000) in administrative year 2013, and 96,900 (95%
CIL: 79,500-114,000) in administrative year 2014. Infec-
tious gastroenteritis was estimated to have caused 2060
(95% CI: 1370-2750), 1940 (95% CI: 1230-2640), and
1970 (95% CI: 1280-2650) deaths among Japanese adults
aged >60years in administrative years 2012, 2013, and
2014, respectively (Table 1).

In the second query, 271 out of 561 departments
responded (response proportion: 48.0%), and 126 depart-
ments reported the presence of inpatients with norovirus
gastroenteritis. Among these departments, the propor-
tions of reported number of inpatients with norovirus
gastroenteritis among the reported number of inpatients
with infectious gastroenteritis were 26.9% in administra-
tive year 2012, 22.7% in administrative year 2013, and
16.2% in administrative year 2014. Thus, the estimated
numbers of inpatients with norovirus gastroenteritis
among Japanese adults aged >60 years were calculated as
31,800 (95% CI: 25,700-37,900) in administrative year
2012, 21,600 (95% CI: 17,700-25,500) in administrative
year 2013, and 15,700 (95% CI: 12,900-18,500) in ad-
ministrative year 2014 (Table 2). The hospitalization
rates (per 10,000 persons) were 7.75, 5.20, and 3.74, re-
spectively. Among the reported number of deaths from
infectious gastroenteritis 31.3% in administrative year
2012, 30.0% in administrative year 2013, and 29.6% in
administrative year 2014 were due to norovirus, and
norovirus gastroenteritis was estimated to have caused a
total of 650 (95% CI: 430—860), 580 (95% CI: 370-790),
and 580 (95% CI: 380-790) deaths in administrative
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Table 1 Estimated number of hospitalized patients and deaths due to infectious gastroenteritis among adults aged 260 years in Japan

Stratum (No. of
hospital beds)

Administrative year 2012

Administrative year 2013

Administrative year 2014

Hospitalized patients Deaths Hospitalized patients Deaths Hospitalized patients Deaths
University hospital 1366 16 1251 30 1119 14
2500 9502 469 8152 461 7684 415
400-499 9152 181 7797 180 8310 182
300-399 20,879 470 17,919 448 19,072 583
200-299 18,365 133 15,640 119 15,200 191
100-199 39,120 661 28,289 697 27,879 512
<99 20,056 130 16,012 0 17,632 74
Total estimated number 118,000 2060 95,100 1940 96,900 1970
(95% confidence interval)  (95,700-141,000) (1370-2750)  (77,700-112,000) (1230-2640)  (79,500-114,000) (1280-2650)

years 2012, 2013, and 2014, respectively (Table 2). The
respective mortality rates (per 100,000 persons) were
1.58, 1.40, and 1.38.

Figure 1 shows the implementation status of norovirus
infection testing in Japanese hospitals. Approximately
15.8% of departments replied that norovirus testing
(mainly rapid antigen testing) was “routinely conducted”
for patients hospitalized for acute gastroenteritis; 49.7%
of departments responded that such testing was “often
conducted”, which means that some acute gastroenteritis
inpatients received norovirus testing but other acute
gastroenteritis inpatients did not; 22.9% of departments
did not conduct norovirus tests for patients hospitalized
for gastroenteritis. In particular, university hospitals or
general hospitals with larger numbers of beds tended to
respond “not conducted.”

Table 3 summarizes the clinical characteristics of inpa-
tients with norovirus gastroenteritis in administrative year
2014. Male patients accounted for 42% of inpatients. Ap-
proximately 55% of patients were aged >80 years. Most pa-
tients (90%) had underlying illnesses. Regarding the
possible cause of infection, only 9% were suspected to be
caused by contaminated food, and 21% were presumably
caused by contact with an infected person considered to

be possible epidemiological link. However, the cause was
not known for about half of the patients. Only 61% of in-
patients received norovirus testing. Among those, half had
positive results. Most patients had diarrhea and half had
symptoms of vomiting or fever. Approximately 6% of
cases were complicated by aspiration pneumonia. The me-
dian duration of hospital admission was 11 days; although
93% of patients recovered, 4% died. The main cause of
death was pneumonia (7 =7). Other causes were as fol-
lows: heart failure (7 =4), malignant tumor (n=4), and
ileus, digestive tract hemorrhage, respiratory failure,
multi-organ failure, and perforation of the digestive tract
(n =1 each).

Higher mortality in 470 clinical diagnosed cases was
observed among males, older patients, those living in
long-term care facilities, those with particular underlying
illnesses such as chronic respiratory diseases, and those
with complications such as aspiration pneumonia
(Table 4). Female patients had a significantly decreased
adjusted OR (aOR) for death compared with male pa-
tients (aOR =0.41, 95% CI: 0.16-1.00). Moreover, those
living in long-term care facilities (aOR =3.39, 95% CI:
1.15-9.55), those with chronic respiratory diseases (aOR
=3.90, 95% CI: 1.01-12.5), and those with aspiration

Table 2 Estimated number of hospitalized patients and deaths due to norovirus gastroenteritis among adults aged 260 years in Japan

Stratum (No. of
hospital beds)

Administrative year 2012

Administrative year 2013

Administrative year 2014

Hospitalized patients Deaths Hospitalized patients Deaths Hospitalized patients Deaths
University hospital 367 5 284 9 181 4
2500 2552 147 1853 138 1246 123
400-499 2458 57 1772 54 1347 54
300-399 5608 147 4072 135 3092 172
200-299 4932 42 3554 36 2464 56
100-199 10,507 207 6429 209 4519 151
<99 5387 41 3639 0 2858 22
Total estimated number 31,800 650 21,600 580 15,700 580
(95% confidence interval)  (25,700-37,900) (430-860)  (17,700-25,500) (370-790)  (12,900-18,500) (380-790)
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pneumonia (aOR =8.97, 95% CI: 3.06—24.7) had signifi-
cantly increased aORs for death.

Discussion

The results of our study suggest that approximately
100,000 persons aged =60 years are hospitalized for in-
fectious gastroenteritis annually in Japan, of which ap-
proximately one-quarter are hospitalized for norovirus
gastroenteritis. The number of inpatients with norovirus
gastroenteritis was approximately 15,000 in administra-
tive year 2014 (when the disease occurred at a low rate)
and approximately 30,000 in administrative year 2012
(when it became epidemic, with approximately 600 an-
nual deaths). The annual hospitalization rate (per 10,000
population) for norovirus gastroenteritis was 3.74—7.75
and the annual mortality rate (per 100,000 population)
was 1.38-1.58 among persons aged >60 years. However,
since the proportion of departments which routinely
conducted norovirus testing for acute gastroenteritis in-
patients was lower than expected, the actual number of
norovirus inpatients would be higher than the estimated
number here.

The present study showed a large number of inpatients
in administrative year 2012 and relatively few inpatients in
administrative year 2014, and this trend was consistent
with the National Surveillance Data of infectious gastro-
enteritis patients reported by sentinels [4]. Additionally,
the proportion of norovirus inpatients among infectious
gastroenteritis inpatients in the present study (16—27%)
was similar to that reported in a meta-analysis of 175

research papers (17-20%) [16]. However, the proportion
was somewhat lower than the proportions reported by
other studies in Japan (34-39%) [17-19]. As norovirus
gastroenteritis is an infectious disease, its epidemic status
varies between geographical regions. It is possible therefore
that the differences in the proportion of norovirus patients
between the present study and other studies in Japan
merely indicate differences in epidemic status among geo-
graphical regions.

In Japan, norovirus testing is not routinely conducted by
all hospitals so it is possible that the results of our study
were influenced by the status of implementation of testing
at the hospitals that were surveyed. In fact, institutions not
testing for norovirus accounted for one-quarter of the hos-
pitals that were studied. In the present study, it is possible
that such institutions reported having no inpatients with
norovirus gastroenteritis. Therefore, the present data may
underestimate the annual number of inpatients with noro-
virus gastroenteritis and also the proportion of nosocomial
infection. In addition, university hospitals or general hospi-
tals with larger numbers of beds tended to report that they
had not conducted norovirus testing. We assumed that
these hospitals were more likely to contain patients with in-
fectious gastroenteritis and assigned a higher sampling pro-
portion to these hospitals in the study protocol. However,
the unexpectedly lower implementation status of norovirus
testing might have affected the study results. One study that
estimated the burden of norovirus gastroenteritis in Japan
using a modelling approach accounting for the absence of
routine diagnostic testing showed higher incidence rates in
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Table 3 Characteristics of patients hospitalized for norovirus gastroenteritis (N = 470)
n (%) or n (%) or

Characteristics

median (range)® Characteristics

median (range)®

Sex Male

60-69
70-79
280

Age (years)

Residence at symptom onset
Home
Long-term care facility

Hospital

Underlying illnesses
Hypertension
Heart disease
Diabetes
Stroke
Malignant tumor
Renal disease
Chronic respiratory disease
Liver disease
Hematological disorders

Collagen diseases

Possible causes of infection
Contaminated food
Contact with infected person(s)

Disease epidemic in the area

Tested for norovirus

Test result Positive

Clinical symptoms at the time of admission
Diarrhea Present

Duration (days)

Frequency per day

Vomiting Present

Duration (days)

Frequency per day

Fever Present

Maximum fever (°C)

Complications  Aspiration pneumonia

Others

Modified Vesikari scale

194 (42) Laboratory data at the time of admission
66 (14) White blood cell (/uL) Decreased
145 (31) Normal
259 (55) Increased
Hemoglobin (g/dL) Decreased
287 (62) Normal
62 (13) Increased
115 (25) Platelet count (x 10%/uL) Decreased
424 (90) Normal
213 (45) Increased
121 (26) C-reactive protein (mg/dL) Increased
106 (23) Blood sugar (mg/dL) Decreased
121 (26) Normal
66 (14) Increased
38 (8) Albumin (g/dL) Decreased
32 (7) Aspartate aminotransferase (IU/L) Increased
24 (5) Creatinine (mg/dL) Increased
13(3) Sodium (mEg/L) Decreased
7() Normal
Increased
43 (9) Potassium (mEg/L) Decreased
95 (21) Normal
99 (21) Increased
287 (61) Chloride (mEg/L) Decreased
153 (53) Normal
Increased
377 (80) Treatment
4 (1-36)° Intravenous drip
3.5 (1-33)° Antibiotics
232 (49) Oxygen supplementation
2 (1-14)2 Intensive care unit therapy
1.5 (1-25)° Use of respirator
262 (56) Duration of hospital admission (days)
37.85 (37.0-40.3)  Clinical outcome Recovered

28 (6)
35(8)

8 (0-16)°

Moved to hospital

Deceased

Self-discharged

17 (4)
231 (51)
202 (45)

190 (42)
249 (55)
17 (4)
47 (10)

40
106 (23)
329 (72)
24.(5)

54 (12)
376 (83)

23 (5)

386 (82)
201 (43)
73 (16)

11 (1-2359)°
438 (93)

10 (2)
21 (4)

1(0.2)

“median (range)
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Table 4 Association between selected background characteristics and death from norovirus gastroenteritis®
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Characteristics Mortality Univariate analysis Age/sex-adjusted analysis
n/N (%) OR (95% Cl) aOR (95% Cl)
Sex Male 12/194 (6) 1.00 1.00
Female 9/273 (3) 052 (021-1.25) 041 (0.16-1.00)
Age (years) 60-69 2/66 (3) 1.00 1.00
70-79 3/145 (2) 0.68 (0.11-5.22) 0.69 (0.11-5.35)
>80 16/259 (6) 2.11 (0.58-135) 263 (0.71-17.1)
(Trend P=0.11) (Trend P=0.05)
Residence at symptom onset Home 11/287 (4) 1.00 1.00
Long-term care facility 7/62 (11) 3.19 (1.13-848) 3.39 (1.15-9.55)
Hospital 3/115 (3) 067 (0.15-2.20) 067 (0.15-2.22)
Underlying illnesses Absent 1/45 (2) 1.00 1.00
Present 20/424 (5) 2.18 (0.44-39.5) 2.16 (043-394)
Chronic respiratory disease Absent 17/438 (4) 1.00 1.00
Present 4/32 (13) 3.54 (0.97-104) 3.90 (1.01-12.5)
Collagen diseases Absent 20/463 (4) 1.00 1.00
Present 1/7 (14) 3.69 (0.19-23.1) 4.11(0.21-28.1)
Hematological disorders Absent 19/457 (4) 1.00 1.00
Present 2/13 (15) 4.19 (0.62-17.1) 440 (0.64-18.9)
Complications
Aspiration pneumonia Absent 14/439 (3) 1.00 1.00
Present 7/28 (25) 10.1 (3.53-27.2) 8.97 (3.06-24.7)
Others Absent 15/427 (4) 1.00 1.00
Present 6/35(17) 568 (191-15.2) 542 (1.79-14.8)

Abbreviations: OR odds ratio, aOR adjusted odds ratio, C/ confidence interval
2Logistic regression model

the elderly than our study [20]. However, the database used
in that study had relatively few older adults and therefore
may not have been representative of the Japanese popula-
tion. Compared with the previous study, our findings seem
to suggest a lower norovirus disease burden in older adults
according to laboratory-confirmed cases. This represents a
possible limitation of our study in that many hospitals did
not conduct norovirus testing. Another limitation was a
lower response proportion to the first query (31.7%), which
may have introduced bias. According to a nationwide epi-
demiologic investigation manual issued by the Japanese
Ministry of Health, Labour and Welfare [5], a response pro-
portion of approximately 60% can produce a reliable esti-
mation of number of patients; however, we did not obtain
this response proportion. If non-response were associated
with nosocomial norovirus infection due to the hesitancy
to disclose negative clinical practice in hospitals, the
present results might be biased. In general, however, med-
ical institutes that are highly conscious of measures
against infectious diseases, such as having their own man-
ual for infectious diseases, are likely to have responded in
our study, and their responses seemed to be highly

reliable. On the other hand, in the non-response depart-
ments, norovirus gastroenteritis may not be sufficiently
understood. In the present study protocol, assuming that
non-response departments had a similar proportion of in-
patients with norovirus gastroenteritis as those depart-
ments which responded, we estimated the number of
inpatients or deaths with norovirus gastroenteritis in
Japan. However, we cannot deny the possibility that preci-
sion of the present results may be low, although we be-
lieve that the present results may be validated.

The annual hospitalization and mortality rates for nor-
ovirus gastroenteritis in the present study are similar to
those in other countries. A systematic review of 39 stud-
ies in adults aged >65years worldwide reported the
hospitalization rate for norovirus gastroenteritis as 1-19
per 10,000 persons and the mortality rate as 0.4—3.2 per
100,000 persons [21]. Our results fall within these
ranges. The systematic review also reported the annual
rate of outpatient visits for norovirus gastroenteritis as
18-54 per 10,000 persons and the annual incidence rate
as 29-125 per 10,000 persons. In this study, we did not
obtain information on outpatient visits and incidence;
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thus, we cannot compare these rates. If the results of the
systematic review are applied to Japan, the number of
outpatient visits for norovirus gastroenteritis among the
population aged =60 years (42.75 million, October 2016)
would be estimated at 76,950-230,850, and the annual
number of incident cases would be estimated at
123,975-534,375, suggesting that norovirus gastroenter-
itis has a substantial influence on the health of Japanese
older adults.

We found that the possible cause of norovirus gastro-
enteritis was consumption of contaminated food in 9%
of inpatients and person-to-person transmission in 21%.
Compared with an outbreak investigation conducted in
Spain, the present study found a higher proportion of
cases of unknown cause; in the Spanish outbreak investi-
gation, 42% of cases were probably caused by consump-
tion of contaminated food and 52% were likely caused
by person-to-person transmission [22]. The present
results highlight the difficulties in determining the cause
of norovirus gastroenteritis infection occurring in the
community.

Regarding clinical symptoms, diarrhea was reported in
80% of cases, vomiting in 49%, and fever in 56%. These
proportions are lower than those reported in pediatric
studies. In young children in an Israeli study diarrhea was
reported in 81%, vomiting in 86%, and fever in 64% of pa-
tients [23]. Disease severity was lower in the present study
than in a study of young children conducted in Taiwan,
which reported a median Vesikari value of 12.5 [24]. How-
ever, intravenous drip was more often administered to in-
patients in the present study compared with children in
the Israeli study (82% vs. 68%) [23]. The median duration
of hospital admission was longer in the present study
compared with children in the Taiwanese study (11 days
vs. 3days) [24]. Differences in treatment may simply
reflect differences in medical care between study regions.
Nonetheless, the present results also suggest that, com-
pared with children, older adults tend to experience more
dehydration and require more time to recover. Such infor-
mation may be important when the disease burden of
norovirus gastroenteritis is considered from a medical
economics perspective.

In our study, 4% of hospitalized patients died. Factors as-
sociated with death include greater age, living in long-term
care facilities, underlying illnesses (particularly chronic re-
spiratory diseases), and complications such as aspiration
pneumonia. In a study of 1877 cases in an outbreak of nor-
ovirus gastroenteritis in England and Wales between 1992
and 2000, all deaths from norovirus gastroenteritis occurred
in patients who were hospitalized or institutionalized [25].
A systematic review of reports from 1988 to 2011 found
more deaths among older adults, those living in long-term
care facilities, and those in an immunosuppressed state,
and the most common cause of death was aspiration
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pneumonia (32%) [26]. Older adults with underlying ill-
nesses (particularly chronic respiratory diseases) are consid-
ered to be highly susceptible to infectious diseases, which
may lead to a high risk of death when norovirus gastro-
enteritis develops as a complication. Taken together, the
factors associated with death in the present study are con-
sistent with these previous reports. Therefore, we hope that
these results will provide useful information for the future
introduction of vaccine measures.

Conclusions

In conclusion, although the actual number of norovirus
inpatients is probably higher than the estimates here due
to the low rate of routinely implemented norovirus test-
ing, the annual number of patients hospitalized for noro-
virus gastroenteritis was estimated to range from 15,700
(administrative year 2014) to 31,800 (administrative year
2012), and the annual number of deaths was estimated
to be between 580 (administrative years 2013, 2014) and
650  (administrative = year  2012). The annual
hospitalization rate was 3.74 (administrative year 2014)
to 7.75 (administrative year 2012) per 10,000 persons,
and the annual mortality rate was 1.38 (administrative
year 2014) to 1.58 (administrative year 2012) per
100,000 persons. The factors associated with death
among inpatients with norovirus gastroenteritis included
higher age, living in long-term care facilities, underlying
illnesses (particularly chronic respiratory diseases), and
complications such as aspiration pneumonia. Consider-
ing Japan’s rapidly aging society and the disease burden
of norovirus infection among Japanese older adults, it is
important to protect this high-risk population from nor-
ovirus infection.
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Case Report

A case report on parainfluenza virus type 4a infection in a 1-year-old

boy with biphasic fever
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Abstract: A 1-year-old boy was infected with parainfluenza virus type 4a (PIV4a) during an influenza
epidemic in January 2016. His body temperature was 38.2 °C on day 1 of the illness followed by an
intermittent phase of 36.5 °C on days 2 and 3, and it rose again on day 3 and peaked at 39.6 °C on day 4, of
which the fever pattern was reminiscent of an influenza case with biphasic fever. However, results of rapid
influenza virus (IFV) antigen tests performed at the first clinical visit and during the second fever phase on
day 4 were both negative. The PIV4a was isolated from all the nasal aspirate specimens on days 1, 4, and 7.
Other common respiratory viruses were negative in all the specimens in the viral isolation trials using the
multiplex cell culture system and RT-PCR tests. The fever disappeared within 5 days after the onset without
any antibiotic treatment, which strongly suggested the PIV4a as the causative agent of the patient’s illness.
On the basis of the incubation period required for the appearance of the cytopathic effect (CPE) in the
infected cells, from specimen inoculation to the cells, the viral load in the nasal cavity was speculated to be
greatest on day 4. His cough started on day 1 and persisted until day 9, and the viral isolation indicated that

the shedding of the active virus continued with the coughing even after the termination of fever.
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Introduction

Pediatricians sometimes encounter cases that showed a
symptom of fever with two distinct peaks (biphasic fever)
in the clinical course of patients with influenza (1-3).
However, it is not well understood how an infection with
influenza virus (IFV) alone causes it. Occurrence of such a
fever pattern in infection with PIVs 1, 2, 3 and respiratory
syncytial virus (RSV) was recorded in the 1980s on the
hospitalized pediatric patients (4) but, thereafter, has not
been well-studied. In outpatient clinics, it is important to
determine further drug prescription, whether the biphasic
fever occurs by pure viral infection without involvement of
the effect of medication or by other pathogens. We wanted
to clarify whether any respiratory virus other than the one
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that caused the first fever peak are involved in the second
peak or not, but we do not have a general conclusion for
now. We had been conducting virological investigations
since 2012 on pediatric patients who had influenza-
like illness and visited clinics. We present here a case of
a boy who showed biphasic fever in the course of upper
respiratory disease with long-lasting cough. The possibility
of single infection with parainfluenza virus type 4a (PIV4a)
was strongly suggested with virological evidence through
viral isolation and PCR analyses.

Case presentation

A 1-year-old boy experiencing fever of 38.2 °C, slight cough,
and uneasiness visited his home doctor on January 26, 2016.
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Figure 1 Clinical course of the case. The recurrent fever was

observed. Parainfluenza virus type 4a was isolated on days 1, 4, and 7.

The result of the rapid IFV-antigen test (Immuno Ace Flu®,
Tauns, Izunokuni, Japan) performed on his nasal aspirate
was negative. Neither anti-influenza drug nor antibiotics
was prescribed, and careful follow-up was advised. His
body temperature returned to normal at 36.5 °C on the next
day, but the fever rose again on day 3, and the temperature
peaked at 39.6 °C on day 4.

During the recurrent fever, his nasal specimen was
collected, and the specimen was tested for rapid IFV-
antigen. However, the result was negative again. The fever
started to decline after the peak, and one and a half days
after the onset of the recurred fever, his body temperature
became close to normal at 37 °C.

Aside from having fever, the patient had persistent
cough from days 1 to 9, which started with the fever and
gradually augmented. The cough continued even during
the intermittent phase of the fever between days 2 and 3,
and until 3 days after resolution of the fever and gradually
disappeared (Figure I).

Microbiological analyses

The nasal aspirate specimens obtained on days 1, 4, and 7
were inoculated into six kinds of cells (HFL-III, HEp-2,
Vero, MDCK, LLC-MK2, and MNT-1). These cell culture
systems are optimized for isolation of various kinds of viruses,
including IFV types A, B, C, PIV types 1, 2, 3, 4, RSV, human
metapneumovirus, mumps virus, enteroviruses, rhinovirus,
adenovirus, and herpes virus (5). Cell fusion appeared in LLC-
MK?2 cells inoculated with all the specimens obtained at days
1, 4, 7 under microscopic investigation on days 7, 2, and 5 after
inoculation, respectively. Occurrence of the multinuclear giant
cell formation by cell fusion is the cytopathic effect (CPE)
characteristic for PIV4 multiplication (6-8). Final identification
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of PIV4a isolation was confirmed by the detection of the viral
NP gene using conventional RT-PCR (6) from the culture
medium of the LLC-MK2 cells that showed CPE. Meanwhile,
none of the other viruses except for PIV4 were isolated in the
cell systems. In addition, none of major respiratory viruses
including RSV, PIV1-3, hMPV, IFV-A, B, AdV, RV and
bocavirus was detected in the RNA extracted from the clinical
specimens—using real-time PCR system of Cycler PCR®
respiratory viruses detection kit Ver.3 (Takara Bio., Kusatsu,
Japan) (9). Involvement of coronaviruses was excluded also by
another real-time PCR system that was described previously
(10,11). Those systems could detect the above-mentioned
viruses at the detection limit of 10 gene copies/pL. of clinical
specimen. Therefore, PIV4a was strongly suggested as the
causative agent of the patient’s illness.

Discussion

A case of infection caused by PIV4a that showed two
distinct peaks in fever was described in this report. A
possibility of bacterial involvement in the fever could be
excluded, judging from the clinical course that the fever
declined rapidly after its second peak without antibiotic
treatment. The infection was determined by virus isolation
and involvement of other major respiratory viruses with
PIV4 in the illness (12) was almost excluded by the negative
results in isolation in our virus isolation system and in viral
gene-detection with multiplex real-time PCR, though the
exclusion was not definitely conclusive since there were
limitations in their competency in viral detection. Many
reports of PIV4 infections have been reported so far from
an epidemiological or clinical view point. They enumerated
the symptoms of the infection including the frequency
and/or duration of the fever, but they did not provide the
information on the pattern of the fever nor the duration of
the cough (8,12). Thus, this case report is significant as it
describes details of a PIV4 infection.

Epidemiological and clinical studies on PIV4 infection
have been mainly based on the detection of the viral gene
in the clinical specimen using PCR (12-15), with some
exceptions (8,16-18). We were able to isolate PIV4a from
the specimens obtained on days 1, 4, and 7 that caused
CPE in the LLC-MK2 cell on the 7th, 2nd, and 5th day
after inoculation, respectively. If the duration from the
inoculation to appearance of CPE inversely correlate to
the load of active virus in the inoculated specimen as is
frequently experienced in viral infection experiments, the
duration difference might mean that active viral load in the
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nasal cavity was the highest on day 4 among those collected
on three separate times. Those results were supported by
quantitative analyses on the amounts of the virus in the
specimens using a real-time PCR system (11), as well (data
not shown). The isolation on day 7 would be consistent
with the finding that the virus shedding in patients with
PIV infections other than type 4 tends to linger long (13)
and continue until even after the disappearance of the
symptoms. This kind of viral shedding pattern is different
from that of IFV infections, in which the shedding of active
virus peaks at the initial phase of the illness and rapidly
decreases thereafter (19). Understanding those pattern
differences might be important for infection control of each
viral infection. Analyses with PCR may provide information
on virus accumulation in the specimens both of active and
inactive viruses, but that of the active virus was possible in
our study because the virus isolation was successful.

The biphasic fever itself was not rarely observed among
pediatric influenza cases. It was reported that the cases
with biphasic fever accounted for approximately 7% of all
pediatric influenza cases in Kitakyushu City in 1986, without
anti-influenza drug treatment (20). However, there was also
a report that the frequency of biphasic fever declined after
introduction of the neuraminidase inhibitor drug (21). In
any case, the possibility that the biphasic fever during the
winter season is caused by an infection with IFV is relatively
high. Therefore, it might be reasonable that physicians
tend to empirically prescribe neuraminidase inhibitor drugs
at the second peak of the biphasic fever even if the result
of the rapid IFV-antigen test is negative when influenza is
circumstantially suspected (22). Our case would call for a
caution that influenza-like cases caused by a respiratory virus
other than IFV can also cause biphasic fever.

Viral isolation or gene analysis is not always available in
many medical institutions. It would be of great importance
for clinical information on various kinds of infections
to be collected and consolidated, and easy and accurate
methodologies with reasonable costs to identify causative
agents to be developed. Fundamentally, the mechanisms
of the occurrence of biphasic fever have not been clarified
in many respiratory viral diseases including influenza, and
even its frequency among the cases has been unclear. Basic
data on the biphasic fever should be accumulated.
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