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O  6REAE 821 A CF12.7/%) Tld. PCRIGIEA > 7 VIV FIh§ 50 7 F HEOF A+ v X (OR)
(&, 1 [EHEREC 0.47(95% CI : 0.26-0.85) 2 [AIFEFE T 0.49(0.32-0.77) TH -7z (KP. 2013/14 ¥ — R ¥, JiE
Bk HRIFSE | test-negative design) o

@  emAMmE 857 N ((FH2.75%) TlE, PCR A v 7V x5 7 7 F Y EMOHFE OR 1, 1
[ 345 C 0.59(0.33-1.07) . 2 [AIHEFE T 0.50(0.31-0.81) T&H - 72 (K. &, 2014/15 ¥ — R ¥, FEGIXFIRRFSE ,
test-negative design) o

@  6mANNE 914 N ((FH295%) TlE. PCRIGMEA v 7 VT U FIZx$2 7 7 F Y EEOFE OR X, 1
A4 C 0.67(0.36-1.24) . 2 [AHEFE T 0.40(0.26-0.60) T&H - 72 (K, fE . 2015/16 ¥ — R >, FEfblnt BEAFSE
test-negative design) o

@ 6 AR 2,880 A (P 3.05%) Tid, %%ﬁ&ylﬁ% YINVEZ IR AT s F R (1 RPLE)
DFHE OR 13 0.72(0.59-0.88) Tdh - 725 FHII A v AR A % OR 13 0.60(0.46-0.78) . B Bl |25
5% OR 12 0.78(0.61-0.98) THH., Wi ﬁ%ﬁ?é%éﬁab 7= CHJIL 2015/16 ¥ — KX >, SEBIXTRRITZE

test-negative design) o

2) I B A R 2

O Tl 12,838 AOFHAETIL. 10,000 woman-months 2472 ) O ABE1E [FELEMR - wWATH ] T 1.08[ ik -
AT T 2.54, BEEE (RRwn) 1X4.30(1.96-9.41) TH 0. EIRIC L D HEATIO AR A 71X 430 5 L
L7z FRICA Y7 VI U FEORBRE A AT 2E5 T, WIRIC X 2WATHO AR A 7 Bmas & v
Z (RRwu = 6.58) & 72-72 (KPR, 2010/11 ~ 2013/14 > — A > self control methods) -

@ 1w 8,472 A TIX. A4 Y 7V Y HRBINIA T AT 7 F VMO OR 1£0.77(0.60-0.98) TH -7z (K
B, 2013/14 > — X >, HiH & cohort study) o

@ HAENE3441 ATIE A 2 7NV FBWNIRS 2 [BERO T 7 5 2 HfE ] OF% ORI, R OHAE T 0.39
(0.19-0.84) . HHEERH DT 0.47(0.17-128) THoTzo A ¥ TNV U HFABRICH LTH [BEBOT 7 F > A
D OR 1£0.27(0.06-1.24) |[ZIKTF L. HERHOFEELR L7 (K. 2013/14 > — X > Hili] & cohort
study) o

Jad 7 Mg

3) £ I VI VLS RE

(e 5 1]

O EHEEAOTE 156 A\ (25-65 %) Tld. #HERT HIMH < 1:40 &L HL : 37%. H3 : 62%. B : 14%TH 1),
I HRPEEIIEAERIC HI = 1:40 2815 L 72 CERL. fRR. 2014/15 ¥ — X >, HilA] & cohort study)

@ 2V—RAXVEBELTT 7 F yEME T EERA 141 A (25 ~667%) Tl 13— X ¥ HIZEHM% HI
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fili 1:40 LA LA7R L7213, 1:140 RiGOHEIZHRT, 23— X v HOFEHEBZOPARAZ (sP: sero-protection
proportion) 2SE 725 72 (H1 ©92% vs. 28% H3 : 94% vs. 73%+ B(ILJE) 1 45% vs. 0%, B(EZ M1 T):
53% vs. 10%) (I, fHEf. 2014/15 ~ 2015/16 ¥ — A ¥, Hil & cohort study)

@ ~EHWAELERE 109 N CFE 767, B39AN) TiE, 2 v —A VL TA v 7V Fu s 50 %
2 AR L 7238, BRIC T6 R OE 1BV TIE, ¥ — AV THF TH3 & BT 5 HI AR Sz
(F5%H1. 2012/13 ~ 2013/14 ¥ — X >, Hilf] & cohort study)

@ BERFEZ 55N GERTHIME 65.55%) Tld. 41 v 7NV 7 F 0 ORERIEITBRTFCHh -7 (B
% sPIZHI:76%. H3:76%. B:71%). MEiiE (BMI = 25.0kg/m®) TIIPifhins @B EER L&D
EE) WRIFTH ST, 65U EE#E. HbAlc B, AGE BED#H TIEIPURISE ALV EH]A % 72 72
(F&d. 2014/15 ¥ — X >, Hil & cohort study) o

® VT FHEEERE 151 ATE, A Y7V UFT 7T OREREIIRIFCH -7z (L sPIE HI -
84%. H3 :73%. BULE) : 73%. B(¥Z b1 7) 1 69%) (2015/16 > — A ¥, Hila] X cohort study) o

©®© FEEMEEREE 141N (P27 BN TE. A Y IV UyHFT T 1 REETHTIOY
7 F VRRIZOWT b EIB AR A i 72 BT R PURIS & 535 S (Bfdf% sP 1L HI : 67%. H3 : 74%. BOLE) :
81%+ B(EZ M1 T) :83%). 2 [HHEMHIZ & 5T 72 2 hufiffio LA 3REO o7z (FE. 2015/16 ¥ — X >,
A 2 A LI T Mot HEIE A 73 B L) -

@ F7u—XYEE49 N (i3 ~ 24 5%, SWEIHIFILEHEE 40 A, RIXEGEE 9 N) Tld, RTX &5
BEANOT 7 F VEFE RTX 5O 1 » ARNICERT 2 2 £ I12 X ) RTX Of8% 20 3128kl s L O
K EADPR SN DT ReEDTRE S 7z (F@E. 2014/15 & — X ¥, Hili & cohort study) -

® AbFHBEFOMSAAERE 25 NTIE. 77 F Y HEEHZO sP 1L, H1 :84%., H3:84%. B:65%Tdh 1.
B PHZE SRR (COPD) #3326 A sP(HI : 81%. H3 1 96%. B 92%) L HEM&EZRO Lo 72 (T,
2013/14 ¥ — A > Hil] & cohort study)

EEEIED

© REREE629 ATiZ. 77 F VEfE (1 RILLE) O [ A4 27V B0 123 55% 9 — P (HR) 13,
2011/12 ¥ — X ¥ :0.73(0.53-0.99) . 2012/13 ¥ — A >~ :0.40(0.22-0.71). 2013/14 ¥ — X~ : 0.74(0.52-1.07)
TH o7z (FLBE. 2011/12 ~2013/14 > — X >, 5[0 & cohort study) o

W NFE @R 2223 N) Tk 77 F VEREOFE OR 1L AR > 7 )V ] 126 LT 0.56(0.42-0.76)
Thor (Hili. 2014/15 ¥ — X >, i) X cohort study) -

@ N (AR 2278 N) Tld, U7 F U EMOFZL ORI [ARIA 7 )V 126 LT 0.67(0.45-0.99) .
[BEIA 7 )V 12k L T069(046-1.02) Tdh-o7z (Lidh. 2015/16 ¥ — R >, Hila] & cohort study)
@ EHFEREAORE 155 N (25 ~657%) Tl WATHIR RO [HREZWIGE AR A > 7 v 2] 12
% antibody efficacy (& 70% CTH V. 77 F VAT 42% EHH S (HE, EF. 2014/15 ¥ — R ¥, Hi
[a] & cohort study) o

4) HHEGFS

@ DTaP 7 7 F 8 (1) OFHEFIEICH T 5% OR 13 0.20(0.04-0.97) Td - 72 FAEMEEHITIE,
1 ~ 3 [A#EFEC 0.15(0.02-1.24) . 4 [H4FE T 0.22(0.04-1.05) TdH -7z (2009 ~ 2012 4., FEGIFHIRIFZE) o

@ DTaP 77 F y¥4E (1 ML) OFHBEFEAEIIK T 5 F% OR 1 0.06(0.007-0.46) Tdh o 72, Fid A%
BT, 1~ 3 [T 0.04(0.003-0.54) . 4 [AHEAE T 0.07(0.006-0.78) T -7z (2012 4E 4 H~ 2016 4E 11 H.
SEBIRT HRRFZE) o

@ 15 EAMETIZ, DTaP 7 7 F YO H HIEFSAE I3 A8 OR 1&. 1 ~ 2 [H1E:4# T 0.15(0.03-0.70) . 3
[T 0.13(0.03-0.55) « 4 [AHAE T 0.15(0.04-0.57) TH -7z (EH. 2012 4E, FEGIRHEAFZE) o

@ w792 ATl HIRPICEHBEEHE Y 7 F O RE R O [T 5] L& L2813 225 A (28%)
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Th o7 (REAK, 2016 F. HEWFZE) .

5 mEmEMissta MgREY 25 )

O 65l g Tld, iS5 2 3% OR I3 &£EkEW Y 7 F > 0.76(0.44-132) . 4 v 7 VT ¥ T o
F > 0.79(0.50-1.25) T o 7z Ml geEREPEM 912009 % % OR (I KERE T 7 F > 0.23(0.08-0.66) . 1 >~
TNLE T 7 F 2 065(031-1.36) &7 0, RIKE T 7 F EEOHRE OR I3AFIZIT L7z (2010 4E 10
H~ 2014 4 9 A, JEBIRERATZE) o

@ 20144E10 H. &EE T 2MM%IRE Y 7 F vl EEE b s 2 L 2215 C MRERRY 7 5
Y OFENERRET S 720, HEIERIXHRFZE % £t TH 5 (2016 4 10 H~. SEGIXFRITZE) o

@ 65wl hEEETIE, MRS T A3 —v —EE (1 H2ME) oFFizhiR (OR=0.50. 95% CI :
0.28-0.88) AVRME S 4172 (2009 4E 10 H ~ 2014 4E 9 A JEBIxHRIFZE)

@ MiRFBET7F OENEICHETLRMENLE 2 — OfE %, PCVI3 OERM LR L7223 2 /.
PPSV23 OFERIMER 7R L7253 301 9 fid o 724, AERIEEIC & o CEBEAZ RO 2o 72 L 2@ HAL S
N7ze BARIZBU DGR 2 i, W d PPSV23 OFRIMEXHET L2 RCT TH Y. ) B 1 Tl =i
RERE MR S0 L CEBER T 7 F VESIMER R L Tz,

® 70 KOFEESEE 567 NTlE, BiRERE Y 7 F ¥ 2VEMEREL S N A RTO 2013, 2014 4E 12 JBEAE
RABE - WEEREEE T HENT 7 F % 21T < (confounding by indication) . EH#EFEAL (2015 4F)
ENLBRICENETHEESINERA Y IV VT 7 F U BREDMIEREY 7 F v #2240
healthy vaccinee bias 2VRIE S 7z (LB, 2013 ~ 2015 4F, FEWTHFSE)

® 707~ 84 DIEEE R E 546 N Tl MiRERH Y 7 F > O @ MEAR L IR, B EAENICH 5 (2016
i 126%) 0 B O AIZHEV confounding by indication X healthy vaccinee bias DR IZZE L L T % 1 REE
AR SNz (db#EE. 2014 ~ 2016 4. BEWITRSE) o

@ 70 %~ 84 WOIELEME 546 N Tld. 2 SEMOBIFHAIC B B THIZ 21 A ABE - AFTEIZ 18 A
ThY) ., MEIKEY 77 EMO [FEC - ABE - AP (ST 23 %% — P (HR) 13 0.70(0.21-2.31) T
Ho7- (deigiE. 2014 ~ 2016 4, Al & cohort study)

® HRERE632 ATIE., MiREKE Y 7 7 Y HEMOFREHR (X, 2P H 2120 LT 0.32(0.23-0.44) TH - 72 (fL
PE. 2012 45 4 A~ 2014 4- 4 . W[ X cohort study) o

6) BT 7 F MR A

O FLYE EMEEE 190 A, 5 bRESWIHYE 7 N) Tid., REZWEEET & 7 AV ZAF BRI T S
Oy ANVAT 7 F Y OFEFEIL 72.8% LTSz (EE. 2012/13 ¥ — X ¥, case population study)

@ FLEE 89 ATIE, MEZBWHHO A VAFBEICHT 20574 VAT 7 F DO OR I3,
hospital-control & @ 8T 0.12(0.02-0.91) . test-negative control & D ILELT 0.13(0.02-1.10) TH V) . ArIFITHL 4
88%. 87% LfEEt S N7z (EHE. 2014 ¥ — X ¥, JEFIRIRITZE) -

® LA 1,067 ATid. BEBEHET & v 4V ABBRICHT 208 A VAT 2 F 2 OFE OR 1% 0.19
(0.14-027) TH . ARIFEIX81% (73-86%) LRt/ (EHE. R, 2015 ¥ — X ¥, GEFIR RIS,
test-negative design) o

@ FLYWE 1412 ATIE, REZEEEET S 7 AV AFBRICHT AT 8 A VAT 7 F 2 O OR I1Z 0.20
(0.14-0.28) TH . ARIFEIL80% (72-86%) LifErt Sz (FHE. fRE. 2014 ~ 2015 & — X >, eGSR
TF%E | test-negative design) o

® REFHEMEFEMZEE S (US-ACIP) 252009 FIZFIAT L7208 7 A VAT 7 F 12OV TOE [Prevention
of Rotavirus Gastroenteritis Among Infants and Children: Recommendation of the Advisory Committee on Immunization
Practice (ACIP): MMWR 2009; 58: RR-2] #&IFRL 72

©®© HEEOAFIFRET 7TV (R4 L5 Y) % 2 BEAEL72@RERA 20 A (P 3725%) Tid, 3 | HEME
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& LTl EHKI O HAVRIX® # 8 L 7236 CTH . &0 iuREtE e 20 . EELREICIEEZED o7z O
U, B X cohort study) o

@ EEOABFERT 7 F v (A L7 Y) % 2 R L7 RERAN 12 A CF33.75%) Tl 2 [0 HEA
MH3ELDESEELCH, 3MBEHEEICL ) 2FPURREEE 2 1) . BEELEIFSIERO 2o 72 (BE,
HilA] & cohort study) o

Htr2~67 BIR45 ATk, TSN T B 2O BRIF T 7 F > (E—=2o7 Y ~ATHNy 2 Z1) &,
WTNOMAEDEIIBNT D 3 FEMEEZICIEETONFREITURRGE 2 E15 L. EELREIUCIIERO 2 h >
7= (&l 2015 ~ 2016 4. BEAEALILEGER) -

@ 2011 IR L7 [R) A7 7 F » OFIEIZE T 2 02 E R R RIE 153 ATl Bzt Gt
4 FERETR) OPURRAEES (NAM= 1:8) 1X100%I12E L Tz Z0H 3 EROPUAER 2 BT 5 &
PURRA S AL, ABE (SOPV — DTaP-sIPV — DTaP-sIPV — DTaP-sIPV) C Wild £ Type 1 12xf L TR (14EF% :
86%. 24ET% 1 83%. 3 4% 1 71%). B#E (sOPV — wIPV = wIPV — wIPV) T Sabin #k Type I 1ZxF L T
T (Q4ER 1 97%) %Rz MOFE, MORIZOWTIZ 100% % HEFF L TWize ETidd 505, %3
ERTH#L V% TE B4 U2 &, TAENZ BT BEAEN ) A7 2 KL TW A REM D 5 (18
], 2013 ~ 2018 4, Hilf X cohort study)

KET 7 F v ORBEMBEACI Y, NRIBOT 7 F I 81%I1E L, FFITEKERITIZB WV TK
EEEROBLE RO T720 77 F VB CIRIAREORELE o7 (FIL, 2012 ~ 2014 4, FERER) -
@ HENEME 33 N CEY36.1 % 517 A) 12BWC DTaP-sIPV 7 7 F VO GEEME 2 T Lz & 25,
AR OPUAEAE A IER )+ (Type T I, 1) :88%. 100%. 76%. 1 H™ (T PT. i FHA) : 61%.
76% Y77 VT 197%. BB 1 94% TH V) . BRI IIHAGE 97% & B &, #T 100 % OHUE A EIE
R L7z (F#F. 2014 ~ 2015 4F, Hillfi & cohort study)

7) B RIR SR

D EEE AT AR RIRE T 7 F U BB RICOWTE AR R I 27728 2 A, BT [55%%)
H(657% T0%~ 757% » - - ) T ZEATZ ) J MK L D & [65 %~ 80 I —FE CTHI 17729 ] & %\ X [65
ML RIS TR AT % 9 ] MO 25, BRAMPIENL Z LAVRE S N7z,

@ wEE IS HMRIRE T 7 T OB ARG T, [BATPPSV23 A M7 72— LIl
72 TPPSV23 - PCVI3 #INT[FEHEFEA b7 72— @ 1QALY #5721 OSBRI 379 THTH Y. %
WEAEBI O R T 2 F > & LT PCVI3 OEAIIE AN RICENR TV D Z L HAVRIB S N7z,

@ EEEI T BEIREE T 7 F RO BRI T 1QALY #5dH 72 ) OB E I 280 T (65
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8) MM - WIHEZW RS (RS E B
FEART-)
A VTN 7T OPUREERIZ. T2 T

YHRICK L CRERE SN A PURMEZ e L, FHii S
TWhe LPLEDRST 7 F v ORRME = BaT$
B8, WATIR R IRATI Bk (DUT @ ¥ AERR)
W2 A PR ERE * A THRENT A LENDH 5,
o T WATRILOICIR, FEMROBT AT & &
bz, BERBENRIIT 7 F U8k BAKE W
RIEINE & L L 72,

2013/14 ¥ — X, 2014/15 ¥ — X ICHEEiMEA
YINL T 7T OFRE R 2T 7 R R
DAFTBEERRE Lice U7 F VML —
ZVHETO 10 A K, BRI F 72 3B (D).
AR 1 2 A (D) 1247- 720 ML, EEIChE
WALELTR . MY — A DT 7 F U kB X OB AR
HVHIMZRIE L7z $720 2014/15 > — X >,
2015/16 ¥ — A Y OHATIRM EZ LR T 5 & & b2,
B AR OPUGEENT. HA BT O RGBT, 1 >~
TIWVI T AV A LSO ZE T A )V A DR %
o7,

2013/14 ¥ — X ¥ O EHATHRIE AHIpdm09 Hi %
TdH 0. 2009 &£ DOWHAT PR EAK & <21
LTwhwid, 97 FMOA B 7+ IV =
T /7/2009 B L O, B AERR A/ KB /52/2014 12K
3% GMT. sR. MFR, sP lE[[{%THh - 720 —H.
2014/15 ¥ — X O EGATHIZ AH3 BRI TH 1 |
ToF UMD A =2 — 3T — 7 /39/2015 &, B4
A/ KR /16/2015(% 77 L — K 3C2a) B L OH
ARk A/ KB /18/2015(3F 727 L — K 3C3a) 12xf9
% GMT. sR. MFR, sP &, 727 F k& BalkL
TRETRHET HHER L o720 2014/15 ¥ — A~
O AH3 R ARRIE, 727 F VR THAH A/ =2 —
3 — 7 /39/2015 L 3PuEMED R ). HA BT
DORFBHRN L CH R L3727 L — FIZB L7,

PA AW EIIE L L CTHW KA 2 5.
2013/14 ¥ — AU Tl N7 3 v 7B X 0 PUE M
HZEE L TR\ AHlpdm09 HiF |2 D w Tl P4
BRIZXE$ 2 IR A C b BB 2 5l A HETH 5
EMA FH#EZmz SR FE L 22 LRSIz,
2014/15 ¥ — A Cld, 2ORL %727 L —F
BT 2B AKROWTILCH L TH EMA F#|25E
LCWiadoZz5, sP OFFEL HIffi= 1:20 &
He, TNETILA/KI/18/2015 12 L 85% A/
KBR /16/2015 12xF L 96% TH o720 T 7 F U fk L
BPAERRICOT T B RIS A TREEE B 5 A5, BPAERRIC
X L TR L 215 T & 2 WIRDL T ToiE



i & B OESE, W7 7 F BB ICHRT 5
I 2 FET S 2 L EDH D EEZ HNTz,

9) IRHEFE GRS (GRHEE  /MESRKAR)

KAENCBIT DA 7NV FOTFF &5t iEps,
G 2 BT TRAEER L E 2 5N D RIS L o TYT
bNB LI D I EIZEGT A,

fEAE 8 H B RERRE L » 4 — (CDC) 25
195 MMWR O3t £ 7213505 & L Cigisn 5,
KEOFEMEFEMZE S (ACIP) B2 #IFRL <.
HANREERS LD L7,

KEHETIZ 201045 K ), Alive » AU Eo§x
TONANIHRT 5 EBAJHEFE  (universal vaccination)
TEIEEL TV 5, BSOS o aR. 4%y —X
YO F UHEEROEZ N A TV I
LAERPESE A VT IVI T 7T DR -
BRIV - Ve, EBREA © 7V FEE A BEHED
) A7 Dd b NENOEAERE. 77 F v OFES
FRZIICHET 25 EET AN I7 LIV F—
rED) ~NOFEFER, KETRRBIN TV FHE
RFIE ZOMH EORBERESTRBE SN TS,
EHiEAY MMWR N OFEHEOEAICIE, Eito) bE
TREPHIH SN TV D, ERENE . ARFZE
BfEE: (H26) WHICIZA Y 7 VIV HF T2 F 0 OF
MM DR FEAE AT ITITFEE ST w2720,
AWFZEIIE (H26-28) 2B W Tk, K& 22X
AN Tz 72721, 2009 4RI L 7250 Al
A YT IWVL YR ZEDOBRIITFHINEA 7 VL UL
LCEELIZZEIZE), U7 F VEEEICED N
7o NEANOBEREIRET OB D 572 2 L Fea bk
T T ORMEOFHESEF L2 L. BT LIV
F—DONIHET 2R EIEH SN L% &
FLIR BN T DAL B STz,

B (BIERE) (THARSRE RS LD HRS
Ny A2 7NVI YT 7 F IR 5 E bk
B IR B BRI 2 E L 56 2 L2 XD, Al
ROLERBH SN S,

D. MRFEREEE

JE5 A & 2 e

1) ERE=ZY ¥ 75H%

O e, sk, f1 7 VT T O
HRMEEZREICE=5 ) Y 7T 5720, Zhiik
FLEE G FEIFZE  (test-negative design) % FEHE L 72

(2013/14 ¥ — X >, JEBIRRRRIZE) . KBUF T D7)
ERFSHRIT 4 fisk I BT, AT T (Ead7z
DEEHKS AU Lo & E% 201441 H20H
~3H30H) 124 v 7V o ¥FRES (L) T
ZL7z6mARMmO/NE 21 N (275, B 458
N) BB E Lize S35 Kk % Vs T real-time
RT-PCR {12 X BHHEZ M 21TV A 7V 4
TANAGHEOE X IER, 4 Y TNV A VA
Bt & % xF B (test-negative control) & L 72o #l
HY— A DA Y TINVI T o F U HEREIZET S
THRIE BHRGED D ISR FREETFIR, SRR L 72,
FEGI L DT 7 F R A L, £EO DA
T4 v ZEIFETIVICEY PCR A 7 v
YT 277 F 0 AHHE (VE) % (1 — OR) X
100% 12 X D& L7z, PCRFGMEA ¥ 7 vz i
386 ATH V. PCRIGHEA 7V HFIZHT 5
77 F O OR X, 1 AT 0.47(95%
CI : 0.26-0.85). 2 [ T 0.49(0.32-0.77) TH >
7o AEMRBERRNIC A D &, FHAERB THE 2 OR KT
7 QEEMED ORIE, 1 ~ 2% T 045, 3
~ 5% T0.87),

F 72, 2014/15 ¥ — A 2 id, KB & fRRE D 2
Wi T, MANEORELFEHL 72 (2014/15 ¥ — R
v FEBIRERREZE) o KB - 1@ i IR oo /N B RS
BT 9 sk 2 B\ AT IS ILI TR L7z 6
A O/NE 857 N (P 2.7 7%, 5459 N) %@
Mrxtg & L7zo PCRGMEA ~ 7 )b X302 A
THO., PCRHEMEA TV FITHT 5T 7 F
YEAEOFEE OR &, 1 [H¥:fE T 0.59(0.33-1.07), 2
[0 27 T 0.50(0.31-0.81) T o 720 kAR
Ab &, HEEBTHEER ORKT 2RO/ (2
FED ORIE. 1 ~2/T041, 3~5/T0.62),

512, 2015/16 ¥ — X > b KB & fERE O
2 Ml ©. MNEOFAE L FEHL 72 (2015/16 ¥ —
Ay FEGIRIEZE) o KEUFN & 5\ 134 ] B A
DO/NBENSHERAT 9 fifk I BT wATEIR IS 1L
T L7z 6Aimn/NE 914 N (P 295%. B
487 N\) ZIENiATG & L7zo PCRIGMEA > 7V T
YL 424 NTHY, PCRIGEA 7 v 2
X BT 7T EEOFEE OR (X, 1 [HFEE T 0.67
(0.36-1.24) . 2 [A4FE T 0.40(0.26-0.60) Td - 725
EHRE RN A B & AAFEIE TR 22 OR KT % 72
W7z QEHEMEDOORIZ, 1 ~2mT033, 3~5
% T 0.46) o



Blag. B, mEE. ANTENO 13 EEEE O
INEBRIZBWT, A YTV VT2 F D
BRI MRS 2 720, % ik 3t [ E B B 78
(test-negative design) * FEfiti L 7= (2015/16 ¥ — A >,
SEBIRTERANSE) o TATIIMI R (B2 ) BEHS
ANV EOMIE & EF) ICILI T2 L% I A
M5 6 A O/NE 2,880 N (F 3.0 %) % T
R E L7z SRV E 721 i%%ﬁﬁ{i%ﬁéﬁlb
A V7 IVI HEMEHZ R v M X B
T, RS ZIER, BEYEE 2 R (test-negatlve
control) & L7720 #AEY — R DA V7 VT
7 F ERICET A, BEERD S VIR
HEFIRA SHRRE L7zo ER & XD T 7 F o FfdsR
B L, ZEOUVAT 4 v Z7AIRET VL )R
EZW Y NG v IV It 597 F
E#FE (VE) % (1 — OR) X 100% 12 & ) &L
720 ETIVICIE. . BB O . H%@ﬁﬁ\
MEY — A DA v IV FRERE, 57 —XA00
4/7w1/%@%ﬁ\”£ﬂﬁ\‘f#%$%i
TOHHK. 2T TCoRESKR. IEX—X 07
7 F VR, 53— XD 7T BRI R S
BDize MBEBWF v MEA 7V AT 1,444
AT, 9B ARINS51 ANTH o720 BFZHIF v
NEMEA TN IR 2T 2 F o (1
PLE) ®VEIZ28% (12-41%). A T2k § % VE
1240% (22-54%) . BEUZxF$ % VE 1£22% (2-39%)
THh. wfﬂ%ﬁgavﬁ%yﬁ@ﬁ%ﬁbto
ERHITIE. 0~ 1KIEICBITD VEIZ-7T%TH
DEMMEEED LD o 2h, 2~ 3 IBTIE38%.
4~S5SERTIZAW%EEELRT 7T Y EMMEERL
72 720 2~ 5RIB T SFOLERE L 2 FEli
BHOVEZIK LA, 5F0OAKERD VE
(2 27%. 2 ZFHEBEEO VE X 40%TH Y., 2 5k
FEEME D VE IIB B A Z RO 72,

2) IR B A R 2
O WO, . K S 1, 2012 4E 11 A 12 WHO
757 L 72 positioning paper| #:47 & ZFHiMEA > 7 VT
YWY F v OB SAALER T 2 KO ¥
¥ o . KRPOERm AFHES & 36 F T, i
W2BITSE [FEMEA v 7V PO | » 3
AL 72 (2010/11 ~ 2013/14 & — X~ self-control
mmmmomnﬂ4v—fy%%%(mnﬁnoﬁ
~ 12 H) 2. RBUFT OERE BB E@RE L <

V72l 12,838 A& FIAT SR & L7z, BEkEE (2013
F10H~12 0) 12, [#FE3FEM ] o ABRREIZHE
THIEREINE L, 2013/14 ¥ — X ¥ ORATIH
B L722014 45 B2, 2013/14 ¥ — X v D ABEIC
B3 2 a L L7z, T Tt iz [
HEREE s D E oM | #RIEEE [T o
Wegsde L L BE 9 5 ARk LEFK L. 2010/11 ~
2013/14 ¥ — X V2B 5 [HERFE () A 27 #1H) |
DABEREDS, [IEER (2> o= i) ] oA
BEEIZ Ty 5 2 52 (RRwn, FHEEHAXT
fahi) ZEM L 720 2010/11 ~2013/14 D 4 ¥ — R
N [TATIA O e i & B % ABE] A3 -
72DIEEFE 25 AT, 5%9Aiﬂﬁ¢@kﬁf%o
720 WEIRH O M F # X 2.54 per 10,000 woman-
mmmfﬁb\#ﬁﬁﬁwkh+<mmmumm
woman-months) 'Hﬁ’\VC RRmu T 4.30 f5, E02o
72 (95% CI: 1.96-9.41) $E12A4 > 7 )b AR
@%@%ﬁ%ﬁ#é%fu\ﬂ%$grﬁﬁ%®ﬁ
Wepspe B L B 2 ABE] OV A7 BAs, L0
Zr o7 (RRmn=6.58, 95% CI : 1.58-27.4)
T/, HfEOT— 5 2T, Ty 54
YINIUHFT T T OERERBET L7 (2013/14
v — X ¥, Wil & cohort study) . 2013 4£ 9 H ~
2014 4E 1 B2, KBRAF T o R R AR EE 2l e L
TWHERD 9 B, 2013/14 ¥ — X ¥ BIIGIE 2T
IR T2 8472 N& TR & L7z, 2013/14
V=AU, A VTNV OB E ST E X
3wk(ww‘4/7w1/&%@fX&Lt%
17 N (02%) Tdolze T2 F D OR(95%
CD . A ¥ 7V HFBWITH L T 0.77(0.60-
0.98). A ¥ 7V »HFREABEIZR LT 0.76(0.26-
221) THolzo —H. mmm4/ R v BRERETC
A L7 3,441 NIz, MERO A 7Ty
W-Aﬁtﬂ#éﬁﬁ@ﬁﬁ%yﬁﬁwﬁ%%@
SFLizezahs, [HWAERDA Y7V o] 1204
5 [T 7 F 8] ©OROO5% CD) &, #:
IR OB T 0.39(0.19-0.84) . HIFEROFEFET 0.47
(0.17-128) TH Y, HIRF OEEIZ L % OR KT
IR FICEE Th o7z [HAERDS 71T
YHABEL WCHLTY [T 757 v EE] o
OR(95% CI) 1 0.27(0.06-1.24) 12T L. BEHIE
DEBEXEERLIZ. RIS T 54 Y 7NV Y
7F . BYOA Y INVZ U FETFHORE S
T HMERDOAL V7V U - ABRDO TR SRR



WTh b, imid, HAERDA > 7V 2T
TH20ICh, AV TINI YT 7 F U TR
ETHoHL, HIRPICT 7 F LY 2T LS
LG AT HEROBEE LR TH L 2 LA
TR S 72,

Jad .y MR

3) 4 VI NI UHFHREA

O HHE, LR OREEREEZSKIZ, £ 07
VI HT T OEREEZE L (2011/12
~2013/14 ¥ — X ¥, 1 5[0 & cohort study) o
2011/12 ¥ — A ¥ OFATIE, 2012 4£ 5 A IZALIE
TN 10 REFTZHE-> TW2REE 629 A& x4 &
L. 2011/12 =R DA Y TNV HT 7 F 8
fE (FFTFIRL VEzet) BLOA v 7 Vv 5k
DIEREIE L 720 2012/13 ¥ — X ¥ OFA T,
2011/12 ¥ — X FE I 0545 5 472 629 NIt
L. 2013 4 5 FIZFAE 2 %4 L, 2012/13 & —
Xy D7 7 F YEBIRN, BLXOA v 7V o
ZWOHREINE L7z (RZ#H 588 N). 2013/14
V=AU ORETIE, 2014 4E 5 HISHRAEZE % 240
L. 2013/14 ¥ — X OfFHR &7 (HEH 572 N)o
KA D100 1 HEBIERBHE L, 17
VI UHRERDAHWIE4H30 HFCHEILYM
ElL7ze D FUEME QEMDE) Oy TV
FEHWHT LN — NI (HR) (&, 2011/12
¥ =X 0.73(95% CI, 0.53-0.99), 2012/13 ¥ — X
> 10.40(0.22-0.71), 2013/14 ¥ — X > 1 0.74(0.52-
1.07) ThHolzo FlHICRL &L 1~ 3HETD
ARl CIEARZEZ R L7225, 4 PIETIEw
ThOY =XV HHERHR DT ZBD %D o 72,
KIFZETIET 7 F o HRIZBE 5158 % BT
SESFL L C\WA 72, U7 F RIS 2 EHRO
FEENE V. LAl A Y7V BB LT
. BFEEREANOZZITENCEE L T TS HE
PEEBETE R\,

®@ AL, #MES I, BFEEN G- RO 3 i
%) OWMBEWNRIC, A YT NVT YT 7T Ui
IR DR INEN DB 2 MG L7z (2014/15 ~
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WG Ve T2 F MR, BEAEE. KRR o
BTRHNTOBEHREZNE L 720 T2, FREA V7
VI UHT 7 F v R L, B, B4 8%,
TATH O HIAM % J5E L 720 M6 1% 48 BE o K

IoWnTiE, HRtNEME THRINE LT 72,

2. WATHIRI R O A4 ¥ 7 VI U WHEIR, R
T Dl ABeh EORIFRE RV, BRE
BPEIZ OV T MG 21T 5 72

2014/15 ¥ — Xy OFETIX, 156 A (F 56 A,
100 N) & &§k L 7. FAEHTO HI A5 1:40 &
WOFIE, HIL 2 37%. H3:62%. B:14%TH D .
I BRI AR HIA 1:40 DL B2 2815 L 72 (HI :
53%. H3 :61%. B:50%). FFICAERDEVE R
B AT HI ARV Tld, BRI HIf= 1:40
PR LI WEHRIZH o 720 HRITEIZE L T,
antibody efficacy DF-i, T=bb T 7 F v %
|2 HIfli= 1:40 OF OFEHHEZ HIAf <1:40 DF &
L OR Z & L 72 (antibody efficacy [ %] =(1
—OR) X 100), F72. T2 F U H¥FE (VE) %
[antibody efficacy X 3% i3 (F2HH {1 HI fifi 25 <1:40
ThHho72BD) LEMBZIZ 140 L2 EHR L 72H
DEE)] WX VHEWR L, BB, BF—A 0D
FWMATHRIZH3I TH D GHERD 92% % (5 T
7oo H3 0P L CHEFERR HIMI= 1:40 2 15 L /2%
T, [ATHI O BT ZREE ] R [HEESE
btk ABIA > 7 )V ] 347 < Fi# OR(95%
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H3 IZX§ B ERRIZ 61 % TH o272, T 7 F v
BRI TRATIIOR BAEMPREREE ] 12 LT
25%. [HHEEZWBE AR A > 7V o] 123 L
TR EEHI N,

F 72, 2014/15 ~2015/16 ¥ — A2 D2 ¥ — A~
Wie LT 7 T YA 2T 72 25 ~ 66 ik DR
AN141 A (B59 A, 82 N) #RRIZ, £ 70
I YT 7 F VAR O GRS G D R A M
L7 (2014/15 ~ 2015/16 ¥ — X >, HilAl & cohort
study) o FTREFIZA 7N ITUHFT 7 F 0% 1 A
fEL (2014/15 ¥ — X & 34, 2015/16 ¥ — A >~
k4 fl) . BEAERT. M4 B, WATHRO HIMZ
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R L72%FE, HI:82%., H3:77%. B(ILIJE) :
93%. 2 ¥ — A HIZHAE % HI fifiA% 1:40 DL F %R
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B(EZ NUT): 50%Thotze | ¥ — A HIZH
T2 HUAM 1:40 DL 2R L7281, 1:40 R D&
AT, 29— X v HOEMZIZ D HIAf 1:40 L
FEETLZEHEPEREICE (HL D 92% vs. 28%.



H3 1 94% vs. 73%)  ZZ & EHTI2 X 2 7% OR(95%
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720 BEUZX L CORBOMEMAHY ., 12— A~
HIZBOULWIE) (2K 3 2 #ME% HIAfi 1:40 DL %R
L72#Tld, 1140 Ko FICHRT, 2 vy — XV H
OFAELHIM 1:40 D L2 T 2 EE0GEICHE -
72 (BOILIE) 1 45% vs. 0%, B(EZ ~1) 7)1 53%
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@ #HEHIx, ERIEO 1 ERRER I E @b O
) FHEEEBEEE 151 AxdtRIZ, £ 7 vy
YT 7 T ORERMEEME L7 (2015/16 ¥ — R
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BEBEIZS6 NThH D, WWREIZA TNV
T F % L A L, AR (S0). HEAE 4 R
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TNIZ T 7T OREREIIRIFChH 72, B
i, NI L 2 RIEREICOWTH . BET T
HTW5D,

@ HFoE. WREO 1 AR b
DOFERIEEE 55 N (CGElE P ULE 65.5 & 55 25 A
I RVBESRYG 10 N) 2 RIS, 4 ¥ 7 VL ¥
7 F v ORIERMEERE L7z (2014/15 2 = X >,
HilA] & cohort study) o X RHEDEHET (BERIFO
AL, ABHE. WEERIZ &) 120w, Bk
POHEREMTZ. REFICA IV T 7 F
vao| EEAE L. BefEnT. BEE 4 ER. WmATRO
HI il % %2 L 72, %O sPIEHI S 76%. H3 :
76 %. B 171 %. sR X HIl:65%. H3:73%. B:
N%THY ., BERFEEIZBTLA VI VT yHY
7 F v ORIERENEIIBIFCH o7z, LA L, BRI
T EEZEL-SLEEMIT O, Eiig (BMI =
25.0kg/m’>) TIL SR PEIHFTH 5 —F T, 65ik%L
L Eks#E . HbAle BifHi. AGE SHOE TIIAET
X7V h DD sR PRNEH) & FED 72,

® FEoix, EEEO 1 EEEE T, HEERRE
BEIMN (P27, H80 A, 7u—iF47
Ay EBEHERES 94 N) B X ORI 29 A% xf
R, AV TIVI T I F U ORIEEMEEBE L
7= (2015/16 ¥ — X > HEAEAILIEE Moot BE 4T HE

BIEGAER) . MREDEFEAHICEY, 77 F >
1 [ RE, 2 MR I IR A B 21TV (%
HAEF L 2 ), Befinr, Bk, miTio
HI fili & 152 U720 1 [BIEAERE & 2 [IEAREEC. MHH.
Fl. FREODMICHEBETROT . EIEAET
EHEIECHo72 e EZ BN D, IBD BE & EE A
ORIEFR RO Z R L, 1 EE W
DT 7 F URRIZONT b FE BRI A 7 BAFAR T
HICEDPE S NIz IBD BEICBIT 57 7 F il
B sP X, HINLIZA L T67% (1 MEEMER) &
63% (2 MEFERE) . H3N2 |2AF LT 74% (1 [AlBEfE
) L 80% (2 MMM, B(7—7 v M) 1ZxfL
T 81% (1 [AIFEFERE) & 86% (2 [MIFEFERE). B(F
FHA) AL T83% (1 MHEFER) & 82% (2
PEERE) TH Y. 2 RIS X A HE % APk -
HIEFBD o7,

® M HIE, MmO 1 ERERE 2 = Hmbeth o
A7 —EHRE 49 N (3 ~ 24 5%, SR EIHIH]
EHEE 40 A RTXFZGEH 9 N) B X OEFK
ANTLANZRRIZ, 4 Y TIVIUHFT 7 F 2 DORE
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@ HELIF, TEROERKE T, IFlaEEaE
SN P 694i%. F a1t N) ZxfRIz, A~
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(0.43-22.1). H3 :0.31(0.02-4.12). B : 0.19(0.02-
1.67) THh V. bt Ofitins A BE O RIEH
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HY2N) 2RI, 2V-AVERLTA T
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720 HLIZRFS 2 HIMHIZ 2 ¥ — XAV CTRIETH -
7275, H3 29 5 HUMIE 2 ¥ — XY HO R E -
770 BIZOWTIE, 2 ¥ — X > H OFFEHT HI A% 1
P=AXVH I bEEEAR LS, B4 8%, 22
B OPURISE D > 720 FEH (76 %A, 76
wll k) TRl Ah. 1 V=X HEMRO
H1\Zx9 % HI A& 2 B TEZ RO L h o 7255
P 4 B B DO HUGIX, 76 A OE XD 76
WU EDEDH DA > 720 HI IR L TIX, W —
A e b 2 WM THIMICEE RO Lo 720 #
T 4 %7 & FEAE 22 BRI TO HIBO A E
KTIX 76 UL EOFETOARBIZE S, 76 KA D
HTIEREDO L » o720 BT 1 ¥ — X HO HIf
2 B CEE RO R Do 72A5, 22 B O HI
I MHE L H 12 4 BERPSHEFRF STV,

@ HS . KRBT O/NFE (442 02,223
N) 2RI, AV ITINVI T 2 F O
MET L7z (2014/15 & — X >, Hillil & cohort study)

2015 4F 1 H BRI EBER A 2 47, . PRSI
WEs kg, R EOERE, 17V VY
7 F MR, REE., FOBHmENEL, £
720 20154 1 HA 6 3 HoBEE Py, 1> 71
I UICRE L 25A1E. SRICIET 2 REE S
L2, RIFEHOT > — b (GEEWE, 1
YIIWVIHOR, P AV AL R
DY L 720 FENTCIX. T2 F BRI 1
B OARDWREILT 7 F BRERIC AN THRES L 720
VEPLET 7 F v i L7z L % L7213 1,198
N (FEHEFR55%) THholzo 4 BEERDARIA
TV FORIFRIZ 2% THY, T7F VHR
F(95% CI) 1344% (24-58%) Td o 720 F4E
(FFfh) 25 14F (%) LAT2WICARFEEDY X
713090 IR T L7225 WESEEDAL v 7 )V o
FERBIZARIZBIEDY) X7 % 2.04 12 LH STz,
BAENZEL TiE. BHEVD %< (15 AL 0.7%).
7 F CAREB L OEROBER T MG T 5 2
EHRWEETH 720 ARIA 7 VT U REIRICIR
SELTT 7 F AR & A B & ORSE 2 T L
72eTAh, T F UEEE TS L RTH
HIAR DSFNMEMNZ D > 72 (55.4 FERH] vs. 62.3 EEH,
P=0.003)

2015/16 ¥ — A V12 b KR AGH T O/ A (4
2,278 N) wRHIZ. RINEORZE % I L 72
(2015/16 & — X >, Hili] & cohort study) o 1 [FILL I~
Do FrEREMELZEREL0E 1,135 N (%
T2 53%) Th o720 4REEKDARA 7 VT
YHFDOFIFHIL14%, BEIA VT )V VORI
KIZ1BBTHY, T7FVHHE (95%CI) 1L A
BlA 7NV VIR LT33% (1-55%). B LA
YIIWVI I LT31% (—2-54%) THo 7z
FAE (AR 2814 (%) bBAT 2112 A BIFSE
D) AZ1E0.90 f5. BEIFEIED ) A 7 1% 0.81 f512
KT L. MEFENICEREES R Lz, AWML,
AR BEIE Q2T 7 F MR L IR O/ T
HEELZBOLRDPo T2,

4) G H¥SFS

O MHS & 20 EMOH HEEZ T ER & L,
- AFlAE—O [ 6 Nl B XU ket
Hs N Zxtl L L 72 sk L RE GRS BT ZE 12 B
WT, BHATO DTaP 7 27 F > OFMEB L OVEH HIX
FEAE B A T 2 #ET L 72 (2009 ~ 2012 4E. JEBIR:



MRWEE) o FERTRS Si%. JEB] 55 AL xR oo A (K
AXFER 69 A JRBERER 21 N)o B HEESSEIIRT$
% DTaP 7 7 F ¥ (1HPLE) OFE OR(95% CI)
(X, 0.2000.04-0.97) T. MatFMWICHEEZ LD
Too BEAEIIELGN T, 1~ 3 [\IFEAE T 0.15(0.02-
1.24) ., 4 [#FEC 0.22(0.04-1.05) Z7/R L7z ¥ v F
F7 100 A GERFI 33 AL 3l 68 N) ICHRE L 72
conditional model |2 & % AT I B VT H, OR (F1Z
EAEEDL o Tz, AT L 4 NS % %
Mxt5 & LT, DTaP 7 7 F ¥ icf& 4 fi A & O %8
R BB LB Lz 2 A, IR L ik

L7277 F >~ 4 REMEH O OR 1, Mk 58 £k
W DHE T 024, 5.8 ~ 9.1 FFfkal L 729 T 0.14, 9.2
EPERELZETOIIETLTBY., [T F
RGOSR WIZE, 77 F O BEED
v 2w ) BEIZRED o 72,

2014 AFRE DRI, Hodst (7 BRIEAREE) 2B L.
] N 25 DA (55 IR F 72 % 20 L 720 2012 4 4 A ~
2016 4 11 H £ TIZESH S NRER] 38 A AFHE 135
N (KAFFIE 37 AL JiBER IR 98 N) DfEMT i,
A HEFIEICHT 5 DTaP 7 7 F >~ (1 \LLE) @
4 OR(95% CI) 13 0.06(0.007-0.46) TH .,
FEELHIC A & 1~ 3 [A3EFE T 0.04(0.003-0.54) |
4 [I3EHE T 0.07(0.006-0.78) &\ MR, €
OMOBERE T & LT, mEdHD (OR=3.84). FF
BOMIR R OBEE (OR=3.98). FH O EH
(OR=3.27) DT b N7ze KARIIZILIE O T
HHREETH D Z LBV, HHEANDBEEHKS
EOBERHEFIEG L FETH D720, 77T~
BRMEEZBE LTV, —7, e RIZERED
BHARETH L L. BLOTRRTIER & £
7 12 DIMIR T ORENKEL T 7 F v EEE
B LIZ W2 EDEZ BN LAl mEHIC
SRR ESERI TR A2 T Y F U ERED B
WAT LM T 2 2 EAMREE oo Tze T72. 4EHG
v v SEIEGIREIIZE T, 7T BB
FBERIZ L 27 7 F Y EREOREFO I FEMEIZ D
WTHRENT 2 2 L IEWREECTH 0 . o i TORES
PEELEEZ bz,

@ WIS, B 3 EREBEE T, 15 A
W& KSIZ, DTaP 7 7 F > O E HEF L 72
(2012 45, JEBIRSIRITZE) o JEIK2> 5 B HE gD,
LAMP {E12 L AW & 21772 318 Ax/tf & L.
P& 102 A& iEF. BEMEE 216 A% kR (test-

negative control) & L 72o DTaP 7 7 F ¥ E O Al
OR(95% CI) &, 1 ~ 2 [Al#HE T 0.15(0.03-0.70)
3 [ol $ZFE T 0.13(0.03-0.55) . 4 [A] 3 F# T 0.15(0.04-
0.57) Th o720 4 BEFEM ORI & 0 BE % iR
FFL72E T A R CHEE% O OR(95% CI) 11,
BefEth 12 ~ 23 % HT0.05(0.01-0.26) . 24 ~ 35 #
H T 0.06(0.01-0.40). 36 ~ 47 #» H T 0.15(0.03-
0.83). 48 ~ 59 » H0.22(0.04-1.23). 60 » HLL k.
T 0.2000.05-0.82) &7 o 7z. 4HEREOT 7 F
YEMEE. RAIKTT A0 008HE% 47
F TS DOAERMEE IR L7z 7272 L AWFZEIZIE,
70 F I 2 BB LN T AL BREREL
R B 2 15 R . SSRRF O E. BHEY
7 F v OFMENZE L LT test-negative design % 1
B3 22 &D#ELM7% &0 Limitation 3% 5 o
. 2016 £ 9 205 12 HOMMIZRERIE D |
RFHREE % s2ip L 720l 987 N & RS2, HHEE
BT F M A EMRH AT FER L 72 (2016
4, MEWTREZE) . HECXEMZEICL ), BHEEA
T F VERROEN, 77 F BB S Ak
REFFICRE 215 E 15720 ARIEE 792 AD ) B,
HRTICEBSEE T 7 F > DR aE 7 & [
T5] LRELEEIX25 N (28%) Tholz, %
HOBEMIZHEET 2, ER~OFHKY 7 F
YHTLEERS LT ], [R5 &S 1.
[HAERANO PR ERDH 5 & B |, [HAER~D
IS E AL &85 & Bbwv ], [HERP I
ATV T F oIz [Vh o4 IVA
WER T 7 F BB ERLT L [T
F T 2 O EET L EHIEAER] TH - 72,
INHOEHRIE, HERANOE AT 7 F  H % R
ST ABOEELRERE 2L 2 LIS,

5) minAMig R MRKET 75 )

O HALIX, BREMRICHT L4 v 7V W
T F v EMRERE T 2T OENEERE T 572
O, Zitiae Ik - G BRPFIE & 92k L 72 (2009
~ 2014 ¢, FEBIGIRAIZE) o FEF]I 1) SRR
BWTH IR EZH SNz 65K Lo EE T
Hbo L, GEBI LM - Fily - YR H OIS
T LHE—HEZZEEE L, LERICD & 25 (1
Wegm®l 1AL ISR DA O ZHER 1 N) 2 L
725 2009/10 ¥ — X 1% A(HIN1) pdm09 25584 L
72728, 2009/10 ¥ — X U IdBRAL L. 2010 4E 10 H



~ 2014 4E 9 HIZEE S L7z 469 A (JEBI 161 A,
xHE 308 N) ZMEMTR S E L7z, BigiZe$ 57
7 F R ORE ORO5% CI) (&, 7T
¥ 7 F 2 0.79(0.50-1.25) . Wi%EkE 7 7 7 > 0.76
(0.44-132) Th o7z BNy — L HIOMETIE,
W77 F e b IR L B L - OR 12, 1~
TNL T T F O RFERE 0.76(0.46-1.27) , fili %
KW T 7 F v O AFEFE 0.69(0.30-1.59), T 7T~
&b HME 0.62(0.32-1.23) Tdh o 7z F72, HigKER
BRI 29 7 F VEEOFEOR X, 1 >~
TNVI YW 7 F 2 0.65(0.31-1.36), HigEku 7 7
F20.23(0.08-0.66) & 7= 0. MiRIKW D 7 F v #
DT OR ITH BT L7z,

F72. 2014 4F 10 A, Sile (209 2 Ml 923K
VAR 3 vz GEST K | (A sl b A QN
M=V ER—EAEIE L. 29 iR ORI 2 ST B
Bl L i3k FAE B BT E 2 920 L T\ % (2016
10 B~ GEBIXTIRIIZE) o REGNE I AR 2
BWTH IR L BRI SN2 65 ~ 90 K DEET
HbHo MEIL, EF &M - MAEE - Sk H A
xFIed A E Bz EE L Ly VEMIZO X 5
A8 L T\ b 2017 4F 1 HIREET, JERD 16 A
xR 80 A& B &KL T\ 5,

B, TR, SRR DI, FEBIR ISR TR S s
TR 2 BT 5 2 L& 0 REIFEOR & i
O E MR L 72 (2009 4E 10 A ~ 2014 4E 9 A,
SEBIAT BRIRSE) o SEBNEZHT 72122 & 2 & 7z 65
el E B FIRITAES] & % - AR (5 RERERR) -
YURZZ HAIE T 5 FE— %2 EE 2 A Th b,
ERiFE AHRAEZE S L BB AHREZIZLD,
7o F R (gERE. 4 27 v ). BMIL
g, ADL. 6 LT O/NE & o fFfE, B -
fFOEEE. B OEIR A 15720 JEB 199 A, &
M 369 NEXG L LS EMITOMSSR. 1 H 2
Dloa—rv —EIEETIE. Mg 25% OorR
MPEEIMET L7z (OR=0.50, 95% CI : 0.28-0.88) -
OJ— bt —fBEUZ X D0 OR KT ix, B2 E,
WS, T 7 F VEREIRDL, BESREL IShhDb 5T
[ CTHorce TNFTTOMEIZBNTL I—L—
B L B B O FAVRIE S L TB D |
EME g I B T 7 F ARG T A LT
ERINREERICRN I B EEZ BN,

@ HEHIF, dLHEE O 70 i~ 79 ROE LB EE
567 NEXTRIC, MRIKW 7 7 F BT« ik

L7z (2013 ~ 2015 4, HEWIAEZE) . fEECTHEET
% 70 i~ 79 DA K 567 A& xf & & L, 2013
F£2~3H.20144E2~3 H, 201542 ~3 HIC
At 3 Mo RSB SR A % S5 L 7. RAIEE
(k. MERE Y 7 F s, R, A 7T
YW F UM, 47V A, #FEAE
Mo ABE, @Bt M#ETHEENDOSIN %G ETH b,
2013 AFE A2 378 AL 2014 AEF A2 299 AL
2015 AFFRAICIE 295 AN L 720 Ml RERE 7 7
F ML, 2013 4F 1 6%, 2014 4F 1 7%, 2015
£:17% TH D 2014 4 10 A 1213 PPSV23 H3E ]
PBREOW G L 7 o 72728, 2015 SEOFEFERHY | H.
L7zo WiRERE T 7 7 HmEEx, i%BEE (2013
£, 2014 4EFAAY) . A v 7V R (2013 4EFH
). BEVEROABEE (2014 SEFAE) . #@E1
EMoEBERE (2013 4, 2014 FE) 26T E
7% < . confounding by indication DFFEDTRIZ S 1
7oo F72. MRIKW T 7 F v EMEEIX. A7V
YT o F oEREE (2013 45, 2014 4E, 2015 4E
). METFHREESME (2013 4, 2015 FF )
734 { | healthy vaccinee bias D fF1ED7RIZ S 4172,
2015 AEFRATIE, BRI Y 7 F VBHEIC BT 5
healthy vaccinee bias @ & 73 1 %% & 11, confounding
by indication (ZEREE SN2 o 72 2 & 1d, EMEME
fbichE ) B Z 2 Sz,

F /2. dLiEE O 70 i~ 84 O IEEEE i E 978
ANxxt RIS, MREKE Y 7 F v BETE 2 AL
7= (2014 ~ 2016 4, HEWFHEZE) . EETHEET S
70 i~ 84 IO EMTR 978 A& RS L L, 2014 4 3
H. 2015 4E 3 . 2016 4F 3 HJIZAF 3 Mo HEL
BMERAAEYER L 72, AEHE X, MiRERE Y 7
F UM, MR, A IV YT ST B
T, A7) R, @7 1 ER O AR, #bE,
N#ETHEENDBINER ETH S 2014 FEFAIC
lX 546 A, 2015 FFFATIC 1L 482 A, 2016 FFF A
(456 NS L7z BiR3RIW 7 7 F > Hef =1,
2014 4F 1 12%. 2015 4F 1 22%. 2016 4F 1 26% T
Y. 2014 4F 10 H 12 PPSV23 AYEHHEFEOX R & 7 -
722k, BRI EAECH Do MR
7 F o E. MM (2015 EFA) . A~
7L R (2015 4EFHA) . EE 1 RO ABE
& (2015 £ A) %3 5 EHHD% . confounding
by indication DfFEATRIZ S Tz, F 72, M RERE
ToF R, A TN T T



(2014 4, 2015 4F, 2016 A7) . ) DT ES
HI 5% (2014 4, 2015 Ff4) 2% <. healthy
vaccinee bias D LD RIBE S N7z L L. filidk
W7 7 F RO EAIZMEV. confounding by
indication X° healthy vaccinee bias D AL L T
WALTREMEDH o B, 2 MOBHFALICBIT S
FETHE L 21 A AR - AFTEIZ 18 ATH Y, Hili%k
KW 7 F v EMEO [ - ABE - AR 123 5%
HR(95% CI) 1 0.70(0.21-2.31) TdH o7z,

Al . 65 ik DL b i & 12 B 1T A PCVI3 &
PPSV23 DN £ FHZIFIZDWT, RFEHL ¥ 2 —
AT o 720 BT L 16 MIZDO W TOEIZLT
DEBYTHb, PCVI3 ORI ZBET L 72 2 1R
DOWFFETIE, Tl 98 042 B il S BR T IR G iE 12k
LTHERT 7 F Y A8MEEZRL Tz, PPSV23
OEMEERE L72 14 ROWETIE. 5 B 9
i HR T 9 R0 il S RO 1 g8 AR B R il 9 R TR U
fE. BLOCIIH LTHER T 7 F Y HRkE R
LTCW7225, #ERIEEIC L > TIRBEZ RO L h o
72T AEE DR SN BARIZBI A58 2 1
X, whd PPSV23 D H A #ES L 72 RCT T
HY. 95 1R CIEHTRCMERE M 25128 LT
BERT 7 F VAEMEERL Tz, KE ACIP X
2014 212, 65 i ML B (24 L CTIE PCVI3 &
PPSV23 % HfGiifi§ 5 = & SR L 72o HARTD,
PCV13 & PPSV23 O fu i O A &I 3 % 55
MTEFEWZE L ETH D EE Z b,

@ EWIL S ARG ORI REFTICE D &
WargIc, SR E RIS 2 MRIRE T 7 F &~
DR RS L7z (Wil & cohort study) . LI
W10 » AT o R 1,570 A% xF SIS A K % 17 -
7ol AL 632 ANSIL7: (BN 40%). 2012
4 BICEBERAE T, BERR T 7 7 v 8
RSB A1 MA INE L7, /2.0 AEERAED
54 AIERFAAEZ TV, 77T EEB LU
SR H RERICET 1572 BT T Cox
HFETVE T, 727 F »ERO HR(95% CI)
FEHM L2, B, vy F o EEE T [
fiEH] 25 [BISZHM# TR (201444 730 H).
HREEOFAT FMe MIETAE Tl &L,
IREATIL [V 7 F M Re %2 » A »
O [T (2014454 A 30 H). #5HIR
HEOZEH F 721300 6 mIET L FET) & Lz Hii
RERW T 7 F o ERE (306 N) X, FEEMEE (308

N) ATHAT, Al <, Fia%hid 7% <. Hib
77 F v ORI FE Do 720 WD B S 5K
T (s, MR, FR%. FIEEYEE. Hib 7~
FUEME) ORBEMIELE A, MikEkE Y 2
FUHEOSMERE 2T 5 HR X, xR
2RT 0.32(0.23-0.44) . 3 A T 0.37(0.24-0.56)
3L T 0.26(0.15-043) TH Y., MiREKET 7
F I L B 2R H KO TFRIRARIE S LT,

6) BT 7 F BRI R A

O HELHE, MLREoRtT 201344 XD 1
~4RIBIR T BARE T 7 F v ORNEB R E BG)
IZBWT, KiEET 7 F A EEIRI. KEBEER. K
EHEREREZ A L7z NEBBCEAR 2 SERICBT
LRZ{EOT 7 F MR 81% TH - 720 Kig
BEENL 2012 4D 342 A5 2014 FFED 171 A
WA L REROMFEEIEE RS AR L.
ERHNCHET Lz & 2 A, BEECHEEILE I
IAEMSVE CREZ IR L7278, SERIE TS 2%
WY HBORh ol T F VRERBIZHERT,
77 F 21 BEEEE T, KIS OEEILE R 72,

B, B O 1 ERBEBE O PERLY 2 T U Ak R 2
ZL7z16 U EnE 33 A (F#36.1 5%, B 17 )
X512, DTaP-sIPV O FIEEMEZ MG L7z, A5
BT 7 F % |l TR L, BT, B 3 A
BROWIMEZ FES L 720 XREDT 7 F 2 FEFEFE L,
B FIRICCHERR L 720 BEFE AT O PUAR R A A 12,
R F (Type I I, I0: HA1E) : 88%. 100%.
76%. HH (PLPT. $L FHA : ELISA %) : 61%.
76% ¥ 77T (CCi) 1 97%- Wl (KPA %)
94% TV, HREBICIIWEE 7% KR E, BT
100% DIUAREE G LR LTz, BHEEZEORERER
. RIS 30% DA TH Y FHEZEIUGIEZER
Do 72,

S5, WD 1 EREBDOEMT 7 F > ik
Lz 20 N (CF33725%. e N) &xt
LI, ARFRT 7 F o OEWMEEKRE L7 (Fi
1] & cohort study) o MRIIEET 7 F ¥ (A 17
V) 2~ 4AMBET2mEEL, 2D 6 4 HLE
W3 RHOFEMEZZ T A-010%FZ L72E 20 AT
b 3 HEE L L CilpybiH o HAVRIX ® % 38
IR L. AR, R 4 880 PR % CLIA &
B LU ELISA FEZTHE L7z £72.0 REHOF
filie LT, #4228 HE OB ST Z1T- 720 3



o] H #2708 % 5215 2 A2 Puik B 1% (CLIA T 1.0 L
. ELISA # T 10mlU/mL & 5E3%) Z/mRL7-&IL,
CLIA {£C 75%. ELISA{ET85% CTHh - 7225, #
RIS B PURGE A S L7z BB L
Tl B2 R RS IZFR 72 b O O HEE 2 &I UG
EFRD o7z,

72, BET 757y (A L7 Y) %2 MR
WZ3AEDLEASREE L 72 12 A (P35 33.7 7%,
4 N) ZxtHI, BIEEOREERE L7 (B
& cohort study) . 2 [0l H¥ZfE 2 & OFBEL L, 3
FEIANC4FESASETAN 6EF2 AN TH A, 3B
MR OPAEGERIZ CLIAET 2% THh 1),
PR I 2B TR M 2 0875 L 7. S8 A 12
£ BB BFTROS RS 72 & O O 2 B UG 1
RO o7,

@ ALSIE, 2011 FEWZERL 72 [RY AT 27 F
Y OHAEMEICEIT B REEN - ZatRE] oM
W53 N2 oW, Al 5 4E o JuikFrf &
FFLTw5% (2013 ~ 2018 4F. HilM & cohort study) o
B, 2011 FIFEH L 2B TIE. TREo 4 B
DWTHES L. sOPV, wIPV, DTaP-sIPV D #lA A
b - FREIEE b 58, WIREGRERIZIE TN
TOHETHEL v (NAi1:8) # K& < L5
PUEAFEENT 22 L ZREH L TV 5,

AR (11 A) 1 #gm (sOPV — DTaP-sIPV —

DTaP-sIPV) — 1 i/ (DTaP-sIPV)

“B# (49 A) 11 #IF)[E (sOPV — wIPV — wIPV)

— 1HhEE (WIPV)
<CH#E (50 A) 1 #1#00a] (DTaP-sIPV — DTaP-sIPV

—wIPV) — 1B (WIPV)

"D @A) 1 H#)E (WIPV — wIPV — DTaP=IPV)

— 180 (DTaP-sIPV)

FHEDBINEIE D S 1 FROPURAM A S 7z
120 A (A B 7. B # 42, C# 41, D #30). 2 4F
BOPUEMAE S 103 A (A#E 6, BE 36, C
#£ 32, DH#£29). 3FHOPURMLE SNz 94 A (A
#E7. BHE 33, CHE28. D#E26) 2 f#MTxse L7z,
% Sabin BRIZXF 9 2 AT PIGHUAM L, BN %
MO TARERIZDT TR L7t (B4R 0.08
~0.24), Al 2 AEHRLIEIEI R I L7 (Hi
I 0.75 ~ 1.00) o Wild FRIZHE$ 2 54T FI94TA
fifi & FREDAE %2 7R L7255, 4 2 SR DO R
PR L Sabin ¥R & D b KE Do 72 (FiEHIZ 033 ~
0.67)c PUARPRAEIEI1X. A BT Wild £ Type I 12

LTI (14E7% 0 86%. 2 4F 1% @ 83%. 3 4Ef% !
71%) . B#ET Sabin #k Type ILIZxf L TR (24E4% :
97%) HARDOIz. MO, MOFRIZDOWVTIE 100%
EAEREL Tz ARTIED DA, B 3 R T
Bt L~V %2 T B REFI A U7z 2 & id, FASENIS
BU DB A7 % KL TV L REED D 5o

B, A2 ~6 7 AR 45 Axxtgic, il s
NTWR 2O BREFRT 757> (E—4F7 2
Bfa TR . ER adr, N7 &Ny 7 X1 ¢ Ein
TR A, IMER adw) O H M ZBE L 72 (2015
~ 2016 4, IEBILHEGEER) . BIESInE % DT
D 3 BEICIEEZ I ZEIR Ly SR - et d s
L7
CARE (ISN) 1 E=L T YT I Ny 7 A0—>

Y— A%

"B (15 N) :~"TINy 72 AN->E—=L07V—

SN
CHE (5 N) - ANTINY 72 AN\ TH Ny 7

AN—E— L7

SRR, BERERTHUARRE RG] 1 AN Z BT 44
NERRHT R & Uico S PREHU AR X E AR 12
< 7e b 3 MR 21X 4B THURR % (10mIU/
mL PAE) &% o7z, SATFEhEfhs L ObuEbs
HEOVTIIZBWTH, 3HHTAEEELRO L
Mo tze WM. WIRSME 45 N & BT &
L7ze RFTROGE LCIZERT ~33%. [EE7 ~
13%. ffifE 7 ~27% %2780, & s s L Tids
BT ~20% AFEEE7%. BEHCAIE 7%, T H#INE -
B 1%, 3895 1% % B 72705, ZOFBUHE L
MM CHEEEYBD LD,

C— L7y, NTINy 7 AN OWTNOMAE
bEIZBWTH, 3 EHEMERZIZIZETONLREDI
KBtEE ) . BEZEICORBO o722 &h
5. Iho 2 EHO BRFLT 7 F v OHIEMEN
R C & 72,

@ EbHIE, EEEO 6 EHFEKEZ 22 L-ALY8E
ERBRIZ, O I AINVAT 7 F  OENEE KET
L7z (2011/12 ~2012/13 > — A | case population
study) » Case population study (A 7 V) — = > 7)) |2
L5777 F AL (PPV-PCV)/{PPV (1-PCV)}
WX B L (PPV: E£HDOT 7 F HAEE A
PCV: EBIDT 7 F v HEEE S ), £HOT 7 F
YEREIA L, (G RMIEA~D T 7 F v B/
AR WSS B (=A%) % 100



(%)« 12X DHERTL 720 WM T D R PR HREE % 2
Z L2 MG REHIL 2011/12 2 — X 138 AL
2012/13 =X ¥ 1190 A, ) bA#MBAEIZ LY o
y A NVABGREZE SN ZEE X 2011/12 ¥ —
X222 Ny 2012/13 ¥ — X2 87T AN TH » 726
2011/12 = A Eu s 7 A4 VA G REEDFIZ
T F PN o 220, ARhEOHERHE
TELPolzs 2012/13 ¥ — AV OMETIZ, 0¥
TANABBRBEED ) b, T 7T CEREEA 7
NE T HEEREHIZZZ L1 AL, 79
NE TR E Lze WY — X 2@ PPV X 16.5%.
PCVIE51%THY. 77 F ARIFEIL72.8% LI
ez, ZofRIE. BEMoENREBRICB 26
B LFEREOHETHY . BRIZBITFA208 7 1)V
AT FOEREELFEL WA, Ll Kif
FECIE. AL PPV AMERHMECH D 2 &0 2K -
SREFEEOAENRE L2 &, ZHERT-OM
AP TETHR W &, PPV R PCV ODEF THEIH
WRELENTEZE, R EDIRREDRD 5,
COBEHERE 2T, 2014 ¥ — A, EETE
WD 6 /NEFHEBREBZZZ L7227 AN 25K
Hlmi Ve 2t RIS, Bt a3k FE G BB ZE 2 AT\
05w ANVRAT 7 F o OEEEBE L7 (2014
=R, EGIRERRIGE) . SEE B SREIRTXZ
L7235 _RToBIZH LT g% 7 A4 ZREB ik
TEER L. BEEEEG. BErE %R -1 (test-
negative control) & L7z, F7z. EG & FFEH, [H
A CH— R 2 55 L 7ot B E % R
—2(hospital control) & L CHEE L7z N6 DK
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Immunogenicity of influenza A(HIN1)pdmO09
vaccine in patients with diabetes mellitus
With special reference to age, body mass index, and HbAlc
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Subjects with diabetes mellitus are considered to be at high risk of influenza infection and influenza-associated
complications. To evaluate the immunogenicity of the influenza A(HIN1)pdm09 vaccine among these subjects, we
performed a prospective cohort study and measured hemagglutination inhibition antibody titers at baseline and 3
weeks after vaccination in 49 patients. No serious adverse events were reported. We were able to perform analyses for
48 patients, after excluding one patient with suspected infection. The vaccine induced a rise of about 9-fold in the mean
antibody level. The sero-response proportion was 79%, and the sero-protection proportion was 73%. Patients with older
age and lower body mass index tended to show lower immune response. Multivariate analysis indicated an independent
negative effect of hemoglobin Alc level on the sero-protection proportion. A single A(H1N1)pdm09 vaccination achieved
a sufficient level of immunity among diabetic patients, but both clinicians and patients should be aware of the potential

for reductions in immune response.

Introduction

Patients with diabetes mellitus (DM) are presumed to have
abnormalities in immune function and are classified as a high-risk
group for developing complications, hospitalizations and death
related to influenza.'® According to the Advisory Committee on
Immunization Practices (ACIP) in the United States, vaccinating
high-risk individuals before influenza season each year is the most
effective measure for reducing the impact of influenza.* Annual
influenza vaccination has therefore long been recommended for
these individuals.®

In June 2009, the World Health Organization (WHO)
declared a global pandemic of the influenza A(HIN1)pdm09
and identified chronic medical conditions as being specific
risks for infection.® As a result, many diabetic patients received
HINI vaccination according to the recommendations of the
WHO.” However, these recommendations were based on clinical
trials in healthy individuals,® and little is known about the
immunogenicity of the vaccine in high-risk groups, including
diabetic patients. The present study investigated immunogenicity
of the vaccine in diabetic individuals and tried to identify factors
affecting immune response.

*Correspondence to: Yumi Egawa; Email: yegawa@mbr.nifty.com

Results

Study subjects

We excluded 1 patient in whom both pre- and post-vaccination
titers were 1:160, as subclinical infection was suspected in that
patient. Among the total of 48 diabetic patients, 7 patients with
type 1 DM (3 men, 4 women; mean age (+ standard deviation),
47.3 + 14.6y) and 41 patients with type 2 DM (33 men, 8 women;
mean age, 59.8 + 11.4 y) were analyzed. Subject characteristics are
shown in Table 1. Mean hemoglobin (Hb)Alc level was 7.44%,
and more than half of the patients were treated with insulin. No
patients were receiving steroid therapy or undergoing dialysis.
Type 1 patients were younger and the proportion of males was
lower compared with type 2 patients. The distribution of HbAlc
levels and body mass index (BMI) did not differ between groups.

Immune response

Results of antibody response by background factors are
summarized in Table 2. The vaccine induced a mean increase
in hemagglutination-inhibition (HAI) antibody level of 9-fold
(P < 0.0001). Sero-response proportion was 79% (95% CI,
62-97%), and the sero-protection proportion was 73% (95%
CI, 60-86%). The corresponding sero-conversion proportion
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Table 1. Characteristics of study participants

Study subjects
Characteristics
n (%) Total (N=48) Type 1 (N=7) Type 2 (N=41) P value
Sex male 36 (75) 3(43) 33(81) 0.043
Age (y) mean (S.D.) 57.9(12.5) 47.3(14.6) 59.8(11.4)
median (range) 61.0 (26-75) 45.0 (26-66) 62.0 (28-75) 0029
Duration of disease(y) mean (S.D.) 7.0 (15.0) 8.0(8.2) 12.9(10.0)
median (range) 9.5(1-37) 5.0 (3-26) 10.0 (1-37) 0235
HbA1c mean (S.D.) 7.44 (1.45) 7.81(1.06) 7.37 (1.51)
median (range) 7.30(4.9-14.4) 8.20 (5.9-9.0) 7.30(4.9-14.4) 0160
Body mass index (kg/m?) mean (S.D.) 23.8(3.3) 23.0(2.1) 23.9(3.5)
median (range) 23.5(17.0-32.2) 22.2(20.8-27.3) 23.5(17.0-32.2) 0363
Treatment of DM no medication 5(10) 0(0) 5(12)
internal use only 16 (33) 0(0) 16 (39)
insulin + 27 (56) 7 (100) 20 (49)
Treatment of hypertension received 21 (44) 1(14) 20 (49) 0.096
Treatment of hyperlipidemia received 17 (35) 2(29) 15(37) 0.698
Steroid therapy received 0 0 0
Dialysis received 0 0 0

was 73% (95% confidence interval [95% CI], 60—86%). Older
patients showed a smaller immune response, as reflected in post-
vaccination geometric mean titer (GMT) (2 = 0.027) and sero-
protection proportion (P = 0.059). Lower BMI was associated
with lower sero-response proportion, displaying a clear dose-
response relationship (P = 0.006). This relationship remained
unchanged (trend P = 0.008) even after considering the effects of
potential confounders (Table 3). The odds ratio (OR) for sero-
response among those subjects with highest HbAlc (27.6%) was
low, although no significant relationship was apparent.

Predictors of immune response in terms of sero-protection
proportion were also analyzed (Table 4). Older age was suggested
to be related to lower sero-protection with marginal significance
in the crude model. This relationship appeared significant in
Model 2, which involved age, HbAlc level and BMI (trend P
= 0.033). In addition, subjects with the highest HbAlc level
(27.6%) tended to show a lower sero-protection proportion
(crude OR, 0.39; 95% CI, 0.06-2.42) than subjects with the
lowest HbAlc level (<6.5%), although this difference was not
significant. After adjusting for potential confounders, we found
that a higher HbAlc was independently associated with lower
sero-protection with marginal significance (Model 1: trend P
= 0.071; Model 2: trend P = 0.074). In addition, subjects with
lower BMI showed a decreased OR for sero-protection (trend P
=0.079).

These findings suggested that (1) older age may be related to
poorer antibody response as reflected in post-vaccination GMT
and sero-protection rate, (2) lower BMI seemed to be associated
with lower sero-response and sero-protection, and (3) higher
HbAlc level might have affected immune response, showing
lower ORs for sero-response and sero-protection.

1188 Human Vaccines & Immunotherapeutics

To explore these findings in more detail, we conducted
stratified analyses. In the analyses in which effects of age and
HbAlc (Table 5, A), and effects of BMI and HbAlc level (Table 5,
B) were examined, higher HbAlc still induced lower immune
response, although significant relationships could be detected in
only part of the trends. Particularly among older patients (=61 y),
higher HbAlc was significantly associated with lower GMT ratio
(GMTR), fold rise, and sero-protection proportion (P = 0.043, P
= 0.044, and P = 0.043 for each). Similar relationships were also
suggested among patients with higher BMI (=23.5 kg/m?).

Discussion

The influenza A(HIN1)pdmO09 virus was reported to be
distinct from seasonal human A(HIN1).® The pre-vaccination
antibody titer of every subject we analyzed was <1:40 in the present
study. This situation facilitated the evaluation of immunogenicity.
We showed that a single 15-pg dose of unadjuvanted A(HINI)
pdmO09 vaccine induced sufficient antibody among patients with
DM. This immunity was sufficient to meet the international
criteria of the European Agency for the Evaluation of Medical
Products and the US Food and Drug Administration. However,
the sero-protection proportion among subjects (73%) was slightly
lower than reported proportions in healthy adults (79-95%).7%1
In particular, the proportion among patients >65-y-old (58%)
was rather lower than the reported proportions in age-matched
healthy adults (79-80%).”" No serious adverse effects were
observed and all reported adverse reactions were self-limited.

This study also investigated factors that may affect
immunogenicity of the vaccination. We found that the following
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factors might have induced lowered
immunogenicity—older age, lower BMI,
and higher HbAlc level. Decreased
immune response in the elderly has been
reported in previous studies of A(HIN1)
pdm09 vaccine'®'? and seasonal influenza

1315 Compromised nutritional

18-20

vaccine.
status'®"® and decreased T-cell activity'
could be contributing factors for that
finding. One study in patients with
hepatitis C reported a decreasing effect
of lower BMI on immune response to
A(HIN1)pdmO09 vaccine." Another study
in the elderly reported that a combination
of BMI < 18.5 kg/m? and loss of more
than 5% of body weight in 6 mo found
to be significantly associated with
poor immune response.”’ Although the
mechanisms remain unclear, nutritional
status and physical strength might be
involved in decreased immune response.

To the best of our knowledge, no
studies have reported the effects of HbAlc
on immune response. Originally, few
clinical trials examined the efficacy of
influenza vaccination in patients with
DM. One previous study suggested an
impaired immune response in patients
with poorly controlled diabetes.?? Another
study in patients with well-controlled
diabetes showed that humoral and cell-
mediated immune responses to seasonal
influenza vaccine were normal and
immune response did not differ from
those observed in age-matched normal
subjects.”® A third study showed that
diabetic patients in the older age range
or with longer disease duration showed
a lower sero-conversion proportion with
A(HIN1)pdm09 vaccine.** Such results
are broadly consistent with our findings
that immunity was sufficient as a whole,
but older age, decreased BMI and
increased HbAlc level were associated
with poor immunogenicity. The reason
for these minor differences is unclear, but
differences in the severities of DM and the
comorbidities or genetic characteristics of
the population may have been involved.
In stratified analysis, older patients
with poorer HbAlc showed rather lower
immune response. Although the sample
size of the present study was small, the
results might be useful in addressing
this point. Larger studies are needed to
confirm the present findings.

www.landesbioscience.com

Table 2. Immuno responses to monovalent 2009 influenza A(H1N1) vaccine among diabetic patients

(continu
Geometric mean* Fold rise* Postvac titer™

>4-fold rise >1:40

Category N Pre vac Post vac n (%) n (%)

sEal:l::Iee 48 6 53 9 (P <0.00071) 38(79) 35(73)

Sex

Male 36 6 44 8 (P <0.0001) 28 (78) 25 (69)

Female 12 7 95 13(P < 0.0001) 10(83) 10 (83)
(P=00.101) (P=00.124) P=0.254) (P=00.682) | (P=00.348)

Age

<57 15 8 96 12(P < 0.0001) 12 (80) 13(87)

57-64 14 6 62 11(P < 0.0001) 12 (86) 11(79)

65+ 19 5 30 6(P < 0.0001) 14 (74) 11(58)
(P=0.021) (P=0.027) (P=0.3201) (P=0.624) (P =0.059)

DM subtype

Type 1 7 6 54 9(P=0.0034) 5(71) 5(71)

Type 2 4 6 53 9(P < 0.0001) 33(80) 30(73)
(P=0.812) (P=0.870) (P =1.000) (P=0.585) (P=0.924)

Duration of disease (y)

<10 24 6 55 9 (P <0.0001) 19 (79) 17(71)

10+ 24 6 52 9 (P <0.0001) 19 (79) 18 (75)
(P=0.132) (P =0.900) (P =0.505) (P =1.000) (P =0.745)

HbA1c (%)

<6.5 10 6 65 11 (P =0.0007) 8 (80) 8(80)

6.5-7.5 20 6 61 11(P < 0.0001) 17 (85) 16 (80)

7.6+ 18 7 42 6 (P <0.0001) 13(72) 11(61)
(P=0.115) (P=0.243) (P=0.198) (P=0.529) (P=0.222)

Body mass index (kg/m2)

<22.1 13 6 34 6 (P =0.0006) 8(62) 9 (69)

22.1-23.8 16 6 50 9 (P <0.0001) 11(69) 10 (63)

23.9+ 19 6 77 12 (P <0.0001) 19 (100) 16 (84)
(P=0.806) (P=0.454) (P=0.221) (P=0.006) (P=0.296)

Treatment of DM
No 15 6 70 12(P=00491) |  4(80) 4(80)
medication
Internaluse | -, 7 50 7 (P < 0.0001) 11(69) 10 (63)
only

Insulin + 27 6 53 9 (P <0.0001) 23 (85) 21(78)
(P=0.472) (P =0.846) (P=0.674) (P=0.410) (P =0.649)

Insulin- 21 7 54 8 (P <0.0001) 15(71) 14 (67)

Insulin+ 27 6 53 9 (P <0.0001) 23 (85) 21(78)
(P=0.319) (P=0.841) (P=0.624) (P =0.244) (P =0.390)

*Wilcoxon signed-rank test for intra-category comparisons, and the Wilcoxon rank sum test for inter-
category comparisons. **x? test between 2 categories and the Mantel-extension method for trend
test among 3 categories.
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Table 2. Immuno responses to monovalent 2009 influenza A(H1N1) vaccine among diabetic patients

adjuvants might thus represent a better

(continued) method for diabetic subjects with poor
Postvac titer** immune response. Further studies are
Geometric mean* Fold rise* - . I
>4-fold rise >1:40 needed to verify this possibility.
Several limitations must be considered
Category N Pre vac Post vac n (%) n (%) V . .
when interpreting the results of this study.
Treatment of hypertension First, the investigation was conducted
None 27 6 54 9 (P <0.0001) 21(78) 20 (74) in a single university hospital. Our
Received | 21 6 52 9(P<00001) | 17(81) 15 (71) study population comprised  relatively
1l-controlled, tel ish

(P-0580) | (0882 | (0875 | (078 | poossg | Vel-controlled, adequarely nourished
patients without serious comorbidities,
Treatment of hyperlipidemia which may well have influenced the
None 31 6 57 9 (P <0.0001) 24(77) 24(77) generalizability of the results. In addition,
Received | 17 6 47 8(P<00001) | 14(82) 11 (65) the number of subjects was small,

limiting the st . Second,
(P—0457) | (P-0a28) | (P—0914) | (P-os87) | (poosay | |miting the study power. Second, we
evaluated immunogenicity by antibody
Prevaccination titer response only. Cell-mediated immunity to
<1:10 37 5 45 9 (P <0.0001) 30 (81) 26 (70) A(HIN1)pdm09 vaccine also needs to be
1:10-1:20 | 11 12 97 8 (P =0.0004) 8(73) 9(82) investigated to elucidate the mechanisms
f diminished n n tient
(P<00001) | (P=0169) | (=0321) | (P=0549) | (P=0449 | © [UShEC respofise. among patients

*Wilcoxon signed-rank test for intra-category comparisons, and the Wilcoxon rank sum test for inter-
category comparisons. **x? test between 2 categories and the Mantel-extension method for trend

testamong 3 categories.

Better methods to improve immunogenicity among subjects
with poor immune response clearly need to be considered. A
second vaccination might be effective. Previous studies®? have
suggested that 2 doses of vaccine are required to elicit a protective
immune response in populations that are immunologically naive
to a new influenza strain. One study" reported that immune
responses in the elderly could be substantially boosted by a
second dose of vaccine—among subjects 261-y-old who received
a 15-pg dose of unadjuvanted A(HIN1)pdm09 vaccine, the sero-
protection proportion was 79.1% at 21 d after the first dose,
and 93.3% at 14 d after the second dose (35 d after first dose).
According to our data, the proportion at 21 d after vaccination
among diabetic patients >65-y-old was substantially lower (58%)
and a second dose might improve immunogenicity. In addition,
adjuvants might be of help. Adjuvants are used to augment cellular
and humoral responses by attracting greater numbers of antigen-
presenting cells to the vaccination site. According to another
study® that performed a randomized trial in healthy adults and
older individuals to evaluate the immunogenicity and safety of
A(HIN1)pdmO09 vaccine at varying dosages of hemagglutinin
with and without adjuvants, GMTs were higher in the adjuvanted
groups than with the 15-wg unadjuvanted group in both age
groups. And only 61% of participants achieved sero-protection
after a single dose of the 15-pg unadjuvanted vaccination,
whereas 81% achieved this state after a single dose of the 7.5-pg
adjuvanted vaccination. The proportion increased to 94% after a
second dose in the adjuvanted group, but remained low (68%) in
the unadjuvanted group. Another study that performed a similar
randomized trial of A(HIN1)pdmO09 vaccine also reported that
the addition of MF59 adjuvant to the vaccine increased the speed
and magnitude of antibody response.’' A second vaccination with
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with older age, lower BMI or higher
HbAlc level. Finally, serum samples were
collected only twice (before and 3 wk after
vaccination) and we did not measure serum
antibody responses after the pandemic
season. We therefore had no data regarding the subsequent
maintenance of immunogenicity, which represents a shortcoming
of this study. In addition, we were unable to monitor subjects for
clinical occurrences of influenza infection or influenza-like illness
during the year. We were therefore unable to evaluate the actual
effects of A(HIN1)pdmO09 vaccine in protecting subjects. This
represents another limitation of the current study. However, this
is the first report on the effects of HbAlc on immune response
to influenza A(HIN1)pdm09 vaccine. The independent negative
effect of HbAlc we showed in this study is noteworthy to promote
awareness regarding the potential for low immunogenicity in
patients with poorly controlled diabetes.

In conclusion, we found that a single dose of A(HIN1)pdm09
vaccine safely induced a sufficient level of immunity and met
international criteria in patients with DM. No severe adverse events
were encountered. However, older age, lower BMI, and higher
HbAlc were associated with reduced immune responses. Our
results showed that older patients with higher HbA1c levels should
be followed particularly carefully. Further studies are needed to
clarify the mechanisms involved. To minimize influenza-related
morbidity and mortality in the case of future influenza pandemics,
it is important to determine the most effective methods for
developing protective titers among patients with DM.

Patients and Methods

Study subjects

Study subjects were 49 patients with DM who visited the
department of diabetes at Osaka City University Hospital
for clinical follow-up. All subjects provided written informed
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Table 3. Association between selected characteristics and sero-response proportion (=4-fold rise)

Crude analysis Multivariate model*
Category N n (%) OR (95%Cl) P value OR (95% Cl) P value
Sex
Male 36 28(78) 1.00 1.00
Female 12 10 (83) 143 (0.26-7.89) 0.683 9.28 (0.22-390) 0.243
Age
<57 15 12 (80) 1.00 1.00
57-64 14 12 (86) 0.50 (0.21-10.6) 0.685 0.28 (0.01-6.12) 0417
65+ 19 14 (74) 0.70 (0.14-3.56) 0.667 0.63 (0.04-9.79) 0.738
(Trend P =0.622) (Trend P =0.666)
Type
Type 1 7 5(71) 1.00 1.00
Type 2 41 33(80) 1.65 (0.27-10.1) 0.588 2.59 (0.05-149) 0.645
Duration of disease (years)
<10 24 19(79) 1.00 1.00
10+ 24 19 (79) 1.00 (0.25-4.03) 1.000 0.48 (0.04-5.92) 0.567
HbA1c (%)
<6.5 10 8(80) 1.00 1.00
6.5-7.5 20 17 (85) 1.42 (0.20-10.2) 0.730 0.97 (0.06-15.3) 0.985
7.6+ 18 13(72) 0.65 (0.10-4.18) 0.650 0.13 (0.005-3.51) 0.223
(Trend P=0.527) (Trend P=0.243)
Body mass index (kg/m2)
<22.1 13 8(62) 1.00 1.00
22.1-23.8 16 11 (69) 138 (0.30-6.40) 0.685 4.30 80.35-52.6) 0.254
23.9+ 19 19 (100) N.A. N.A.
(Trend P =0.012) (Trend P =0.008)
Treatment of DM
Insulin- 21 15(71) 1.00 1.00
Insulin+ 27 23(85) 1.52 (0.57-4.06) 0.409 4.22 (0.26-70.3) 0.316
Prevaccination titer
<1:10 37 30(81) 1.00 1.00
1:10-1:20 1 8(73) 0.62 (0.13-2.96) 0.551 0.26 (0.01-6.02) 0.403

Logistic regression model. *Model included all variables in the table.

consent after the nature and possible consequences of the study
had been explained. The study protocol was approved by the
ethics committee at Osaka City University Graduate School of
Medicine and was performed in accordance with the Declaration
of Helsinki. None of the applicants met the exclusion criteria
for eligibility, including history of 2009 influenza A (HINI)
infection, acute febrile illness or signs of severe acute illness at
the time of vaccination, history of anaphylaxis due to vaccine
components, or other condition contraindicating vaccination.
In November 2009, subjects were administered a single dose of
monovalent inactivated unadjuvanted splitvirus 2009 pHINI
vaccine containing 15 wg/0.5 mL of hemagglutinin antigen
(Lot. HPO1A; BIKEN). The vaccine contained thimerosal.
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The seed virus was prepared from reassortant vaccine virus A/
California/7/2009 NYMC X-179A (New York Medical College),
distributed by the Centers for Disease Control and Prevention
in the United States. The vaccine was prepared in embryonated
chicken eggs using standard methods for the production of
seasonal trivalent inactivated vaccine.

Information collection

Before vaccination, subjects completed a self-administered
questionnaire asking about sex, age at vaccination, date of birth,
and comorbid diseases. In addition, one of the investigators
extracted the following patient background and clinical
information from the medical records—height, weight, DM
subtype, treatment for DM; hypertension, hyperlipidemia,
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Table 4. Association between selected characteristics and sero-protection proportion (titer > 1:40)

Crude analysis Multivariate model1* Multivariate model2**
Category N n(%) OR (95%Cl) Pvalue | OR (95%ClI) Pvalue | OR (95%Cl) P value
Sex
Male 36 | 25(69) | 1.00 1.00
Female 12 |1 10(83) | 2.20 | (0.41-11.8) 0.356 174 | (0.12-24.4) 0.681
Age
<57 151 13(87) | 1.00 1.00 1.00
57-64 14 1 11(79) | 0.56 | (0.08-4.01) 0.567 0.28 (0.02-3.86) 0.343 0.22 | (0.02-2.24) 0.202
65+ 19 | 11(58) | 0.21 | (0.04-1.21) 0.081 0.16 | (0.02-1.57) 0.116 0.09 | (0.01-0.77) 0.028
(Trend P =0.066) (Trend P=0.137) (Trend P=0.033)
Type 1 7 5(71) 1.00 1.00
Type 2 41 1 30(73) | 1.09 | (0.18-6.47) 0.924 1.10 | (0.04-28.0) 0.956
Duration of disease (years)
<10 24 | 17(71) | 1.00 1.00
10+ 24 | 18(75) | 1.24 | (0.35-4.43) 0.746 113 (0.21-6.12) 0.886
HbA1c (%)
<6.5 10 | 8(80) [ 1.00 1.00 1.00
6.5-7.5 20 | 16(80) | 1.00 | (0.15-6.67) 1.000 | 0.93 | (0.09--9.32) 0.948 1.22 | (0.15-10.1) 0.853
7.6+ 18 | 11(61) | 0.39 | (0.06-2.42) 0.313 0.10 | (0.007-1.45) 0.091 0.16 | (0.02-1.57) 0.115
(Trend P =0.224) (Trend P =0.071) (Trend P =0.074)
Body mass index (kg/m?)
<22.1 13 9 (69) 1.00 1.00 1.00
22,1-23.8 | 16 | 10(63) | 0.74 | (0.16-3.50) 0.705 1.27 | (0.17-9.24) 0.815 1.02 | (0.17-6.16) 0.980
23.9+ 19 | 16(84) | 237 | (0.43-13.0) 0.321 9.17 | (0.85-99.2) 0.068 7.15 | (0.84-60.6) 0.071
(Trend P =0.295) (Trend P =0.078) (Trend P =0.079)
Treatment of DM
Insulin- 21 | 14(67) | 1.00 1.00
Insulin+ 27 | 21(78) | 1.75 | (0.49-6.31) 0.393 169 | (0.25-11.6) 0.592
Prevaccination titer
<1:10 37 | 26(70) | 1.00 1.00
1:10-1:20 | 11 | 9(82) | 1.90 | (0.35-10.3) 0454 | 292 | (0.25-34.8) 0.397

Logistic regression model. *Model included all variables in the table. **Model included age, HbA1c and BMI.

steroid use, and laboratory data. We determined HbAlc levels
using a Japan Diabetes Society (JDS)-certified method.

Serum collection and antibody titer measurement

Serum samples were collected twice: before vaccination and
3 wk after vaccination. Serum antibody titer against the vaccine
strain was measured using the HAI assay according to standard
methods using chicken erythrocytes.'*** All samples were assayed
at the same time at the Surveillance Center Research Institute for
Microbial Disease at Osaka University at April 2010.

Statistical analysis

We analyzed 48 patients, excluding 1 patient with suspected
infection

To compare baseline characteristics between patients with
type 1 and type 2 DM, we used the chi-square test for categorical
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variables and Wilcoxon rank-sum test for continuous variables.
For assessment of the immunogenicity of influenza vaccine, the
following outcomes were calculated—GMT, GMTR, fold rise,
sero-response proportion (=4-fold rise), and sero-protection
proportion (post-vaccination titer > 1:40). A titer <1:10 was
regarded as 1:5 for the purpose of calculations. Reciprocal
antibody titers were analyzed after logarithmic transformation.
All results are presented in the original scale by calculating the
antilogarithm.

Data were stratified for analysis by sex, age (<57 y, 57-64
y, or 265 y), DM subtype, duration of DM (<10 y or =10 y),
HbAlc level (<6.5%, 6.5-7.5%, or =7.6%), body mass index
(BMI) (<22.1 kg/m? 22.1-23.8 kg/m? or 2239 kg/m?),

treatment of DM (no medication, internal use only or insulin
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Table 5.

A. Stratified immunogenicity analysis by age and HbA1c

seroresponse** seroprotection®**
HbA1c N GMTR* Fold rise* n (%) n (%)
Age <61
<6.5 4 12.3 7 3(75) 3(75)
6.5-7.5 9 33.9 17 8(89) 8(89)
7.6+ 9 17.8 9 7(78) 8(89)
P=0.390 P=0.421 P =0.947 P=0.573
Age > 61
<6.5 6 30.8 16 5(83) 5(83)
6.5-7.5 11 11.5 8 9(82) 8(73)
7.6+ 9 4.2 4 6(67) 3(33)
P=0.043 P =0.044 P=0.427 P=0.043

B. Stratified immunogenicity analysis by BMI and HbA1c

seroresponse** seroprotection**
HbA1c N GMTR* Fold rise* n (%) n (%)
BMI<23.5
<6.5 6 11.0 6 4(67) 4(67)
6.5-7.5 11 238 10 9(82) 8(73)
7.6+ 6 7.3 4 2(33) 3(50)
P=0.379 P=0.364 P=0.236 P=0.553
BMI = 23.5
<6.5 4 42.0 32 4(100) 4(100)
6.5-7.5 9 18.9 12 8(89) 8(89)
7.6+ 12 12.8 8 11(92) 8(67)
P=0.061 P =0.084 P=0.723 P=0.109

*Kruskal-Wallis test. **Mantel-extension method.

use), treatment of hypertension (no medication or internal use),
treatment of hyperlipidemia (no medication or internal use), and
prevaccination titer (<1:10 or 1:10-1:20). The significances of
GMT, GMTR, and fold rise within a category were assessed using
the Wilcoxon signed—rank test, and intercategory comparisons
were made using the Wilcoxon rank—sum test or Kruskal-Wallis
test. The chi-square test and Mantel-extension trend test were
also used where appropriate.

In addition, we calculated OR and 95% CI using logistic
regression modeling to evaluate the independent effects of
potential confounders. The models were constructed using
sero-response or sero-protection as the dependent variable, and
potential predictors such as sex, age, DM subtype, duration of
DM, HbAlc level, BMI, treatment of DM and prevaccination

www.landesbioscience.com

titer as explanatory variables. From these models, we also
constructed a reduced model using potential predictors (age,
HbA1c level, and BMI) which showed P values or trend P values
< 0.2 as explanatory variables. The sero-response proportion
among patients with highest BMI (=23.9) was 100%, which was
why we used the group with lowest BMI (<22.1) as the reference
stratum.

Two-sided P values less than 0.05 were considered significant.
All analyses were performed using SAS version 9.3 software (SAS
Institute).
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KEYWORDS Abstract

Inflammatory bowel

disease; Background and aims: Appropriate influenza vaccination is important for patients with
Immunomodulator; inflammatory bowel disease under immunosuppressive therapy. The purpose of this study was
Infliximab; to evaluate the influence of immunosuppressive therapy on the immune response to the
Immune responses; trivalent influenza vaccine in adult patients with inflammatory bowel disease.

Influenza vaccine Methods: In this cohort study, 91 participants received a single dose of influenza vaccine for the

2010/2011 season. Serum samples were collected at 3 different times (pre-vaccination, 3 weeks
post-vaccination, and after flu season) to measure hemagglutination inhibition antibody titers.
Immune responses were compared based on immunosuppressive therapy.

Results: Among the 88 subjects who completed the study, the influenza vaccine induced a
more than 4-fold increase in the mean antibody level for all flu strains. The overall
seroprotection proportion (post-vaccination titer > 1:40) was 81% for H1IN1, 61% for H3N2,
and 86% for B. Treatment with an immunomodulator reduced the immune response to the H1N1
strain (OR = 0.20, p = 0.01), and treatment with infliximab reduced the immune response to the

Abbreviations: AZA, azathioprine; CAl, clinical activity index; CD, Crohn's disease; CDAI, Crohn's disease activity index; Cl, confidence
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6-mercaptopurine; NIS, group non-immunosuppressive group; OR, odds ratio; SD, standard deviation; UC, ulcerative colitis; WHO, World
Health Organization.
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other strains (H3N2 strain: OR = 0.37, p = 0.02; B strain: OR = 0.18, p = 0.03). Combination
therapy with azathioprine/6-mercaptopurine and infliximab significantly inhibited the immune
response to HIN1 (OR = 0.056, p = 0.02).

Conclusions: Infliximab and/or immunomodulators inhibit immune responses to some strains of
trivalent influenza vaccination in adults with inflammatory bowel disease. For optimization of
the trivalent influenza vaccination for patients with adult inflammatory bowel disease treated
with immunosuppressive agents, establishing an effective vaccination method is crucial.

© 2013 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.

1. Introduction

Inflammatory bowel disease (IBD), ulcerative colitis (UC), and
Crohn'’s disease (CD) are accompanied by chronic inflammation
of the gastrointestinal tract due to a complex interplay
between environmental factors, dysregulated immune systems,
and genetic susceptibility.! Immunosuppressive (IS) therapeu-
tics such as immunomodulators or anti-tumor necrosis factor-a
(TNF-«) agents are frequently used as aggressive therapies for
IBD. However, immunosuppressive agents such as systemic
corticosteroids, azathioprines (AZA)/6-mecaptopurine (6-MP),
tacrolimus, methotrexate, and anti-TNF-a agents (e.g.,
infliximab [IFX]) increase the risk for more frequent and severe
infections in IBD patients.2~# Combination therapies using more
than one IS agent are especially associated with increased
risk for opportunistic infections,® including bacterial and
many severe and fatal viral infections.®~® Recent publications
recommend more appropriate vaccination strategies for 1BD
patients as infection prophylaxis prior to IS therapy.®'°

Influenza, caused by type A or type B viruses, is a prevalent
respiratory illness that can lead to other associated complica-
tions and hospitalization. Influenza patients often seek
medical attention in hospital emergency rooms, and absence
rates for workers and students increase dramatically during
the influenza season.' In the US, approximately 226,000
patients are hospitalized annually for influenza, and approx-
imately 36,000 cases of influenza-related deaths are reported
each year."?"3 In 2009, the World Health Organization (WHO)
reported of the human infection with influenza A(H1N1). HIN1
spread rapidly throughout the world during the 2009/2010
influenza season, leading WHO to declare a phase 6 pandemic
alert.' Epidemiologic studies for the pandemic outbreak in
2009 revealed that the risk of influenza-associated complica-
tions for adults infected with influenza A(H1N1)pdmQ9 was
higher than usual for seasonal influenza.'®

Several recent studies that examined the immunogenicity
of the influenza A(H1IN1)pdm09 vaccine in IBD patients'¢-23
have cautioned that combination therapy with anti-TNF-a
agents and immunomodulators (AZA/6MP) may reduce the
immune response to vaccines.'”'® Similar findings have been
reported for the trivalent influenza vaccine, which is routinely
distributed as a seasonal influenza vaccine.'®?224 These
reports also showed that children undergoing IS therapy for
IBD exhibited reduced immune response to the vaccine. To the
best of our knowledge, however, no studies have reported the
effect of IS therapy on the specific immune response to the
individual strains covered by the trivalent influenza vaccine in
adults with IBD. Although adults are generally considered to
generate a better immune response to the vaccine than

children do, it is important to examine the effect of IS therapy
in adult IBD patients. Therefore, the aim of the present study
was to investigate the immune response to the trivalent
influenza vaccine in adult IBD patients undergoing IS
treatments.

2. Materials and methods
2.1. Subjects

We conducted this prospective, open label, cohort study
from September 2010 to July 2011 in the Department of
Gastroenterology at Osaka City University Hospital. Between
29 September 2010 and 14 October 2010, IBD outpatients
(minimum age, 20 years) were recruited for participation in
the study.

The exclusion criteria were as follows: patient had already
received 2010 trivalent inactivated influenza vaccine; patient
had history of influenza infection within the last 6 months;
patient had history of anaphylactic reaction to previous
influenza vaccine or vaccine components or of acute febrile
illness or signs of severe acute illness at the time of
vaccination. All participants provided written, informed
consent following a detailed explanation of the nature and
possible consequences of the study. All participants in the
study signed informed consent forms. We estimated the
appropriate sample size was 100 participants for the present
study based on the reference of the guidance of the European
Committee for Proprietary Medical Products.?> The study
protocol was approved by the Ethics Review Board of the
Osaka City University Graduate School of Medicine.

2.2. Data acquisition

At the time of recruitment, we obtained the following patient
information from the medical records: defined disease
(ulcerative colitis [UC] or Crohn's disease [CD]); disease
duration; current IS therapy (corticosteroids, tacrolimus,
AZA, 6-MP and IFX), which has been continued for more than
3 months; and data from blood tests (white blood cell count,
differential leukocyte count, serum albumin, hematocrit,
C-reactive protein). All medications were required to be
stable prior to vaccination and for at least 3 weeks after
vaccination. Validated clinical activity scores, clinical activity
index (CAl) of Rachmilewitz index,?® and Crohn's disease
activity index (CDAI),27-28 were used to assess disease activity
in patients with UC and CD, respectively. A CAl score of >5 for
UC and a CDAI score of >150 for CD were defined as active
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stage, and a CAl of <4 for UC and a CDAI of <150 for CD were
defined as remission stage. Participants receiving IS therapy at
the time of vaccination were classified as the immunosup-
pressive (IS) group, and the remaining participants were
considered the non-immunosuppressive (NIS) group, which
included participants treated with other medications (e.g.,
5-aminosalicylates).

Before vaccination, participants were asked to complete
a self-administered questionnaire to collect the following
information: age at vaccination, body height and weight,
underlying illnesses, past medical history, and allergic
history (including allergy to eggs).

2.3. Vaccination with trivalent vaccine

All participants received a single subcutaneous dose of the
2010 trivalent inactivated influenza vaccine (Lot. HA101E,
BIKEN, Osaka, Japan). This vaccine included the following
antigen strains: A/California/7/2009 (H1N1), A/Victoria/210/
2009 (H3N2), and B/Brisbane/60/2008. A standard 0.5-mL
dose of the vaccine contained 15 ug of the hemagglutinin
antigen of each strain.

2.4. Determination of hemagglutination inhibition
antibody titers

Serum samples were collected at 3 time points: before
vaccination (S0), 3 weeks post-vaccination (S1) according to
our previous investigation?®, and after the influenza season
(S2; approximately 7 months after vaccination). All serum
specimens were stored at —80 °C until used for testing for
hemagglutination inhibition (HAI) antibody titers against all
3 strains. HAI antibody titers were determined using the
standard microtiter HAl method with the same antigens as in
the vaccine.??3% All samples were assayed at the laboratory
of the Research Foundation for Microbial Diseases of Osaka
University between July and September 2011.

2.5. Assessment of side effects

Participants were surveyed regarding the presence of related
symptoms for the following side effects: ocular and respiratory
symptoms within 24 h after vaccination (red eyes, facial
edema, and any respiratory symptoms—coughing, wheezing,
chest tightness, difficulty breathing, difficulty swallowing, and
sore throat), systemic symptoms within 48 h (fever, general
malaise, myalgia, headache, and rash), and local symptoms
within 48 h (redness, swelling, induration, itching, and pain).

2.6. Statistical analyses

The following outcomes were calculated to assess the
immunogenicity of the influenza vaccine: geometric mean
titer (GMT), mean fold-rise, seroresponse proportion (> 4-fold
rise), and seroprotection proportion (post-vaccination titer
>1:40). For data processing, titers less than 1:10 were
regarded as 1:5, and reciprocal antibody titers were analyzed
after logarithmic transformation. The results are presented in
the original scale by calculating the antilogarithm. We also
performed a stratified analysis to investigate the effect of

potential confounders: age at vaccination (tertile), sex,
defined disease (UC or CD), disease activity (remission or
active), immunosuppressive treatment, and pre-vaccination
titer (<1:10, 1:10-1:20, and >1:40). The significance of
fold-rise within a category was assessed by the Wilcoxon
signed-rank test, and intercategory comparisons were made
using either the Wilcoxon rank-sum test or the Kruskal-Wallis
test. The x? test or Mantel-extension method for the trend test
was also used where appropriate.

Furthermore, to consider the independent effect of
individual immunosuppressive therapy for immune response,
multivariate analyses were conducted using logistic regression

Table 1  Baseline characteristics of participants with
inflammatory bowel disease.
All (n = 88)
Characteristics n (%)
Age at vaccination (years)
Mean (£5D) 44.4 (+14.4)
Gender
Male 51 (58)
Female 37 (42)
Disease
uc 45 (51)
CcD 43 (49)
Disease activity
Remission stage 74 (84)
Active stage 14 (16)
Immunosuppressive therapy
Not receiving(NIS group) 30 (34)
Receiving(IS group) 58 (66)
Corticosteroids 6 (7)
Tacrolimus 2(2)
AZA/6MP 31 (35)
AZA/6MP monotherapy 21 (24)

AZA/6MP + IFX 10 (11)
IFX 33 (38)

IFX monotherapy 23 (26)

IFX + AZA/6MP 10 (11)
Pre-vaccination titer
H1N1 < 1:10 51 (58)
1:10-1:20 20 (23)
>1:40 17 (19)
H3N2 < 1:10 53 (60)
1:10-1:20 25 (28)
>1:40 10 (11)
B <1:10 26 (30)
1:10-1:20 29 (33)
>1:40 33 (38)

SD, standard deviation; UC, ulcerative colitis; CD, Crohn's disease.
NIS group, non-immunosuppressive group; IS group, immunosup-
pressive group.

AZA, azathioprine; 6MP, 6-mercaptopurine; IFX, infliximab.
Data are expressed as n (%) of patients, unless otherwise
indicated.
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Table 3  Seroprotection proportion to trivalent influenza vaccine during the study period.

Category Number with Seroprotection proportion (=1:40), n (%)
Influenza A(H1N1) Influenza A(H3N2) Influenza B
SO S1 S2 SO S1 S2 SO S1 S2

Total patients 17 (19%) 71 (81%) 41 (51%) 10 (11%) 54 (61%) 31 (37%) 33 (38%) 76 (86%) 55 (66%)

Tertile age at vaccination (years)

<38 10 (33%) 26 (87%) 18 (69%) 3 (10%) 20 (67%) 12 (42%) 13 (43%) 29 (97%) 22 (81%)

38-48 4 (13%) 27 (90%) 16 (57%) 0 (0%) 15 (50%) 6 (21%) 13 (43%) 27 (90%) 20 (69%)

>49 3 (11%) 18 (64%) 7 (26%) 7 (25%) 19 (68%) 13 (48%) 7 (25%) 20 (71%) 13 (48%)

p=.03 p = .002 p = .06 p=.95 p=.70 p=.53 p=.006 p-=.01

Gender

Male 11 (21%) 40 (78%) 27 (55%) 5 (10%) 29 (57%) 14 (29%) 19 (37%) 42 (82%) 30 (63%)

Female 6 (16%) 31 (84%) 14 (44%) 5 (14%) 25 (68%) 17 (49%) 14 (38%) 34 (92%) 25 (71%)
p = .65 p=.53 p =.325 (14%) p = .56 p=.31 p = .06 p=.59 p=.20 p = .40

Disease

uc 5 (11%) 34 (76%) 16 (37%) 5 (11%) 32 (71%) 19 (43%) 16 (36%) 40 (89%) 31 (70%)

CcD 12 (28%) 37 (86%) 25 (66%) 5 (12%) 22 (51%) 12 (30%) 17 (40%) 36 (84%) 24 (62%)
p=.048 p=.21 p=.01 p = .57 p = .06 p=.21 p = .61 p = .48 p=.39

Disease activity

Remission stage 13 (18%) 58 (78%) 33 (49%) 8 (11%) 23 (33%) 47 (68%) 26 (35%) 63 (85%) 47 (68%)

Active stage 4 (29%) 13 (93%) 8 (62%) 2 (14%) 8 (57%) 8 (57%) 7 (50%) 13 (93%) 8 (57%)
p=.63 p=.21 p=.39 p=.93 p = .04 p=.43 p = .50 p=.44 p=.43

Immunosuppressive therapy

—(NIS group) 5 (17%) 25 (83%) 14 (50%) 7 (23%) 23 (77%) 13 (45%) 11 (37%) 26 (87%) 19 (66%)

+(IS group) 12 (21%) 46 (79%) 27 (51%) 3 (5%) 31 (53%) 18 (33%) 22 (38%) 50 (86%) 36 (67%)
p = .50 p = .65 p=.94 p=.002 p=.06 p=.27 p = .02 p=.95 p=.92

Corticosteroids

= 15 (18%) 65 (79%) 37 (49%) 10 (12%) 48 (59%) 26 (33%) 30 (37%) 70 (85%) 49 (64%)

+ 2 (33%) 6 (100%) 4 (67%) 0 (0%) 6 (100%) 5 (83%) 3 (50%) 6 (100%) 6 (100%)
p=.44 p=.21 p=.4110 (12%) p = .45 p=.04 p = .01 p = .66 p=.31 p=.07

Tacrolimus

= 17 (20%) 69 (80%) 41 (52%) 10 (12%) 53 (62%) 31 (38%) 33 (38%) 74 (86%) 54 (67%)

+ 0 (0%) 2 (100%) 0 (0%) 0 (0%) 1 (50%) 0 (0%) 0 (0%) 2 (100%) 1 (50%)
p = .03 p = .48 p=.14 p=.51 p=.74 p=.27 p = .54 p = .57 p = .62

AZA/6MP

= 13 (23%) 50 (88%) 28 (53%) 8 (14%) 35 (61%) 18 (33%) 20 (35%) 49 (86%) 35 (65%)

+ 4 (13%) 21 (68%) 13 (46%) 2 (6%) 19 (61%) 13 (45%) 13 (42%) 27 (87%) 20 (69%)
p=.36 p = .02 p = .58 p=.29 p=.99 p=.27 p=.12 p=.88 p=.70

IFX

= 9 (16%) 44 (80%) 24 (48%) 8 (15%) 39 (71%) 24 (46%) 23 (42%) 50 (91%) 39 (75%)

+ 8 (24%) 27 (82%) 17 (55%) 2 (6%) 15 (45%) 7 (22%) 10 (30%) 26 (79%) 16 (52%)
p =.55 p=.83 p=.55 p = .50 p=.02 p=.03 p=.16 p=.11 p=.03

Pre-vaccination titer

<1:10 0 (0%) 35 (69%) 18 (40%) 0 (0%) 28 (53%) 12 (24%) 0 (0%) 17 (65%) 11 (42%)

1:10-1:20 0 (0%) 19 (95%) 8 (40%) 0 (0%) 16 (64%) 9 (38%) 0 (0%) 26 (90%) 15 (57%)

>1:40 17 (100%) 17 (100%) 15 (94%) 10 (100%) 10 (100%) 10 (100%) 33 (100%)c 33 (100%) 30 (94%)
p <.0001 p=.003 p=.001 p <.0001 p=.02 p <.0001 p<.0001 p=.0005 p=.0001

UC, ulcerative colitis; CD, Crohn's disease; NIS group, non-immunosuppressive group; IS group, immunosuppressive group.
AZA, azathioprine; 6MP, 6-mercaptopurine; IFX, infliximab.
Data are expressed as n (%) of patients, unless otherwise indicated.

%* test between 2 categories and the Mantel-extension method for trend test among 3 categories.



Immunomodulative therapy inhibit influenza vaccination

229

models with potential confounders. The models were
constructed with seroprotection after vaccination as the
dependent variable, and the following factors were selected
as potential confounders (age, disease activity, and
pre-vaccination titer) because these variables were suggested
to be associated with seroprotection for at least 1 of 3 vaccine
strains in the univariate analyses (p < 0.05). Odds ratios (ORs)
and 95% confidence intervals (Cls) were calculated.

To assess side effects, we compared the proportion of
patients with each symptom across the 2 groups (IS and NIS
groups) using the y? test or Fisher's exact test. All tests were
2-sided. All analyses were performed using SAS, version
9.1.3 (SAS Institute).

3. Results
3.1. Study participants

Ninety-one IBD patients received a single dose of the
influenza vaccine between 29 September 2010 and 14
October 2010. The participants were followed-up until July
2011 (i.e., study period). Serum samples at SO (before
vaccination), S1 (3 weeks post-vaccination), and S2 (after
influenza season) were collected from 91, 88, and 88
patients, respectively. Between S1 and S2, however, 3
subjects were diagnosed with influenza by the rapid test at a
medical institution. Another 4 subjects were serologically
diagnosed with influenza infection (3 with A(H1N1) and 1
with B; titer increased more than 4 times in S2 compared
with S§1). Thus, the data from these infected subjects were
excluded from S2 analysis.

Patient characteristics are shown in Table 1. Forty-five
patients had UC and 43 had CD. Five patients with UC and 9
with CD were in the active stage according to the respective
disease activity index before vaccination. Fifty-eight patients
were treated with immunosuppressive therapy (IS group) and
the other 30 were placed into the NIS group.

3.2. Immune responses to the trivalent influenza
vaccine

The immune responses (GMT, fold-rise, seroresponse pro-
portion and, seroprotection proportion) to the trivalent
influenza vaccine were calculated. Table 2 summarizes the
change in the GMTs and fold-rise for each vaccine strain
during the study period. In all participants, GMTs after
vaccination (51) increased to 83 (H1N1), (H3N2), and 95 (B),
representing a mean fold-rise of 7.7 (H1N1), 6.4 (H3N2),
and 4.6 (B), respectively. The corresponding seroresponse
proportion (=>4 fold-rise) was 73% (95% Cl, 64—82%) for HIN1,
67% (57-77%) for H3N2, and 53% (43-63%) for B. These
findings suggested that the trivalent 2010/11 seasonal
influenza vaccine was immunogenic in adult IBD patients.3"
After the influenza season (S2), however, GMTs decreased to
less than 50% for all 3 vaccine strains.

GMTs and fold-rise after vaccination (51) did not differ
significantly with respect to age, sex, disease, disease
activity, or immunosuppressive therapy (NIS or IS group).
On the other hand, patients with a higher pre-vaccination
titer had higher GMTs and lower mean fold-rises (all 3
strains, p < 0.0001). For individual immunosuppressive

therapy, participants treated with corticosteroids exhibited
unexpectedly increased GMTs for H3N2 and B, whereas those
treated with AZA/6-MP or with IFX had significantly
decreased GMTs for HIN1 or H3N2, respectively.

Table 3 summarizes the changes in the seroprotection
proportion for each vaccine strain during the study period. In
all participants, vaccination increased the seroprotection
proportion to 81% (73-89%) for H1N1, 61% (51-71%) for
H3N2, and 86% (79-93%) for B; the proportion was slightly
lower for H3N2 than for the other strains. After the influenza
season (S2), these proportions decreased to 51% (40—62%) for
H1N1, 37% (48-74%) for H3N2, and 66% (56-76%) for B,
respectively.

In the stratified analyses, older participants exhibited
significantly decreased seroprotection against HIN1 (p = 0.03)
and B (p = 0.006) at S1. With respect to the clinical char-
acteristics, participants in remission stage exhibited sig-
nificantly reduced immune responses to H3N2 (p = 0.04).
Participants treated with corticosteroids exhibited increased
seroprotection especially against H3N2, whereas those treat-
ed with AZA/6-MP and those treated with IFX showed sig-
nificantly decreased seroprotection against HIN1 and H3N2,
respectively.

3.3. Effect of independent and combination
immunosuppressive therapy on immune responses
to the trivalent influenza vaccine

Data from the above-mentioned univariate assessments
suggested that the immune response to the vaccine might
be reduced in patients undergoing specific immunosuppres-
sive therapy such as AZA/6MP and IFX. More significant
differences were observed in the seroprotection rate than in
the seroresponse rate to assess the effect of AZA/6MP or IFX.
Thus, to investigate the independent effect of these treat-
ments, multivariate analyses were carried out using the
seroprotection rate (Table 4). The seroprotection proportion
of all patients undergoing steroid treatment increased more
than 40-fold (>1:40) at S1. Therefore, we could not add the
category of steroids to the model used for the logistic
regression analysis.

Even after considering the effect of potential confounders,
however, participants treated with AZA/6MP exhibited signif-
icantly low ORs for seroprotection against HIN1 (OR = 0.20,
p = 0.01). Participants treated with IFX exhibited significantly
decreased ORs of seroprotection against H3N2 (OR = 0.37,
p =0.02) and B (OR = 0.18, p = 0.03).

We next performed multivariate analyses for the combina-
tion of these immunosuppressive therapies (Table 5). Partic-
ipants undergoing IFX monotherapy showed significantly
decreased ORs for seroprotection against H3N2 (OR = 0.13,
p = 0.01). Combination therapy with AZA/6MP and IFX was
associated with significantly decreased ORs for seroprotection
against HIN1 (OR = 0.056, p = 0.02). Combination therapy
with AZA/6MP and IFX also led to decreased ORs for the B
strain; however, this finding was not statistically significant
owing to the limited number of subjects analyzed. Thus, the
multivariate analysis data showed that each individual drug or
their combination therapy were likely to independently affect
the immune response to at least 1 of the 3 influenza vaccine
strains.
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Table 4 Factors associated with seroprotection after trivalent influenza vaccination.

Category Influenza A(H1N1 P Influenza A(H3N2) P Influenza B P
OR (95% ClI) OR (95% Cl) OR (95% Cl)

Tertile age at vaccination (years)

<38 1.00 1.00 1.00

38-48 3.06 (0.45-21) 0.26 0.39 (0.11-1.31) 0.13 0.27 (0.02-3.25) 0.30

>49 0.24 (0.24-1.41) 0.11 0.60 (0.16-2.21) 0.44 0.04 (0.003-0.56) 0.02

Disease activity

Remission stage 1.00 1.00 1.00

Active stage 4.44 (0.38-52) 0.24 4.01 (0.82-20) 0.09 1.96 (0.18-22) 0.59

AZA/6MP

= 1.00 1.00 1.00

+ 0.20 (0.06-0.72) 0.01 1.64 (0.72-3.74) 0.24 1.42 (0.39-5.22) 0.60

IFX

= 1.00 1.00 1.00

+ 1.19 (0.39-3.64) 0.76 0.37 (0.16-0.86) 0.02 0.18 (0.04-0.82) 0.03

Pre-vaccination titer

<1:10 1.00 1.00 1.00

1:10-1:20 8.25 (0.88-77) 0.06 1.62 (0.58—4.53) 0.36 8.92 (1.13-71) 0.04

AZA, azathioprine; 6MP, 6-mercaptopurine; IFX, infliximab.
Logistic regression model: Cl, confidence interval; OR, odds ratio.

Pre-vaccination titer of >1:40 was excluded (Data of 71 for HIN1, 78 for H3N2, and 55 for B were analyzed.).
Model included age at vaccination (years), disease activity, AZA, IFX and pre-vaccination titer.

3.4. Side effects of the trivalent influenza vaccination

Severe side effects, including fatalities, did not occur in the
present study. In addition, the disease activities of partici-
pants did not change significantly during the study period
(data not shown). Table 6 summarizes the proportion of
subjects who reported adverse reactions. Ocular and respira-
tory symptoms occurred in 11 subjects (13%) within 24 h,
whereas systemic symptoms and local reactions occurred in 29
subjects (34%) and 58 subjects (67%), respectively, within
48 h. The most frequent systemic symptom (20 subjects) was
general malaise (24%), and the most frequent local reaction
(47 subjects) was redness (55%). Comparison of the IS group
and NIS group revealed no significant difference in the
frequency of the reported symptoms between the 2 groups.

4. Discussion

The recent development of immunomodulators or anti
TNF-a agents has led to better clinical prognoses and
outcomes for patients with IBD.32 Efforts to control
infectious diseases, including vaccination, however, have
become an important issue for IBD patients undergoing these
therapies.?* Appropriate vaccinations against hepatitis B
virus, pneumococcus, human papilloma virus, influenza
virus, etc., prior to beginning immunosuppressive therapies,
are recommended in several guidelines.® 193435 The pan-
demic of the influenza A(H1N1)pdmQ9 virus led to concerns
regarding influenza vaccination in IBD patients.3®

At least one previous study indicated that influenza
vaccination did not influence IBD activity.2° Thus, evaluation

Table 5 Inhibition for seroprotective efficacy of the trivalent influenza vaccination due to combination immunosuppressive

therapy.
Influenza A(H1N1) P Influenza A(H3N2) P Influenza B P
n (%)  OR (95% Cl) n (%)  OR (95% Cl) n (%)  OR (95% Cl)

Neither AZA/6MP nor IFX 23 (82) 1.00 19 (70) 1.00 17 (81) 1.00

AZA/6MP monotherapy 12 (67) 0.19 (0.03-1.16) 0.07

IFX monotherapy 14 (88) 1.05 (0.13-8.30) 0.96

combination therapy of 5 (56) 0.056 (0.005-0.62) 0.02
AZA/6MP + IFX

12 (60) 0.66 (0.18-2.43) 0.53 10 (91) 6.83 (0.38-123) 0.19
8 (36) 0.13 (0.03-0.58) 0.01 12 (75) 0.60 (0.05-6.89) 0.68
5(56) 0.37 (0.07-2.14) 0.27 4(57) 0.10 (0.01-2.15) 0.14

AZA, azathioprine; 6MP, 6-mercaptopurine; IFX, infliximab.
Logistic regression model: Cl, confidence interval; OR, odds ratio.

Pre-vaccination titer of >1:40 was excluded (Data of 71 for HIN1, 78 for H3N2, and 55 for B were analyzed.)
Model included age at vaccination (years), disease activity, and pre-vaccination titer.
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Table 6 Side effects of trivalent influenza vaccination in participants with inflammatory bowel disease.
Total patients (n = 86) IS group (n = 56) NIS group (n = 30) P
Ocular and respiratory symptoms within 24 h 11 (13%) 8 (14%) 3 (10%) 0.74
Red eyes 2 (2%) 2 (4%) 0 0.54
Facial edema 1 (1%) 1(2%) 0 1
Any respiratory symptoms 7 (8%) 5 (9%) 2 (7%) 1
Coughing 7 (8%) 5 (9%) 2 (7%) 1
Wheezing 0 0 0
Chest tightness 0 0 0
Difficulty breathing 0 0 0
Difficulty swallowing 0 0 0
Hoarseness 2 (2%) 2 (4%) 0 0.54
Sore throat 5 (6%) 3 (5%) 2 (7%) 1
29 (34%) 17 (31%) 12 (40%) 0.48
Systemic symptoms within 48 h 0 0 0
Fever (>37.5 °C) 20 (24%) 12 (22%) 8 (27%) 0.61
General malaise 10 (12%) 5 (9%) 5 (17%) 0.44
Myalgia 8 (9%) 3 (5%) 5 (17%) 0.12
Headache 2 (2%) 1 (2%) 1 (3%) 1
Rash 58 (67%) 38 (68%) 20 (67%) 1
Local reaction within 48 h 47 (55%) 38 (68%) 20 (67%) 0.5
Redness 40 (47%) 29 (52%) 18 (60%) 0.37
Swelling 31 (36%) 20 (36%) 11 (37%) 1
Induration
ltching 29 (34%) 19 (34%) 10 (33%) 1
Pain 25 (29%) 17 (30%) 8 (27%) 0.81
Medical office visit due to above symptoms 2 (2%) 1(2%) 1 (3%) 1

NIS group, non-immunosuppressive group; IS group, immunosuppressive group.

Date are expressed as n (%) of patients, unless otherwise indicated.

+* test or Fisher's exact test between 2 categories.

of immunogenicity by the trivalent influenza vaccine and
optimization of the vaccination, especially in IBD patients
treated with immunosuppressants, is an important next step.
To date, no study has elevated the immune responses to the
trivalent influenza vaccine in adult IBD patients. The findings
of the present study revealed that HAI antibody titers reduced
for all 3 vaccine strains after the influenza season. Influenza A
and B virus variants result from frequent antigenic change
(i.e., antigenic drift), which renders an individual susceptible
to new strains despite previous exposure to influenza. For
these reasons, the trivalent influenza vaccine must be
modified according to the strain antigens, and patients must
be immunized annually. Different efficacies of the trivalent
influenza vaccine in IBD patients, in particular, those treated
with immunosuppressive drugs, must be evaluated carefully
and precisely, and the process of trivalent influenza vaccina-
tion should be optimized for these patients.

To prevent and control influenza infection and the
associated complications, seroprotective levels of the anti-
body must be acquired before the influenza season. Evaluation
of the characteristics associated with the immune response
after vaccination in the stratified analyses revealed that GMT
and the seroprotection proportion were significantly higher in
participants treated with corticosteroids than in those not
treated with corticosteroids. This finding was unexpected,
because steroid treatment is known to inhibit the immune
response to influenza vaccine.3” Our results do not clarify
why patients undergoing corticosteroid treatment exhibited
higher antibody titers. One possibility, however, is that some

patients under corticosteroid treatment might develop an
asymptomatic infection between SO and S1, as evidenced by
the extremely high individual antibody titer (more than 640) in
some of the study participants. Thus, this positive relationship
must be cautiously interpreted.

Conversely, seroprotection proportion against HIN1 was
significantly lower in participants treated with AZA/6MP
(p = 0.01). In addition, treatment with IFX significantly
reduced the immune response to H3N2 (p =0.02) and B
(p = 0.03), whereas combination therapy with AZA/6MP and
IFX showed significant inhibitory effects on HIN1 (p = 0.02).
The results of multivariate analyses showed that each drug
alone or in combination therapy independently reduced the
immune response to the influenza vaccine for at least 1 of
the 3 influenza vaccine strains. Some studies have also
reported that combination therapies with anti-TNF-a agents
and immunomodulators reduces the immunogenicity of the
influenza A(H1N1)pdmOQ9 vaccine more than monotherapy
with anti TNF-a agents does in adult IBD patients.'”'® In
addition, Mamula et al.?? reported that combination therapy
reduced the immunogenicity of the seasonal influenza vaccine
more than monotherapy did in pediatric IBD patients.
Furthermore, studies in pediatric IBD patients treated with
whole immunosuppressive therapy or anti-TNF-a agents
indicated that the immunogenicity of influenza B is inhibited
more than that of influenza A(H1N1, H3N2).'®24 However,
thiopurines do not affect the immunogenicity of influenza B in
adult IBD patients.® In patients with another immunologic
disease — spondyloarthritis — anti-TNF-« agents can inhibit the
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immunogenicity of the influenza A(H1N1)pdm09 vaccine.3®
Taken together, these findings suggest that immunosuppres-
sive therapy independently inhibits the immunogenicity of
the trivalent influenza vaccine in both pediatric and adult
IBD patients.®® Immunologic studies must be performed to
evaluate the mechanism underlying the effect of these
immunosuppressive therapies on the immunogenicity of
vaccines in IBD patients. Investigations of host immunologic
potential (i.e., T cells) and antibody formation response (i.e.,
B cells) are also needed. 74!

As for side effects, there was no significant difference in
the proportion of each symptom between the IS and NIS
groups. In addition, vaccination did not influence IBD
activity in the participants, consistent with results of a
previous study.?® Thus, the trivalent influenza vaccination
appears to be safe for adult IBD patients, regardless of
whether they are receiving immunosuppressive treatment.

This is the first study to show that immunosuppressive
therapy (AZA/6MP and/or IFX) inhibits the immunogenicity of
the trivalent influenza vaccine in adult IBD patients. This study,
however, has some limitations. We did not analyze the
influence of dosage and treatment duration for each immuno-
suppressive drug. Further, the number of participants treated
with corticosteroids or combination therapy (AZA/6MP and IFX)
was relatively small, which could influence the results of
statistical analysis. In addition, healthy controls were not
included for comparison. However, the comparisons between
the IS group and NIS group should be clinically important with
reference to past notable investigations.'”-20:2> Moreover, the
NIS group of IBD patients is an appropriate control group to
reveal the influence of immunosuppressive therapy on immune
responses to the trivalent influenza vaccine.

To optimize the trivalent influenza vaccination for adult IBD
patients treated with immunomodulators and/or anti-TNF-«
agents, more effective vaccination methods such as dual
vaccinations with booster doses must be established for these
patients. Immunogenicity of other types of inactivated vaccines
such as the pneumococcal vaccine is also inhibited in IBD
patients treated with immunomodulators and/or anti-TNF-«
agents.*? Booster doses of the hepatitis B vaccine, another
inactivated vaccine, are recommended.*® Optimization with a
booster dose of the trivalent influenza vaccine is also
considered to enhance efficacy in patients with rheumatoid
arthritis who are additionally receiving treatment with immu-
nosuppressive drugs.*+*> We are currently investigating the
efficacy of a booster dose of the trivalent influenza vaccine in
adult IBD patients undergoing immunosuppressive therapy
(UMIN000009259). Furthermore, the development of personal-
ized vaccination plans according to pre-vaccination antibody
titer, treatment drugs, and immunologic potential, is expected
in the near future.

In conclusion, treatment with infliximab and/or immuno-
modulators inhibits the immune response to trivalent
influenza vaccination in adult IBD patients. These findings
should contribute to the development of optimized and
personalized influenza vaccines.
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The most common preventative measure against mumps is vaccination with mumps vaccine. In most
parts of the world, mumps vaccine is routinely delivered through live attenuated Measles-Mumps-
Rubella (MMR) vaccine. In Japan, receiving mumps vaccine is voluntary and vaccine uptake rate is less
than 30%. The introduction of mumps vaccine into routine vaccination schedule has become one of the
current topics in health policy and has raised the need to evaluate efficient ways in protecting children
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from mumps-related diseases in Japan.

We conducted a cost-effectiveness analysis with Markov model and calculated incremental cost effec-
tiveness ratios (ICERs) of 11 different programmes; a single-dose programme at 12-16 months and 10
two-dose programmes with second dose uptakes at ages 2, 3, 4, 5, 6,7, 8,9, 10 and 11. Our base-case

QALY analyse set the cost per shot at ¥6951 (US$72; 1US$=96.8).

Economic evaluation

Results show that single-dose programme dominates status quo. On the other hand, ICERs of all 10

two-dose programmes are under ¥6,300,000 (US$65,082) per QALY from payer’s perspective while it
ranged from cost-saving to <¥7,000,000 (US$72,314) per QALY from societal perspective.

By adopting WHO's classification that an intervention is cost-effective if ICER (in QALY) is between one
and three times of GDP as a criterion, either of the vaccination programme is concluded as cost-effective
from payer’s or societal perspectives. Likewise, to uptake second dose at 3-5 years old is more favourable
than an uptake at any other age because of lower incremental cost-effectiveness ratios.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Mumps is a viral infection of humans, primarily affecting the
salivary glands. Serious complications of mumps include menin-
gitis, encephalitis, orchitis, and hearing loss. There is no specific
therapy for mumps. In most countries, live attenuated Measles-
Mumps-Rubella (MMR) immunisation is delivered against mumps
which dropped the incidence of mumps dramatically [1,2]. By
December 2005, two-dose schedules were implemented in more
than 80% of 110 countries where mumps vaccine is on routine
immunisation schedule [1].

In Japan a voluntary mumps vaccination begun in 1981. From
1989, MMR vaccination has been allowed as an alternative to
monovalent mumps vaccine for routine immunisation. However,
because of unexpected high incidence of aseptic meningitis caused
by mumps vaccine (Urabe Am9 strain), MMR vaccination was

* Corresponding author. Tel.: +81 29 853 3255; fax: +81 29 853 3255.
E-mail addresses: hoshi@hcs.tsukuba.ac.jp, shulingst@hotmail.com (S.-1. Hoshi).

http://dx.doi.org/10.1016/j.vaccine.2014.05.020
0264-410X/© 2014 Elsevier Ltd. All rights reserved.

discontinued in 1993. Since then, measles and rubella vaccines have
been in routine vaccination schedule, while mumps monovalent
vaccine has been optional as it was before 1989 [3]. Currently,
two kinds of mumps vaccine are available in Japan, each con-
taining different strains, namely, Torii and Hoshino [4]. Despite
some municipalities giving subsidies to vaccinees to encourage
the uptake of mumps vaccine, the estimated vaccine uptake rate
is less than 30% [4]. Consequently, Japan has experienced annual
outbreaks of mumps estimated from 430,000 to more than one
million cases [5], and thus an increase in hearing loss caused by
mumps was also observed [6]. The introduction of mumps vaccine
into routine vaccination schedule has become one of the current
topics in health policy [7] and has raised the need to evaluate effi-
cient ways in protecting children from mumps-related diseases in
Japan.

The efficiency of mumps vaccination has been reported over-
seas since 1970s. Either single-dose strategy or two-dose strategy
was shown to be cost-beneficial [8-12]. In Japan, only one peer-
reviewed article [13] reported a benefit-cost ratio of 5.1 for single-
dose mumps vaccination programme from societal perspective
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with an unrealistic assumption of 100% non-vaccinee infection. The
same study also assumed that there is no waning of vaccine-derived
immunity, which contradicts the findings of several studies where
waning of vaccine-derived immunity is observed [14-21].

This study aims to appraise the value for money of expanding
the current voluntary mumps vaccination to routine single-dose or
two-dose vaccination programmes, and also to explore the poten-
tial impacts of schedule changes, i.e., the appropriate age to uptake
the second dose, because of the variety of ages being recommended
to uptake the second dose among countries where two-dose MMR
is recommended [22,23].

2. Method

We conducted a cost-effectiveness analysis with Markov mod-
elling from both payer’s and societal perspectives. In defining
vaccination programmes and constructing the model, we con-
ducted a literature survey to find out the available evidence. Studies
pertaining to epidemiology and prognosis of mumps-relevant dis-
ease in Japan’s setting were accessed from PubMed database, Igaku
Chuo Zasshi database, MHLW (Ministry of Health, Labour and
Welfare) Grant System, and annual statistic reports published by
the government. Igaku Chuo Zasshi (Japana Centra Revuo Medi-
cina) is a Japanese medical bibliographic database which contains
7.5 million citations originating in Japan, which comprehensively
covers articles published in Japanese-language medical journals.
Due to insufficient evidences from Japan, overseas’ reports from
PubMed, Medline, The Cochrane Database of Systematic Reviews,
HTA (Health Technology Assessment database), and NHS EED (The
NHS Economic Evaluation Database) regarding vaccine effective-
ness, utility weight to estimate QALY and economic evaluation
related to mumps vaccine were used instead.

2.1. Programmes

The 11 routine vaccination programmes were composed of one
single-dose programme and 10 two-dose programmes. All pro-
grammes schedule the first dose at 12-18 months. Each of the 10
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two-dose programmes will have the second dose at ages 2, 3, 4,
5,6,7,8,9, 10 and 11. All these programmes were compared to
status quo. We also compared two-dose programmes with single-
dose programme to explore the efficiency of the second dose. The
vaccine uptake rates are assumed at 30% for status quo [4] and
76% for single-dose programme and for first dose of two-dose pro-
gramme based on the willingness-to-pay reported by Muta et al.
[24], and 72.7% (76% x 0.957) for second dose of two-dose pro-
gramme; where 0.957 is the proportion of second dose to first
dose of vaccine coverage of measles over the last 5 years in Japan
[25]. Vaccination with MMR2 was not considered as an alternative
because it is not yet approved in Japan [4,26].

2.2. Markov model

A Markov model of courses followed by the birth cohort under
consideration was constructed based on epidemiological data,
vaccine effectiveness and models from previous studies. Eleven
mutually-exclusive health states were modelled (Fig. 1). A Markov
cycle for each stage was set at 1 year with a cohort time frame of
40 years. After turning 40 years old, those without sequelae were
assumed to have a life expectancy of Japanese population [27],
while those with neurological sequelae will have an average life
expectancy of 53.9 years old [28]. Natural infection is thought to
confer lifelong protection [1]. Considering that all state transitions
do not occur simultaneously at the end of each cycle, we imple-
mented a half-cycle correction in estimating the incremental cost
effectiveness ratios (ICERs) of the programmes. We did not consider
herd immunity in our model because: (1) the reported basic repro-
duction number of mumps is largely varied from 4 to 12 [29,30],
(2) even when the assumption of vaccine effectiveness is as high
as 95% for two doses of vaccine, vaccine coverage of 78.9%, 87.7%,
92.1%,94.7% are needed to reach herd immunity if the correspond-
ing reproductive values were four, six, eight, and 10; respectively
[17],and (3) the experience of unexpected high incidence of aseptic
meningitis caused by mumps vaccine in MMR during 1989-1993
in Japan [3] became a barrier to raise vaccine coverage in reaching
herd immunity [31].

A

infected

Outpatient ‘/encephalitis
neurological
sequelae

asymptomatic
infected

meningitis

Fig. 1. Markov model. Eleven mutually-exclusive health states were modelled: health, asymptomatic infected, symptomatic infected (outpatient), hospitalised due to
meningitis, encephalitis, neurological sequelae due to encephalitis, hearing loss, other mumps-related hospitalisation (including pancreatitis, myocarditis, severe mumps
without complication), hospitalised due to orchitis/oophoritis (male/female adult patient only), and death of or other than the related diseases.

. ‘orchitis/oophoritis
Hearing loss (male/female adult)
Other mumps-

elated hospitalised,
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2.3. Outcomes estimation

Outcomes in terms of quality adjusted life year (QALY) were
estimated by assigning transition probabilities and utility weights
from literature to the Markov model.

Age-specific annual incidence rates of symptomatic mumps
case were estimated by combining data from three reports: (1) a
study grant funded by the Ministry of Health, Welfare and Labor,
which estimated the nationwide mumps cases from 2000 through
2007 based on sentinel surveillance reports [5], (2) age distribu-
tion of mumps cases reported by Infectious Disease Surveillance
Center [32], and (3) population data [33]. As to the incidence
rates of asymptomatic mumps case, previous studies reported that
approximately 15-40% of mumps infection is subclinical and the
younger the age, the higher is the proportion of subclinical to

Table 1
Estimation of incidences of symptomatic and asymptomatic cases.

symptomatic infection [1,34]. We assumed that the proportion is
linearly decreased from 40% for those aged <2 to 15% for aged 20 to
<40. These data are shown in Table 1.

Proportion of hearing loss among symptomatic mumps cases,
1 in 1000 cases, is from a prospective study which enrolled
7502 mumps patients from 40 institutes in Japan [35]. Propor-
tion of meningitis, encephalitis, orchitis, oophoritis, and other
mumps-related hospitalisation cases were estimated by using pro-
portion of hearing loss and numbers of relevant disease cases
reported by nationwide survey conducted from December 2011
to March 2012 [36]. Proportion that resulted in neurological
sequelae among cases of encephalitis age <20 is from the same
report [36]. Deaths of causes other than the above diseases were
taken from the vital statistics [37]. All these data are shown in
Table 2.

(1) Cases of symptomatic mumps estimated by Nagai et al. [5]

2000 1,170,000
2001 2,260,000
2002 1,089,000
2003 515,000
2004 821,000
2005 1,356,000
2006 1,186,000
2007 431,000

(2) Age distribution of symptomatic mumps cases reported by NIID [32]; %

Year Age <2 Age 2 to <4 Age 4 to <6 Age 6 to <8 Age 8 to <10 Age 10 to <15 Age 15 to <20 Age 20 to <40

2000 5.0 223 36.2 20.7 8.1 5.4 0.5 1.8

2001 5.2 235 349 20.8 8.0 53 0.5 1.8

2002 5.1 23.0 349 203 8.7 5.7 0.6 1.7

2003 4.9 22.1 359 20.0 8.9 5.9 0.6 1.8

2004 5.1 24.0 36.4 19.8 7.9 4.7 0.5 1.7

2005 52 244 35.6 20.0 7.7 4.9 0.5 1.7

2006 5.0 22,6 35.0 20.3 9.1 5.7 0.5 1.8

2007 5.1 223 344 204 9.5 6.3 0.5 1.6

(3) Case of symptomatic mumps estimated from (1) and (2)

Year Age <2 Age 2 to <4 Age 4 to <6 Age 6 to <8 Age 8 to <10 Age 10 to <15 Age 15 to <20 Age 20 to <40

2000 58,500 260,910 423,540 242,190 94,770 63,180 5,850 21,060

2001 117,520 531,100 788,740 470,080 180,800 119,780 11,300 40,680

2002 55,539 250,470 380,061 221,067 94,743 62,073 6,534 18,513

2003 25,235 113,815 184,885 103,000 45,835 30,385 3,090 9,270

2004 41,871 197,040 298,844 162,558 64,859 38,587 4,105 13,957

2005 70,512 330,364 482,736 271,200 104,412 66,444 6,780 23,052

2006 59,300 268,036 415,100 240,758 107,926 67,602 5,930 21,348

2007 21,981 96,113 148,264 87,924 40,945 27,153 2,155 6,896

(4) Populations [33]

Year Age <2 Age 2 to <4 Age 4 to <6 Age 6 to <8 Age 8 to <10 Age 10 to <15 Age 15 to <20 Age 20 to <40

2000 2,342,000 2,385,000 2,393,000 2,401,000 2,425,000 6,559,000 7,502,000 35,172,000

2001 2,345,000 2,364,000 2,379,000 2,413,000 2,401,000 6,382,000 7,350,000 35,245,000

2002 2,339,000 2,338,000 2,390,000 2,391,000 2,400,000 6,245,000 7,194,000 35,195,000

2003 2,292,000 2,337,000 2,368,000 2,375,000 2,414,000 6,120,000 6,997,000 35,133,000

2004 2,241,000 2,328,000 2,335,000 2,382,000 2,388,000 6,060,000 6,762,000 34,960,000

2005 2,156,000 2,274,000 2,356,000 2,382,000 2,381,000 6,037,000 6,592,000 34,263,000

2006 2,138,000 2,213,000 2,320,000 2,366,000 2,390,000 6,008,000 6,424,000 34,243,000

2007 2,171,000 2,145,000 2,269,000 2,347,000 2,378,000 5,983,000 6,281,000 33,823,000

(5) Incidence of symptomatic mumps cases per 100,000 population (estimated from (3) and (4))

Aged <2 2to<4 410 <6 6 to <8 8to<10 10 to <15 15 to <20 20 to <40
2499.2 11142.0 16598.5 9438.9 3829.0 962.1 83.0 55.7

(6) Incidence of asymptomatic mumps cases per 100,000 population”

Aged <2 2to<4 4 to <6 6to <8 8to<10 10 to <15 15 to <20 20 to <40
1666.1 6384.8 8122.6 3909.1 13254 273.6 189 9.8

" The proportion of subclinical infection cases is assumed linearly decrease from 40% for age <2 to 15% for age 20 to <40 [1,34].
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Table 2
Variables.
Variable Base-case Value applied on one-way Reference
sensitivity analyses
Vaccine uptake rate Lower limit Upper limit
Status quo 30.0% - - [4]
Single-dose programme 76.0% - - [24]
Two-dose immunisation programme 1st dose: 76.0% - - [24,25]
2nd dose: 72.7% - -
Annual incidence rates per 100,000 population
Symptomatic mumps case Shown on Table 1 —-50% +50% See Table 1
Symptomatic mumps Shown on Table 1 —-50% +50% See Table 1
Proportion of revalent mumps diseases among symptomatic mumps
cases
Healing loss 0.10% 0.05% 0.15% [35]
Meningitis 2.23% 1.12% 3.35% [36]
Encephalitis 0.05% 0.02% 0.07% [36]
Orchitis (male, >20 years old) 25.00% 12.50% 37.50% [36]
Oophoritis (female, >20 years old) 5.00% 2.50% 7.50% [36]
Other mumpus-related hospitalization 1.52% 0.76% 2.27% [36]
Outpatient 66.11% 33.05% 99.16% [36]
Proportion of encephalitis cases under 20 years old resulted in 0.43% 0.21% 0.64% [36]
neurological sequelae
Proportion of hearing loss cases resulted in bilateral hearing loss 2.00% 1.00% 3.00% Assumed
Vaccine effectiveness in reducing symptomatic cases
First-dose 69.6% 54.0% 87.0% [14,17-20,38]
Second-dose 87.0% 69.6% 93.0% [14,17-20,38]
Waning of vaccine-derived immunity 75% in 20 years 50% in 20 years - [15]
Life expectancy of Japanese population at age 40/year 41.05 male; 47.17 female [27]
Life expectancy of neurological sequelae at age 40/year 139 - - [28]
Utility weight [12,13,28]
Healthy, 1 - -
Hearing loss, unilateral 0.900 0.720 1
Hearing loss, bilateral 0.800 0.640 0.900
Neurological sequelae 0.570 0.456 0.684
Curable encephalitis 0.977 0.781 1
Curable meningitis 0.977 0.781 1
Hospitalisation other than above diseases 0.990 0.792 -
Death 0 - -
Cost
Cost per shot ¥6972 ¥3486 ¥10,458 [40]
Treatment cost per case
Meningitis/Encephalitis episode ¥852,642 ¥426,321 ¥1,278,963 [41]
Unilateral hearing loss ¥79,422 ¥39,711 ¥119,133 [42]
Bilateral hearing loss ¥4,000,000 ¥2,000,000 ¥6,000,000 [44]
Orchitis ¥171,732 ¥85,866 ¥257,598 [43]
Oophoritis ¥186,905 ¥93,453 ¥280,358 [43]
Hospitalised due to other than the above complications ¥233,200 ¥116,600 ¥349,800 [13]
Outpatient ¥10,477 ¥5239 ¥15,716 [13]
Neurological sequelae (long-term trearment cost per case per year) ¥420,464 ¥210,232 ¥630,696 [41]
Discount rate 3.0% 0% 5.0% [39]
Variables related to care-giver’s productivity loss
Uptake vaccine 41, if uptake alone; zero, if
co-vaccinated with other
vaccine
Meningitis/Encephalitis episode 22.7 days [41]
Unilateral hearing impairment 8 h per day until the child is
admitted to special support
education system
Bilateral hearing impairment
Neurological sequelae
Orchitis 4.9 days [43]
Oophoritis 5.3 days [43]
Other mumps-related hospitalisation 5 days [13]
Outpatient 5 days (schooldays suspension) [13]
Average hourly wage of Japanese women labourers ¥1328 [45]

Case-fatality rate of encephalitis.

2.4. Vaccine effectiveness and waning of vaccine-derived
immunity

that waning of vaccine-derived immunity will decrease by 75% in
20 years was also used in the study, and from which we assumed
the remaining 25% to last until the end of the model.

Due to low uptake of mumps vaccine, data regarding vac-
cine effectiveness or efficacy are scarce in Japan. After reviewing
researches from overseas [14,17-20,38], we assumed that vaccine
effectiveness in reducing infection is 69.6% for the first dose and
80% for the second dose. Kontio et al.’s [15] findings which regarded

2.5. Costing

From societal perspective, costing should cover opportunity
costs borne by various economic entities in society [39]. Therefore,
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costs of vaccination, treatment costs of mumps-related diseases,
and costs associated to care-giver’s productivity loss, were counted.
Productivity loss due to mortality was not included because it can
be argued as double counting, while survived cases were incorpo-
rated in utility weights and disease duration in calculating QALYs
[39]. From the payer’s perspective, care-giver’s productivity loss
was not included. All variables related to costs are shown in Table 2.

2.5.1. Direct medical costs

Vaccination cost per shot was assumed at ¥6951 (US$72;
1US$ =¥96.8, average of 2013) [40], which was estimated as sum of
the following: (1) doctor’s fee for medical advice (¥3450, US$35.6),
(2) technical fee for administering vaccine (¥330, US$30.4), (3)
price of vaccine (¥2840, US$29.3) and (4) tax [40]. The doctor’s
fee and technical fee are from the National fee schedule, while the
vaccine price comes from the average company prices of mumps
vaccine in Japan. Vaccine price is more expensive than those of
overseas’ due to the vaccine protection and delivery system under
strict governmental plan in Japan.

We used Iwata et al’s treatment cost, ¥852,642 (US$8808)
per episode of meningitis, and assumed it to hold through for
encephalitis [41]. Likewise, we used Yamanaka et al’s treat-
ment cost ¥79,422 (US$821) per case of unilateral hearing loss
[42]. Orchitis and oophoritis with rates ¥171,732 (US$1774) and
¥186,905 (US$1931) per case, respectively, were based from the
Survey on Medical Benefits [43]. For bilateral hearing loss, it was
at ¥4,000,000 (US$41,322) per case (including cost of cochlea
implant) [44]. We used Sugawara et al.’s [13] treatment cost for
cases other than the above diseases and per mumps outpatient at
¥233,000 (US$2407) and ¥10,477 (US$108); respectively. We used
Iwata et al.’s [41] estimate for long-term treatment cost for an indi-
vidual suffering from neurological sequelae at ¥400,000 (US$4132)
per year.

2.5.2. Productivity loss

Productivity loss of a care-giver accompanying a child for vac-
cine uptake was estimated depending on how mumps vaccine was
taken. If mumps vaccine was simultaneously taken with any other
vaccines already on the routine schedule (i.e. co-vaccinated sce-
nario), no productivity loss will occur. If it was taken alone (i.e.
vaccine alone scenario), then productivity loss will be calculated
by 4 h x wage of care-giver. Productivity loss per disease episode
is valued as a product of care-giver’s or patient’s absent working
hours from paid employment and an average hourly wage that
depends on the age of the individual who suffers from the diseases.
If the patients are less than 18 years old an average hourly wage
of ¥1326 (US$14) for Japanese women workers will be used; oth-
erwise, an age-specific average hourly wage will ensue [45]. For
outpatients younger than 18 years old, five school days suspen-
sion was assumed. We assumed that a care-giver’'s absent working
hours of taking care of one child with neurological sequelae or hear-
ing impairment is 8 h per day until the child is admitted to special
support education system, which is at age 6 in Japan.

2.6. Discounting

Costs and outcomes were discounted at a rate of 3% [39].

3. Sensitivity analyses

We performed one-way sensitivity analyses to appraise the sta-
bility of ICERs against assumptions made in our economic model,
and to explore the impact of each variable relative to each other.
The lower limits and upper limits used on sensitivity analyses are
shown in Table 2.

4. Results
4.1. Results of cost-effectiveness analyses

In our base-case analysis, with a comparison to status quo, the
estimated mumps cases averted per 100,000 population by the start
of routine vaccination programmes followed for 40 years was at
15,206 cases for single-dose programme and from 16,169 cases
(uptake second dose at age 11) to 24,734 cases (uptake second dose
at age 3) for two-dose programmes.

Table 3 and Fig. 2 show the estimated incremental effects per
child ranging from 0.00053 QALY to 0.00086 QALY. Among all the
programmes, the two-dose programme with second dose uptake at
3 years old gained the most. All vaccination programmes reduced
disease treatment costs. However, except single-dose programme,
these reduced costs did not offset vaccination cost, which means
the single-dose programme gained more QALY with less cost,
while the two-dose programmes turned out to yield more QALY
but cost more from payer’s perspective. Estimated ICERs of two-
dose programmes ranged from ¥2,977,695 (US$30,761) per QALY
to ¥6,288,633 (US$64,965) per QALY. Among the two-dose pro-
grammes, the lowest ICER was recorded in the second dose uptake
at age 4 followed by ages 3,2,5,6,7,8,9,10,and 11.

In societal perspective, wherein a care-giver’s productivity loss
was included, the sum of reduced productivity loss due to disease
and reduced disease treatment costs offset the sum of vaccina-
tion cost and productivity loss due to vaccine uptake, which means
these programmes turned out to be cost-saving in single-dose pro-
gramme and some of two-dose programmes, such as: uptake in
alone/co-vaccinated scenario with second dose uptakes at ages 2,
3, 4,5, 6,and 7. ICERs of programmes which did not turned out
to be cost-saving ranged from ¥1,050,933 (US$10,857) per QALY
to ¥6,926,263 (US$71,552) per QALY in alone/alone scenarios and
¥1,028,707 (US$10,627) per QALY to ¥1,801,783 (US$18,613) per
QALY in alone/co-vaccinated scenarios.

When comparing two-dose programmes with the single-dose
programme, ICERS per QALY from payer’s perspective ranged from
¥7,997,190 (US$82,616) to ¥122,934,023 (US$1,269,980), while
in societal perspective it ranged from ¥9,838,812 (US$101,641)
to ¥212,586,977 (US$2,196,146) in alone/alone scenario and
from cost-saving to ¥113,454,799 (US$1,172,054) in alone/co-
vaccinated scenario.

4.2. Stability of ICER

Fig. 3 shows the top five variables that produced large ICER
variations when compared with status quo from payer’s perspec-
tive. Largest change was seen in costs per shot of vaccine in all
programmes. When cost is decreased to half of its base-case, all
programmes turned out to have negative ICERs, which means
that the implementation of any of these programmes will result
in gaining more QALYs with lesser cost. The next top four vari-
ables that produced large changes in ICER are any four of the
six variables: treatment costs per meningitis case, proportion of
meningitis among symptomatic mumps cases, incidence of symp-
tomatic mumps cases, vaccine effectiveness of first dose, vaccine
effectiveness of second dose, and utility weight of unilateral hearing
loss, whose order are influenced by the programme and age. Among
726 ICERs estimated (66 changes in variables, 11 programmes), 22
ICERs from five variables in two-dose programmes were found to
be larger than ¥10,000,000 (US$103,306) per QALY. These resulted
because of the: (1) lower limit of incidence of symptomatic mumps
cases, if second dose uptake is at age >6, (2) lower limit of vaccine
effectiveness of the first-dose, if uptake is at age >8, (3) upper limit
of costs per vaccine shot, if uptake is at >7, (4) proportion of menin-
gitis among symptomatic mumps cases, if uptake is at >10, and (5)
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Fig. 2. Cost-effectiveness plane.
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Fig. 3. Results of one-way sensitivity analysis. Variables were changed one at a time when performing one-way sensitivity analysis.
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upper limit of utility weight of unilateral hearing loss, if uptake is
at age >7.

5. Discussion

We conducted cost-effectiveness analyses on routine mumps
vaccine immunisation programmes for the birth cohort in Japan.
There were 11 different programmes, a single-dose programme
at 12-16 months and 10 two-dose programmes with second dose
uptakes at ages 2, 3,4, 5,6,7,8,9,10 and 11. Analyses were done
from both societal (with productivity loss) and payer’s perspectives
(without productivity loss).

The single-dose programme gained more QALY with less cost
when compared with status quo. ICERs of all 10 two-dose pro-
grammes are under ¥6,300,000 (US$65,083) per QALY from payer’s
perspective; while it ranged from cost-saving to <¥7,000,000
(US$72,314) per QALY from societal perspective. A willingness-to-
pay threshold, ¥5,000,000 (US$51,653) per QALY gained, has been
suggested for healthcare intervention [46], while WHO suggests
three times of GDP (around ¥11,000,000 or US$113,636 in Japan)
as a criterion to judge whether an immunisation programme is
cost-effective or not [47]. By using the ¥10,000,000 (US$103,306)
threshold, all programmes in our model can be concluded as cost-
effective. Moreover, the single-dose programme is deemed to be
cost-saving regardless of the perspective. Among the 10 two-dose
programmes, second dose uptake at 3 or 4 years old has lower
ICER than others, also these two programmes turned out to be
cost-saving from societal perspective when vaccine uptake was
done simultaneously with other vaccine. When compared with the
single-dose programme, ICERs of additional second dose will be
lower than ¥10,000,000 (US$103,306) per QALY if the second dose
of the vaccine uptake is <4 years old from payer’s perspective, at
4 years old from societal perspective in the vaccine alone scenario,
and if <6 years old in co-vaccinated scenario. Comparing ICERs
of the programmes with PCV-7, about ¥7,400,000 per QALY [27],
which is now on the list of routine immunisation schedule in Japan,
the two-dose mumps vaccination programme are considered to be
more favourable. With these results, when routine mumps vacci-
nation programme were to be implemented, two-dose programme
with second dose schedule at 3-5 years old are favourable than
schedules at higher ages.

Our conclusions are considered robust based on the results
from our sensitivity analyses: only 22 out of 726 ICERs exceeded
¥10,000,000 per QALY and the largest ICER is less than ¥13,200,000
(US$136,363) per QALY. Also, five out of these 22 ICERs are from the
upper limit at 150% base-case cost of cost per vaccine shot. Cost per
shot rising to 150% from current costs is relatively low because of
the strict vaccine protection and delivery system in Japan.

Studies from overseas reported that single- or two-dose
mumps vaccination programmes as highly cost-beneficial, in
which mumps vaccine was given through measles-mumps-
rubella combination [8-12]. In Japan, only one peer-reviewed
article reported an incremental benefit-cost ratio of 5.1 for
single-dose mumps vaccination programme only from societal
perspective and unrealistically assumed that 100% of non-
vaccinees will be infected [13], which we consider as an over
evaluation due to improbable assumptions. Though it is difficult to
directly compare the results of economic evaluation among differ-
ent countries or even within a country due to model and parameter
variations, our analysis from societal perspective shows that single-
dose and two-dose programmes with second dose uptake at 2-7
years old were cost-saving, which is consistent with the results of
previous studies.

This study has limitations. First, clinical evidence of the effi-
ciency of vaccination in reducing annual incidence rates of mumps

cases in the model were adopted from studies carried out in other
countries since no similar study has been done in Japan. There
should be differences in vaccine strains, in ethnicity, as well as
in healthcare system between those countries and Japan. Sec-
ond, proportion of meningitis, encephalitis, orchitis, oophoritis, and
other mumps-related hospitalisation cases among symptomatic
mumps cases were indirectly estimated by using a nationwide sur-
vey jointly conducted by Japan Medical Association, Japan Pediatric
Association, and Japan Pediatric Society [36] wherein the response
rate of the survey is not high enough to ensure against bias. Third,
though aseptic meningitis is a side effect of mumps vaccine, we did
not include it in our model. A study, which enrolled 1051 children
with mumps and 21,465 vaccine recipients by 143 paediatric pri-
mary care practitioners from 2000 to 2003, reported an incidence
of aseptic meningitis at 1.24% in patients with symptomatic natu-
ral mumps infection and 0.05% in vaccine recipients [34]; hence, its
inclusion would bring more favourable results to the vaccination
programmes.

Regardless of these limitations, our model considers the poten-
tial impact of waning immunity and schedule changes, i.e. different
ages of up-taking the second dose, which is unique in the economic
evaluation of mumps vaccine in terms of context of choice under
consideration.

6. Conclusion

A routine vaccination programme of single-dose is cost-saving
from both payer’s and societal perspectives. All two-dose pro-
grammes are considered cost-effective from both perspectives.
Among them, second dose uptake at age 3, 4 and 5 are rec-
ommended because they are highly cost-effective from payer’s
perspective and will turn out to be cost-saving from societal per-
spective.
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Patients with hematological malignancies have high risk for morbidity and mortality from influenza. This study was
conducted to evaluate the immunogenicity and reactogenicity of an influenza A(HIN1)pdm09 vaccine among such sub-
jects. Fifty subjects were vaccinated twice during the 2009-2010 season. The antibody response was expressed in terms
of mean fold rise (MFR) of geometric mean titer, seroresponse proportion (sR), and seroprotection proportion (sP). The
first vaccination induced only a small response, and additional antibody was acquired after the second dose (MFR 2.3 and
3.9, sR 32% and 54%, and sP 30% and 48% after the first and the second vaccination, respectively). Rituximab treatment
showed an especially inhibitory effect (MFR 1.3, sR 9% and sP 0%). When analyzed using logistic regression models, only
rituximab was found to have an independent effect; the adjusted odds ratio for sR was 0.09 (P = 0.05). Influenza vaccina-
tion of patients with hematological malignancies resulted in adepuate response, and the second vaccination induced
additional antibody. It is therefore recommended to vaccinate this group twice.

Introduction

The United States Advisory Committee on Immunization
Practices (US ACIP) recommends annual influenza vaccination
for immunocompromised patients."® Patients with hematological
malignancies have reduced immune response and therefore are at
high risk for morbidity and mortality due to influenza.? It is said
that their treatment with cytotoxic chemotherapy drugs induced
a reduction of humoral response and led to increased susceptibil-
ity to infectious disease.’” In fact, high mortality and morbid-
ity of this population due to an influenza virus was reported.®
On the other hand, it is unclear whether the underlying disease
causes this lowered response. Thus more studies are required to
evaluate the effectiveness of influenza vaccine in such patients
and to protect this group from influenza. However there have
been only a limited number of reports and they showed conflict-
ing data.”'¢

In March 2009, a novel influenza A(HIN1) virus was
reported in North America.”"” This virus spread globally
and brought about the 2009 influenza pandemic.?*** Because

*Correspondence to: Yuichiro Ide; Email: ideyuichiro3t3@gmail.com

this virus was novel for human beings, we got an exceptional
opportunity to study the immunogenicity of an influenza vac-
cine in a naive population. The objective of this study was to
assess the immunogenicity and reactogenicity of a monovalent
A(HIN1)pdmO09 influenza vaccine in patients with hemato-
logical malignancies.

Results

Table 1 shows characteristics of the study subjects. The
median age was 59 (range 21-83), and 48% of them were 60 or
older. 40% of the subjects were males, 92% had pre-titer < 1:10,
and 2 subjects had pre-titer > 1:40 (1:40 and 1:80). Lymphoma
was the most common underlying disease (42%). All lymphoma
patients had non-Hodgkin’s disease, and there was no patient
with Hodgkin’s disease. Steroid was the most frequently used
chemotherapeutic agent (58%). Rituximab was being used on
11 (22%) patients only, but nearly half (48%) of the lymphoma

patients were receiving rituximab.
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Table 1. Characteristics of patients with hematological malignancy

. Patients
Characteristics (n = 50)
Age
Median (range) 39 (21-83)
Gender
Male 20 (40)
Prevaccination titer 6 92)
<1:10 5 @
1:10-1:20 3 @
> 1:40
Underlying disease 21 42)
Lymphoma
. 14 (28
Acute Leukemia 8 (16)
Myeloma
3 6)
MDS? 5 @
Aplastic anemia 5 @
Other®
Chemothera~py 29 (58)
Steroid 6 (12)
Immunosuppressive agent
. b 16 (32)
Anticancer agent 1 22)
Rituximab
Chemotherapy by Underlying disease 21 (100)
Lymphoma
. 15 (71)
Steroid 5 (10)
Immunosuppressive agent
X d 13 (62)
Anticancer agent
o 10 (48)
Rituximab
) 14 (100)
Acute leukemia
R 8 (57)
Steroid 3 21)
Immunosuppressive agent N (14)
Anticancer agent ¢ ] )
Migmgab 8 (100)
Steroid 4 0

Note: Number in parentheses is expressed as percentage if not otherwise
specified; 2MDS (myelodysplastic syndrome);?Other includes chronic
myelogenous leukemia and myelofibrosis; Each treatment is not mutually
exclusive; “Anticancer agents does not include rituximab;

Immunogenicity of the vaccine is summarized in Table 2.
In the entire sample, GMT did not reach the protective level
(> 1:40) even after the second vaccination (S2 = 1:22). MFR
reached 2.3 after the first and 3.9 after the second vaccination.
sR became 32% and 54% and sP became 27% and 46% after the
first and the second vaccination, respectively Females had 1/3 or
less the GMT of males both after the first and the second vacci-
nations with clearly lower MFR, sR and sP. In the two categories
with pre-titer > 1:10 there was almost no increase in MFR, and
both sR and sP were 0%. Patients with lymphoma, acute leuke-
mia, or myeloma as the underlying disease showed significant
increase in MFR after the second vaccination, but they differed
in the extent of this increase (MFR of 2.0 for lymphoma, 4.6 for
acute leukemia and 9.5 for myeloma). Similarly, the sR (S1/S0 =
10% and S2/S0 = 33%) and sP (S1 = 10% and S2 = 19%) were
significantly low in lymphoma patients compared with patients
with other underlying diseases. The values of various parame-
ters of categories of patients who were under different types of
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chemotherapy were generally lower than those of the entire sam-
ple, irrespective of the drug used. The values were particularly
low with rituximab, MFR, sR and sP being 1.3, 9% and 0%
respectively after the second vaccination.

MER after the second vaccination was 3.9 for the entire sam-
ple, which satisfied the EMA criterion (2.5). The two categories
with pre-titer > 1:10 both had sR 0% after the first and the sec-
ond vaccinations, and sC also became 0%. Because of this, sC for
the entire sample was 26% (13/50) after the first vaccination and
449% (22/50) after the second vaccination. Thus, as with MFR,
the vaccine satisfied the EMA criterion (40%) for sC also for the
entire sample.

Table 3 shows the results of logistic regression analysis of sR
(MFR S2/S0 > 4) after the second vaccination. In the univariate
analysis, significantly reduced ORs were seen for lymphoma (P =
0.01), steroid (2 = 0.02), anticancer agents (£ = 0.02) and ritux-
imab (P = 0.01), and there was marginal significance (P = 0.09)
for gender. In the multivariate analysis of model 1, where age,
gender and underlying disease were included, the OR for lym-
phoma showed marginal significance (P = 0.06), but there was no
significant reduction in the OR for gender (2= 0.50). In model 2,
where gender was not taken into account, the OR for lymphoma
showed statistical significance (OR = 0.08, 95% CI = 0.01-0.95).
In model 3, where age and chemotherapy were included, statisti-
cal significance was seen only for rituximab (OR = 0.08, 95%
CI = 0.01-0.86). Finally, in model 4, which included age, lym-
phoma and rituximab, only rituximab showed significance, that
too only marginal (OR = 0.09, 95% CI = 0.01-1.04). Lymphoma
did not have significant effect (OR = 0.43, 95% CI = 0.08-2.18).

Table 4 shows the results for sP after the second vaccination
(82 = 1:40). Significantly reduced ORs were seen in the uni-
variate analysis for gender (2 = 0.03), lymphoma (# = 0.01) and
anticancer agents (P = 0.05), and there was marginal significance
(P=0.09) for myeloma. The antibody titer did not reach the sero-
protective level in any of the patients under rituximab treatment.
Therefore we could not include rituximab in the model. In the
multivariate model 1, which included age, gender and underly-
ing disease, the OR for lymphoma maintained a significance (P
= 0.04) and the OR for gender was not significant (P = 0.32).
In model 2, where gender was not taken into account, OR for
lymphoma showed even greater decrease (OR = 0.07, 95% CI
= 0.01-0.76). In model 3, where age and chemotherapy were
included, no variable showed statistically significant OR. Finally
in model 4, which included age, lymphoma and chemotherapy,
only lymphoma showed a significant decrease in OR (OR = 0.10,
95% CI = 0.02-0.58).

We examined the associations among these explanatory vari-
ables by calculating Cramer’s V. Gender and lymphoma had
Cramer’s V of 0.42 (P < 0.01). In fact, a higher proportion of
females than males had lymphoma (3/20 males and 18/30
females). In the univariate analysis, females showed a lower OR
because of this skew. Cramer’s V was 0.53 (P < 0.001) between
lymphoma and rituximab. When the frequency of rituximab
treatment was compared between lymphoma and non-lymphoma
patients, it was seen that mostly lymphoma patients had received
the treatment (10/21 lymphoma patients and 1/29 non-lymphoma
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Table 3. Association between selected characteristics and SeroResponse proportion (SO to S2) (n = 46)

Crude Multivariate Multivariate Multivariate Multivariate
model 1° model 2° model 3¢ model 4¢
OR OR OR
0y 0, 0
Category sR (%) (95%Cl) P (95%Cl) P OR (95%Cl) P OR (95%Cl) P (95%Cl) P
1.58 0.96
60-83/36— 0.73 1.52 0.71
Age 59 52601 (023228 | 09| @37 053] (037637) | O%6 | (018-280) | 063 | ©227 | 095
6.74) 4.15)
0.60
Gender Female/ 47/72 034 looo| 014 |os0
Male (0.10-1.18)
2.63)
0.09
0.18(0.05- (?'?;)_ 0.08
v ndf;g";fo‘:::ase +- 33/74 (;'61 13) 001 | 040 | 006 (0'0(1) ;%95 ' [ 005 043
. +/- 69/51 X 0.27 (0.03- 0.47 : 0.47 (0.08- 0.31
Acute leukemia v 75/53 (0.55-8.21) 05 4.83) 052 (0.03-4.76) 059 2.18)
Myeloma 2.71 039 0.47
(0.49-15.1) (0.02— (0.03-7.71)
6.96)
0.22 0.75
Chemotherapy (0.06-0.76) (0.11-4.93)
Steroid +/- 41/76 0.48 0.02 0.42 0.76 0.09
Immunosuppressive - 40/58 (0.07-3.17) | 0.45 (0.04-4.49) | 0.47 (0'0 1- 0.05
Agents e 30/69 0.21 0.02 0.56 0.55 ; '04) ’
Anticancer agents* 10/68 (0.06-0.75) | 0.01 (0.08-3.84) | 0.04 ’
Rituximab 0.05 0.08
(0.01-0.45) (0.01-0.86)

Logistic regression model. Cl: confidence interval; OR: odds ratio; *Model include age, sex, lymphoma, acute leukemia, and myeloma; "Model include age,
lymphoma, acute leukemia and myeloma. “Model include age, steroid, immunosuppressive agents, anticancer agents and rituximab; “Model include age,

lymphoma and rituximab; *Anticancer agents does not include rituximab.

patients). This strongly suggested that lymphoma maintained
significant association in model 4 of Table 4 because this model
did not include rituximab.

Table 5 shows the proportion of subjects who had adverse
events. No mortality or serious adverse event was reported. Only
2 patients reported adverse events after the first vaccination. One
patient (2%) had a systemic reaction while another (2%) had a
localized reaction. No patient reported symptoms of ORS. On
the other hand, this syndrome was reported after the second vac-
cination by 4 patients (8%). After the second vaccination, sys-
temic reaction was reported by 12 (24%) patients and localized
reaction by 10 (20%). However, all the adverse events were of
grade 1.

Discussion

In the present study, we gave two vaccinations of an influenza
A(HIN1)pdm vaccine to patients with hematological malignan-
cies. The immunological indices of the subjects were considerably
lower (MFR 3.9 times, sR 54% and sP 46%) than in healthy
adults. % There have been quite a few reports about the low
immunogenicity of influenza vaccines in patients with hemato-
logical malignancies.’**® The results obtained by use here agree
with their findings. In healthy adults usually the induction of

antibody reaches a plateau after one vaccination.”>* However
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in patients with hematological malignancies antibodies were
found to be induced further even after the second vaccination.
We recommend two vaccinations for such patients as an addi-
tional effect can be expected from the second vaccination. Very
recent research on patients of lymphoid tumors has also revealed
an additional effect of the second vaccination, and the authors of
those studies have also recommended vaccinating such patients
twice. 340

Comparison of various immunological indices in patients
stratified for various characteristics showed that the indices were
low in females, lymphoma patients, and those treated with ste-
roids, anticancer agents or rituximab (Table 2). The values were
particularly low with rituximab, with only one patient showing a
4-fold increase in antibody titer even after two vaccinations, and
none reaching titer > 1:40. Recent studies have also shown the
low immunogenicity of influenza vaccines in lymphoma patients
and patients on rituximab treatment.’** The results obtained
by us here are in agreement with those findings. Subjects having
pre-titer = 1:10 did not show any increase in antibody response
after the second vaccination. This may have happened by chance,
because such subjects were very few. Larger studies are needed to
confirm this.

In the present study we performed multivariate logistic analy-
sis only with subjects having pre-titer < 1:10 in order to eliminate
the effect of pre-titer level on antibody induction. Pre-titer is an
important factor in immune response and this calls for special
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Table 4.

Association between selected characteristics and SeroProtection proportion (after S2) (n = 46)

Crude Multivariate Multivariate Multivariate Multivariate
model 12 model 2° model 3¢ model 4¢
SR OR OR OR OR OR
Category ) | ©swany | P | oswen | P | osway | P | @swan | P | oswcy | P
0.83 214 1.98 093 2.02
Age 60-83/36-59 | 44/48 | (0.27- | 075 | (0.42- | 036 | ©041- | 040 | (0.28- | 091 | (0.44- | 037
2.60) 10.8) 9.60) 3.11) 9.26)
Female/ 0.25 048
Gender Vole 33/67 | (0.07- | 003 | ©11- | 032
0.86) 2.06)
0.12 0.09 0.07
(0.03- (0.01- (0.01-
o 0.46) 0.94) 0.76)
v ndf rz'”r?o‘:]'::ase +- 19/68 | 240 |o001| o066 |004| o066 | 003 0.10
ch’teﬁaukemia +- 62/40 | (0.65- | 019 | (008~ | 070 | (0.08- | 0.69 ©0.02- | 0.01
Veloma /- 75/40 | 886) | 009 | 546 |o085| 527 | 1.00 0.58)
4 450 078 1.01
(0.81- (0.06- (0.08-
25) 10.4) 12.2)
os " oo
Chemotherapy 1.41) (0.20- (0.10-
Steroid 37/57 0.77 6.08) 471)
Immunosuppressive - 40/47 (0.12— 0.17 0.57 091 0.88 0.70
PP +- : 078 ©0.06- | 063 | (008 | 092
Agents 25/56 | 5.06)
‘ . +/— 0.05 551) | 012 | 999 | 097
Anticancer agents 0/58 0.26
Rituximab (0.07- 0.23 0.96
0'98) (0.04- (0.10-
\A 1.43) 9.12)

Logistic regression model. CI: confidence interval; OR: odds ratio; *Model include age, sex, lymphoma, acute leukemia, and myeloma; ®"Model include age,
lymphoma, acute leukemia and myeloma; “Model include age, steroid, immunosuppressive agents and anticancer agents; ‘Model include age, lym-
phoma and anticancer agents;*Anticancer agents does not include rituximab.

care in the analysis of the data.*** Here we used a vaccine against
the A(HIN1)pdm09 influenza strain, which is a novel strain to
which most people had not been exposed. Therefore, very few
subjects (n = 4) had the antibody (titer > 1:10) before the vac-
cination. Exclusion of these subjects from the analysis did not
have a major effect.

Gender-stratified ORs, which showed significance in univari-
ate analysis, lost their significance in the multivariate analysis of
sR and sP when lymphoma was simultaneously included in the
analysis, the ORs nearly reaching the value of 1 (Tables 3 and
4). On the other hand, the ORs for sR and sP adjusted for lym-
phoma which simultaneously took the gender also into account
showed strong reduction. This suggested that the significance of
the gender-stratified ORs seen here was because of association
with lymphoma. Among the chemotherapies, only the adjusted
OR for rituximab showed significance (Table 3), and there was
an association between rituximab treatment and lymphoma. As
with gender there was the possibility of the effect being due to
the association with lymphoma. We therefore simultaneously
adjusted for rituximab and lymphoma in the final model. As a
result, lymphoma’s OR for sR became close to 1 whereas ritux-
imab’s OR remained about the same. This suggests that not lym-
phoma but rituximab was blocking the immune response. The
inhibitory effect of rituximab on antibody induction has been
reported by many, but we believe that ours is the first report that
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demonstrates this effect by eliminating the effect of the underly-
ing disease (lymphoma), through multivariate logistic regression
analysis."”** There is a possibility that the observed effect was
related to the fact that the multivariate logistic regression analysis
did not include Hodgkin’s lymphoma. The Japanese population
has fewer patients of Hodgkin’s lymphoma than other popula-
tions, and our patients also did not have this disease. Future stud-
ies with other racial population are required to resolve this.

Rituximab is a monoclonal antibody that specifically recog-
nizes the CD20 antigen and induces phagocytosis of B cells.
The CD20 antigen is expressed on malignant B cells and also on
mature B cells.®®* Therefore, administration of rituximab causes
destruction of malignant B cells as well as mature B cells, and
persons under rituximab treatment show depletion of B cells.
This type of B cell depletion can persist for long periods of time.
It has been reported that even patients who had been under com-
plete remission for long (= 6 mo) had low ability to induce anti-
bodies against influenza vaccines.*** After receiving rituximab
treatment such patients do not attain the optimum antibody
titer through influenza vaccination for a long time. Therefore,
we need to inform people who come into close contact with such
patients to get vaccinated for influenza and to adopt other mea-
sures to prevent the spread of the infection to them.

There was no report of mortality or any serious adverse events
after the vaccination in the present study. All the adverse events
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Table 5. Reactgenicity of patients with hematological malignancy

2009. In Japan, a pdm09 strain was first reported in May,

Note: Number in parentheses is expressed as percentage; *symptoms within 24 h

after vaccination; "symptoms within 48 h after vaccination.

reported were common ones and of grade 1, suggesting that the
vaccine was tolerated well.

In this study, we have shown adequate immunogenicity and
good tolerance of the A(HIN1)pdmO09 vaccine and demonstrated
the effect of two dose vaccination of immunocompromised
patients by using epidemiological methods. Unfortunately, our
multivariate model suggested that rituximab treatment had an
inhibitory effect on the immune response.

This study was conducted at the time of the influenza pan-
demic season. The data of immunogenicity and reactogenicity of
the vaccine was required urgently. So study subjects were limited.
Thus we could not include pre-vaccination immune function
and pre-existing medical conditions other than malignancies
in the analysis. Our present limited study yielded the aforesaid
results. Future multicenter studies may provide more compelling
evidence.

To sum up, various antibody indices measured after a second
vaccination with an influenza A(HIN1)pdm09 vaccine were
adequate in patients of hematological malignancies, and all the
EMA criteria were satisfied. Furthermore because the second
vaccination showed an additional effect, we recommend that
such patients be vaccinated twice. Multivariate logistic analysis
showed that rituximab interfered with immunogenicity of the
influenza vaccine. Thus it is necessary to pay attention to the
fact that vaccination of patients under rituximab treatment could
possibly result in failure to achieve the required antibody levels.

Materials and Methods
Subjects

We recruited 50 patients with hematological malignancies
from St. Mary’s hospital in Fukuoka, Japan during October
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after first after second and the epidemic reached its peak in November. A simi-
vaccination vaccination . .

lar trend was observed at the study location. Exclusion

Oculorespiratory syndrome * 0 4 ®) criteria were post-partial remission malignancy, fever of

Regr:ayes 0 2 4) over 38 °C, history of past vaccination allergy, known

Facial egema 0 1 ®) allergy to egg products, and bleeding tendency due to

Respiratory symptoms 0 3 (6) DIC. This study was approved by the ethics review com-

Systematic reactions ® mittees of the Osaka City University, St. Mary’s College

Any 1 12 24) and St. Mary’s hospital. Written informed consents were

Feaver (> 37 °C) (1) @) 533 ((166)) obtained from the patients or their guardians.

Malaise 0 2) c (10) Vaccination and HI assay

Myalgia 0 8 6) The monovalent unadjuvanted inactive A(HINI)

Feadache 0 1 @ pdm09 splitvirus vaccine (Lot HPOIA: BIKEN,

— Osaka, Japan) contains 30pg/mL of hemagglutinin [A/

Local r::c“ons 1 10 (20) California/7/2009 (HIN1)]. 0.5 ml of the vaccine was

Redn);ss 0 2 7 (14) administered subcutaneously twice, 4 wk apart. Blood

Swelling 0 2 3 (6) samples were drawn at baseline (S0), 4 wk after each

Induration 1 ) z ((163) of the first vaccination (S1) and the second vaccination

Itching 0 1 2 (S§2). All serum samples were stored at -80 °C until used.

Pain Hemagglutination inhibition (HI) assay was conducted

as described previously.™

Information collection

Information about underlying disease (disease
name) and chemotherapy (whether administered and duration)
was obtained from medical charts. Frequency and severity of
adverse events were examined using self-administrated ques-
tionnaires on oculorespiratory syndrome (ORS) (within 24h)
and systemic reactions and local reactions (within 48 h).? All
adverse events were graded as follows: grade 1 (present but not
interfere with dairy activities), grade 2 (moderate) and grade
3 (prevents daily activities).” We also collected information
about ORS, because it has been reported occasionally within
24 h after seasonal trivalent influenza vaccination.”>> Serious
adverse events were defined as reports of death, life-threatening
illness, hospitalization or prolongation of hospitalization, or
permanent disability, according to the Vaccine Adverse Events
Reporting System (VAERS).*

Statistical analysis

The antibody response was assessed by calculating the fol-
lowing indices: mean fold rise (MFR) of geometric mean titer
(GMT), seroresponse proportion (sR, the proportion of subjects
showing > 4-fold rise) and seroprotection proportion (sP, the pro-
portion with postvaccination titer > 1:40).” We also calculated
seroconversion proportion (sC, proportion with baseline titer
< 1:10 and postvaccination titer > 1:40 or baseline titer > 1:10
and > 4-fold rise), and compared our results with the European
Medicines Agency (EMA) criteria (sC > 40%, MFR > 2.5 and
sP > 70%).5¢

For data processing, HI titer < 1:10 was regarded as 1:5.
Reciprocal titers were used for analyses after logarithmic transfor-
mation. The results were presented on the original scale by calcu-
lating the antilogarithms. Wilcoxon signed-rank test was applied
for intracategory comparisons of MFR, and either Wilcoxon
rank-sum test or Kruskal-Wallis test was used for intercategory
comparisons of GMT. Chi-square test or Mantel-extension test
was performed, as appropriate, for comparisons of sR and sP.
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Antibody response was assessed for populations stratified
for age, gender, underlying disease and type of chemotherapy.
Cyclosporine and tacrolimus were grouped with immuno-
suppressive agents. The categories of chemotherapy were not
exclusive.

We conducted multivariate logistic regression analysis to
examine the effect of each factor on objective variables (sR and
sP after second dose). This multivariate analysis was limited to
patients with prevaccination antibody titer (pre-titer) < 1:10 (n =
46). Myelodysplatic syndrome (MDS), aplastic anemia and other
disease were not included in the models as there were only a few
such patients (n = 3, 2 and 2, respectively). Multivariate models
were analyzed in two separate steps because of the limited num-
ber of subjects. Models of the first step analysis included under-
lying disease, and those of the second step analysis included
chemotherapeutic agents, as explanatory variables, along with
age and gender. The final model included factors selected in
each previous analysis step to enable identification of the fac-
tors that were more prominently associated with the lowered

immune response, from among the underlying medical condi-
tions and treatments adopted for those conditions. Odds ratios
(OR) and 95% confidence intervals (95% CI) were calculated.
We also calculated Cramer’s V to detect relationships among the
variables. A two-sided P value of less than 0.05 was considered
statistically significant. A P value less than 0.10 and larger than
or equal to 0.05 was regarded as marginally significant.

All statistical analyses were performed using SAS ver. 9.3
(SAS institute, NC, USA).

Disclosures

No conflict of interest statement declared.

Acknowledgment

The present study was performed as a part of the “Analytical
epidemiological study for influenza and currently-concerned
respiratory infectious diseases (Principal investigator Yoshio
Hirota)” funded by a 2009 Health and Labor Sciences Research
Grant.

References 8. Liu C, Schwartz BS, Vallabhaneni S, Nixon M, 17. Centers for Disease Control and Prevention (CDC).
. . Chin-Hong PV, Miller SA, Chiu C, Damon L, Drew Novel influenza A (HIN1) virus infections in three
?;\)/;’e l/\\/ll::)’otsr};;y(QKEI.rfsr:edjrs,K,C(I)ik?](i;ercjeixte?sy?;: WL. Pandemic (HIN1) 2009 infection in patients pregnant women - United States, April-May 2009.
Discase Control and Prevention. Prevention and con- with hematologic malignancy. Emerg Infect Dis MMWR Morb Mortal Wkly Rep 2009; 58:497-500;
trol of seasonal influenza with vaccines: recommen- 2010; 16:1919-7; PMID:21122221; htep://dx.doi. PMID:19444154
dations of the Advisory Committee on Immunization 0rg/10.3201/¢id1612.100772 18. Smith GJ, Vijaykrishna D, Bahl ], Lycett S], Worobey
Practices (ACIP), 2009. MMWR Recomm Rep 9.  Mazza J], Yale SH, Arrowood JR, Reynolds CE, M, Pybus OG, Ma SK, Cheung CL, Raghwani J,
2009; 58(RR-8):1-52; PMID:19644442 Glurich I, Chyou PH, Linneman JG, Reed KD. Bhatt S, et al. Origins and evolutionary genomics of
Fiore AE, Uyeki TM, Broder K, Finelli L, Euler GL, Efficacy of the influenza vaccine in patients with the 2009 swine-origin HIN1 influenza A epidemic.
Singleton JA, Iskander JK, Wortley PM, Shay DK, malignant lymphoma. Clin Med Res 2005; 3:214- NaturAe 2009; 459:1122-5; PMID:19516283; htep://
Bresce JS, et al.; Centers for Disease Control and 20; PMID:16303886; http://dx.doi.org/10.3121/ dx.doi.org/10.1038/nature08182
Prevention (CDC). Prevention and control of influ- cmr.3.4.214 19. Mackay HJ, McGee ], Villa D, Gubbay JB, Tinker
enza with vaccines: recommendations of the Advisory 10. Monkman K, Mahony J, Lazo-Langner A, Chin-Yee LM, Shi L, Kuruvilla J, Wang L, MacAlpine K, Oza
Committee on Immunization Practices (ACID), BH, Minuk LA. The pandemic HIN1 influenza vac- AM. Evaluation of pandemic HIN1 (2009) influenza
2010. MMWR Recomm Rep 2010; 59 (RR-8):1-62; cine results in low rates of seroconversion for patients vaccine in adults with solid tumor and hematologi-
PMID:20689501 with hematological malignancies. Leuk Lymphoma cal malignancies on active systemic treatment. ] Clin
Centers for Disease Control and Prevention (CDC). 2011; 52:1736-41; PMID:21663502; http://dx.doi. Virol 2011; 50:212-6; PMID:21168361; htep://
Prevention and control of influenza with vaccines: org/10.3109/10428194.2011.584003 dx.doi.org/10.1016/j.jcv.2010.11.013
recommendations of the Advisory Committee on 11. Bate J, Yung CF, Hoschler K, Sheasby L, Morden ~ 20. Centers for Disease Control and Prevention (CDC).
Immunization Practices (ACIP), 2011. MMWR J, Taj M, Heath PT, Miller E. Immunogenicity of Outbreak of swine-origin influenza A (HINI)
Morb Mortal Wkly Rep 2011; 60:1128-32; pandemic (HINI) 2009 vaccine in children with virus infection - Mexico, March-April 2009.
PMID:21866086 cancer in the United Kingdom. Clin Infect Dis MMWR Morb Mortal Wkly Rep 2009; 58:467-70;
Hodges GR, Davis JW, Lewis HD Jr., Whittier FCJr., 20105 51:¢95-104; PMID:21067352; htep://dx.doi. PMID:19444150
Siegel CD, Chin TD, Clark GM, Noble GR. Responsc org/10.1086/657403 21. Gordon SM. Update on 2009 pandemic influenza
to influenza A vaccine among high-risk patients. 12. Brydak LB, Machala M, Centkowski P, Warzocha A (HIN1) virus. Cleve Clin ] Med 2009; 76:577-
South Med J 1979; 72:29-32; PMID:366766; http:// K, Bilifiski P. Humoral response to hemaggluti- 82; PMID:19797457;  http://dx.doi.org/10.3949/
dx.doi.org/10.1097/00007611-197901000-00010 ninhcomptﬂle:llti( of influenza lvacci}r])e in }\)}atients ccjm.76a.05009
. . with non-Hodgkin malignant lymphoma. Vaccine 22. Kao TM, Wang CH, Chen YC, Ko W], Chang
;:,}lle(r:;li};llg{i/’llc’;}(l;‘s:r:él?;C;E’([;I;:?;Z}::tggl’\lffifjé 2006; 24166'20'3,: PMID:16870313; http://dx.doi. SC. The first case of severe novel HINI influ-
JJ, Raad II. Respiratory viral infections in adults with 0rg/10.1016/j.vaccine.2006.05.100 enza successfully rescued by extracorporeal mem-
hemarologic malignancies and human stem cell trans- 13. Porter CC, Edwards KM, Zhu Y, Frangoul H. brane oxygenation in Taiwan. ] Formos Med Assoc
plantation recipients: a retrospective study at a major Immune responses to influenza immunization in 2009; 108:894-8; PMID:19933034; htep://dx.doi.
cancer center. Medicine (Baltimore) 2006; 85:278- children rcceiving mainten_ance c_hemotherapy for 0rg/10.1016/50929-6646(09)60422-8
87; PMID:16974212; http://dx.doi.org/10.1097/01. acute lymphoblastic leukemia. Pediacr Blood Cancer  23. Greenberg ME, Lai MH, Hartel GF, Wichems CH,
md.0000232560.22098 4e 2004; 42:36-40; PMID:14752792; http://dx.doi. Gittleson C, Bennet J, Dawson G, Hu W, Leggio
Vidal L, Gafter-Gyili A, Leibovici L, Dreyling M, 0rg/10.1002/pbe.10459 C, Washington D, et al. Response to a monovalent
Ghielmini M, Hsu Schmitz SF, Cohen A, Shpilberg 14. Ljungman P, Avetisyan G. Influenza vaccination 2009 influenza A (HINI) vaccine. N Engl ] Med
O. Rituximab maintenance for the treatment of in hematopoietic SCT recipients. Bone Marrow 2009; 361:2405-13; PMID:19745216; http://dx.doi.
patients with follicular lymphoma: systematic review Transplant  2008; 42:637-41; PMID:18724396; org/10.1056/NEJM0a0907413
and meta-analysis of randomized trials. ] Natl Cancer htep://dx.doi.org/10.1038/bmt.2008.264 24. Clark TW, Pareck M, Hoschler K, Dillon H,
Inst 2009; 101:248-55; PMID:19211444; heep:// 15. Ljungman P, NahiH, Linde A. Vaccination of patients Nicholson KG, Groth N, Stephenson I. Trial of
dx.doi.org/10.1093/jnci/djn478 with haematological malignancies with one or two 2009 influenza A (HINI) monovalent MF59-
Salles G, Seymour JF, Offner F, Lépez-Guillermo doses of influenza vaccine: a randomised study. Br ] adjuvanted vaccine. N Engl ] Med 2009; 361:2424-
A, Belada D, Xerri L, Feugier P, Bouabdallah R, Haematol 2005; 130:96-8; PMID:15982350; http:// 35; PMID:19745215;  http://dx.doi.org/10.1056/
Catalano JV, Brice P, et al. Rituximab maintenance dx.doi.org/10.1111/j.1365-2141.2005.05582.x NEJM0a0907650
for 2 years in patients with high tumour burden follic- 16. Pollyea DA, Brown JM, Horning SJ. Utility of influ-

ular lymphoma responding to rituximab plus chemo-
therapy (PRIMA): a phase 3, randomised controlled
trial. Lancet 2011; 377:42-51; PMID:21176949;
http://dx.doi.org/10.1016/50140-6736(10)62175-7

www.landesbioscience.com

enza vaccination for oncology patients. ] Clin Oncol
20105 28:2481-90; PMID:20385981; http://dx.doi.
0rg/10.1200/JC0O.2009.26.6908

Human Vaccines & Immunotherapeutics

2393



25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Liang XF, Wang HQ, Wang JZ, Fang HH, Wu ],
Zhu FC, Li RC, Xia SL, Zhao YL, Li FJ, et al. Safety
and immunogenicity of 2009 pandemic influenza
A HINI vaccines in China: a multicentre, double-
blind, randomised, placebo-controlled trial. Lancet
2010; 375:56-66; PMID:20018364; http://dx.doi.
org/10.1016/50140-6736(09)62003-1

Plennevaux E, Sheldon E, Blatter M, Reeves-Hoché
MK, Denis M. Immune response after a single vacci-
nation against 2009 influenza A HINT in USA: a pre-
liminary report of two randomised controlled phase
2 trials. Lancet 2010; 375:41-8; PMID:20018365;
http://dx.doi.org/10.1016/S0140-6736(09) 62026-2
Roman F, Vaman T, Gerlach B, Markendorf A,
Gillard P, Devaster JM. Immunogenicity and safety
in adults of one dose of influenza A HIN1v 2009 vac-
cine formulated with and without AS03A-adjuvant:
preliminary report of an observer-blind, randomised
trial. Vaccine 2010; 28:1740-5; PMID:20034605;
http://dx.doi.org/10.1016/j.vaccine.2009.12.014
Vajo Z, Tamas F, Sinka L, Jankovics I. Safety and
immunogenicity of a 2009 pandemic influenza A
HINI vaccine when administered alone or simul-
taneously with the seasonal influenza vaccine for
the 2009-10 influenza season: a multicentre, ran-
domised controlled trial. Lancet 2010; 375:49-
55; PMID:20018367; http://dx.doi.org/10.1016/
$0140-6736(09)62039-0

Zhu FC, Wang H, Fang HH, Yang JG, Lin X]J,
Liang XF, Zhang XF, Pan HX, Meng FY, Hu YM,
et al. A novel influenza A (HIN1) vaccine in vari-
ous age groups. N Engl] Med 2009; 361:2414-23;
PMID:19846844; http://dx.doi.org/10.1056/
NEJMo0a0908535

Hodges GR, Davis JW, Lewis HD Jr., Whittier FCJr.,
Siegel CD, Chin TD, Clark GM, Noble GR. Response
to influenza A vaccine among high-risk patients.
South Med ] 1979; 72:29-32; PMID:366766; http://
dx.doi.org/10.1097/00007611-197901000-00010
Mazza JJ, Yale SH, Arrowood JR, Reynolds CE,
Glurich I, Chyou PH, Linneman ]G, Reed KD.
Efficacy of the influenza vaccine in patients with
malignant lymphoma. Clin Med Res 2005; 3:214-
20; PMID:16303886; http://dx.doi.org/10.3121/
cmr.3.4.214

Monkman K, Mahony J, Lazo-Langner A, Chin-Yee
BH, Minuk LA. The pandemic HINT1 influenza vac-
cine results in low rates of seroconversion for patients
with hematological malignancies. Leuk Lymphoma
2011; 52:1736-41; PMID:21663502; htep://dx.doi.
org/10.3109/10428194.2011.584003

Bate ], Yung CF, Hoschler K, Sheasby L, Morden
], Taj M, Heath PT, Miller E. Immunogenicity of
pandemic (HIN1) 2009 vaccine in children with
cancer in the United Kingdom. Clin Infect Dis
2010; 51:€95-104; PMID:21067352; http://dx.doi.
0rg/10.1086/657403

Brydak LB, Machata M, Centkowski P, Warzocha
K, Bilifiski P. Humoral response to hemaggluti-
nin components of influenza vaccine in patients
with non-Hodgkin malignant lymphoma. Vaccine
2006; 24:6620-3; PMID:16870313; htep://dx.doi.
org/10.1016/j.vaccine.2006.05.100

Porter CC, Edwards KM, Zhu Y, Frangoul H.
Immune responses to influenza immunization in
children receiving maintenance chemotherapy for
acute lymphoblastic leukemia. Pediatr Blood Cancer
2004; 42:36-40; PMID:14752792; http://dx.doi.
0rg/10.1002/pbc.10459

2394

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Ljungman P, Avetisyan G. Influenza vaccination
in hematopoietic SCT recipients. Bone Marrow
Transplant  2008; 42:637-41; PMID:18724396;
htep://dx.doi.org/10.1038/bmt.2008.264

Ljungman P, Nahi H, Linde A. Vaccination of patients
with haematological malignancies with one or two
doses of influenza vaccine: a randomised study. Br J
Haematol 2005; 130:96-8; PMID:15982350; hetp://
dx.doi.org/10.1111/j.1365-2141.2005.05582.x
Pollyea DA, Brown JM, Horning SJ. Utility of influ-
enza vaccination for oncology patients. J Clin Oncol
2010; 28:2481-90; PMID:20385981; http://dx.doi.
0rg/10.1200/JC0O.2009.26.6908

Bedognetti D, Ansaldi F, Zanardi E, Durando P,
Sertoli MR, Massucco C, Balleari E, Racchi O,
Zoppoli G, Orsi A, et al. Seasonal and pandemic (A/
HINI1 2009) MF-59-adjuvanted influenza vaccines in
complete remission non-Hodgkin lymphoma patients
previously treated with rituximab containing regi-
mens. Blood 2012; 120:1954-7; PMID:22936740;
http://dx.doi.org/10.1182/blood-2012-06-438689
Villa D, Gubbay J, Sutherland DR, Laister R, McGeer
A, Cooper C, Fortuno ES 3, Xu W, Shi L, Kukreti V,
et al. Evaluation of 2009 pandemic HINTI influenza
vaccination in adults with lymphoid malignancies
receiving chemotherapy or following autologous stem
cell transplant. Leuk Lymphoma 2013; 54:1387-95;
PMID:23240909; http://dx.doi.org/10.3109/104281
94.2012.742524

Yri OE, Torfoss D, Hungnes O, Tierens A, Waalen
K, Nordey T, Dudman S, Kilander A, Wader KF,
Ostenstad B, et al. Rituximab blocks protective
serologic response to influenza A (HINI) 2009
vaccination in lymphoma patients during or within
6 months after treatment. Blood 2011; 118:6769-
71;  PMID:22058114; http://dx.doi.org/10.1182/
blood-2011-08-372649

Hottinger AF, George AC, Bel M, Faver L,
Combescure C, Meier S, Grillet S, Posfay-Barbe K,
Kaiser L, Siegrist CA, et al.; HINI Study Group.
A prospective study of the factors shaping antibody
responses to the AS03-adjuvanted influenza A/
HINI vaccine in cancer outpatients. Oncologist
2012; 17:436-45; PMID:22357731; hetp://dx.doi.
0rg/10.1634/theoncologist.2011-0342

Takata T, Suzumiya J, Ishikawa T, Takamatsu Y,
Ikematsu H, Tamura K. Attenuated antibody reac-
tion for the primary antigen but not for the recall
antigen of influenza vaccination in patients with
non-Hodgkin B-cell lymphoma after the adminis-
tration of rituximab-CHOP. ] Clin Exp Hematop
2009; 49:9-13; PMID:19474512; heep://dx.doi.
0rg/10.3960/jslrt.49.9

Hirota Y, Kaji M, Ide S, Goto S, Oka T. The hem-
agglutination inhibition antibody responses to an
inactivated influenza vaccine among healthy adults:
with special reference to the prevaccination antibody
and its interaction with age. Vaccine 1996; 14:1597-
602; PMID:9032887; http://dx.doLorg/lOAlOlG/
$0264-410X(96)00153-3

Kobayashi M, Ohfuji S, Fukushima W, Maeda A,
Maeda K, Fujioka M, Hirota Y. Immunogenicity
and reactogenicity of a monovalent inactivated 2009
influenza A vaccine in adolescents: with special
reference to pre-existing antibody. J Pediatr 2012;
160:632-7, el; PMID:22094234; heep://dx.doi.
org/10.1016/j.jpeds.2011.09.055

Human Vaccines & Immunotherapeutics

46.

47.

48.

49.

50.

52.

53.

54.

55.

Reff ME, Carner K, Chambers KS, Chinn PC,
Leonard JE, Raab R, Newman RA, Hanna N,
Anderson DR. Depletion of B cells in vivo by a chi-
meric mouse human monoclonal antibody to CD20.
Blood 1994; 83:435-45; PMID:7506951

Maloney DG, Liles TM, Czerwinski DK, Waldichuk
C, Rosenberg J, Grillo-Lopez A, Levy R. Phase I
clinical trial using escalating single-dose infusion of
chimeric anti-CD20 monoclonal antibody (IDEC-
C2B8) in patients with recurrent B-cell lymphoma.
Blood 1994; 84:2457-66; PMID:7522629

Valentine MA, Meier KE, Rossie S, Clark EA.
Phosphorylation of the CD20 phosphoprotein in rest-
ing B lymphocytes. Regulation by protein kinase C. J
Biol Chem 1989; 264:11282-7; PMID:2472394
Press OW, Appelbaum F, Ledbetter JA, Martin PJ,
Zarling ], Kidd P, Thomas ED. Monoclonal antibody
1F5 (anti-CD20) serotherapy of human B cell lym-
phomas. Blood 1987; 69:584-91; PMID:3492224
Bedognetti D, Zoppoli G, Massucco C, Zanardi E,
Zupo S, Bruzzone A, Sertoli MR, Balleari E, Racchi
O, Messina M, et al. Impaired response to influ-
enza vaccine associated with persistent memory B
cell depletion in non-Hodgkin’s lymphoma patients
treated with rituximab-containing regimens. ]
Immunol 2011; 186:6044-55; PMID:21498665;
hetp://dx.doi.org/10.4049/jimmunol.1004095
Organization WH. World Health Organization man-
ual on animal influenza diagnosis and surveillance.
Global Influenza Programme Geneva: WHO 2002.
Spila-Alegiani S, Salmaso S, Rota MC, Tozzi AE,
Raschetti R. Reactogenicity in the elderly of nine
commercial influenza vaccines: results from the
Italian SVEVA study. Study for the evaluation of
adverse events of influenza vaccination. Vaccine
1999; 17:1898-904; PMID:10217587; http://dx.doi.
0rg/10.1016/50264-410X(98) 00467-8
Oculo-respiratory syndrome following influenza
vaccination: review of post-marketing surveillance
through four influenza seasons in Canada. Can
Commun Dis Rep 2005; 31:217-25; PMID:16669126
Food and Drug Administration. 21 CFR Part 600.80.
Postmarketing reporting of adverse experiences. Fed
Regist 1997; 62:52252-3

Ohfuji S, Fukushima W, Deguchi M, Kawabata
K, Yoshida H, Hatayama H, Maeda A, Hirota Y.
Immunogenicity of a monovalent 2009 influenza A
(HINI1) vaccine among pregnant women: lowered
antibody response by prior seasonal vaccination.
J Infect Dis 2011; 203:1301-8; PMID:21459817;
http://dx.doi.org/10.1093/infdis/jir026

. Guideline on influenza vaccines prepared from viruses

with the potential to cause a pandemic and intended
for use outside the core dossier context. 2007.

Volume 10 Issue 8



PEDIATRICS

tl £ )
INTERNATIONAL Féittisocer, <P uz
ey w4 =

Pediatrics International (2014) 56, 53-56

doi: 10.1111/ped.12221

Original Article

Effectiveness of influenza vaccine in children in day-care centers
of Sapporo

Mitsuru Mori,' Junko Hasegawa,' Satoko Showa,' Aiko Matsushima,' Hirofumi Ohnishi,' Yuko Yoto? and Hiroyuki Tsutsumi’

Departments of 'Public Health, and *Pediatrics, Sapporo Medical University School of Medicine, Sapporo, Japan

Abstract

Background: We conducted a retrospective cohort study for evaluating the effectiveness of the trivalent inactivated
influenza vaccine (TIV) among children aged 0—6 years in the 2011-2012 season in Sapporo City, Japan, because of
scarce evidence.

Methods: From 10 day-care centers in Sapporo City, Japan, 629 parents participated in the study. Each parent of the
subjects described whether a subject received TIV once or twice in the 2011-2012 season, as well as the exact dates of
receiving TIV from records in a maternal and child health handbook marked by a pediatrician. The incidence of influenza
was defined as being affected with influenza as diagnosed by a pediatrician. Cox’s proportional model was used for
calculating a hazard ratio (HR) and its 95% confidence interval (95%CI) of TIV on an influenza incidence.

Results: After adjusting potential confounding variables, such as the day-care center, presence of comorbidity, size of
household, number of siblings, and number of smokers in the home in addition to the age and sex of the child, HR was
significantly reduced in the subjects aged 1 year (HR = 0.22, 95%CI 0.09-0.54) as well as in the total subjects
(HR =0.72, 95%CI 0.52-0.99). Consequently, the effectiveness of TIV was calculated as 78% for the subjects aged 1
year and 28% for the total subjects.

Conclusion: Our study suggests that TIV is effective, especially in subjects aged 1 year. Further studies are necessary
in different seasons, places, and populations to clarify the effectiveness of the influenza vaccine in children.

Key words children, effectiveness, influenza vaccine, retrospective cohort studies.

The influenza virus causes annual epidemics in the winter season
in Japan, and it has been stated that vaccination against influenza
in children should be promoted to prevent influenza-associated
encephalitis-encephalopathy.! Increased awareness of the
importance of influenza infection in children has led to an
increase in the use of the influenza vaccine in Japan.” Trivalent
inactivated vaccine (TIV) is now used every year for children in
Japan.

According to the recent definition of vaccine efficacy and
effectiveness,* efficacy is best measured by randomized con-
trolled trials (RCT), and effectiveness is usually measured by
observational studies. Efficacy or effectiveness of the live attenu-
ated vaccine,”” as well as the inactivated vaccine,'®'* has been
reported around the world. An RCT of the influenza vaccine in
children aged 6-59 months showed superior efficacy of the live
attenuated vaccine, as compared with the inactivated vaccine."
However, this trial also showed a higher rate of hospitalization
for any cause among children aged 6-11 months in the live-
attenuated-vaccine group than in the inactivated-vaccine group."
Other RCT of the influenza vaccine showed similar efficacy of
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the inactivated vaccine to the live attenuated vaccine in children
aged 1-16 years'® and in school children aged 9-12 years."”
Several RCT'!" or cohort studies'>™* have shown significant
efficacy or effectiveness of TIV to reduce the incidence of influ-
enza in children. However, efficacy or effectiveness of TIV in
children less than 3 years old is scarce in evidence and even
controversial.'">"* Accordingly, a retrospective cohort study was
conducted for evaluating the effectiveness of TIV among children
aged 0-6 years in the 2011-2012 season in Sapporo City, Japan.

Methods

Every large day-care center was identified from 10 districts in
Sapporo. Then, 1570 parents of children attending these 10 day-
care centers were invited to participate in the survey, and even-
tually, 629 parents (40.1%) gave written, informed consent to
participate in this survey. Age distribution of the study subjects at
the end of April 2012, was as follows: 43 were O years old, 122
were 1 year old, 127 were 2 years old, 119 were 3 years old, 106
were 4 years old, and 112 were 5 or 6 years old. A self-
administered and structured questionnaire was distributed to their
parents at the end of April 2012, and they returned a filled-out
questionnaire in May by mail. Each parent described whether a
subject received TIV once or twice in the 2011-2012 season, and
if so, we noted the exact dates of receiving TIV according to
records in a maternal and child health handbook marked by a
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Fig 1. Distributions of the subjects in the first and second vaccina-
tions of the trivalent inactivated vaccine and the incidence of influ-
enza according to each month in the 2011-2012 season. M, The first
vaccination; I, the second vaccination; M, incidence of influenza.

pediatrician. TIV consisted of A/California/7/2009 (HINT1),
A/Victoria/210/2009 (H3N2), and B/Prisbane in the 2011-2012
season.'® In addition, the questionnaire included inquiries about
age, sex, size of household, number of siblings, number of
smokers in the home, and so on.

The incidence of influenza was defined as being affected with
influenza as diagnosed by a pediatrician. The exact date of the
visit to a pediatrician and the name of the medical institute where
the pediatrician worked were also obtained with the question-
naire. Cox’s proportional model was used for calculating a
hazard ratio (HR) and its 95% confidence interval (95%CI) of
TIV on the influenza incidence. The start and end of observations
were set at 1 October 2011, and 30 April 2012, respectively. SAS
version 9.2 (sas Institute, Cary, NC, USA) was utilized for every
analysis. The significance level was set at 5%. This study was

approved by the Ethical Committee of Sapporo Medical Univer-
sity (Approval date, 28 March 2012; Approval number, 23-2-76).

Results

From October 2011 to March 2012, 324 subjects among 629
participants (51.5%) received TIV at least once, and they were
classified into the Vaccine group. In the Vaccine group, 302
subjects (93.2%) were fully vaccinated with two doses. As shown
in Figure 1, the distribution of the subjects for the first vaccina-
tion according to months in the 2011-2012 season was as
follows: 87 in October, 171 in November, 51 in December, 15 in
January, one in February, and one in March. Furthermore, the
distribution of the subjects on the second vaccination according
to each month in the 2011-2012 season was as follows: 10 in
October, 90 in November, 163 in December, 28 in January, 11 in
February, and one in March.

Table 1 shows baseline characteristics of the subjects accord-
ing to the status of receiving TIV, namely, the Vaccine and No
vaccine groups. A subject who was vaccinated after being
affected with influenza was classified into the No vaccine group.
Various kinds of comorbidity were reported from 123 study chil-
dren, including otitis media in 37 children and atopy or allergy in
19 children as the two most common comorbidities. The average
age, proportion of boys, and presence of comorbidity were not
different between the Vaccine and No vaccine groups. However,
the distribution of day-care centers, size of the household,
number of siblings, and number of smokers in the home were all
significantly different between the two groups.

In the 2010-2011 season, 163 subjects (25.9%) were diag-
nosed as being affected with influenza by a pediatrician. As
shown in Figure 1, the distribution of the subjects at the diagnosis
of influenza according to months in the 2011-2012 season was as
follows: one in November, five in December, 43 in January, 80 in
February, 30 in March, and four in April.

Table 2 shows the sex-adjusted HR of TIV on the influenza
incidence stratified by age. HR was significantly reduced in the
subjects aged 1 year (relative risk = 0.24, 95%CI 0.10-0.56).
Furthermore, sex- and age-adjusted HR were significantly

Table 1 Baseline characteristics of the subjects according to status of trivalent inactive vaccine in 2011-2012 season

Items Vaccine group (n = 324) No vaccine group (n = 305) P-value
Age in years (mean, SD) 2.72 1.43 2.78 1.74 0.629
Boys (n, %) 155 47.8 149 48.9 0.799
Day-care center 1 (n, %) 44 13.6 19 6.2 <0.001
Day-care center 2 (n, %) 34 10.5 14 4.6
Day-care center 3 (n, %) 37 114 40 13.1
Day-care center 4 (n, %) 28 8.6 22 7.2
Day-care center 5 (n, %) 19 5.9 32 10.5
Day-care center 6 (n, %) 28 8.6 34 11.2
Day-care center 7 (n, %) 42 13.0 49 16.1
Day-care center 8 (n, %) 35 10.8 18 59
Day-care center 9 (n, %) 32 9.9 32 10.5
Day-care center 10 (n, %) 25 7.7 45 14.8
Presence of comorbidity (n, %) 69 21.3 54 17.7 0.256
Size of household (mean, SD) 3.68 0.85 391 1.04 0.002
Number of siblings (mean, SD) 1.66 0.71 1.94 0.82 <0.001
Number of smokers in home (mean, SD) 0.49 0.66 0.63 0.71 0.011

© 2013 The Authors
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Table 2 Sex-adjusted HR and its 95%CI of trivalent inactive vaccine on influenza incidence in 2011-2012 season

Age Vaccine group No vaccine group
n Person- Incidence Incidence n Person- Incidence Incidence HR 95%CI P-value
days ratef days ratef

0 years 3 506 1 19.8 40 6921 4 5.8 2.23 0.20, 24.60 0.513
1 year 75 12973 8 6.2 47 7194 17 23.6 0.24 0.10, 0.56 0.001
2 years 85 13971 19 13.6 42 6 675 14 21.0 0.66 0.33, 1.33 0.246
3 years 61 9847 17 17.3 58 8443 26 30.8 0.56 0.31, 1.04 0.067
4 years 53 8 455 15 17.7 53 8 205 16 19.5 0.90 0.44, 1.83 0.760
5 or 6 years 47 7519 12 16.0 65 10791 14 13.0 1.23 0.57, 2.67 0.602
Total 324 53271 72 13.5 305 48 229 91 18.9 0.717 0.52, 0.97 0.032

Incidence was defined as being affected with influenza diagnosed by pediatrician. "Age- and sex-adjusted HR in the total subjects. “Incidence rate

per 10 000 person-days. HR, hazard ratio.

decreased in the total subjects (HR =0.71, 95%CI 0.52-0.97). As
shown in Table 3, the HR of TIV on the influenza incidence were
not meaningfully changed even after adjusting potential con-
founding variables, such as the day-care center, presence of
comorbidity, size of household, number of siblings, and number
of smokers in the home in addition to age and sex of the patient.
Namely, HR was significantly reduced in the subjects aged 1 year
(HR = 0.22, 95%CI 0.09-0.54) as well as in the total subjects
(HR = 0.72, 95%CI 0.52-0.99). Consequently, effectiveness of
TIV was calculated as 78% for the subjects aged 1 year, and 28%
for the total subjects.

Discussion

It was found that the HR of TIV on influenza incidence was
significantly reduced in the subjects aged 1 year and in the total
subjects, but not in the subjects aged 0 years, or 2-6 years.
Fujieda et al." reported, from the results of a follow-up study at
54 pediatric clinics in eight areas of Japan in the 2002-2003
season, that risk was significantly reduced in the group, aged
2.0-3.9 years, receiving an inactivated vaccine, but not those
aged under 1.9 years or over 4.0 years. Similar to this study, they
found an insignificantly increased risk of an inactivated vaccine
among children less than 1 year of age, and they mentioned that
there was a lower immune response to the influenza vaccine for
those less than 1 year of age.'

Maeda er al."* showed, with a prospective cohort study in
Japan, that the risk of an influenza-like illness was insignificantly

Table 3 HR and its 95%CI of trivalent inactive vaccine on influenza
incidence in 2011-2012 season, after adjusting potential confounding
variables’

Age HR 95%CI P-value
0 years 2.47 0.08, 73.63 0.602
1 year 0.22 0.09, 0.54 0.001
2 years 0.60 0.28, 1.28 0.185
3 years 0.66 0.35, 1.27 0.215
4 years 0.75 0.36, 1.54 0.427
5 or 6 years 1.37 0.62, 3.04 0.438
Total 0.72 0.52, 0.99 0.042

"Distribution of day-care center, presence of comorbidity, size of
household, number of siblings, and number of smokers in home, were
adjusted in addition to sex and age. HR, hazard ratio.

reduced in the group receiving the inactivated vaccine of age
strata from 1 year to 7 years of age. Similar to this study’s results,
they found a significantly decreased risk of the inactivated
vaccine on influenza infection in the total number of children
aged 1-7 years. As explained by Hirota et al.,” the variety in
results comes from the fact that efficacy or effectiveness of the
vaccine is influenced by the designs or conditions in the fields,
such as a mixed epidemic with different strains, antigenic simi-
larity between the vaccine strains and epidemic viruses, and
inter-individual variation in the antibody response to the vaccine.

The efficacy of the influenza vaccine has been reported to be
higher in fully vaccinated children with two doses than in par-
tially vaccinated children with one dose.***' However, Gruber
et al."® showed that a single dose of TIV produced a sufficient
serologic rise to influenza viral antigen, and might protect against
viral infection. It should be mentioned that the research by
Gruber ef al." was performed among school-age children, and
immunological backgrounds may be different from pre-school
children. Because a majority of the vaccinated subjects (93.2%)
were fully vaccinated with two doses of TIV, it was not possible
to compare the effectiveness between one and two doses in this
study.

The influenza incidence was defined as that diagnosed by a
pediatrician, although information was not obtained about either
cultural confirmation or the subtype of influenza. A report about
the sampling study on the cultural confirmation of suspected
specimen from clinics in Sapporo City showed that 91.4% of them
were the influenza virus.'® Furthermore, according to surveillance
by Sapporo City Hygiene Research Center,”” endemic of the
influenza virus A/H3N2 was observed from the 51st week of 2011
to the 14th week of 2012, and its peak was at the 4th week of 2012.
In addition, the spread of the influenza virus B was observed from
the 3rd week of 2012 to the 20th week of 2012. The proportion of
patients with influenza was reported to be about 71% in influenza
A/H3N2 and about 28% in influenza B in the entire 2011-2012
season. We considered that the endemic of influenza in the study
population was consistent with endemic of influenza in the entire
Sapporo City. In addition, it was reported that the antigenicity of
2011-2012 endemic influenza A (H3N2) and B strains were
concordant with those of 2011-2012 vaccine strains in around
60% and 70%, respectively (IASR 33: 288-294, 2012).

© 2013 The Authors
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Although the amount of influenza vaccine given to children
increased in the 2011-2012 season from 0.1 mL to 0.25 mL for
those aged 0 years, from 0.2 mL to 0.25 mL for those aged 1-2
years, and from 0.2 mL to 0.5 mL for those aged 3-5 years, it was
not possible for us to evaluate the effect of these increments,
because the appropriate comparative population could not be
obtained. Although we set the initial date of observation at 1
October 2011, the initial date of observation for each subject with
or without vaccination is controversial for analysis with the Cox
model. Therefore, we applied analysis by the logistic regression
model in addition to analysis by the Cox model. As a result, we
could obtain the similar risk estimates in association of influenza
vaccination with influenza infection between these two analyses
(the odds ratios obtained with the logistic regression analysis are
not shown in this article).

As a limitation of this study, only 40% of study candidates
responded to the request to participate in this study. Accordingly,
a selection bias might exist in this study. Ideally the incidence of
influenza should be confirmed by observing protocols at every
medical institution, or observing records of high fever in every
day-care center. However, it was not practical for us to access
medical records at all medical institutions or records of high fever
at the day-care centers. It was thought that distribution of the
day-care centers, size of household, number of siblings, and the
number of smokers in home were all potential confounding factors
in the association between vaccination and influenza incidence.
Especially, different status of influenza endemic was observed in
10 day-care centers as shown in Table 1, and one day-care center
showed a significantly increased risk of influenza infection (HR =
2.53,95%CI 1.48—4.34). However, it was not the case in this study,
because HR of TIV on the influenza incidence were not altered
even after adjusting all of them, as shown in Table 3.

In conclusion, HR of TIV on the influenza incidence was
significantly reduced in the subjects aged 1 year and in the total
subjects, but not in the subjects aged 0 years, or 2—6 years.
Further studies are necessary in different seasons, places, and
populations to clarify the effectiveness of the influenza vaccine in
children.
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Baseline Antibodies

Ayumi Mugitani, Kazuya Ito,? Shin Irie,® Takashi Eto,® Motoki Ishibashi,® Satoko Ohfuji,* Wakaba Fukushima,® Akiko Maeda,
Yoshio Hirota,®f for the Fukuoka Pediatricians Group for Vaccine Efficacy

Medical Co. LTA Sumida Hospital, Tokyo, Japan®; Medical Co. LTA, Fukuoka, Japan®; Medical Co. LTA PS Clinic, Fukuoka, Japan<; Department of Public Health, Osaka City
University Graduate School of Medicine, Osaka, Japan; Medical Co. LTA Clinical Epidemiology Research Center, Fukuoka, Japan®; Osaka City University, Osaka, Japan'

In this study, we assessed the effects of the prevaccination titer and age on the immunogenicity of a low dose of influenza
vaccine in children less than 4 years of age. A total of 259 children received two vaccine doses (0.1 ml for 0-year-olds and
0.2 ml for children 1 year of age or older) 4 weeks apart during the 2005/2006 season. The hemagglutination inhibition an-
tibody titers were measured before vaccination and 4 weeks after the first and second doses. The geometric mean titer,
mean fold rise, seroresponse proportion (=4-fold rise in titer), and seroprotection proportion (titer =1:40) were calcu-
lated for the prevaccination titer and age categories. A multivariate logistic regression analysis was performed using the
seroresponse and seroprotection proportions as dependent variables and the prevaccination titer and age as explanatory
variables. As for the seroresponse against the H1 antigen after the first dose, the adjusted odds ratios of the prevaccination
titers (versus <1:10) were 2.2 (95% confidence interval, 0.8 to 5.8) at 1:10 to 1:20 and 0.14 (0.04 to 0.49) at =1:40. The cor-
responding figures for ages were 0.03 (0.01 to 0.07) for the 0-year-olds and 0.17 (0.08 to 0.34) for the 1-year-olds compared

with the 2- to 3-year-olds (P..,q < 0.001). Similar results were also obtained for the H3 and B strains. Significantly ele-
vated odds ratios for seroprotection were observed with greater prevaccination titers and older ages for all strains. The
prevaccination titer and age were independently associated with the antibody response in young children. The immune
response was weaker in the younger children and those without preexisting immunity.

nfluenza is a vaccine-preventable disease. The rate of seasonal

influenza infection is highest among children, and children less
than 2 years of age are at high risk of influenza-associated hospi-
talization (1, 2). The Advisory Committee on Immunization Prac-
tices routinely recommends that children 6 months to 8 years of
age receive two doses of influenza vaccine during their first season
of vaccination in order to optimize the immune response (3). This
recommendation is based on data showing that vaccine effective-
ness and immunogenicity are lower among young children
treated with one dose of the vaccine, whereas two doses of vaccine
provide substantial protection against influenza-like illness (ILI)
(4-6) and induce a protective level of antibodies, even in young
children (7-15).

The factors affecting low immune responses to the influenza
vaccine among children are supposed to include immature immu-
nity function due to age, infrequency of opportunity for exposure
to influenza virus through vaccination and/or infection, thus re-
sulting in a lack of induced priming, and a low-volume dose of the
vaccine. As the subjects get older, it has been reported that their
prevaccination titer (pretiter) increases (16—19), but there has
been very little detailed research that considered the predictive
factors in the immune response (20, 21).

In this report, we present the immunogenicity of the trivalent
inactivated influenza vaccine (IIV3) in young children. More spe-
cifically, by using a thorough descriptive analysis and multivariate
analysis, we performed a detailed evaluation of our preliminary
2005/2006 data (22), focusing on the mutual effects of age and the
pretiter status, which are considered to be essential for evaluating
the immunogenicity of young children.
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MATERIALS AND METHODS

Study subjects and vaccination. Healthy infants and children 6 months
to 3 years of age were eligible for enrollment. The children were recruited
from six pediatric practices in Japan. The exclusion criteria were fever or
acute serious illness at the time of vaccination, a history of anaphylaxis to
the vaccine components, and/or other conditions that rendered the sub-
jects ineligible to receive vaccination. We attempted to register approxi-
mately 50 children in each age group (0-, 1-, 2-, and 3-year-olds); a total of
259 children were enrolled. The study protocol was approved by the ethics
committee of the Osaka City University Faculty of Medicine, and written
informed consent was obtained from the guardians of all children.

A single lot of licensed trivalent inactivated, thimerosal-free, unadju-
vanted influenza HA vaccine (FLUBIK HA, lot HE01A; Biken, Japan) was
used in this study. Each vaccine contained 15 pg/0.5 ml of each of the
three hemagglutinin antigens recommended for the 2005/2006 influenza
vaccine: the A/New Caledonia/20/99 (HIN1), A/NewYork/55/2004
(H3N2), and B/Shanghai/361/2002 strains.

The subjects received two subcutaneous injections of IIV3 in the arm,
at a dose of 0.1 ml for 0-year-olds and 0.2 ml for children =1 year of age,
in conformity with the Japanese influenza vaccine regulations at that time.
All subjects received the first vaccine dose between 1 September and 31
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October 2005, followed by the second dose 4 weeks later between 1 Octo-
ber and 31 November 2005. None of the children experienced physician-
diagnosed influenza virus infection between the first and second dose or
discontinued participation due to an adverse event and/or experienced
any severe adverse events. Hence, all subjects were included in the analy-
ses. According to the national infectious diseases surveillance, the 2005/
2006 seasonal epidemic occurred in mid-December. This was at least 2
weeks after all children had received their second vaccination.

Information collection and antibody titer measurement. The fol-
lowing information was collected via a self-administered questionnaire
completed by the guardian: baseline characteristics, such as age, sex, body
weight, and underlying medical conditions; previous influenza vaccina-
tion status within the past 3 years; and a history of ILI with a fever of
=39°C during the last season.

A triplet serum sample was obtained before vaccination (S0), 4 weeks
after the first dose (S1), i.e., immediately before the second dose, and 4
weeks after the second dose (S2). The sera were stored frozen at —70°C to
—80°C until they were analyzed simultaneously. The hemagglutination
inhibition (HI) antibody titers for each vaccine antigen were measured
according to a standard assay using type O human erythrocytes (23).

Statistical analyses. The outcome measurements of this study, which
aimed to assess immunogenicity, were the geometric mean titer (GMT),
mean fold rise (MFR), proportion of subjects with a =4-fold rise in the
postvaccination titer (sR), and proportion of subjects achieving a titer of
=1:40 (sP). For data processing, a titer of <1:10 was assigned a value of
1:5, and reciprocal antibody titers were handled after logarithmic trans-
formation. Therefore, the use of 1:5 titers for lower censored values may
lead to a reduced estimate of the variance. The results are presented in the
original scale by calculating the antilogarithms. The data were categorized
to examine the effects of the following factors considered to be medically
important based on previous reports: pretiter (<1:10, 1:10 to 1:20, and
=1:40), age, influenza vaccination within the past 3 years, and ILI history
during the last season.

The significance of the MFR within a category was assessed according
to the Wilcoxon signed-rank test, while intercategory comparisons of
GMT and MFR values were made using either the Wilcoxon rank sum test
or the Kruskal-Wallis test. The ¢ test, analysis of variance, Mantel-exten-
sion method for trend test, and x? test were also employed where appro-
priate.

The independent effects of the pretiter status and age on antibody
induction were evaluated using a multivariate logistic regression analysis.
The models were constructed with sR or sP as a dependent variable and
the pretiter status and age as explanatory variables. The odds ratios (ORs)
and the 95% confidence intervals (Cls) are presented. The influenza vac-
cination history and ILI history were excluded from the final model after
consideration of the correlations between these factors and age. In addi-
tion, if both factors were included together, we would have been forced to
exclude 0-year-old infants who mostly did not have a vaccination history
or ILT history (100% and 89%, respectively) from the analysis. This results
in exclusion of children with a pretiter of <1:10, accounting for the ma-
jority of the subjects, and thus the validity of the multivariate analysis itself
would have been compromised. Therefore, we excluded these parameters
from the analysis to secure a sufficient number of subjects. A P value of
<0.05 was considered to be statistically significant. All hypothesis tests
were two-sided. The calculations were performed using the SAS version
9.2 software program (SAS Institute Inc., Cary, NC).

RESULTS

The baseline characteristics of the subjects are shown in Table 1.
The mean and median ages were nearly the same (24.1 and 24.0
months). The subjects were distributed almost equally (64 to 66
subjects) among the four age groups. Asthma, urticaria, and
atopic dermatitis were relatively frequent underlying diseases
(5.0% to 6.6%).

Geometric mean titer and mean fold rise. The GMT and MFR
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TABLE 1 Characteristics of study subjects

Variable Value®
Total no. of subjects 259
Male sex 142 (54.5)
Age at vaccination (mo)
Mean (SD) 24.1(12.4)
Median (range) 24.0 (45.0)
Age at vaccination
0yr 64 (25)
lyr 65 (25)
2yr 64 (25)
3yr 66 (25)
Underlying illnesses
Heart disease 1(0.4)
Renal disease 1(0.4)
Anemia 2(0.8)
Asthma 14 (5.4)
Urticaria 17 (6.6)
Atopic dermatitis 13 (5.0)
Influenza vaccination within the past 3 yr
Vaccinated 114 (44)
0yr 0(0)
lyr 17 (15)
2yr 46 (40)
3yr 51 (45)
Not vaccinated 144 (56)
0yr 64 (44)
lyr 48 (33)
2yr 17 (12)
3yr 15 (10)
Influenza-like illness during the last season present 122 (47)

“ Values are expressed as no. (%) unless otherwise indicated.

values in the subjects grouped according to the pretiter status, age,
influenza vaccination history, and ILI history are summarized in
Table 2 for each antigen. Approximately three-fourths of the chil-
dren fell into the seronegative category (pretiter of <1:10), re-
gardless of the type of test antigen (77%, 72%, and 73% for H1,
H3, and B, respectively). The proportion of children with a preti-
ter of =1:40 was highest for the H3 antigen (24%) followed by the
B (12%) and H1 (6%) antigens.

A higher pretiter against the H1 antigen was associated with a
higher mean age and greater pre- and postvaccination GMT val-
ues (S0, S1, and S2) (P < 0.05 for each by analysis of variance
[ANOVA] or the Kruskal-Wallis rank test). The MFR after the
first dose (S1/S0) was higher in the 1:10 to 1:20 category (5.7-fold)
than those in the <1:10 and =1:40 categories (3.0- and 2.3-fold,
respectively). The S2/S1 values further increased 2.4-fold in the
pretiter of <1:10 category, but not in the two higher pretiter cat-
egories (1.1-fold in both). After the second dose (S2/S0), a =6-
fold rise was seen in the <1:10 and 1:10 to 1:20 categories com-
pared to that in the =1:40 category (2.6-fold). Therefore, the
subjects with a pretiter of =1:40 showed lower MFR values at both
S1 and S2. The trends for GMT and MFR were similar for the H3
and B antigens, with substantially pronounced changes in H3. The
prevaccination GMT against H3 was quite high in the =1:40 cat-
egory (208 at SO0), leading to far more elevated postvaccination
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TABLE 2 Geometric mean and mean fold rise

Immunogenicity of Influenza Vaccine in Children

a b
No. (%) of Mean GMT MER
Vaccine antigen and category subjects age (yr) SO S1 S2 $1/S0 S2/S1 S2/S0
A/New Caledonia/20/99(HIN1)
Entire sample 259 (100) 1.5 7 23 46 33 2.0 6.6
Prevaccination titer
<1:10 200 (77) 1.2¢ 54 154 364 3.0%¢ 2.4%¢ 7.1%¢
1:10-1:20 44 (17) 2.4 15 84 94 5.7¢ 1.1 6.4°
=1:40 15 (6) 2.6 66 153 176 2.3¢ 1.1 2.6°
Age
0yr 64 (25) 0.7 54 67 214 1.2%¢ 3.3%e 4.0%¢
1yr 65 (25) 1.4 5 14 39 2.7¢ 2.7¢ 7.3¢
2yr 64 (25) 2.4 8 58 80 7.4¢ 1.4¢ 10.3¢
3yr 66 (25) 3.4 11 54 70 5.0° 1.3¢ 6.4°
Influenza vaccination in the past 3 yr
Unvaccinated 144 (56) 0.9¢ 54 94 324 1.8%¢ 3.5%¢ 6.1
Vaccinated 114 (44) 2.3 10 73 72 7.4¢ 1.0 7.3¢
Influenza-like illness during the last season
Absent 136 (53) 1.2¢ 7 16¢ 374 2.0 2.3%¢ 5.2%¢
Present 122 (47) 1.9 7 35 59 5.1¢ 1.7¢ 8.7¢
A/New York/55/2004(H3N2)
Entire sample 259 (100) 13 37 71 2.8 2.0 5.5
Prevaccination titer
<1:10 187 (72) 1.2¢ 54 124 294 2.3%¢ 2.5%¢ 5.9%¢
1:10-1:20 9 (4) 2.1 15 235 296 16.0 1.3 20.2
=1:40 63 (24) 2.3 208 852 806 4.1¢ 0.9 3.9¢
Age
0yr 6" 8! 324 1.4%¢ 4.1%¢ 5.5
lyr 8 20 51 2.4¢ 2.5¢ 6.1¢
2yr 22 108 130 5.0¢ 1.2¢ 6.0°
3yr 27 105 123 4.0° 1.2¢ 4.6°
Influenza vaccination in the past 3 yr
Unvaccinated 94 174 534 1.9%¢ 3.1 5.9¢
Vaccinated 20 97 105 4.8° 1.1 5.2¢
Influenza-like illness during the last season
Absent 107 234 544 2.4%¢ 2.3%¢ 5.6°
Present 18 61 96 3.5¢ 1.6° 5.5¢
B/Shanghai/361/2002
Entire sample 259 (100) 8 22 34 2.8 1.6 44
Prevaccination titer
<1:10 188 (73) 1.3¢ 54 104 19¢ 2.0%¢ 1.9%¢ 3.7%
1:10-1:20 40 (15) 2.2 13 126 121 9.5¢ 1.0 9.2¢
=1:40 31 (12) 2.2 65 274 274 4.2°¢ 1.0 4.2¢
Age
0yr 54 6" 134 1.1 2.3%¢ 2.5%¢
lyr 7 20 32 2.7° 1.6° 4.4°
2yr 8 40 52 4.9¢ 1.3¢ 6.3¢
3yr 12 50 62 4.2°¢ 1.2 5.1¢
Influenza vaccination in the past 3 yr
Unvaccinated 6¢ 114 234 1.7%¢ 2.24¢ 3.8%¢
Vaccinated 11 55 56 5.1¢ 1.0 5.2¢
Influenza-like illness during the last season
Absent 74 144 24¢ 2.0 1.8%¢ 3.6%¢
Present 9 38 51 4.1¢ 1.3¢ 5.5¢

“ GMT, geometric mean titer.
? MFR, mean fold rise.
€P < 0.05 by t test or ANOVA.

4 P < 0.05 by the Wilcoxon rank sum test or Kruskal-Wallis rank test for intercategory comparisons.

¢ P < 0.05 by the Wilcoxon signed-rank test for intracategory comparisons.
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GMT values (852 at S1 and 806 at S2). In addition, the GMT values
in the 1:10 to 1:20 category also increased greatly after the first
dose (235 at S1; S1/SO = 16.0-fold).

When the data were examined according to age group, the pre-
and postvaccination GMT values against H1 increased with in-
creasing age (P < 0.05 at each time point for the Kruskal-Wallis
rank test). A similar tendency was seen in the MFR S1/SO and
S2/S0 values (P < 0.05 at both time points for the Kruskal-Wallis
rank test), with maximum values in the 2-year-olds (7.4- and 10.3-
fold, respectively). An opposite trend was observed in the S2/S1
values, i.e., the MFR decreased with increasing age (P < 0.05 for
the Kruskal-Wallis rank test). Comparable findings regarding
GMT and MFR were also obtained for H3 and B, with distinctively
elevated postvaccination GMT values against H3 in the older age
groups. The pre- and postvaccination GMT values were consis-
tently higher in the children with a history of vaccination or ILI
than in those with no such history, at all time points for every
strain.

The above findings can be summarized as follows. (i) Approx-
imately 70% of the children were initially seronegative (pretiter of
<1:10). (ii) A higher pretiter and older age were associated with
elevated GMT values after the first and second doses, irrespective
of the test antigen. (iii) The maximum titers varied with the anti-
gens: the highest GMT value (exceeding 1:800) was attained for
the high pretiter category against H3. (iv) In the pretiter of <1:10
category, the response after the first dose was weak, and an addi-
tional titer was induced by the second dose. On the other hand, in
the pretiter of =1:10 category, the titer reached a plateau after the
first dose, and no or little booster response was induced after the
second dose. (v) The MFR values were lower after both the first
and second doses in the pretiter of =1:40 category and the 3-year-
olds.

Seroresponse proportion and seroprotection proportion.
The top section of Fig. 1 shows the sR for each antigen. Comparing
the three levels of the pretiter, the sR for <1:10 against H1 in-
creased from 45% after the first dose (S1/S0) to 77% after the
second dose (S2/50). The corresponding values were 34% to 73%
for H3 and 31% to 54% for B. In the 1:10 to 1:20 category, the sR
reached nearly 90% (85% to 89%) with the first dose alone for all
antigens. However, in the =1:40 category, the sR after one dose
did not exhibit a large increase (33 to 62%) and instead reached a
plateau even after the second dose (47 to 60%). An analysis of the
sP (the bottom section of Fig. 1) was performed, excluding chil-
dren with a pretiter of =1:40. The sP in the pretiter of <1:10
category was low, even with two doses (37 to 58%), whereas in the
1:10 to 1:20 category, more than about 90% of the subjects at-
tained a seroprotective titer (=1:40) with one dose alone.

Next, stratified analyses were conducted to examine the effects
of the pretiter and age (Fig. 2 and 3). The age-specific sR and sP
values were calculated after stratification for the three levels of the
pretiter. Among those with a pretiter of <1:10, the S1/S0 sR was
considerably lower in the younger children (0 years, 3 to 10%; 1
year, 20 to 36%) than in the 2- to 3-year-olds (61 to 82%) for each
antigen, indicating an increase in sR with increasing age (P <
0.001 for each in the Mantel-extension method for trend test). The
§2/S0 sR further increased in all age groups, maintaining a dose-
response relationship similar to that observed for the S1/50 sR. On
the other hand, in the pretiter 1:10 to 1:20 group, all of the 1-year-
olds achieved the sR level with one dose alone (100%), and slightly
lower sR values were seen in the 2- to 3-year-olds (85 to 87%).
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FIG 1 Seroresponse (=4-fold rise) and seroprotection (HI titer of =1:40)
proportion and 95% Cls. Subjects with prevaccination titers of =1:40 were
excluded for the seroprotection analyses. SO, before vaccination. S1, after the
first dose; S2, after the second dose.

However, in the pretiter =1:40 group, the S1/S0 sR for H3 de-
creased with increasing age (P < 0.03 in the Mantel-extension
method for trend test), and a similar tendency was seen against H1
and B, although the skewed distribution of the subjects made it
difficult to statistically confirm this finding. In addition, in the
pretiter =1:40 group, no or little booster response to the second
dose was induced for any antigen in any age category.

The sP showed the same trend as the sR. In the pretiter of
<1:10 group, the sP values improved with age for all antigens, and
an additional antibody titer was induced by the second dose, al-
though the sP value against H1 at S2 was at most 78% in the 2- to
3-year-olds. In contrast, in the 1:10 to 1:20 group, a substantial rise
in titer was achieved with one dose alone, irrespective of the age
category for all antigens, except in the 0-year-olds for B (67%).

Therefore, both the pretiter and age per se may mutually influ-
ence the antibody response. Hence, the independent effects of the
pretiter and age on sR and sP were examined using a logistic re-
gression model (Table 3).

The crude ORs (95% ClIs) of the pretiter for sR after the first
dose were significantly high at 1:10 to 1:20 (versus <1:10): 7.7 (3.1
to 19.1) for H1, 15.8 (1.9 to 129) for H3, and 12.4 (4.9 to 31.1) for
B. These values shifted toward null when the effect of age was
simultaneously considered: the adjusted ORs (95% CIs) were 8.8
(1.1 to 73.1) for H3 and 9.2 (3.2 to 26.6) for B, with statistical
significance. However, the pretiter of =1:40 category demon-
strated lower ORs for all test antigens than the pretiter of 1:10 to
1:20 category in both the univariate and multivariate analyses. For
sP, significantly elevated ORs were observed in the pretiter of 1:10
to 1:20 category, although this trend was unstable, as indicated by
the wide CIs. The adjusted ORs (95% Cls) were 5.4 (2.1 to 13.6)
for H1, 16.3 (1.8 to 148) for H3, and 47.5 (11.5 to 197) for B.
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FIG 2 Age-specific seroresponse proportion and 95% Cls stratified by prevac-
cination titer. SO, before vaccination; S1, after the first dose; S2, after the second
dose; 1, total no. of subjects.

Age was found to be positively associated with sR and sP for all
antigens. Against H1, the adjusted ORs (95% ClIs) for sR after the
first dose were 0.17 (0.08 to 0.34) in the 1-year-olds and 0.03 (0.01
to 0.07) in the 0-year-olds, with a clear dose-response relation-
ship, compared with the 2- to 3-year-olds as the reference
(Pirena < 0.001). Similar results were obtained for H3 and B
(Pirena < 0.001 for both). In addition, significantly elevated ORs
for sP after the first dose were observed in association with an
older age for all strains (Py,.,q < 0.001 for H1 and H3). For both sR
and sP, the adjusted ORs were quite similar to the crude values,
irrespective of the type of antigen, which suggests a low combined
effect of age with the pretiter.

DISCUSSION

Previous research has proven that, in many cases, the immune
response to the influenza vaccine is low among children. Although
most of this research indicates the extent of the immune response,
very few studies have delved into the predictive factors regarding
this observation. In this study, we considered the response to the
HI antibody, an immune correlate of protection against influenza
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FIG 3 Age-specific seroprotection proportion and 95% Cls stratified by pre-
vaccination titer. Subjects with prevaccination titers of =1:40 were excluded
from the seroprotection analyses. SO, before vaccination; S1, after the first
dose; S2, after the second dose; n, total no. of subjects.

infection induced after vaccination, along with the predictive fac-
tors thereof in young children up to 4 years of age.

Regarding seronegative children (pretiter of <1:10), a trend
was noticed wherein the antibody titer rose postvaccination in line
with age, but at the same time, regardless of the strain of vaccine,
the immune response was low. A booster effect was obtained by
vaccination twice, but the sP reached =70% only for the H1 anti-
gen, which is one of the international criteria for approval (24, 25),
following the second vaccination, and this was only achieved in
the oldest children. These results were inconsistent with those of
previous studies, which indicated that even young children can
reach protective levels of antibody values if the vaccination is car-
ried out twice (7-15). We think the reason that in this study, the
vaccination dose used was smaller than the regulated volume used
in Europe and the United States. The regulated IIV3 vaccination
dose in Japan was lower than that used in Europe and the United
States up to the 2010/2011 season (Japan: 0.1 ml for 0-year-olds,
0.2 ml for 1- to 5-year-olds, 0.3 ml for 6- to 12-year-olds, and 0.5
ml for 13-year-olds and older; Europe and the United States: 0.25
ml for children of 6 to 36 months of age and 0.5 ml for those older
than 36 months). Although these dosage levels have been widely
discussed for many years, they were maintained during the
HIN1pdmo09 pandemic. It was therefore assumed that if the cur-
rent group were vaccinated twice with the high vaccine doses, even
seronegative children with no antibody prior to vaccination
would acquire an antibody titer that would cover them.

That said, seropositive children (pretiter of 1:10 to 1:20) dem-
onstrated an excellent immune response, regardless of the strain
of vaccine. In this group, minimum values of 85% sR and sP were
achieved in children aged 1 year or older who were vaccinated with
all strains with one dose alone. Children exposed to the influenza
virus prior to vaccination, due either to an earlier vaccination or to
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TABLE 3 Odds ratios for seroresponse and seroprotection proportions after the first vaccination’

Seroresponse (S1/50 = 4)

Seroprotection (S1 = 1:40)

Totalno. ~ No. (%) OR (95% CI)* Total no. OR (95% CI)*
of with of No. (%) with
Vaccine antigen and category subjects seroresponse Crude Adjusted” subjects seroprotection Crude Adjusted”
A/New Caledonia/20/99(HIN1)
Prevaccination titer
<1:10 200 90 (45) 1.0 1.0 200 65 (33) 1.0 1.0
1:10-1:20 44 38 (86) 7.7 (3.1, 19.1) 2.2(0.8,5.8) 44 42 (95) 43.6 (10.2, 186) 5.4 (2.1, 13.6)
=1:40 15 5(33) 0.6 (0.2, 1.9) 0.14 (0.04, 0.49)
Ptrcnd —
Age
0yr 64 6(9) 0.01 (0.01, 0.08) 0.03 (0.01, 0.07) 63 2(3) 0.01 (0.003, 0.05) 0.03 (0.01, 0.1)
1yr 65 26 (40) 0.2 (0.1,0.4) 0.17 (0.08, 0.34) 65 18 (28) 0.13 (0.06, 0.25) 0.2 (0.1,0.4)
2-3yr 130 101 (78) 1.0 1.0 116 87 (75) 1.0 1.0
Poend _d _d _d _d
A/New York/55/2004 (H3N2)
Prevaccination titer
<1:10 187 63 (34) 1.0 1.0 187 41 (22) 1.0 1.0
1:10-1:20 9 8(89) 15.8 (1.9, 129) 8.8 (1.1,73.1) 9 8(89) 28.5 (3.5, 234) 16.3 (1.8, 148)
=1:40 63 39 (62) 3.2(1.8,5.8) 1.7 (0.9, 3.3)
Ptrcnd —
Age
0yr 64 7 (11) 0.08 (0.04, 0.19) 0.11 (0.04, 0.26) 62 0 NA NA
1yr 65 29 (45) 0.4 (0.2,0.8) 0.5(0.3,0.9) 56 9 (16) 0.18 (0.08, 0.42) 0.18 (0.08, 0.44)
2-3yr 130 78 (60) 1.0 1.0 78 40 (51) 1.0 1.0
Pirend — —
B/Shanghai/361/2002
Prevaccination titer
<1:10 188 59 (31) 1.0 188 39 (21) 1.0 1.0
1:10-1:20 40 34 (85) 12.4 (4.9, 31.1) 9.2 (3.2,26.6) 40 37 (93) 47.1 (13.8, 161) 47.5(11.5,197)
=1:40 31 18 (58) 3.0 (1.4, 6.6) 1.5(0.7,3.4)
P(rend — —
Age
0yr 64 3(5) 0.03 (0.01, 0.09) 0.03 (0.01, 0.11) 64 3(5) 0.04 (0.01, 0.14) 0.04 (0.01, 0.17)
1yr 65 23 (35) 0.3 (0.2,0.5) 0.4 (0.2,0.7) 65 23 (35) 0.3 (0.1, 0.5) 0.3 (0.1,0.8)
2-3yr 130 85 (65) 1.0 130 85 (65) 1.0 1.0
P _d . _d _d

trend

“ OR, odds ratio; CI, confidence interval.

¥ Adjusted for prevaccination titer and age.
P <0.05.

4P <0.001.

¢P<0.01.

/Subjects with prevaccination titer of =1:40 were excluded from the seroprotection analyses.

becoming infected with influenza, who retained a certain level of
antibodies have been demonstrated as being capable of achieving
asufficient antibody value with only a single vaccination, even ata
young age. These results support the current recommendation
that children aged between 6 months and 8 years who have com-
pleted a course of two vaccinations in the previous year require
only one vaccination in the following season.

Children with a minimum pretiter of 1:40, however, regardless
of the strain of vaccine, demonstrated a slightly lower sR than
seropositive children, a tendency which was particularly notice-
able in the older group (the 2- to 3-year-olds). Furthermore, no
booster effect was apparent upon a second vaccination. A phe-
nomenon in which the antibody titer reaches a certain level but
then plateaus (negative feedback) has been reported, suggesting a
risk that if the immune response is evaluated without stratification
of the pretiter, the immunogenicity of the vaccine may be under-
estimated (26—28). The reason that this is noted more strongly in
older children is that within the same pretiter of =1:40 category,
older children had even higher pretiters.
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In previous research, the immune response to ITV3, along with
predictive factors such as the pretiter and age, was evaluated by
multivariate analysis. Walter et al. used a multivariate logistic
model adjusted for multiple factors and reported that in young
children aged between 6 and 23 months, increasing age is a signif-
icant predictive factor of sP (20). Unfortunately, however, no ad-
justment using the pretiter was made. In this study, we adjusted
for the pretiter and, furthermore, gave older age a significant as-
sociation with immune response. While the OR of the pretiter
adjusted for age differed from the crude OR, the OR of age ad-
justed for the pretiter gave values extremely close to those of the
crude OR. This suggests that the effect of age is certain and that the
OR of the pretiter is strongly affected by age. Furthermore, Neuzil
et al. performed a multivariate analysis after adjusting for both
factors, pretiter and age, and reported that the strongest predictive
indicator for immune response after a single vaccination was pre-
titer and that age was not an independent predictive factor (21).
The age range of subjects in their study, however, was between 5
and 8 years, which is older than the ages of the subjects in the
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present study. Comparing these results with the results of this
study leads us to consider that even in young children less than 8
years of age, immune function develops up to the age of 4 to 5
years and that the effect of age on the immune response in less
significant.

The prevaccination GMT for the H3 strain was far higher than
those for the other strains, and the postvaccination GMT was also
high as a result. This finding is believed to be related to the fact that
the H3 strain was the predominant circulating strain during the
past four seasons. These findings agree with the results of other
studies conducted during the four seasons (17, 18). However, chil-
dren with a pretiter of <1:10 accounted for 55% even in 2- to
3-year-olds who had a chance of prevaccination exposure, and
these children may represent the subpopulation in which the titer
does not increase well after exposure. In fact, sR and sP after the
first and second vaccine administrations were lower in 2- to
3-year-old children with a pretiter of <1:10 against the H3 strain
compared to those with a pretiter of <1:10 against the H1 or B
strain (Fig. 2 and 3).

Some limitations associated with this study include the fact
that the vaccination dose used was smaller than that regulated for
the United States and Europe, along with the fact that the dose
used for children between 6 months and 1 year was different from
that used for children more than 1-year-old (0.1 ml and 0.2 ml,
respectively). It is possible that the seronegative children (pretiter
of <1:10) may have had a lower immune response even after the
second vaccination as a result of this. Additionally, a simple com-
parison of the immune responses of children 6 months to 1 years
of age with those of older children cannot be made. Despite this,
however, within the seronegative group there was a clear differ-
ence in the responses between 1-year-olds and those aged 2 to 3
years old, who received the same dose of vaccine, confirming the
effect of age. The group with a pretiter of =1:10 had almost no
children aged between 6 months and 1 year within its distribution,
while increases in antibodies in children aged 1 year and older
similar to those noted in other studies were seen, thus leading us to
believe that the impact of the low dosage is small. Second, with
regard to covariate adjustment, given their correlation to age and
the sample size, influenza vaccination history and ILI history were
not included in the final multivariate analysis in order to construct
a stable model. In fact, an adjusted analysis was carried out using
both factors; however, since the overall trends remained consis-
tent, we deemed that there was no significant impact on the re-
sults.

The viruses causing influenza epidemics differ, depending on
the time and place, and as such, the vaccine strain also changes
from season to season. In the same manner, the proportion of
people possessing antibodies varies, depending on the time, place,
and population within which the virus occurs. As a result, just as it
is difficult to evaluate effectiveness, it is similarly difficult to eval-
uate efficacy with immune markers such as antibody titers as a
substitute endpoint. Research on adult subjects by Hobson et al.
(29) indicates that an HI antibody titer of 1:40 is determined to
confer 50% protection against infection (protective level). How-
ever, among young children, an HI titer of 1:110 is suggested to be
the threshold value for achieving 50% prevention, leading to other
reports questioning whether or not a 50% protective effect is in
fact sufficient in terms of public health policy (30). An immuno-
logical correlation is considered to have been established between
the HI antibody titer and the protective effect of influenza; how-
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ever, this threshold cannot be said to have been firmly established
as of yet, particularly with regard to young children.

In summary, we demonstrated in the present study that the
pretiter and age are mutually independent predictive factors of the
immune response to IIV3 in young children less than 4 years of
age. The immunogenicity of the vaccine was low in the young
children without prevaccination antibodies and in young children
generally. We therefore hope that future studies will evaluate the
immune response of vaccine-naive young children to various
types of vaccines, including high-dose vaccines other than the split
virus type and adjuvant-added vaccines, to improve the immuno-
genicity of vaccines in this age group. Furthermore, in order to
correctly evaluate the immunogenic potential of influenza vaccine
in young children, not only the stratification of the HI value 1:40
but also a more detailed stratification, along with stratification
according to age are considered important. Additionally, further
considerations are required with regard to the HI antibody titer
thresholds for immune correlates of vaccine-induced protection
in children.
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Abstract

Background ¢ Aims: To date, few studies have investigated the clinical effec-
tiveness of influenza vaccine in chronic liver disease patients. The aim of this
study was to examine the effectiveness of monovalent inactivated influenza A
(HIN1)pdmo09 vaccine and other characteristics associated with hospitaliza-
tion in patients with chronic hepatitis C. Methods: We conducted a hospi-
tal-based cohort study during influenza A(HIN1)pdm09 pandemic. A total
of 408 patients (132 vaccinated, 276 unvaccinated) with detectable HCV-
RNA were followed up with respect to any hospitalization using a weekly
postal questionnaire. Reported hospitalizations were verified by medical
records. Results: During the epidemic period, 28 hospitalizations (6 vacci-
nated, 22 unvaccinated) were observed. After adjustment for potential con-
founders, vaccination decreased the odds ratio (OR) for hospitalization with
marginal significance (OR = 0.43, 95%CI = 0.16-1.17). Besides, positive
association with hospitalization was observed in patients with albumin levels
<3.5 g/dl (OR = 8.40, 3.66-19.3) and steroid users (OR = 5.58, 0.98—
31.7). Conclusions: Among patients with chronic hepatitis C, A(HIN1)
pdm09 vaccine appeared to have a protective effect against hospitalization.
Those patients with a higher risk for hospitalization should be carefully fol-
lowed during the influenza season, even when vaccinated.

Patients with chronic liver disease are classified as a
high-risk group for influenza-related complications (1,
2). Influenza infection can cause hepatic decompensa-
tion and hospitalization in patients with advanced liver
disease (3, 4). Thus, preventing severe influenza that
requires hospitalization has been an important issue in
patients with chronic liver disease.

As influenza vaccination is the most effective method
for preventing influenza and its complications, the
Advisory Committee on Immunization Practices in the
USA has recommended annual influenza vaccination
for patients with chronic liver disease since 2007 (5). In
Japan, however, no recommendations about influenza
vaccination for these patients had been proposed prior
to the 2009 influenza A (HIN1) pandemic. One of the
reasons for this lack of recommendations might have
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been little scientific evidence regarding the clinical effec-
tiveness of influenza vaccine among patients with
chronic liver disease. To the best of our knowledge,
there has been only one study on this topic until now.
The Korean study indicated that seasonal influenza
vaccine decreased the incidence of laboratory-confirmed
influenza and associated symptoms in cirrhotic patients
(6). However, no studies so far have demonstrated the
effectiveness of influenza vaccine to prevent hospitaliza-
tion in these patients.

Thus, the primary objective of this study was to
examine the effectiveness of influenza A(HIN1)pdm09
vaccine in preventing hospitalization among patients
with chronic liver disease. Using these data, the other
characteristics associated with hospitalization were also
assessed as a secondary objective.

Liver International (2014)
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Material and methods
Study subjects

In Japan, monovalent inactivated unadjuvanted split-
virus influenza A(HIN1)pdm09 vaccine became avail-
able for tiered use in October 16, 2009. Vaccination was
scheduled first for healthcare workers, pregnant women
and then provided to patients with underlying illnesses
(including the present study subjects) from November
2009, according to the order of priority of the groups.
The present hospital-based cohort study was performed
under the constraint of this national vaccination
strategy.

Between November 2009 and January 2010 (i.e.
recruitment), patients with chronic hepatitis C who had
been under clinical follow-up at three medical institu-
tions in Osaka, Japan, were invited to participate in this
study. Eligible patients were those with detectable HCV-
RNA levels at the time of recruitment, whereas those
with a prior episode of influenza A(HIN1)pdm09 virus
infection were excluded. A total of 416 subjects who
agreed to participate were enrolled. All study subjects
provided their written, informed consent after the nat-
ure and possible consequences of this study had been
explained.

The study protocol was approved by the Ethics Com-
mittees at the Osaka City University Faculty of Medi-
cine, Osaka City Juso Hospital and Osaka City General
Hospital, and was performed in accordance with the
Declaration of Helsinki.

Information collection

Three kinds of data were collected for each subject. Two
kinds of data, physical and environmental characteris-
tics, as well as clinical characteristics, were collected for
use as baseline data, whereas data regarding subsequent
hospitalization were collected weekly in the follow-up
survey. Information on the following physical and envi-
ronmental characteristics was collected using a self-
administered questionnaire: status of influenza A
(HIN1)pdm09 vaccination and date of vaccination (if
vaccinated); sex, age (years), height (cm) and weight
(kg); steroid treatment for two or more consecutive
weeks within the last 6 months; underlying illnesses
other than liver disease (hereinafter referred to as ‘other
chronic diseases’) including diabetes mellitus, chronic
heart disease, chronic renal disease, neuromuscular dis-
ease, asthma and chronic respiratory disease; smoking
and alcohol habits; number of family members; and
total room space in the patient’s house (m?).

In addition, information about clinical characteristics
was collected using a structured questionnaire that was
completed by the physician-in-charge at the time of
recruitment. The questionnaire gathered information
about: current treatment with interferon; hepatocellular
carcinoma; ascites; hepatic encephalopathy; and labora-
tory data such as platelet count (x10*/mm?), albumin

Liver International (2014)
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(g/dl) and prothrombin activity (%). Using these data,
Child-Pugh Scores were calculated according to the
conventional method (7). Child—Pugh Scores of 5 or
more were considered to indicate cirrhosis.

With respect to the follow-up survey, the subjects
were requested to fill out a weekly postal questionnaire
about the following episodes during the preceding week:
physician-diagnosed influenza, results of rapid antigen
testing, if applicable, and hospitalization. The postal
questionnaire was to be returned to the Department of
Public Health, Osaka City University Faculty of Medi-
cine each week during the follow-up period, which was
between recruitment and the 15th week of 2010 (April
12-18). For subjects who had been vaccinated within
2 weeks before recruitment, to consider the time length
required for a sufficient immune response, the follow-
up started 2 weeks after vaccination (8). Reported hos-
pitalizations were verified by medical records at three
participating hospitals.

Outcome definitions and epidemic

The study outcome was defined as hospitalization that
occurred during the epidemic period of influenza A
(HIN1)pdm09. The epidemic period was determined
using the surveillance data in Osaka Prefecture and was
defined as the period in which the weekly number of
influenza patients remained at >1 per sentinel (9). Based
on the epidemic curve (Fig. 1), the epidemic peaked in
November (when this study started) and continued to
the 7th week of 2010 (February 15-21). All influenza
viruses isolated in Osaka Prefecture during this period
were influenza A(HIN1)pdm09 virus strains.

Statistical analysis

Baseline characteristics were compared between vacci-
nated and unvaccinated subjects using the > test and
the Wilcoxon rank sum test. To evaluate the association
between baseline characteristics and outcome, univari-
ate and multivariate logistic regression models were
employed to obtain crude and adjusted odds ratios
(OR) and their 95% confidence intervals (CI).

In constructing a multivariate model, nine variables
were selected for inclusion in the initial model, as three
variables were distributed differently between vaccinated
and unvaccinated subjects (P < 0.1) and the remaining
variables were considered medically significant in rela-
tion to outcomes. Then, the reduced model was con-
structed, as the initial model included too many
variables for the number of outcome events. In this pro-
cess, variables that had no association with hospitaliza-
tion in the results of initial models were excluded.
Eventually, the final model included the following four
variables: vaccination; other chronic diseases; steroid
treatment within the last 6 months; and albumin level.

The results were also verified in the subgroup
who was not receiving interferon therapy, as subjects
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Fig. 1. Data from regional surveillance (line) and from follow-up surveys of study subjects (bars).

receiving interferon therapy were likely to develop
influenza-like symptoms because of the side effects of
interferon, which might affect the results.

Furthermore, to consider the vaccine effectiveness
according to liver function, stratified analysis by platelet
counts or albumin levels was also conducted. All tests
were two-sided. All analyses were performed using SAS
version 9.1.3 software (SAS Institute, Cary, NC, USA).

Results
Baseline characteristics of study subjects

Of the 416 patients with chronic hepatitis C, eight
unvaccinated patients (2%) were excluded because of
incomplete data in the follow-up surveys. Eventually,
data from a total of 408 patients (132 vaccinated, 276
unvaccinated) were analysed.

Table 1 compares baseline characteristics between
vaccinated and unvaccinated patients. The vaccinees
included a smaller proportion of males (23% vs. 41%,
P <0.001), and had less habit of smoking (never
smokers: 78% vs. 64%, P = 0.015) and alcohol drink-
ing (never-drinkers: 77% vs. 66%, P = 0.038). Vari-
ables that were thought to be potentially associated
with influenza, such as age, body mass index, steroid
treatment, other chronic diseases, room space per
person, interferon treatment, hepatocellular carcinoma
and laboratory data suggesting cirrhosis, were
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distributed similarly between the vaccinated and unvac-
cinated patients.

Association of influenza A(HIN1)pdm09 vaccine with
hospitalization

Figure 1 shows the distribution of outcome events from
the follow-up surveys of study subjects (bars). During
the epidemic period (from the 47th week of 2009 to the
7th week of 2010), there were 28 hospitalizations (7%),
including 6 vaccinated patients.

Table 2 shows the crude and adjusted ORs of influ-
enza vaccine for hospitalization during the epidemic
period. Compared with unvaccinated patients, vacci-
nated lowered the OR for hospitalization to about half
in the crude analysis (OR = 0.55, 95%CI = 0.22-1.39).
After adjustment for potential confounders, the
decreased OR of vaccination reached the marginally sig-
nificant level (OR = 0.43, 95%CI = 0.16-1.17). Even in
the subjects who were not receiving interferon therapy,
both the proportion of outcome events and the ORs of
vaccination were almost the same as for the entire study
subjects. However, ORs of vaccination somewhat fluctu-
ated according to their liver function, and subjects with
better liver disease status (i.e. platelet count
>10.0 x 10*/mm’ or albumin level >3.5 g/dl) seemed
to be more likely to manifest vaccine effectiveness. Espe-
cially in subjects with platelet count >10.0 x 10*/mm’,
vaccination was associated with a decreased OR for

Liver International (2014)
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Table 1. Comparison of baseline characteristics between patients with influenza A(H1N1)pdm09 vaccination and those without vaccina-

tion
Characteristics Category Vaccinated (n = 132) Unvaccinated (n = 276) P*
Sex Male 31(23) 112 (41) <0.01
Age (years) 65.0+ 85 (64) 176 (64) 0.90
Body mass index (kg/m?) 25.0+ 20 (15) 49 (18) 0.49
Data missing 2
Steroid treatment within the last 6 months Received 5 (4) 5(2) 0.22
Data missing 1
Underlying illness other than liver disease 57 (43) 106 (39) 0.37
Diabetes mellitus 14(11) 33(12) 0.68
Chronic heart disease 11(8) 15 (5) 0.27
Chronic renal disease 7(5) 13(5) 0.80
Neuromuscular disease 7 (5) 10 (4) 0.43
Malignant neoplasm 3(2) 14 (5) 0.29
Asthma 6 (5) 8(3) 0.40
Blood dyscrasia 3(2) 11 (4) 0.37
Othersyt 8(6) 20(7) 0.65
Data missing 1
Smoking habit Never 103 (78) 176 (64) 0.02
Ever 16 (12) 53 (19)
Current 13(10) 47 (17)
Alcohol drinking habit Never 102 (77) 181 (66) 0.04
Ever 21(16) 57 (21)
Current 9(7) 38(14)
Room space per person (m?) Mean (SD) 43.2 (25.9) 40.8 (26.8) 0.37
Unknown 3 6
Clinical characteristics at the time of recruitment
Interferon treatment Receiving 40 (30) 105 (38) 0.12
Data missing 1
Hepatocellular carcinoma Present 26 (20) 56 (21) 0.82
Data missing 5
Laboratory data
Platelet count (x 10%/mm?) <10.0 42 (32) 89 (32) 0.89
Data missing 2
Albumin level (g/dl) <3.5 22(17) 41(15) 0.61
Data missing 1
Prothrombin activity (%) <80 19(18) 23(13) 0.35
Data missing 24 105
Child-Pugh score 5+ 43 (40) 72 (42) 0.68
A (5-6) 37 (34) 62 (36) 0.80
B (7-9) 5(5) 10 (6)
C(10+) 1(1) 0(0)
Data missing 24 106

SD, standard deviation. Data expressed as n (%) unless otherwise indicated.
*The y? test or Wilcoxon rank sum test was employed where appropriate.

tOthers included 11 atopic disease, 7 pregnancy, 5 collagen disease, 4 cerebrovascular disease, 3 chronic respiratory disease and 1 immunosuppres-

sive disease.

hospitalization with marginal significance (OR = 0.19,
95%CI = 0.03-1.22).

Association of other clinical variables with hospitalization

Table 3 shows the association of other baseline charac-
teristics with hospitalization during the epidemic
period. Patients with other chronic diseases had about a
two-fold increased OR for hospitalization with marginal
significance in the crude analysis (crude OR = 2.10,
95%CI = 0.97-4.57). After adjustment for potential
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confounders, however, the increased OR was not signifi-
cant. Instead, OR of steroid use showed a marginal asso-
ciation with hospitalization (adjusted OR = 5.58, 95%
CI = 0.98-31.7). In addition, patients with a lower albu-
min level had significantly increased ORs for hospital-
ization both in the crude and adjusted analyses
(adjusted OR = 8.40, 95%CI = 3.66—19.3).

Other liver function markers were also investigated by
incorporating them into the model instead of the albu-
min level, as the positive association between a lower
albumin level and hospitalization seemed to represent an
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Table 2. Association of influenza A(H1N1)pdm09 vaccine with hospitalization during the epidemic period, according to the selected clinical

condition subgroup: crude and adjusted analyses

Stratified category Vaccination status N n (%) Crude OR (95%Cl) Adjusted* OR (95%Cl)
Entire study subjects Unvaccinated 276 22 (8) 1.00 1.00
Vaccinated 132 6 (5) 0.55(0.22-1.39) 0.43(0.16-1.17)
Interferon therapy
Not receiving Unvaccinated 170 15(9) 1.00 1.00
Vaccinated 92 5(5) 0.59(0.21-1.69) 0.43(0.14-1.35)
Receiving Unvaccinated 105 7(7) 1.00 1.00
Vaccinated 40 1(3) 0.36 (0.04-3.01) 0.40 (0.04-3.87)
Platelet count (x 104%mm?3)
>10.0 Unvaccinated 185 12 (6) 1.00 1.00
Vaccinated 90 2(2) 0.33(0.07-1.50) 0.19(0.03-1.22)
<10.0 Unvaccinated 89 10(11) 1.00 1.00
Vaccinated 42 4(10) 0.83(0.25-2.82) 0.75(0.21-2.66)
Albumin level (g/dl)
>3.5 Unvaccinated 235 13 (6) NA NA
Vaccinated 109 0(0)
<3.5 Unvaccinated 41 9(22) 1.00 1.00
Vaccinated 22 6(27) 1.33(0.40-4.40) 1.13(0.32-4.00)

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

*Model includes underlying illnesses other than liver disease, steroid treatment within the last 6 months and albumin level, other than the stratified

variable.

Table 3. Association of influenza A(H1N1)pdmQ9 vaccine and other baseline characteristics with hospitalization during the epidemic per-

iod: crude and adjusted analyses

Baseline characteristics n (%) Crude OR (95%Cl) Adjusted* OR (95%Cl)
Vaccination status

Unvaccinated 22 (8) 1.00 1.00

Vaccinated 6 (5) 0.55(0.22-1.39) 0.43(0.16-1.17)
Underlying illness other than liver disease

Absent 12 (5) 1.00 1.00

Present 16 (10) 2.10(0.97-4.57) 1.82(0.80-4.14)
Steroid treatment within the last 6 months

Not received 26 (7) 1.00 1.00

Received 2 (20) 3.57(0.72-17.7) 5.58 (0.98-31.7)
Albumin level (g/dl)

<3.5 15 (24) 7.96 (3.57-17.7) 8.40(3.66-19.3)

3.5+ 13 (4) 1.00 1.00

OR, odds ratio; Cl, confidence interval; NA, not applicable.
*Model includes all variables in this table.

association with advanced liver disease. The adjusted ORs
for hospitalization of any liver function markers were also
increased: platelet count <10.0 x 10%/mm® (OR = 2.10,
95%CI = 0.96-4.60), prothrombin activity —<80%
(OR = 4.32, 95%CI = 1.69-11.1), Child—Pugh Score of 5
or more (OR = 3.51, 95%CI = 1.38-8.92) and hepatocel-
lular carcinoma (OR = 3.09, 95%CI = 1.38-6.91).

Discussion

In this study among patients with chronic hepatitis C,
there was an indication of vaccine effectiveness for pre-
venting severe outcomes requiring hospitalization dur-
ing an epidemic. Although the limited number of
outcome events made it difficult to detect significant
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vaccine effectiveness, the present results support the
usefulness of influenza vaccine for patients with chronic
hepatitis C.

To date, no study has reported the effectiveness of
influenza A(HIN1)pdm09 vaccine against hospitaliza-
tion in patients with specific underlying medical condi-
tions including chronic liver disease. However, based on
the reports about vaccine effectiveness among subjects
with any high-risk condition, a cohort study in Denmark
showed that vaccine conferred protection against influ-
enza-related hospitalization to 44% (—19-73%) among
subjects <65 years with underlying illnesses (10). A
matched case—control study in the Netherlands indicated
that the vaccine effectiveness for influenza-related hospi-
talization was 19% (—28-49%) among subjects with
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high-risk conditions (11). Although these studies did not
refer to vaccine effectiveness in patients with individual
underlying illnesses, the present results among patients
with chronic hepatitis C would correspond to those in
subjects with any high-risk conditions.

Influenza infection occasionally causes hepatic decom-
pensation without typical influenza symptoms in patients
with chronic liver disease (4, 6), which might bring about
delayed antiviral therapy and increase influenza-related
mortality. Thus, it was an important finding that influ-
enza vaccine had some effect for reducing hospitalization
during the epidemic period, although the present results
were not significant. According to the previous studies,
vaccination for cirrhotic patients lowered the incidence of
laboratory-confirmed influenza and atypical influenza
symptoms such as myalgia, hepatic decompensation,
oliguria and uncontrolled ascites during influenza season
(6). Furthermore, some reports have indicated that influ-
enza vaccine was sufficiently immunogenic in patients
with cirrhosis (12-15). Taken together, it would be
reasonable to advise vaccination for patients with chronic
liver disease. In fact, the Advisory Committee on Immu-
nization Practices in the USA has recommended annual
influenza vaccination for patients with chronic liver dis-
ease since 2007 (5), and the WHO position paper has
indicated that patients with specific chronic medical con-
ditions continue to be an appropriate target group for
annual influenza vaccination (16).

In this study, however, subjects with advanced liver
disease (represented by lower albumin level) had a
higher risk for hospitalization during the epidemic per-
iod, irrespective of their vaccination status (Table 3).
These results corresponded to a previous case report in
which influenza infection caused hepatic decompensa-
tion and hospitalization in patients with advanced liver
disease (4). Influenza virus itself could cause hepatitis
(17), and influenza infection could induce toxic metab-
olites and proinflammatory cytokines such as TNF-a,
IL-1 and IL-6, which contribute to hepatic damage (18,
19). These seemed to result in disease deterioration,
especially in patients with advanced liver disease. Thus,
it would be better for subjects with advanced liver
disease to be followed with special attention during the
season, even when vaccinated.

In addition, steroid treatment and the presence of
other chronic diseases were related to hospitalization
during the epidemic period, independent of vaccination
status or liver function. Steroid treatment and the pres-
ence of chronic diseases have been the known high-risk
factors for influenza and its complications (5). In the
2009 influenza pandemic, immunosuppressive therapy
and chronic diseases (especially asthma) were among
the highest comorbid conditions in critically ill patients
with influenza A(HIN1)pdmoO9 infection in the USA
(20), Canada (21), Australia (22) and Mexico (23). The
present results agreed with these findings. Patients on
immunosuppressive therapy have impaired vaccine
responses (24), and patients with asthma are expected
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to have similar vaccine responses, as they often receive
steroid treatment. These backgrounds of poor immuno-
logical responses might bring about the high sensitivity
for influenza infection and severe outcomes owing to
influenza.

When interpreting the present results, however, the
following limitations should be considered. Firstly, the
insufficient statistical power owing to the small sample
size and the limited number of outcome events is obvi-
ously important. This limitation made it difficult to
detect significant vaccine effectiveness. If more subjects
could be recruited, more meaningful results would be
obtained. However, studies on pandemic influenza vac-
cine must be conducted under strict time constraints, as
pandemic influenza virus had circulated and pandemic
influenza vaccines became available during the epi-
demic. In addition, the epidemic subsided after suffi-
cient distribution of the vaccines. This tight time
schedule represented a major obstacle to recruiting a
sufficient number of vaccinated and unvaccinated sub-
jects for any observational prospective cohort study.

Secondly, voluntary enrolment in the observational
study might lead to selection bias in the vaccination sta-
tus. In fact, female patients, non-smokers and non-
drinkers tended to receive vaccination in this study,
which might lead to a healthy vaccinee effect. However,
even when additional analyses that adjusted for these
variables were conducted, similar results were obtained
(ORs of vaccination were 0.45 (95%CI = 0.16—1.26).
On the other hand, the determination of vaccination
status relied on patients’ self-reports and could not be
confirmed by their medical records, as patients usually
received any vaccination in their neighbouring clinic.
Thus, some non-differential misclassification in the vac-
cination status might have occurred.

Thirdly, there might be some concern about outcome
misclassification, as hospitalization is a less specific out-
come for influenza. In this study, however, the methods
in which outcomes were confined into the epidemic
period would have helped to minimize outcome mis-
classification and obtain a higher specificity of influenza
for hospitalization. Furthermore, hospitalization is
essentially considered an objective outcome that can be
verified by the medical records, and therefore misclassi-
fication owing to non-influenza illness, if any, would be
non-differential between vaccinated and unvaccinated
patients (25). Such misclassification leads to an underes-
timation of vaccine effectiveness and does not materially
affect the validity of the results.

Finally, previous immunity in unvaccinated patients
might affect the underestimation of vaccine effectiveness
to some extent. Based on a serological study, about one-
third of subjects aged >65 years was reported to have
pre-existing antibody before the epidemic, as many had
been exposed to antigens similar to influenza A(HIN1)
pdm09 virus during childhood (26). In this study, how-
ever, although about two-thirds of subjects were
>65 years old, the proportion of subjects with pre-existing
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antibody was expected to be lower than in previous
studies, because the immunogenicity study of influenza
A(HIN1)pdm09 vaccine, in which part of this study
subjects participated, indicated that only about 5% of
subjects had the pre-existing antibody at the beginning
of the pandemic (12). Thus, the effect of previous
immunity, if any, would be very minimal.

In conclusion, among patients with chronic hepatitis
C, influenza A(HIN1)pdmo09 vaccine was suggested to
have some protective effect against hospitalization dur-
ing the epidemic period. As patients with advanced liver
disease, steroid treatment and other chronic diseases
(especially asthma) are considered to be at higher risk
for hospitalization during the epidemic period, they
should be followed up with special attention during the
season, even when vaccinated.
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Abstract

Background: Recent studies worldwide have reported increasing numbers of adults diagnosed with Bordetella
pertussis despite receiving childhood vaccinations. This study describes a pertussis outbreak at a university medical
faculty campus and examines the effectiveness of diphtheria, tetanus, and pertussis (DTaP) vaccination completed
during infancy in Japan.

Methods: After the outbreak, self-administered questionnaires and serum samples were collected from students on
campus to determine the incidence of pertussis and underlying diseases. Pertussis was diagnosed on the basis of
clinical criteria and serum anti-pertussis toxin antibody levels. Using data collected from 248 first and second grade
students who had submitted copies of their vaccination records, we evaluated the effectiveness of DTaP vaccination
in infancy against adult pertussis.

Results: Questionnaire responses were obtained from 636 students (of 671 registered students; 95% response rate).

Keywords: Pertussis, Outbreak, Vaccine effectiveness

Of 245 students who reported a continuous cough during the outbreak period, 84 (attack rate: 13.2%) were
considered “probable” pertussis cases that met clinical criteria. The outbreak occurred mainly in first and second
grade students in the Faculty of Medicine. Of 248 students who provided vaccination records, 225 had received 4
DTaP doses (coverage: 90.7%); the relative risk of the complete vaccination series compared to those with fewer
than 4 doses or no doses for probable cases was 048 (95% confidence interval: 0.24-0.97).

Conclusions: Waning protection was suspected due to over time. Booster vaccination for teenagers and
development of highly efficacious pertussis vaccines are needed.

Background

Although global vaccination coverage for diphtheria, tet-
anus, and pertussis (DTaP) remains high, recent reports
of increasing pertussis cases among adolescents and
adults are of concern because this population can be a
source of infant infection [1]. Suggested causes for this
increase include increased clinical awareness of per-
tussis, improved diagnostics using polymerase chain
reaction (PCR), identification of mutations in the strain
of Bordetella pertussis associated with epidemics, and
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decreasing antibody titers after vaccination [2-6]. Western
countries have initiated tetanus, reduced-antigen-content
diphtheria, and acellular pertussis (Tdap) vaccine booster
programs for adolescents, adults, and other high-risk
groups [1,7,8].

The number of adult pertussis cases has been increas-
ing in Japan, with outbreaks in high schools and univer-
sities as well as workplaces successively reported in 2002
[9-13]. In response to these reports, studies have exa-
mined outbreak characteristics, genetic characteristics
of B. pertussis, and alternative diagnostic methods.
However, to our knowledge, no study has evaluated the
effectiveness of the current DTaP vaccine. Japan has
a different schedule to western countries for baby
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immunizations, including DTaP vaccine. Until 2012, per-
tussis vaccination is a triple DTaP vaccine (after 2012,
DTaP-IPV), beginning at 3 months of age. To establish
initial immunity, 3 times for 3 to 8 weeks apart are
needed. A booster dose is given at 6 months to 12 months
after the initial immunity. Thus, DTaP vaccine is usually
completed by 18 months of age. The recommended num-
ber of doses is smaller than that in Western countries. In
addition, Tdap booster vaccines are not administered after
early adolescence in Japan. To determine the necessity for
booster vaccination in early adolescence, it is important to
evaluate the effectiveness of the current vaccine program
in preventing pertussis after early adolescence. However,
there have been a limited number of epidemiological eval-
uations on vaccine program effectiveness against pertussis
in Japan, and these studies have focused primarily on chil-
dren [14,15]. To our knowledge, no studies have examined
the effectiveness of the vaccine against pertussis after early
adolescence.

In April 2010, a pertussis outbreak was confirmed
among students at the medical faculty campus of Saga
University. After the outbreak ended, a retrospective
cohort study was performed. This study describes the
outbreak and examines the association between infant
DTaP vaccination and incidence of pertussis.

Methods

Study populations

More than 20 students visited the health administration
center at the Saga University Faculty of Medicine in
April 2010 complaining of coughs that had lasted at
least 2 weeks. Three of these students had throat swabs
positive for B. pertussis by loop-mediated isothermal
amplification [16]. Thus, this outbreak of cough symp-
toms was considered to be due to pertussis. The health
administration center discouraged club activities, meet-
ings, and ball game tournaments; promoted use of face-
masks; terminated practical training for students with
coughs; actively encouraged medical examinations at
medical institutions; and notified students and faculty
members of the outbreak by e-mail. By early July, no
new cough cases were reported to the health administra-
tion center.

Just after the end of the outbreak in early July, a total
of 671 students (411 and 260 from the departments of
medicine and nursing, respectively) from the first
through fourth grades on the faculty of medicine cam-
pus were provided an oral explanation of the purpose,
content, and conditions of cooperation of the study, and
asked to provide written informed consent forms with
agreement to participate. Among them, 636 students
(collection rate: 95%) completed a questionnaire about
relevant demographic variables and clinical symptoms
of cough, including duration, presence of coughing
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paroxysms, whooping and vomiting after cough, medical
institution visits, past history of disease, and DTaP vac-
cination status. They were also asked to provide serum
specimens. Serum samples were obtained from 516
(77.1%) of these students; anti-pertussis toxin (PT) anti-
body levels were tested by enzyme immunoassay at an
outside laboratory (SRL, Inc., Tokyo).

Of these, 248 first and second grade students had sub-
mitted copies of their vaccination records, including
infant DTaP vaccine administration histories, from their
maternity record books to the health administration cen-
ter upon entering the school. In Japan, vaccination his-
tories are recorded in maternity record books maintained
by individuals.

This study design was approved by the ethical review
board of the Saga Medical School Faculty of Medicine,
Saga University (approval number 22-25, 2010).

Case definitions

Cases were categorized on the basis of 2 clinical defini-
tions of pertussis, using clinical criteria established by
the Centers for Disease Control and Prevention and the
Council of State and Territorial Epidemiologists 2014
case definitions [17]. “Probable cases” had cough illness
lasting >2 weeks with at least 1 of the following signs
or symptoms: paroxysms of coughing, or inspiratory
“whoop”, or posttussive vomiting. “Suspected cases” met
at least 1 of the 4 clinical symptoms or signs. In addition
to these clinical definitions, the serological diagnosis of
pertussis required serum anti-PT antibody levels after
the outbreak to be higher than 100 EU/mL.

Vaccine effectiveness

The 248 students whose vaccination records could be
confirmed by their maternity record books were clas-
sified into 2 groups: those who had completed the full
4-dose vaccination as recommended by the Japanese
government, those who had received less than 4 vaccine
doses or no doses. The attack rate (AR) of pertussis and
the relative risk (RR) after 4 doses compared with less
than 4 doses or no doses were calculated. The effective-
ness of the vaccine was calculated using the equation:

(1 - [ARmccinuted/ARunmccinuted]) x 100 (%)
= (1-RR) x 100 (%)

Statistical analysis

We used SAS 9.3 for Windows (SAS Institute, Cary, NC,
USA) for statistical comparisons between each variable
using chi-square and Fisher’s exact tests. RRs after 4
doses compared with less than 4 doses or no doses and
corresponding 95% confidence intervals (Cls) were ob-
tained using the PROC FREQ procedure in the software
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package. RRs and their 95% ClIs adjusted by faculty were
obtained using the Mantel-Haenszel method.

Results

Description of outbreak

The population characteristics and cough statuses of 636
subjects who participated in the survey just after the
outbreak were examined according to clinical diagnosis
(Table 1). Among 245 students (38.5%) who presented
with a cough during the outbreak period, the most com-
mon cough duration was 2 weeks or more, followed by
duration of 1-2 weeks. The most common characteristic
was paroxysmal cough, followed by posttussive vomiting.
On the basis of the reported clinical symptoms, 84 and
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161 students were classified into the probable case
(mean age 20.4, range: 18—34 years) and suspected case
(mean age 20.0, range: 18—30 years) groups, respectively.
The number of cases was greatest in first grade students
in the Department of Medicine. Of 245 students with
continuous cough, 121 visited a medical institution; of
these, 56 were diagnosed with pertussis by physicians.
Patients with probable cases were more likely to seek
treatment at a medical institution and be diagnosed with
pertussis than those with suspected cases. Of the stu-
dents diagnosed with pertussis, 21 had visited the in-
fection control department at the university hospital.
Pertussis DNA was detected in throat swabs obtained
from 3 of these students by loop-mediated isothermal

Table 1 Characteristics of 636 survey subjects according to clinical diagnosis

Characteristics Total No symptoms Suspected cases Probable cases P-value*
(n=636) (n=391) (n=161) (n=84)
n (%) n (%) n (%) n (%)
Department Medicine 389 612 224 57.3 107 66.5 58 69.0 0.037
Nursing 247 388 167 427 54 335 26 310
Grade 1 164 258 85 21.7 54 335 25 29.8 0.079
2 158 248 96 24.6 59 36.6 23 274
3 156 245 105 269 35 21.7 16 190
4 158 248 105 269 33 205 20 238
Sex Male 243 382 152 389 56 34.8 35 417 0.517
Female 392 616 238 609 105 65.2 49 583
Unknown 1 02 1 03 0 0.0 0 0.0
Continuous cough Yes 245 385 0 161 100.0 84 100.0
Less than 1 week 38 60 - 38 236 0 0.0 <0.001
1 week or more and less than 102 160 - 102 634 0 0.0
2 weeks
2 weeks or more 105 165 - 21 13.0 84 100.0
Characters of continuous cough  Proxysms of coughing 233 366 - 152 944 81 964 048
(multiple answers)
Inspiratory whooping 22 35 - 12 7.5 10 19 0.247
Posttussive vomiting 70 110 - 31 193 39 464 <0.0001
Medical institution Visited 121 190 - 67 416 54 64.3 0.0008
Diagnosed with pertussis 56 88 - 30 186 26 310 0.0323
Self-report DTaP vaccination
status
No 7 115 1.3 2 12 0 0.0 <0.001
1 shot 9 30 9 23 4 25 6 7.1
2 doses 19 30 8 20 3 19 8 9.5
3 doses 10 16 5 1.3 5 3.1 0 0.0
4 doses 47 74 20 5.1 15 93 12 143
Uncertain 534 840 344 88.0 132 82.0 58 69.0

Clinical criteria: (1) cough illness lasting = 2 weeks; (2) paroxysms of coughing; (3) inspiratory “whoop”; (4) post-tussive vomiting.

Suspected case: patient with at least 1 clinical criterion.

Probable case: patient with cough illness lasting > 2 weeks with at least 1 other clinical criterion.

*Chi-square test.
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amplification, leading to a definitive laboratory diagnosis
of pertussis. Most students (534 of 636) could not re-
member their vaccination status.

The epidemic curve based on the date of cough onset
is shown in Figure 1. The number of individuals with
cough symptoms increased rapidly from early April and
decreased after peaking from April 19 to 25. No prophy-
laxis antibiotics were administered during this time.

Figure 2 shows the distribution of anti-PT antibody
titers in 516 students from whom serum was collected
after the outbreak, according to grade. Among them 24
subjects’ anti-PT antibody levels were greater than 100
(EU/mL), and the percentage of them was highest in first
grade students.

Evaluation of vaccine effectiveness

Among entire population, 248 first and second grade
students whose infant vaccination records could be con-
firmed by maternity record books were examined ac-
cording to clinical diagnosis (Table 2). Probable cases
were more common in the Department of Medicine. No
significant associations were found between grade, sex,
and underlying disease and incidence of pertussis. The
percentage of students diagnosed with pertussis who had
also received the full recommended DTaP vaccination
course in infancy was notably low (12.5%). The AR of
probable cases per vaccination status was 33% in unvac-
cinated students and 13.8% in students who had received
all 4 doses, indicating that ARs were lowest in students
who had received the recommended number of vaccine
doses.

There were no statistically significant differences in
the department, grade, sex, or underlying diseases com-
pared to the completeness of the infant vaccination
series. A significantly higher proportion of individuals
who did not receive 4 doses of DTaP reported coughing
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paroxysms. While the clinical characteristics of cough
varied, the proportion of students with anti-PT antibody
levels greater than 100 EU/mL after the outbreak were
similar between those who did and those who did not
receive a full vaccine dose (see Additional file 1: Table S1).
We examined the RR of the DTaP vaccine for those who
had received the government-recommended number of
vaccinations in infancy (Table 3). When outcome was
defined as probable cases based on the clinical criteria,
the RR for students with 4 doses compared to those
with fewer than 4 doses or no doses was 0.48 (95%
CL 0.24-0.97); after adjusting for the impact of depart-
ment the effectiveness was estimated to be 52% (95% CI:
3-76). Similarly, when outcome was defined as meeting at
least 1 of the 4 clinical criteria in both probable and
suspected cases, the adjusted RR was 0.70 (95% CIL
0.51-0.98). When outcomes were defined as serological
diagnosis of pertussis after the outbreak (anti-PT antibody
levels greater than 100 EU/mL) or diagnosed at medical
institutions, the RRs were 0.64 (95% CI: 0.16-2.52) and
0.74 (95% CI: 0.21-2.61), respectively; no statistically
significant protective effect of complete vaccination were
detected using these outcome definitions.

Discussion

The outbreak in this study occurred mainly in first and
second grade students on the university campus, with
peak incidence in April. Welcoming parties for new
pupils or invitations to club activities before and after
entrance ceremonies likely contributed to the spread of in-
fection. The outbreak ended without administration of
preventive antibiotics. Measures such as self-restraint of
club activities, meetings, and ball game tournaments, ter-
mination of practical trainings, and active intervention by
the health administration center to encourage exami-
nation at medical institutions appeared to effectively limit
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Table 2 Comparison of underlying disease and DTaP vaccination according to clinical diagnosis in 248 students with

confirmed vaccination records

Characteristics Total No symptom Suspected case Probable case P-value”
(n =133) (n=77) (n=38)
(n=248) n (%) n (%) n (%)

Department Medicine 156 76 57.1 51 66.2 29 76.3 0.0075
Nursing 92 57 429 26 338 9 23.7

Grade 1 133 64 48.1 47 61.0 22 579 0.1652
2 115 69 519 30 39.0 16 421

Sex Male 102 53 39.8 30 390 19 50.0 04784
Female 146 80 60.2 47 61.0 19 500

History Allergic rhinitis 59 35 26.3 18 234 6 15.8 04032
Anemia 30 15 1.3 9 1.7 6 15.8 0.7474
Food Allergy 12 7 53 3 39 2 53 0.8979
Heart disease 2 2 15 0 00 0 00 04182
Liver disease 1 1 08 0 0.0 0 0.0 0.6479
Renal disease 4 4 30 0 0.0 0 0.0 0.1724
Diabetes 1 1 08 0 0.0 0 0.0 06479
None 90 48 36.1 32 416 10 26.3 0.2778

Vaccination record for DTaP vaccine
No 3 1 08 1 13 1 26 0.0742
1 shot 4 2 1.5 2 26 0 0.0
2 doses 2 0 0.0 0 0.0 2 53
3 doses 14 5 38 5 6.5 4 105
4 doses 225 125 94.0 69 89.6 31 816

DTaP: diphtheria, tetanus, and pertussis.
*Chi-square test or Fisher's exact test.
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Table 3 Relative risks of history of DTaP vaccination for pertussis according to case definition

Definition of pertussis Number Case Attack rate (%) Relative risk (95% Cl) Relative risk? (95% ClI)

Probable cases

Less than 4 doses or no doses 23 7 304 1 1

4 doses 225 31 13.8 045 (023-091) 048 (0.24-0.97)
Probable + Suspected cases

Less than 4 doses or no doses 23 15 65.2 1 1

4 doses 225 100 444 0.68 (049-095) 0.70 (0.51-0.98)
Anti- PT antibody titers after outbreak = T00EU/mL

Less than 4 doses or no doses 23 2 87 1 1

4 doses 225 13 58 0.64 (0.16-2.76)  0.64 (0.16-252)
Diagnosed as pertusis at medical institutions

Less than 4 doses or no doses 23 2 87 1 1

4 doses 225 17 76 087 (0.21-353) 0.74 (0.21-261)

DTaP: diptheria, tetanus, and pertussis; Cl: confidence interval; PT: pertussis toxin.

Clinical criteria: (1) cough illness lasting > 2 weeks; (2) paroxysms of coughing; (3) inspiratory “whoop”; (4) post-tussive vomiting.
Probable case: a patient who met cough illness lasting = 2 weeks with at least 1 item in the other clinical criteria.

Suspected case: a patient who met at least 1 item in the above 4 clinical criteria.
?Adjusted by department using the Mantel-Haenszel method.

the outbreak. In addition, approximately 1 week of univer-
sity holidays owing to consecutive holidays in May might
also have reduced the spread of infection.

The vaccine effectiveness was 52% for probable cases
meeting the clinical criteria for pertussis when students
with fewer than 4 or no shots was defined as the refe-
rence. It is difficult to directly compare these results
with other studies because booster vaccination recom-
mendations vary by country [1,7,8,18], studies use dif-
ferent case definitions [1,18,19], vaccine effectiveness
decreases with age-associated decreases in vaccine-
induced antibodies [5,20,21], and study subject charac-
teristics may also differ considerably between studies.
We report a vaccine effectiveness lower than the 96% ef-
fectiveness reported by case—control studies of children
in Japan with 3 or more vaccine doses compared to un-
vaccinated children [15], and about 80% reported by a
meta-analysis study of children who received 4 vaccine
doses [18]. Considering that the mean age in our study
population was 20.4 years, the length of time since the
last vaccination may contribute the lower vaccine ef-
fectiveness. This observation suggests that replacing the
conventional diphtheria and tetanus toxin vaccine ad-
ministered in adolescence to DTaP might be necessary
in Japan. In addition, complete vaccination in infancy is
essential, since incomplete vaccination did not show
protective effects against pertussis in this study.

In other countries, the DTaP vaccine is administered
in early childhood, and a Tdap booster vaccination is
administered after early adolescence. Therefore, there
are limited reports on the effectiveness of the DTaP vac-
cine in adolescents and adults. In a case—control study

performed during an outbreak at a military school in
France, the vaccine effectiveness rates among bio-
logically confirmed cases where 5 and 4 DTaP vaccina-
tions were administered was 32% and 22%, respectively
[20]. This study also found that effectiveness decreased
as the period from the last vaccination increased. On the
other hand, 2 case—control studies in adolescents and
adults after Tdap booster vaccination reported an effec-
tiveness around 60%; these studies defined patients diag-
nosed with pertussis by PCR as cases and patients with
pertussis-like symptoms but negative by PCR as controls
[22,23]. In our study, the effectiveness of the DTaP vac-
cine was higher than that in a previous report from a US
military school and slightly lower than that of Tdap ef-
fectiveness. However, because the vaccination series is
completed by 2 years of age in Japan, 16 years or more
had passed since the last vaccination. We also defined
cases based on clinical criteria. Other reasons for these
disparate results may be due to the effects of boosters
administered during a pertussis outbreak in Japan in
2008 and 2009 [9-13]. Other reasons may include a
higher rate of completed vaccine courses: in our study
population, the vaccination coverage, or the percentage
of the study population that had received 4 vaccine
doses, was 94%. Differences in vaccine components
[24,25] and vaccination methods (subcutaneous injection
in Japan vs. intramuscular injection in the US) may also
have contributed to differences in reported results.
Generally, the more precisely defined the outcome, the
higher the diagnosis sensitivity [19], and detected effec-
tiveness. In our study, the vaccine effectiveness against
probable cases was higher than against suspected cases.
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However, differences in vaccine effectiveness were not
detected by serologically or medically diagnosed cases.
In our study, patients with serum anti-PT antibody titers
greater than 100 EU/mL at the end of July were con-
sidered positive for pertussis, although we could not per-
form examinations with paired sera to compare levels
during the acute phase to the recovery phase of pertus-
sis. Anti-PT antibodies have been reported to decrease
particularly rapidly [26], so a patient with pertussis
might not show as positive if antibody levels had fallen
below this threshold. If many subjects with pertussis
were not detected by serological testing, misclassification
might occur. Medically diagnosed cases might be con-
founded by health-related behavior. Not all probable
cases visited medical institutions; thus, outcomes were
likely biased.

This study had several limitations. First, pertussis was
diagnosed only on the basis of clinical criteria. The clinical
definition of probable case includes a continuous cough
for 14 days or more. In this study, promotion of active in-
terventions and medical examinations at medical institu-
tions occurred during the early phase of the outbreak for
the purpose of infection control; as a result, the average
cough duration decreased, leading to potential misclassifi-
cation. Second, we could confirm vaccination records for
only half of the study participants. Although misclassifica-
tion of the vaccination category could be avoided by in-
cluding only those participants whose maternity record
books could confirm vaccination status, the sample size
would be quite small. However, since the outbreak of per-
tussis occurred mainly in first and second grade students
in our study, we believe that statistically significant diffe-
rences in vaccine efficacy could be detected. Third, the
past history of pertussis in the study participants is
unknown. Since outbreaks of pertussis in high school stu-
dents have also been recently reported in Japan [12], some
students may have been infected with pertussis before en-
tering the university. It is generally believed that a history
of pertussis is protective against future pertussis owing to
antibodies acquired by natural infection. Inclusion of sub-
jects with a history of pertussis in the group that had not
received 4 vaccinations in infancy could lead to underesti-
mated vaccine effectiveness. Finally, hygiene behaviors
might confound the association between the vaccination
record and onset. For example, if those who did not re-
ceive recommended infant vaccinations were also not
taught appropriate hygiene behaviors, they might not take
prophylactic actions against infection, such as washing
hands, wearing facemasks, and avoiding crowds during
the pertussis season. However, if these differences exist,
the effects are minimal, because vaccine effectiveness was
not detected when we examined the association between
measles vaccination with pertussis in the subjects of this
study (Additional file 2: Table S2).
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Conclusions

An outbreak of pertussis was observed in a population
in which the majority of individuals had completed the
DTaP vaccine course as infants. The AR was higher in
students who did not complete the full infant DTaP vac-
cine course. The vaccine effectiveness was an estimated
52%, lower than that described in previous reports of
children, mostly likely because of decreasing antibody
levels in the long period of time since their last DTaP
dose. These results suggest the necessity for booster vac-
cination for teenagers and development of highly effica-
cious pertussis vaccines.

Additional files

Additional file 1: Table S1. Characteristics of 248 students with
Confirmed DTaP Vaccination History according to Completeness of Infant
Vaccination.

Additional file 2: Table S2. Relative Risks for Pertussis by History of
Measles Vaccination According to Case Definition in 248 Students with
Confirmed Vaccination Records.
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Abstract

Background

Currently in Japan, both 23-valent pneumococcal polysaccharide vaccine (PPSV-23) and
13-valent pneumococcal conjugate vaccine (PCV-13) are available for the elderly for the
prevention of S. pneumoniae-related diseases. PPSV—-23 was approved in 1988, while the
extended use of PCV—13 was approved for adults aged 65 and older in June 2014. Despite
these two vaccines being available, the recently launched national immunisation pro-
gramme for the elderly only subsidised PPSV-23. The framework of the currentimmunisa-
tion programme lasts for five years. The elderly population eligible for the subsidised
PPSV-23 shot for the 1st year are those aged 65, 70, 75, 80, 85, 90, 95 and >100. While
from the 2nd year to the 5th year, those who will age 65, 70, 75, 80, 85, 90, 95 and 100 will
receive the same subsidised shot.

Methods

We performed economic evaluations to (1) evaluate the efficiency of alternative strategies
of PPSV—-23 single-dose immunisation programme, and (2) investigate the efficiency of
PCV-13 inclusion in the list for single-dose pneumococcal vaccine immunisation pro-
gramme. Three alternative strategies were created in this study, namely: (1) current PPSV—
23 strategy, (2) 65 to 80 (as “65—-80 PPSV-23 strategy”), and (3) 65 and older (as “>65
PPSV-23 strategy”). We constructed a Markov model depicting the S. pneumoniae-related
disease course pathways. The transition probabilities, utility weights to estimate quality
adjusted life year (QALY) and disease treatment costs were either calculated or cited from
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literature. Cost of per shot of vaccine was ¥8,116 (US$74; US$1 = ¥110) for PPSV-23 and
¥10,776 (US$98) for PCV—13. The model runs for 15 years with one year cycle after immu-
nisation. Discounting was at 3%.

Results

Compared to current PPSV-23 strategy, 65-80 PPSV-23 strategy cost less but gained
less, while the incremental cost-effectiveness ratios (ICERs) of >65 PPSV-23 strategy was
¥5,025,000 (US$45,682) per QALY gained. PCV—-13 inclusion into the list for single-dose
subsidy has an ICER of ¥377,000 (US$3,427) per QALY gained regardless of the PCV-13
diffusion level. These ICERs were found to be cost-effective since they are lower than the
suggested criterion by WHO of three times GDP (¥11,000,000 or US$113,636 per QALY
gained), which is the benchmark used in judging the cost-effectiveness of an immunisation
programmne.

Conclusions

The results suggest that switching current PPSV-23 strategy to >65 PPSV-23 strategy or
including PCV—-13 into the list for single-dose subsidy to the elderly in Japan has value for
money.

Introduction

23-valent pneumococcal polysaccharide vaccine (PPSV-23) has been recommended for pre-
vention of invasive pneumococcal disease (IPD) in adults since 1983 [1]. It was the only pneu-
mococcal vaccine available for all adults aged 65 and older until the approval of the extended
use of 13-valent pneumococcal conjugate vaccine (PCV-13) for prevention of pneumococcal
pneumonia and IPD in adults 50 years and older on December 30, 2011 by US Food and Drug
Administration [1]. On August 13, 2014, the Advisory Committee on Immunization Practices
of US Centers for Disease Control and Prevention modified the recommendation on pneumo-
coccal vaccine for the elderly. The new recommendation states that “Both PCV13 and PPSV23
should be routinely administered in series to all adults aged >65 years”, which is based on the
results of a randomised placebo-controlled trial showing PCV-13 efficacy against community-
acquired pneumonia (CAP) among approximately 85,000 adults aged 65 and older [1]. PPSV-
23 and PCV-13 differ in cost, number of serotypes covered, mechanism for immunogenicity,
and level of effectiveness, particularly against non-bacteremic pneumococcal pneumonia
(NPP).

Currently, in Japan, both PPSV-23 and PCV-13 are available for the elderly for the preven-
tion of S. pneumoniae-related diseases. PPSV-23 was approved in 1988 [2]. However, only
some municipalities coordinated publicly-funded pneumococcal immunisation programmes
for the elderly from 2001 through September 2014; vaccine coverage was about 25% [3]. On
the other hand, the extended use of PCV-13 in adults aged 65 and older was approved in June
2014. Despite of these two vaccines being available for elderly, the national immunisation pro-
gramme launched for the elderly aged 65 and older on October 1, 2014 only subsidised PPSV-
23. The framework of the current immunisation program lasts for five years. The elderly popu-
lation eligible for the subsidised PPSV-23 shot for the 1** year are those aged 65, 70, 75, 80, 85,
90, 95 and >100. While from the 2™ year to the 5™ year, those who will age 65, 70, 75, 80, 85,
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90, 95 and 100 will receive the same subsidised shot [4]. Countries, where publicly funded
PPSV-23 immunisation programmes for elderly have been launched, set the eligible age to
receive a shot of subsidised vaccine as 65 to 80, 65 and older, 70 and older, and so on [1, 5-9].
Due to the limited resources for health care, there is a need to organize an efficient immunisa-
tion programme. This study builds upon such need and intends to address such issues by (1)
evaluating the efficiency of alternative strategies of PPSV-23 immunisation programmes, and
(2) investigating the efficiency of PCV-13 inclusion in the list of single-dose pneumococcal
vaccine national immunisation programme.

Methods

We conducted a cost-effectiveness analysis with Markov modelling from payers’ perspective.
We conducted a literature survey to define the alternative immunisation programmes and to
construct the model. Studies pertaining to epidemiology and prognosis of relevant diseases
caused by S. pneumoniae in Japan’s setting were accessed from PubMed database, Igaku Chuo
Zasshi (Japana Centra Revuo Medicina) database, Ministry of Health, Labour and Welfare
(MHLW) Grant System, and annual statistic reports published by the government. Igaku Chuo
Zasshi, a Japanese medical bibliographic database, which contains over 10 million citations
originating from Japan, comprehensively covers articles published in Japanese-language medi-
cal journals. Due to insufficient evidences from Japan, overseas’ reports from PubMed, Med-
line, The Cochrane Database of Systematic Reviews, Health Technology Assessment database,
and The NHS Economic Evaluation Database regarding vaccine effectiveness, utility weights to
estimate quality adjusted life year (QALY) and economic evaluation related to vaccines were
used instead.

PPSV-23 programmes and inclusion of PCV-13

The target population of the immunisation programmes to be evaluated are those aged 65 and
older in 2014. In evaluating the efficiency of different PPSV-23 immunisation programmes, we
set three different strategies with different ages to receive a shot of subsidised vaccine, namely:
(1) current PPSV-23 strategy, (2) 65 to 80 (as “65-80 PPSV-23 strategy”), and (3) 65 and older
(as “>65 PPSV-23 strategy”). Age-specific populations were from demographic data [10]. Cur-
rent PPSV-23 strategy served as a comparator of the other two strategies. In 65-80 PPSV-23
strategy, those who aged over 80 were not eligible to the immunisation programme, which
means these individuals will only follow the transition probabilities assigned to the correspond-
ing ages without any vaccine effectiveness on reducing any S. pneumoniae-related diseases.
Vaccine uptake rates were assumed at 50.4% for all strategies, which was the same with the cov-
erage rate of seasonal influenza vaccine in 2013 [11].

In order to investigate the cost-effectiveness of PCV-13 inclusion in the list for single-dose
pneumococcal vaccine national immunisation programme, we made variations on the share of
PCV-13 between the two pneumococcal vaccines from 10% to 100% with 10% interval,
because it is unknown how doctors, vaccinees, and municipalities will choose between PPSV -
23 and PCV-13. Ten levels of diffusion of PCV-13 were compared with current PPSV-23
strategy.

Only single-dose subsidy was analysed and not the sequence of PCV-13/PPSV-23 or
PPSV-23/PCV-13, this is mainly due to PPSV-23 immunisation being a newly-launched pro-
gramme in Japan [12, 13]. We reserve the evaluation of the cost-effectiveness of uptaking the
two vaccines in the future research so as to delineate and emphasize on the main purpose of
the study.
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A Markov model of courses followed by the cohort under consideration was constructed based
on epidemiological data, vaccine effectiveness and models from previous studies. Seven mutu-
ally-exclusive health states were modelled: health (without any S. pneumoniae-related diseases),
bacteremia without pneumococcal pneumonia, bacteremia with pneumococcal pneumonia,
meningitis, CAP caused by S. pneumoniae, neurological sequelae and death of or other than
the related diseases (Fig 1). A Markov cycle for each stage was set at one year with a cohort
timeframe of 15 years after being vaccinated. We assumed all the individuals who survived
until the timeframe age have a life expectancy of the Japanese population [14]. Adverse effects
associated with vaccination of PPSV-23 and PCV-13 were not considered, since they were
mild or moderate in severity [15-17]. Considering that all transition states did not occur simul-
taneously at the end of each cycle, while in reality, most kinds of transitions typically occur
gradually throughout a time interval (on average, half-way through), we implemented a half-
cycle correction in estimating the incremental cost-effectiveness ratios (ICERs) of the pro-
grammes [18]. The half-cycle correction is implemented by using one-half of every state’s
incremental reward in model’s initial and final reward.
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Community-acquired
pneumonia caused by

pneumonia S. pneumoniae
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doi:10.1371/journal.pone.0139140.9001
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Outcomes estimation

Outcomes in terms of QALY were estimated by assigning transition probabilities and utility
weights from literature. We estimated the 5-year age-specific incidence rates using the follow-
ing: (1) annual IPD incidence rates among persons age 65 and over (2.41 per 100,000) [19], (2)
IPD distribution by age [19], and (3) demographic data [10]. NPP annual incidence rates were
estimated as incidence of CAP times proportion of S. pneumonia-caused CAP at 17.2% [20].
CAP incidence rates, 10.7 and 42.9 per 1000 person-years for persons who were aged 65-74
and aged >75, respectively, were from a 3-year prospective hospital-based surveillance [21].
Proportions of bacteremia with/without pneumococcal pneumonia, and meningitis among
IPD cases were from the Infectious Agents Surveillance Report (IASR) [19]. Ubukata’s results
of IPD case-fatality rates and proportion that results in neurological sequelae among IPD cases
and NPP cases were used in the study [22]. NPP case-fatality rate was from Ishida et al.’s study,
which reported the rate among patients with positive urinary antigen test of S. pneumoniae-
related pneumonia [23]. Deaths of causes other than the above diseases were taken from the
vital statistics [24]. Utility weights used to calculate QALY were assumed based on a study by
Smith et al. [25]. Average lengths of hospital stay were from published government data [26].
All these data are shown in Table 1.

Vaccine effectiveness of PPSV-23 in reducing IPD incidence rate was cited from a Cochrane
Review report [30]. Results from meta-analysis show that the use of PPSV-23 to prevent vac-
cine serotype IPD in adults of high-income countries, was at 82% (69%-90%), while its effec-
tiveness in reducing non-IPD was inconsistent. We assumed that the effectiveness in reducing
non-IPD to be 0% [30]. PCV-13 effectiveness in reducing vaccine-serotype IPD and non-inva-
sive vaccine-type CAP, 75.0% and 45.0%, respectively, were from a randomised placebo-con-
trolled trial study [31]. We assumed the effectiveness of both vaccines reduce by age of
vaccination and by years after being vaccinated. Extent of reduction was proportional to the
effectiveness used in Smith et al.’s study [25]. All these data are shown in Table 2. The vaccine
serotypes causing IPD among elderly were 60.0% and 46.0% for PPSV-23 and PCV-13 [19],
respectively, those for NPP were 62.7% and 49.3% [13] (Table 1).

Costing

In this study, costs borne by government, municipalities, vaccinees, patients and third party
payers were considered, while advertising costs borne by manufacturers were left unaccounted.
It is obvious that when a new product enters a market, which was monopolised by the other
product, the manufacturers of both products will invest a lot to compete for the share in the
market. Since the decision maker, MHLW Vaccine Committee, was only interested in costs
borne by the aforementioned payers, we omitted the inclusion of this cost. Non-direct medical
costs related to the immunisation programme were not included, because the programme was
built within the public health services routine [32]. The amount of direct payments to health
care providers by these entities was estimated as costs. Cost items were identified along the
decision tree and Markov model. We used the literature along with some assumptions to esti-
mate necessary data.

Age-specific treatment costs of per case of bacteremia with/without pneumococcal pneumo-
nia and pneumonia were estimated from Status Survey on Medical Care Benefits [26]. Cost per
case of meningitis was assumed to be twice the cost per case of bacteremia, while cost of
sequelae was assumed ¥1,500,000 (US$13,636) per case per year [27]. One vaccine shot was
assumed at ¥8,116 (US$ 74: US$1 = ¥110) for PPSV-23 and ¥10,776 (US$98) for PCV-13,
which were the sum of vaccine price (¥4,737 or US$43 for PPSV-23, ¥7,200 or US$65 for
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Table 1. Model inputs.

Distribution of population among adults aged 65 and older

Age % [10]
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 6.9,6.6,4.1,4.4,5.3,5.1,5.2,5.0, 4.5, 3.9,

75,76,77,78,79, 80, 81, 82, 83, 84, 41,4.2,4.1,38,3.5,34,32,3.0,27,2.5,

85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 2.3,2.1,1.9,1.6,1.3,1.1,0.9,0.7, 0.6, 0.4,

95, 96, 97, 98, 99,100+ 0.3,0.3,0.2,0.1,0.1,0.2

Percentage of female among each age
51.4,51.5,51.9,52.4,52.7, 52.9,53.2, 53.4, 53.8, 54.2,
54.8, 55.3,55.9,56.7,57.6, 58.6, 59.3, 60.4,61.5,62.8
63.9, 65.4, 66.9, 69.2,71.274.4,76.3,77.7,78.4,79.9
81.1, 81.6, 83.6,84.1,84.8, 87.3

Rate and proportions? 65+ 65-69 70-74 75-79 80-84 85-89 90-94 95+

Annual incidence rate of IPD (per 100,000 population) 2.4 1.8 1.8 25 2.7 4.2 4.4 42 [10,
19]

Bacteremia without pneumococcal pneumonia among IPD  35.6 36.8 40.0 29.8 38.0 33.9 421 16.7 [19]

cases (%)

Bacteremia with pneumococcal pneumonia among IPD 45.8 39.5 35.5 50.7 451 54.8 50.0 66.7 [18]

cases (%)

Meningitis among IPD cases (%) 18.6 23.6 24.5 19.6 16.8 11.3 7.9 16.7 [19]

Annual incidence rate of CAP (per 1,000 population) 10.7 (aged 65-74), 42.9 (age > = 75) [21]

CAP caused by S. pneumoniae (%) 17.2 [20]

Bacteremia without pneumococcal pneumonia result in 2.0 [22]

sequelae (%)

Bacteremia with pneumococcal pneumonia result in 7.0 [22]

sequelae (%)

Meningitis result in sequelae (%) 30.0 [22]

Non-bacteremic pneumococcal pneumonia result in 2.7 [22]

sequelae (%)
Case-fatality rate (%)

Bacteremia without pneumococcal pneumonia 25.0 [22]
Bacteremia with pneumococcal pneumonia 30.5 [22]
Meningitis 14.9 [22]
Non-bacteremic pneumococcal pneumonia 1.9 [23]
Sequelae 5.0 [22]
Serotypes covering of disease caused by S. pneumococcus
Invasive pneumococcal diseases PPSV-23: 60.0% PCV-13: 46.0% [19]
Non-bacteremic pneumococcal pneumonia PPSV-23: 62.9%  PCV-13: 49.3% [13]
Utility weights [25]
Health 1
Bacteremia without pneumococcal pneumonia 0.5
Bacteremia with pneumococcal pneumonia 0.5
Meningitis 0.4
Pneumococcal pneumonia 0.5
Sequelae 0.3
Death 0
Average lengths of hospital stay (day) 65-69 70-74 75-79 80-84 85-89 90-94 95-99 100+
Bacteremia/pneumonia 12.3 13.1 141 14.9 15.6 16.1 16.3 16.2 [26]
Meningitis 24.5 26.3 28.3 29.9 31.2 32.1 32.6 32.4 [26]
Treatment costs per case (¥)

(Continued)
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Table 1. (Continued)

Distribution of population among adults aged 65 and older

Bacteremia/pneumonia 428,005 440,028 453,172 453,404 449,147 435,079 425,829 408,372 [26]

Meningitis 856,011 880,057 906,343 906,808 898,293 870,158 851,658 816,744 [26]

Sequelae (per case per year) 1,500,000 [27]

Costs per vaccination (¥)

Cost per PPSV-23 shot 8,116 [28,
29]

Cost per PCV-13 shot 10,776 [28,
29]

20n Markov model, transition probabilities from health state A to health state B by ages were calculated as follows

From “Health” to “Bacteremia without pneumococcal pneumonia” = Annual incidence rate of IPD x Bacteremia without pneumococcal pneumonia among
IPD cases

From “Health” to “Bacteremia with pneumococcal pneumonia” = Annual incidence rate of IPD x Bacteremia with pneumococcal pneumonia among IPD
cases

From “Health” to “Meningitis” = Annual incidence rate of IPD x Meningitis among IPD cases

From “Health” to “Non-bacteremic pneumococcal pneumonia” = Annual incidence rate of CAP x CAP caused by S. pneumoniae

doi:10.1371/journal.pone.0139140.t001

PCV-13) [28, 29], doctor fee and technical fee for PPSV-23 and PCV-13, respectively. All cost
data are shown in Table 1.

Discounting

Outcomes and costs were discounted at a rate of 3% [32].

One-way sensitivity analyses and probabilistic analyses

We performed one-way sensitivity analyses on two pairs of comparisons. The first pair is >65
PPSV-23 strategy vs. current PPSV-23 strategy, which is to appraise the stability of ICERs
with the assumptions made in our economic model, and to explore the impact of each variable
relative to each other when the subsidy of the immunisation is limited to PPSV-23. The second
pair is PCV-13 strategy vs. current PPSV-23 strategy, which is to appraise the same issues
when PCV-13 is also subsidised by current immunisation programme. The lower limits and
upper limits used in sensitivity analyses were £50% for costs variables and +20% for probabili-
ties and utilities. We also conducted two sets of 1000 Monte Carlo simulations on >65 PPSV-
23 strategy and 65-80 PPSV-23 strategy vs. current PPSV-23 strategy, i.e., probabilistic analy-
ses, for which all data were assumed to have an equilateral triangle distribution corresponding
to the range tested in one way sensitivity analyses. Triangular distribution was used because of
the insufficiency of information about distributions. This distribution has been theoretically
proven as both simple and efficient, which can serve as a proxy for beta or other distributions
in risk analysis [33-35].

Results

Costs, effectiveness, and cost-effectiveness of alternative PPSV-23
single-dose immunisation strategies

Compared to current PPSV-23 strategy, the incremental cost and incremental effectiveness
per person for >65 PPSV-23 strategy were ¥216 (US$2) and 0.00004 QALYs; estimated ICER
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Table 2. Data used to estimate vaccine effectiveness (VE) and VEs used in the model.

Data used to estimate vaccine effectiveness (1-3)
1. Vaccine effectiveness of PPSV—23 and PCV—-13 in preventing IPD used in Smith et. al's study [25] (%)

PPSV-23 PCV-13

years post aged 65-79 aged 80 and over aged 65 and over

vaccination base-case low high base-case low high base-case low high
1 80.0 60.0 90.0 67.0 20.0 85.0 85.0 60.0 95.0
3 73.0 50.0 83.0 53.0 0 83.5 80.0 45.0 90.0
5 58.0 30.5 80.0 32.0 0 75.0 70.0 30.0 87.0
7 33.0 13.0 48.0 10.0 0 30.0 60.0 225 775
10 0 0 10.0 0 0 10.0 50.0 15.0 68.0
15 0 0 10.0 0 0 10.0 33.0 0 60.0

2. Vaccine effectiveness of PPSV-23 in preventing vaccine type IPD (in high income countries) (%)
(based on Cochrane database of systemic review [30])

82 69 90
3. Vaccine effectiveness of PCV—13 in preventing IPD and non-bacteremic CAP based on CApiTA study [31]) (%)
Reduced non-bacteremic vaccine type CAP 45.0
Reduced vaccine-type IPD 75.0
VE in preventing IPD used in current study (%) (Based on 1, 2, and 3)
PPSV-23 PCV-13
years post aged 65-79 aged 80 and over aged 65-79 aged 80 and over
vaccination base-case low high base-case low high base-case low high base-case low high
1 82.0 69.0 90.0 68.7 23.0 85.0 75.0 52.9 83.8 62.8 17.6 79.2
3 74.8 57.5 83.0 54.3 0.0 83.5 70.6 39.7 79.4 51.2 13.2 75.0
5 59.5 35.1 80.0 32.8 0.0 75.0 61.8 26.5 76.8 34.1 8.8 725
7 33.8 15.0 48.0 10.3 0.0 30.0 52.9 19.9 68.4 16.0 6.6 64.6
10 0 0 10.0 0 0 10.0 441 13.2 60.0 0 0 56.7
15 0 0 10.0 0 0 10.0 29.1 0 52.9 0 0 50.0
VE in preventing non-invasive vaccine type CAP used in current study (%) (Based on 1, 2, and 3)
PPSV-23 PCV-13
years post aged 65-79 aged 80 and over aged 65-79 aged 80 and over
vaccination base-case low high base-case low high base-case low high base-case low high
1 = - - - - - 45.0 31.8 50.3 37.7 26.6 421
3 - - - - - - 42.4 23.8 47.6 30.7 17.3 34.6
5 - - - - - - 371 15.9 46.1 20.4 8.8 25.4
7 - - - - - - 31.8 11.9 41.0 9.6 3.6 12.4
10 - - - - - - 26.5 7.9 36.0 0 0 0
15 - - - - - - 17.5 0 31.8 0 0 0

doi:10.1371/journal.pone.0139140.t002

was ¥5,025,000 (US$45,682) per QALY gained. For 65-80 PPSV-23 strategy, incremental cost
and incremental effectiveness were both negative values, which indicated that 60-80 PPSV-23
strategy cost less but also gained less than current PPSV-23 strategy (Table 3).

Costs, effectiveness, and cost-effectiveness of including PCV-13in the
list of single-dose subsidy
Among 10 scenarios with different PCV-13 diffusion levels, scenarios with higher PCV-13 dif-

fusion level resulted in larger vaccine cost, while it saved more treatment costs and gained
more QALYs compared to current scenario. Reduced treatment costs did not offset vaccination
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Table 3. Cost, effectiveness and incremental cost-effectiveness ratio (vs. current scenario) by using PPSV-23 only.

Vaccine cost Treatment cost Total cost per  Effectiveness per Incremental Incremental ICER*
per person per person person person cost effectiveness = (5)/(6)

¥ ¥ QALY ¥ QALY

(1 (2 (3)=(1)+(2) @ (®) (6)
Current 3,860 20,456 24,316 14.31480 - - -
strategy
65-80 2,259 20,460 22,719 14.31480 -1,5697 -0.00001 cost less,
strategy gain less
>65 4,091 20,441 24,532 14.31485 216 0.00004 5025,000
strategy

*|CER: incremental cost-effectiveness ratio (¥/QALY gained). All ICERs were rounded to the nearest thousand.

doi:10.1371/journal.pone.0139140.t003

cost, which means gained more QALYs with more costs. ICERs were ¥378,000 (US$3,436) per
QALY gained regardless of PCV-13 diffusion level (Table 4).

Results of one-way sensitivity analyses and probabilistic analyses

In one-way sensitivity analyses of >65 PPSV-23 strategy vs. current PPSV-23 strategy, the var-
iables which were found to increase/decrease ICER more than ¥1,000,000 (US$9,091) are as
follows: (1) cost of per vaccine shot, (2) IPD incidence rate, (3) vaccine effectiveness of PPSV-
23 in reducing IPD incidence rate, and (4) percentage of vaccine serotype causing IPD (Fig
2A). In PCV-13 strategy vs. current PPSV-23 strategy, only costs per shot of PCV-13 and per
shot of PPSV-23 were found to produce large changes in ICERs (Fig 2B). Figs 3 and 4 show the
results of probabilistic analyses. Each dot on Fig 3 represents the incremental cost and effect
obtained from one simulation following the random draw of model parameters from distribu-
tion. The cost-effectiveness acceptability curve (CEAC) shows that in >65 PPSV-23 strategy
vs. current PPSV-23 strategy, among 1000 ICERs produced by Monte Carlo simulations,
61.5% are under ¥5,500,000 (US$50,000) per QALY and 100% are under ¥10,000,000 (US
$90,910) per QALY (Fig4).

Table 4. Cost, effectiveness and incremental cost-effectiveness ratio of different diffusion levels of PCV-13 (vs. current PPSV-23 strategy).

Diffusion level of Vaccine cost Treatment cost Total cost Effectiveness per Incremental Incremental ICER*
PCV13 vs. PPSV-23 per person per person per person person cost effectiveness = (5)/(6)
¥ ¥ ¥ QALY ¥ QALY
(1 (2 (3)=(1)+(2) @ (5) (6)
0% vs. 100% (Current 3,860 20,456 24,316 14.31480 - - -
strategy)
10% vs. 90% 3,987 20,350 24,337 14.31486 21 0.00006 378,000
20% vs. 80% 4,113 20,245 24,358 14.31491 42 0.00011 378,000
30% vs. 70% 4,240 20,140 24,380 14.31497 64 0.00017 378,000
40% vs. 60% 4,366 20,035 24,401 14.31503 85 0.00022 378,000
50% vs. 50% 4,493 19,929 24,422 14.31508 106 0.00028 378,000
60% vs. 40% 4,619 19,824 24,443 14.31514 127 0.00034 378,000
70% vs. 30% 4,746 19,719 24,464 14.31520 149 0.00039 378,000
80% vs. 20% 4,872 19,613 24,486 14.31525 170 0.00045 378,000
90% vs. 10% 4,999 19,508 24,507 14.31531 191 0.00051 378,000

*|CER: incremental cost-effectiveness ratio (¥/QALY gained). All ICERs were rounded to the nearest thousand.

doi:10.1371/journal.pone.0139140.t004

PLOS ONE | DOI:10.1371/journal.pone.0139140 October 7, 2015 9/16

—104—



o ®
@ : PLOS | ONE CEA of Pneumococcal Vaccines Immunisation Programme for the Elderly

A)
Base-case
¥5,025,000/QALY gained

(1)
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Fig 2. Results of one-way sensitivity analyses. (A) >65 PPSV-23 strategy vs. current PPSV-23 strategy. (B) PCV-13 strategy vs. current PPSV-23
strategy. In Fig 2A: (1) Cost per shot of PPSV-23, (2) Annual incidence rate of IPD, (3) Vaccine effectiveness of PPSV-23 in reducing IPD incidence rate, (4)
Percentage of vaccine serotype causing IPD. In Fig 2-B: (1) Cost per shot of PCV—13. (2) Cost per shot of PPSV-23, (3) Vaccine effectiveness of PCV-13in
preventing noninvasive vaccine type CAP, (4) Treatment cost per S. pneumoniae-related case.

doi:10.1371/journal.pone.0139140.g002
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Discussion

This study intends to address the following objectives: (1) to evaluate the efficiency of alterna-
tive PPSV-23 immunisation strategies compared to current PPSV-23 strategy, and (2) to
investigate the cost-effectiveness of the inclusion of PCV-13 in the list of single-dose current
pneumococcal vaccine national immunisation programme.

Compared to the current PPSV-23 strategy, incremental cost and incremental effectiveness
of 65-80 PPSV-23 strategy were both negative, which means that switching current strategy to
65-80 strategy was found to gain less QALYs than current PPSV-23 strategy (this outcome
will not be considered in decision-making). Switching current PPSV-23 strategy to >65
PPSV-23 strategy was found to be favourable (ICER at ¥5,025,000 or US$45,682 per QALY
gained) compared to either of the suggested criterion by WHO of three times GDP (around
¥11,000,000 or US$113,636 per QALY gained in Japan) [36], or by Shiroiwa at ¥5,000,000 (US
$45,455) per QALY gained [37]. Moreover, the result of probabilistic sensitivity analyses on
switching current PPSV-23 strategy to >65 PPSV-23 strategy, ICER to be under ¥5,500,000
(US$50,000) per QALY is 61.5% and is 100% to be under ¥10,000,000 (US$90,910) per QALY
gained, is deemed to be cost-effective.
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Fig 3. Results of probabilistic sensitivity analyses. (A) Scatter plot of incremental cost and incremental effectiveness per person of >65 PPSV-23
strategy vs. current PPSV-23 strategy and 65-80 PPSV-23 strategy vs. current PPSV-23 strategy. (B) Enlarged view of >65 PPSV-23 strategy vs. current
PPSV-23 strategy. (C) Enlarged view of 65—-80 PPSV-23 strategy vs. current PPSV-23 strategy.

doi:10.1371/journal.pone.0139140.g003
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We compared 10 scenarios (with 10 PCV-13 diffusion levels) to current PPSV-23 strategy.
Results showed that PCV-13 inclusion in the subsidy list has value for money (ICER =
¥378,000 or US$3,436 per QALY gained, regardless of PCV-13 diffusion level).

Since there are only a few variables which will induce the ICER to go beyond ¥1,000,000
(US$9,091) per QALY gained, we consider our results to be robust. In comparing >65 PPSV23
strategy with current PPSV23 strategy, the top four variables which have the biggest impact on
ICER were cost per vaccine shot, IPD incidence rate, vaccine effectiveness, and percentage of
vaccine serotype causing IPD. On the other hand, in comparing PCV-13 strategy with current
PPSV-23, only cost per vaccine shot will change the ICER larger than ¥1,000,000 (US$9,091)
per QALY.

This study has several limitations. In Japan, before the national immunisation programme
was launched, some municipalities already provided subsidies to the elderly for single shot
PPSV-23 from 2001 to September 2014 with a vaccine coverage of about 25% [3]. We didn’t
incorporate the already-vaccinated group in our model since the efficiencies of the pro-
grammes were determined by incremental difference of costs and QALY's between the

3 4 5 6 7 8 9 10 Million
WTP)

Fig 4. Cost-effectiveness acceptability curve (CEAC) of >65 PPSV-23 strategy vs. current PPSV-23 strategy.

doi:10.1371/journal.pone.0139140.g004

PLOS ONE | DOI:10.1371/journal.pone.0139140 October 7, 2015 12/16

—107—



@‘PLOS | ONE

CEA of Pneumococcal Vaccines Immunisation Programme for the Elderly

comparator and alternatives; its influence to the results should be limited. Due to insufficient
data of the municipality-led PPSV-23 immunisation programmes for the elderly, we decided
not incorporate this into the model. Considering that more elderly will uptake vaccine through
these extra programmes, the strategy will move from current PPSV-23 strategy towards > 65
PPSV-23 strategy and these results will be useful for those municipalities. We assumed that in
both 65-80 PPSV-23 strategy and > 65 PPSV-23 strategy, the eligible persons will uptake vac-
cine in the first year. Since the incidence rates of pneumococcal diseases and the vaccine effec-
tiveness varies with age, it was difficult to predict how the results will change. Based on
previous study [38], if an eligible person uptakes vaccine around 70-75 years old, it would
bring more favourable results to both 65-80 PPSV-23 strategy and >65 PPSV-23 strategy. We
didn’t incorporate the herd effect of PCV-7 or PCV-13 immunisation programmes among
children, which was likely to indirectly protect the elderly and thus potentially reducing the
efficiencies of the immunisation programme using both vaccines. We deferred its incorpo-
ration as it might pose some bias to the result. Though several studies do provide some evi-
dence for the existence of such an effect, further evidence is required before definite
interpretations can be made. The decreasing vaccine-serotype IPD and non-invasive vaccine-
type CAP cases due to serotype replacement during the 15-year cohort time were not incorpo-
rated. The replacement occurred in Japan after the launching of children’s PCV immunisation
programme has decreased the vaccine-serotype IPD among adults from 85% (PPSV-23) and
61% (PCV-7) in 2007 [39] to 60% (PPSV-23) and 40% (PCV-13) in 2013, respectively [19].
The advertising costs borne by manufacturers were left unaccounted. Incorporating these
might bring more unfavourable results.

Several studies have compared the cost-effectiveness of the use of either PPSV-23 or PCV-
13 or substitution of PPSV-23 with PCV-13 among elderly. Different studies has shown that
both PPSV-23 and PCV-13 were cost-effective, and PCV-13 has high value for money than
PPSV-23 [25, 40-44]. ICERSs of all three PPSV-23 strategies vs. do-nothing in our study were
too high to conclude that PPSV-23 immunisation programmes for the elderly were cost-effec-
tive (data in S1 Table), which was inconsistent with the results of previous studies. Inconsisten-
cies were due to low incidence rates, low fatality rates, and low proportions of sequelae caused
by S. pneumoniae in our study compared to those in previous studies. All 10 scenarios with dif-
ferent levels of share of PCV-13 have favourable ICERs but were not cost-saving compared to
current strategy, which was inconsistent with the results of previous studies. The inconsistency
observed was due to high vaccination cost.

Regardless of these limitations, we make efforts on literature survey to find out the available
data of epidemiology and prognosis of relevant diseases which were considered to reflect the
current situation of diseases caused by S. pneumoniae in Japan. We believe our results will pro-
vide useful results to policymakers.

Conclusion

Results of our analyses indicate switching the current strategy to >65 scenario or including
PCV-13 into the list for single-dose subsidy to the elderly in Japan has value for money. A fur-
ther budget impact analysis is awaited for well-informed policymakers.

Supporting Information

S1 Table. Cost, effectiveness and incremental cost-effectiveness ratio (vs. do-nothing) by
using PPSV-23 only.
(DOCX)
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We investigated the association between monovalent influenza A (H1N1) pdm09 (H1N1pdm) vaccine and
pneumonia in elderly people. Study design was a hospital-based, matched case-control study. Cases comprised patients
>65 years old who had been newly diagnosed with pneumonia. For each case, 2 controls were defined as individuals
with other diseases (not pneumonia) who were matched by sex, age, entry date, and the visited hospital. Study period
was the interval from 1 September 2009 until 30 September 2010. Because a pandemic of influenza A (H1N1) occurred
during study period, we analyzed selected subjects who had enrolled during the influenza A (H1N1) pandemic. We
calculated the odds ratios (ORs) and 95% confidence intervals (Cls) for pneumonia in HI1N1pdm-vaccinated subjects
compared with unvaccinated subjects using a conditional logistic regression model to assess the association between
H1N1pdm vaccine and pneumonia. The subjects during the period of the influenza A (H1N1) pandemic were 20 cases
and 40 controls. Subjects who had received HINTpdm vaccine showed a significantly decreased OR for pneumonia
(OR = 0.10, 95% Cl = 0.01-0.98) compared with unvaccinated subjects. In conclusion, HIN1pdm vaccination may have
prevented pneumonia among the elderly during the 2009-2010 influenza A (H1N1) pandemic in Japan.

Introduction

Pneumonia is the third largest cause of death in Japan. The
death rate increases with age group, and particularly high rate
(more than 1,100 per a population of 100,000 people in 2007)
are observed among individuals >80 y old." With Japanese soci-
ety aging at a rate not seen anywhere else in the world, prevention
of pneumonia is becoming a major challenge in this country.
Many studies have reported preventive relationships between
influenza vaccination and hospitalization due to pneumonia or
influenza among elderly people.”” On the other hand, Jackson
et al. reported that influenza vaccination was not associated with
a reduced risk of community-acquired pneumonia after adjusting

for the presence and severity of comorbidities.® Variations in the
results of different studies reflect several confounding variables,
definitions of influenza seasons, and mismatches between vaccine
strains and those circulating in the community.

Few studies in Japan have examined the association between
influenza vaccine and pneumonia among the elderly. Therefore
we conducted a hospital-based, matched case-control study
between September 2009 and September 2010 to elucidate the
effectiveness of influenza vaccination in preventing pneumonia
among the elderly. Due to a pandemic of influenza A (HIN1)
that occurred in Japan during our study period,” a monovalent
influenza A (HIN1) pdm09 (H1N1pdm) vaccination program
was initiated in the last 10 d of October 2009. Although a
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Table 1. Characteristics of cases and controls during the 2009 influenza A(H1N1) pandemic

Cases Controls

Characteristics” (N = 20) (N =40) P value
Age (mean years, range) 79.8 (65 - 95) 79.4 (65 - 97) 0.8327
Male 11 (55) 22 (55) 1.000¢
H1N1pdm vaccinated 4 (20) 14 (35) 0.232¢
Pneumococcal vaccine vaccinated 7 (35) 9(22) 0.302
Underlying respiratory system disease 11 (55) 15 (37) 0.197¢
Underlying disease

Hypertension 10 (50) 21 (53) 0.855%

Hypercholesterolemia 2(10) 3(8) 1.000°

Heart disease 6 (30) 13(33) 0.844*

Cerebral hemorrhage, Cerebral infarction, Stroke 3(15) 5(13) 1.000°

Diabetes mellitus 2(10) 8(20) 04718

Kidney disease 0(0) 2 (5) 0.548"
Smoking (past or current) 8 (40) 18 (45) 0.713*
ADL

Self-support 10 (50) 29 (73) 0.085*

Others (semi-self-support, semi-bedridden, or bedridden) 10 (50) 11(27)

ADL: activities of daily living, HIN1pdm: monovalent influenza A (HIN1) pdm09.

*Variables are expressed as number (percent), unless otherwise specified.
1 Wilcoxon rank-sum test, £ Chi-square test, § Fisher exact test.

trivalent seasonal influenza vaccine (TTV) vaccination program
was initiated in October 2009, a seasonal epidemic did not
occur.” Hence we investigate here the association between

HIN1pdm vaccine and pneumonia in elderly people.

Results

During the influenza A (H1N1) pandemic, subjects totaled 20
cases and 40 controls from 7 medical institutions in Aichi,
Kyoto, and Fukuoka.

Table 1 shows a comparison of characteristics of cases and
controls. The proportion of HIN1pdm vaccination (in the
preceding 6 months), pneumococcal vaccination (in the pre-
ceding 5 years), underlying

respiratory  system  disease,

hypertension, hypercholesterolemia, heart disease, cerebral
hemorrhage, cerebral infarction, stroke, diabetes mellitus, kid-
ney disease, smoking, and ADL status were not significantly
different between cases and controls. In our study population,
94% of the subjects who received HINIpdm vaccine also
received TIV (17/18 subjects).

Table 2 shows the association between HIN1pdm vaccina-
tion and pneumonia among the elderly during the influenza A
(HIN1) pandemic itself. Subjects who received HIN1pdm vac-
cine showed a significantly decreased adjusted OR for pneumonia
(0.10, 95% CI = 0.01-0.98) compared with unvaccinated sub-
jects. Pneumococcal vaccination and underlying respiratory sys-
tem disease were not associated with pneumonia. The odds ratio
for pneumonia increased significantly among subjects with low

ADL status.

Table 2. Association between H1N1pdm vaccine and pneumonia among the elderly during the 2009 influenza A(H1N1) pandemic’

Cases Controls  Crude Adjusted
n (%) n (%) OR 95%Cl P OR? 95%Cl P
H1N1pdm vaccine
Unvaccinated 16 (80) 26 (65) 1 1
Vaccinated 4(20) 14 (35) 037 0.09-154  0.171 0.10 0.01-0.98  0.048
Pneumococcal vaccine
Unvaccinated 13 (65) 31(78) 1 1
Vaccinated 7 (35) 9(22) 235 0.55-100 0249 346 0.50-24.1 0.209
Underlying respiratory system disease
No 9 (45) 25 (63) 1 1
Yes 11 (55) 15 (37) 1.80 0.66-4.89  0.248  3.65 0.76-174  0.105
ADL
Self support 10(50)  29(73) 1 1
Others (semi-self-support, semi-bedridden, or bedridden) 10 (50) 11 (27) 10.0 1.17-856  0.036 238 1.91-296 0.014

1The influenza A (H1N1) pandemic was defined as the weeks during which there were >10 reports of influenza cases reported by the sentinels in the prefec-

tures covered by the study (see main text).

tModel included H1N1pdm vaccination, pneumococcal vaccination, underlying respiratory system disease, and ADL.
H1N1pdm: monovalent influenza A (HIN1) pdm09, OR: odds ratio, Cl: confidence interval, ADL: activities of daily living.
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Discussion

In this study, the OR for pneumonia in subjects with
HINIpdm vaccination decreased significantly among elderly
people during the period of the influenza A (HIN1) pandemic.
Some researchers have reported that influenza vaccination
reduces hospitalization due to pneumonia or influenza among
elderly people living in the community.>® In the 2009-2010 sea-
son, both vaccination against HIN1pdm and seasonal vaccina-
tion® and vaccination against MF59- adjuvant H1N1pdm’
showed the preventive effect of influenza and pneumonia in
elderly persons. Our decreased odds ratio for pneumonia suggests
that during the period of the influenza A (HIN1) pandemic,
HINI1pdm vaccination was associated with prevention of influ-
enza A (HIN1) and reduction of the incidence of secondary
pneumonia accompanying influenza. On the one hand, our
results did not demonstrate efficacy for pneumococcal vaccina-
tion. Specifically, pneumococcal pneumonia was diagnosed in
only 2 of the 20 pneumonia cases that we observed during the
period of the influenza A (HIN1) pandemic, suggesting that our
cases consisted predominantly of other (non-pneumococcal)
pneumonias.

The presence of confounding factors is a difficult problem in
studies of influenza vaccine effectiveness in the elderly.'® Old
age, underlying respiratory system disease, hypertension, hyper-
cholesterolemia, heart disease, cerebral hemorrhage, cerebral
infarction, stroke, diabetes mellitus, kidney disease, smoking,
and low ADL status are associated with an increased risk of hos-
pitalization due to pneumonia or influenza.'' On the other
hand, the vaccination rate typically is higher in healthy elderly
than in weak elderly. Pneumococcus is cited as the major patho-
genic bacterium in community-acquired pneumonia in the Japa-
nese,"> and the 23-valent pneumococcal polysaccharide vaccine
has reduced the prevalence of pneumococcal pneumonia.'® We
matched controls with case patients by sex, age, entry date, and
hospital, and investigated underlying respiratory system disease,
hypertension, hypercholesterolemia, heart disease, cerebral hem-
orrhage, cerebral infarction, stroke, diabetes mellitus, kidney dis-
ease, smoking, ADL status, and pneumococcal vaccination
status. The proportions of these variables were not significantly
different between cases and controls. So, in multivariate model,
we included underlying respiratory system disease, ADL status,
and pneumococcal vaccination status that were important patho-
physiological variables whether statistically significant or insignif-
icant. Furthermore, because we did not detect an association
between pneumococcal vaccination status and pneumonia,
we calculated the OR adjusted for underlying respiratory disease
and ADL status. The directionality of the result did not
change (data not shown). We note, however, that even with
adjustment for confounders, a selection bias still might have been
present in the evaluation of the effectiveness of the influenza
vaccine.'

We obtained information about vaccination status from each
patient’s questionnaire, but we were not able to confirm the
validity of this information; this point represents a weakness of
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this study. Cases are expected to claim lack of vaccination more
frequently than controls would, a pattern that would represent a
possible information bias in our study. However, HIN1pdm
vaccine non-inoculation was reported by 80% of cases and 65%
of controls; pneumococcal vaccine non-inoculation was reported
by 65% of cases and 78% of controls. Thus, self-reported
HINlpdm vaccine non-inoculation frequency was higher in
cases than in controls, but the reverse was seen for pneumococcal
vaccine non-inoculation. Therefore, information bias is consid-
ered unlikely in the context of our study.

In our study population, TIV inoculation was reported in
94% (17/18 subjects) of HIN1pdm vaccine inoculators; TTV
non-inoculation was reported in 88% (37/42 subjects) of
HINI1pdm vaccine non-inoculators. In other words, we consid-
ered that it was inappropriate to include TIV vaccination as an
adjustment factor because of the near perfect correlation between
TIV vaccination and HIN1pdm vaccination.

A smaller immune response was observed in subjects who had
received the 2009-2010 seasonal influenza vaccine prior to
HINIpdm vaccination.'” Because 94% of our study subjects
were inoculated with both vaccines, we could not evaluate the
effect of this factor. However, even if antibody production was
reduced in response to the HIN1pdm vaccination, vaccination
efficacy would have been underestimated, and so this factor
would not have affected the validity of our study.

We showed significantly increased OR for pneumonia even
when we adjusted for vaccination and the presence of an underly-
ing respiratory disease in subjects with low ADL status. Fever
occurred more frequently in those requiring higher care levels,
and the main cause of such fevers was pneumonia.'® Our study
suggested that ADL levels would have been associated with pneu-
monia in the elderly.

One of the weaknesses of our study is that our matched entry
date might lead to a bias. In our protocol, we enrolled controls as
soon as a possible (within about 2 months) after the respective case
had been enrolled. This difference in entry date between cases and
controls might have given the controls more time to become vacci-
nated. However, controls were enrolled (on average) 10 d later
than the respective case’s entry; in only one instance was the con-
trol enrolled about a full 2 months after the case’s entry. Therefore
we do not expect that the entry dates lead to a bias.

We managed to increase the statistical power of our study by
providing 2 controls for each pneumonia patient. Nevertheless,
the greatest limitation of the present study was that the number
of subjects was small. In practice, our 95% confidence interval
was 0.01-0.98. Therefore, it would be inappropriate to calculate
vaccine efficacy from our point estimate level after adjustment.
However, we think that it was noteworthy that significant associ-
ation was detected between HIN1pdm vaccination status and
pneumonia despite the small size of our study. We expect that
our study will provide a valuable data source, because our study
period spanned the season in which the influenza A (HIN1) pan-
demic occurred. We are engaged in ongoing research to investi-
gate the effectiveness of a seasonal influenza vaccine against
pneumonia among the elderly.
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Materials and Methods

Study design

We performed a hospital-based, matched case-control study in
7 hospitals (in the prefectures of Aichi, Kyoto, and Fukuoka)
between September 2009 and September 2010. All subjects pro-
vided informed consent after the nature of the study had been
explained. The study protocol was approved by the ethics com-
mittee at the Osaka City University Graduate School of Medi-
cine and was performed in accordance with the Declaration of
Helsinki.

Definition of cases and controls

Cases comprised patients >65 y old who had been newly
diagnosed with pneumonia by a doctor at one of the 7 medical
institutions cooperating with the study. A pneumonia diagnosis
was based on clinical symptoms (cough, sputum, or fever),
increased white blood cell counts or serum C-reactive protein
level, and the appearance of an infiltrate on a chest radiograph at
the hospitals or the clinics of the study investigators.'”

For each case, 2 controls were selected from individuals with
other diseases (not pneumonia) who were matched by sex, age
(in 5-year age groups), entry date (soon after a given case’s entry,
within about 2 months), and the visited hospital.

Exclusion criteria were aspiration pneumonia, malignant
tumor, ongoing treatment with oral corticosteroids or immuno-
suppressant drugs, and previous splenectomy.

Data collection

The physicians of each case or control completed a struc-
tured questionnaire regarding the following clinical informa-
tion: (a) sex, age, presence of underlying respiratory system
disease (pulmonary emphysema, chronic bronchitis, other
chronic obstructive pulmonary disease (COPD), pulmonary
fibrosis, bronchial asthma, pulmonary tuberculosis sequelae,
etc.); and (b) information relating to pneumonia (for cases):
date of definite diagnosis, and test results relating to cause of
pneumonia (rapid diagnosis test of influenza, detection of
urinary pneumococcal antigen, Gram staining of sputum,
sputum or blood culture).

Each case or control completed a self-administered question-
naire regarding the following presence of
underlying respiratory system disease, hypertension, hypercholes-
terolemia, heart disease, cerebral hemorrhage, cerebral infarction,
stroke, diabetes mellitus, kidney disease, smoking (never, past, or
current), activities of daily living (ADL: bedridden, semi-bedrid-
den, semi-self-support, self-support), pneumococcal vaccination
(in the last 5 years), TIV vaccination (in the last 6 months), and
H1N1pdm vaccination (in the last 6 months).

The HIN1pdm strain was A/California/7/2009. The 2009-
2010 TIV strains were A/Brisbane/ 59/2007 (HI1N1), A/Uru-
guay/716/2007 (H3N2), and B/Brisbane/60/2008.

information:

Period of survey and influenza A (H1N1) pandemic
This study was initiated on 1 September 2009. We defined

study period as the interval from initiation untl 30 September

www.tandfonline.com

2010, because the vaccination program for the 2010-2011 sea-
son started on 1 October 2010.During the study period, a pan-
demic of influenza A (HIN1) occurred. Thus we analyzed
selected subjects who had enrolled during the influenza A
(HIN1) pandemic. The influenza A (HIN1) pandemic was
defined as those weeks during which >10 influenza cases were
reported by the sentinels in the prefectures covered by the
study, based on data from the Infectious Disease Weekly Report
and the Infectious Agents Surveillance Report. The periods
meeting this definition were as follows: the period from the
38th week of 2009 until the 5th week of 2010 (between 14
September 2009 and 7 February 2010) in Aichi; the period
from the 36th week of 2009 until the 3rd week of 2010
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Figure 1. (A) Study period and weekly cases of influenza in Japan from
week 35 of 2009 to week 39 of 2010. (B) Study period and monthly
reports of isolation/detection of influenza viruses in Japan from August
2009 to September 2010.
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(between 31 August 2009 and 24 January 2010) in Kyoto; and
the period from the 35th week of 2009 until the 6th week of
2010 (between 24 August 2009 and 14 February 2010) in
Fukuoka.” Figure 1A provides the study period and plotting
the numbers of weekly cases of influenza in Japan from week
35 of 2009 to week 39 of 2010. Figure 1B provides the study
period and the numbers of monthly reports of isolation/detec-
tion of influenza viruses in Japan from August 2009 to Septem-
ber 2010.” A seasonal epidemic did not occur in the prefectures
covered by the study.

Statistical analysis

Characteristics of cases and controls were compared using a
Wilcoxon rank-sum test and X2 test, as appropriate.

We calculated the odds ratios (ORs) and 95% confidence
intervals (CIs) for pneumonia in HIN1pdm-vaccinated subjects
compared with those in unvaccinated subjects using a conditional
logistic regression model.

We adjusted for pneumococcal vaccination (yes in the last
5 years, no), underlying respiratory system disease (yes, no), and
ADL (other (bedridden, semi-bedridden, or semi-self-support),
self-support) in multivariate analyses.

The significance level for statistical analysis was set at P <
0.05. Analyses were performed using SAS version 9.3 software
(SAS Institute, Cary, NC, USA).

Conclusions

We conducted a hospital-based, matched case-control study
between September 2009 and September 2010 to elucidate the
association between influenza vaccine and pneumonia in elderly
people. Our results indicate that HIN1pdm vaccination may
have prevented pneumonia among the elderly during the 2009-
2010 influenza A (HIN1) pandemic in Japan
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Background: Respiratory tract viral infection is one of the most common and important diseases in chil-
dren. Polymerase chain reaction (PCR) tests are often used to detect viruses in samples, it is difficult to
interpret the clinical significance of PCR positivity, which may reflect a past, imminent or active asymp-
tomatic infection due to their high sensitivity. Although single respiratory viruses have been detected in
samples from children with symptoms, other respiratory viruses can also be detected simultaneously.
However, the clinical importance of these findings for the symptoms is not known.

g?sl l‘;‘;?;‘gg;y viruses Objectives: To investigate the prevalence of respiratory viruses among children without any symptoms
Coinfection such as acute respiratory illness and/or fever.

Study design: From week twenty-five 2013 to week twenty-six 2014, gargle samples were collected from
children once a week and these samples were subjected to real-time PCR to detect respiratory viruses.
On each sampling day, we asked the parents about their children’s health condition.
Results: Among the 286 samples collected, 200 were from asymptomatic children. In the asymptomatic
condition, human parechovirus, adenovirus, enterovirus, rhinovirus, coronavirus 229E and HKU1 were
observed in 45 episodes. In samples from symptomatic children, parainfluenza viruses, respiratory syn-
cytial virus and coronavirus OC43 were detected in addition to those mentioned above.
Conclusions: Various viruses of different species were detected in the specimens from the children regard-
less of their health status. It might be speculated that host factors such as the function of the immune
system influence the clinical outcome of the infection. However, this needs to be studied further.

© 2015 Published by Elsevier B.V.

Real-time PCR
Healthy children
Gargle specimen

simultaneously with other viruses in many cases [5-7]. As a result,
the clinical importance of these findings for the symptoms is not
known.

1. Background

Respiratory tract viral infection is one of the most common
and important disease conditions in children. Recently, PCR based
assays have made it possible for novel viruses to be discov-
ered, leading to appraisal of the clinical impacts of these viruses
and several other well-known respiratory viruses [1-4]. Some
of these viruses are detected alone in specimens from patients
with respiratory symptoms (sometimes in those of inpatients)
but their pathogenicity is not clear because they are detected

2. Objectives

In this study, we investigated how often and what respi-
ratory viruses were detected in specimens from asymptomatic
children. Gargle specimens (obtained by rinsing the throat with
distilled water) were collected from children once a week and the
samples were subjected to two-step real-time PCR to detect respi-
ratory viruses. Singleplex real-time PCR procedures were employed
for detection of the following 15 respiratory viral pathogens:

Abbreviations: PCR, polymerase chain reaction; PIV, parainfluenza virus; RSV, . . . . .
PO P parainfluenza viruses (PIV) 1-4, respiratory syncytial virus (RSV),

respiratory syncytial virus; hMPV, human metapneumovirus; EV, enterovirus; RV,

rhinovirus; RVA, rhinovirus genogroup A; RVB, rhinovirus genogroup B; RVC, rhi-
novirus genogroup C; hBoV, human bocavirus; hPeV, human parechovirus; AdV,
adenovirus; hCoV, human coronavirus; FluV, influenza virus; RT, reverse transcrip-
tion.
* Corresponding author. Tel.: +81 66972 1321; fax: +81 66972 2393.
E-mail addresses: morikawa@iph.pref.osaka.jp (S. Morikawa),
hiroi@iph.pref.osaka.jp (S. Hiroi), kasetetsuo@iph.pref.osaka.jp (T. Kase).

http://dx.doi.org/10.1016/j.jcv.2015.01.006
1386-6532/© 2015 Published by Elsevier B.V.

human metapneumovirus (hMPV), enterovirus (EV)/rhinovirus
(RV), human bocavirus (hBoV), human parechovirus (hPeV), aden-
ovirus (AdV), and human coronaviruses (hCoV) 0C43, NL63, 229E,
and HKU-1 (Table 1), and one-step real-time reverse transcription
(RT)-PCR was used for detection of influenza viruses (FluV) A and
B (Table 1).
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Table 1

Primers and probes used in this study.

S. Morikawa et al. / Journal of Clinical Virology 64 (2015) 59-63

Virus

Target

Product size(bp)

Specific primers and probes

Detection limit (copy/uL)

Reference

PIV1

PIV3

PIV2

PIV4

RSV

hPMV

EV/RV

hBoV

hCoV229E

hCoVNL63

hCoVOC43

hCoV HKU

hPeV

AdV(ACDF)

AdV(BE)

FluV typeA

Fluv

AH1pdmO09

Fluv AH3

Fluv B

HN

HN

NP

NP

5'NTR®

NP-1

NC

NC

NC

ORF 1a/b

5'NTR

Hexon

Hexon

MP

HA

HA

NS

135

161

65

123

89

152

203

75

80

61

67

61

194

85

81

149

187

178

105

Antisense 5’ GTCCTTCCTGCTGGTGTGTTAAT 3’

Sense 5' CCAACCTACAAGGCAACAACATC 3’

Probe 5’ (FAM)CAAACGATGGCTGAAAA(TAMRA) 3’
Antisense 5’ TTGTTATAGTGTGTAATGCAGCTCGT 3’
Sense 5 GGGAGCATTGTGTCATCTGTCA 3’

Probe 5’ (FAM)CCCAGTCATAACTTACTC(TAMRA) 3’
Antisense 5° TCYTCAGCTAATGCTTCRAARGC 3’

Sense 5° ATTCCAGATGCTCGATCAACTATG 3’

Probe 5’ (FAM)AGCACYTCTCCTCTGG(TAMRA) 3’
Antisense 5 ATGTGGCCTGTAAGGAAAGCA 3’

Sense 5' CAAAYGATCCACAGCAAAGATTC 3’

Probe 5’ (FAM)GTATCATCATCTGCCAAATCGGCAATTAAACA(TAMRA) 3’
Antisense 5’ CGATTTTTATTGGATGCTGTACATTT 3’
Sense 5' AACAGATGTAAGCAGCTCCGTTATC 3’

Probe 5’ (FAM)TGCCATAGCATGACACAATGGCTCCT(TAMRA) 3’
Antisense 5° CATCAGCCYYATCWGTGTTTCTTAAAA 3’
Sense 5' GGCTCCATGCAAATATGAAGTG 3’

Probe 5’ (FAM)CTAACGAGTGTGCGCAAG(TAMRA) 3’
Antisense 5° GAAACACGGACACCCAAAGTAGT 3’

Sense 5" AGCCTGCGTGGCKGCC 3’

Probe 5’ (FAM) CTCCGGCCCCTGAATGYGGCTAA(TAMRA) 3’
Antisense 5’ TGGACTCCCTTTTCTTTTGTAGGA 3’

Sense 5' GCACAGCCACGTGACGAA 3’

Probe 5’ (FAM)TGAGCTCAGGGAATATGAAAGACAAGCATCG(TAMRA) 3’
Antisense 5’ TCTTTTCCACCGTGGCTTTT 3’

Sense 5’ CTGCCAAGAGTCTTGCTCGTT 3’

Probe 5’ (FAM)AGAACAAAAGCATGAAATG(TAMRA) 3’
Antisense 5° CGAGGACCAAAGCACTGAATAA 3’

Sense 5' AACCTCGTTGGAAGCGTGTT 3’

Probe 5’ (FAM)ATTTTCCTCTCTGGTAG(TAMRA) 3’
Antisense 5° GCTGAGGTTTAGTGGCATCCTT 3’

Sense 5 GACATGGCTGATCAAATTGCTAGT 3’

Probe 5’ (FAM)TCTGGCAAAACTTGG(TAMRA) 3’
Antisense 5’ CATTCATTCGCAAGGCGATA 3’

Sense 5' CCCGCAAACATGAATTTTGTT 3’

Probe 5’ (FAM)AATCTATCACCATGTGAA (TAMRA) 3
Antisense 5° GGCCCCWGRTCAGATCCAYAGT 3’

Sense 5 GTAACASWWGCCTCTGGGSCCAAAAG 3’

Probe 5'(FAM)CCTRYGGGTACCTYCWGGGCATCCTTC(TAMRA) 3’
Antisense 5° AAACTTGTTATTCAGGCTGAAGTACGT3’
Sense 5 CCAGGACGCCTCGGAGTA 3’

Probe 5’ (FAM)AGTTTGCCCGCGCCACCG(TAMRA) 3’
Antisense 5 CTTGTTCCCCAGACTGAAGTAGGT 3’

Sense 5 GGACAGGACGCTTCGGAGTA 3’

Probe 5’ (FAM)CAGTTCGCCCGYGCMACAG(TAMRA) 3’
Antisense 5 TGACAGRATYGGTCTTGTCTTTAGCCAYTCCA
Sense 5' CCMAGGTCGAAACGTAYGTTCTCTCTATC

Probe 5’ (FAM)ATYTCGGCTTTGAGGGGGCCTG(MGB) 3
Antisense 5' TGTTTCCACAATGTARGACCAT

Sense 5 AGAAAAGAATGTAACAGTAACACACTCTGT
Probe 5’ (FAM)CAGCCAGCAATRTTRCATTTACC(MGB) 3’
Antisense 5’GTCATTGGGRATGCTTCCATTTGG

Sense 5' CTATTGGACAATAGTAAAACCGGGRGA

Probe 5’ (FAM)AAGTAACCCCKAGGAGCAATTAG(MGB) 3’
Antisense 5’GTKTAGGCGGTCTTGACCAG

Sense 5" GGAGCAACCAATGCCAC

Probe 5’ (FAM)ATAAACTTTGAAGCAGGAAT(MGB) 3’

6.55 x 10?

5.30 x 10?

1.0 x 10?

1.0x 10!

2.22 x 10?

2.47 x 10%

Echo 9.76 x 10

RVC 2.98 x 102

5.05 x 10?

1.0 x 10?

1.17 x 10?

2.19 x 10?

1.11 x 102

1.0 x 10?

1.0 x 10?

1.0 x 10?

7.5%

6.82

7.12

8.22

[27]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[28]

[28]

[28]

[28]

[34]

[35]

[35]

[36]

[36]

[36]

[37]

2 From reference data.

b NTR: non translated region.

3. Study design
3.1. Subjects

Twelve children aged 3-10 years old were enrolled. From week
twenty-five 2013 to week twenty-six 2014, throat gargle sam-
ples were obtained from the children once a week. Their parents
noted the existence of respiratory symptoms (cough, sore throat
or nasal mucus) and systemic symptoms (fever or rash) at the
time of sampling. Written informed consent was obtained from the
parents.

3.2. Molecular analysis

Nucleic acids were extracted from 200 wL specimens using the
Magtration System with a MagDEA viral DNA/RNA 200 kit (Pre-
cision System Science Co., Ltd., Chiba, Japan) as 50 pL of elution
volume. RT reactions were performed using a ReverTra Ace qPCR
RTkit (TOYOBO Co., Ltd., Osaka, Japan) following the manufacturer’s
instructions. The cDNA was then amplified using Realtime PCR Mas-
ter Mix (TOYOBO) with a total volume of 25 L. Each sample was
amplified containing primers and probes specific for each of the tar-
gets as described in Table 1 [27-37]. The sensitivity of each of the

—120—



S. Morikawa et al. / Journal of Clinical Virology 64 (2015) 59-63 61

2013 2014
week
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Family
c E sz = o o
11 1 T T I T T B I | 1 T I | 11 11
Ile EEEEE o ) T o+ )
[ I | [ T I R I A | 1 1 [ 1 M 11 1 1
| | £ ] 0 w [EEIT . A SR w g
I B | 11 1 11 1111 1 1 111 11 1111 111 1 1
L EE o E Yo EEEE
1] 11 1 1 11 1 1 1 1 1 11 111 11 1 11 1 111 1111 11 1111 1 11 1 1 1 1
o RN e o 2 [ri B + ]
11 1 1 1 1 1 1 11 1 1 1 11 1 1 1 1 11 1 | I I I N I Y NN N ) | I T T T T | 1 L1111
||| o o o s oallaea] | o O == A ] o cEw == a0 [ v [ |
T T T T N T T T T T T T T Y T 11 1 1 1 11 TR T T N T T T T T i A T I
|V@ ° e [ =]
1 1 11 1 11 1 [ 1 1 1 11 11 1 11 1 11
v e | |[GHCH 558! Ee ] m EEsfi] o
1 1 111 1 1 111 11 11 T T I I B 1 1 11
© hPeV © hCoVOC43 O PIV O EV/RVuntyped [ Period with symptoms
« RSV 4+ hCoV229E RV o EVe8 | sampling
A AdV 8 hCoVHKU1

Fig. 1. Relations between viruses detected in gargle specimens of 8 children and respiratory and/or systemic symptoms. Detected viruses are shown using the symbols noted
in the explanatory notes. Vertical lines indicate sampling time. The letters and numbers in rectangles indicate RV genotypes. Children C, G and I are three of four siblings. F

and L are a girl and her older brother.

real-time PCR methods was evaluated by detecting serial dilutions
of quantitated plasmids that contained each target DNA clone. For
detection of FluV A and B, we used the one-step real-time RT-PCR
method because of its increased sensitivity. Enteroviruses and rhi-
noviruses were genotyped by direct sequencing. Amplification of
the VP4/VP2 region of the enterovirus or rhinovirus for typing
was performed with semi-nested RT-PCR as previously described
[8]. The purified PCR products were subjected to direct sequenc-
ing with a BigDye Terminator v1.1 kit as per the manufacturer’s
instructions (Applied Biosystems, CA, USA). Sequence analysis was
performed using the DNADynamo program (Blue Tractor Software,
UK). Using MEGA5.2 (Tamura et al.,, 2011, Ver5.2.2), we employed
the neighbor-joining method [14] to construct phylogenetic trees
from the VP4/VP2 region (420nt) sequences retrieved from Gen-
Bank of prototype isolates of each rhinovirus type commonly used
in epidemiologic studies of human rhinoviruses [9-11] and new
types proposed previously [9,12,13]. Genotypes were assigned
on the basis of their clustering with known prototype reference
strains.

Table 2
Prevalence of respiratory viruses in gargle specimens of children.

4. Results

Four children were excluded because of insufficient sampling
frequency. For the asymptomatic condition, the criteria were the
absence of respiratory symptoms (cough, sniffle or sore throat) and
systemic symptoms (fever or rash) from one week before to two
days after sampling. Of the 286 samples, 200 were from children
who were asymptomatic (Fig. 1). When RNA was EV/RV positive
by real-time PCR but the viral VP4/VP2 region could not be ampli-
fied by semi-nested RT-PCR, we defined it as EV/RV untyped. The
threshold cycle (Ct.) of real-time PCR is a relative measure of the
concentration of the target in the PCR reaction. If the Ct. value of
the EV/RV real-time PCR test is high (over 36.0), the nucleic acids
cannot be amplified by the semi-nested PCR used for genotyping
(data not shown).

Of the 200 samples, 45 (22.5%) were real-time PCR positive. Four
of the 45 positive samples contained two viruses. The prevalence
of respiratory viruses among asymptomatic children varied from
9.1% (1/11) to 42.9% (15/35) and that in the symptomatic period

Family Child Age (years) Sex Total no. of sample Condition (n) Prevalence% (positive sample)
I C 9 M 24 Asymptomatic (19) 10.5(2)
Symptomatic (5) 20.0(1)
G 6 F 38 Asymptomatic (27) 14.8 (4)
Symptomatic (11) 18.2(2)
1 3 M 33 Asymptomatic (11) 9.1(1)
Symptomatic (22) 31.8(7)
1I L 6 M 44 Asymptomatic (35) 14.3 (5)
Symptomatic (9) 444 (4)
F 3 F 45 Asymptomatic (36) 25.0(9)
Symptomatic (9) 22.2(2)
111 B 4 M 48 Asymptomatic (35) 429 (15)
Symptomatic (13) 30.8 (4)
v D 3 M 27 Asymptomatic (20) 20.0 (4)
Symptomatic (7) 57.1(4)
\% H 5 F 27 Asymptomatic (19) 26.3(5)
Symptomatic (8) 37.5(3)
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Table 3
Detection of respiratory viruses in gargle specimens of children.

Virus Condition No. of detections(%)

Enterovirus 68 Asymptomatic 1(0.5)
Symptomatic 1(1.2)

Human rhinovirus A Asymptomatic 10 (5.0)
Symptomatic 10(11.6)

Human rhinovirus B Asymptomatic 2(1.0)

Symptomatic 0(0)

(
Human rhinovirus C Asymptomatic 8(4.0)
Symptomatic 2(2.3)
Human parechovirus Asymptomatic 8(4.0)
Symptomatic 2(2.3)
Human coronavirus HKU-1 Asymptomatic 1(0.5)
Symptomatic 0(0)
Human coronavirus 229 E Asymptomatic 3(1.5)
Symptomatic 2(2.3)
Human coronavirus 0C43 Asymptomatic 0(0)
Symptomatic 1(1.2)
Parainfluenza virus 2 Asymptomatic 0(0)
Symptomatic 1(1.2)
Parainfluenza virus 4 Asymptomatic 0(0)
Symptomatic 1(1.2)
RS virus Asymptomatic 0(0)
Symptomatic 2(2.3)
Adenovirus Asymptomatic 5(2.5)
Symptomatic 2(2.3)
EVRV untyped Asymptomatic 11(5.5)
Symptomatic 5(5.8)

ranged from 18.2% (2/11) to 57.1% (4/7) (Table 2). The most fre-
quently detected virus was RV genogroup A(RVA) (n=10) (Table 3).
EV/RV from 11 samples could not be genotyped. Two of the 4 sam-
ples with codetection contained RVC and adenovirus, one RVB and
adenovirus, and one EV/RV untyped and hCoV 229E.

Human PeV was detected in 8 samples. After hPeV was detected
ina sample from a symptomatic child, it was subsequently detected
for more than three weeks without any symptoms (Fig. 1, Child B).

In samples from symptomatic children, PIV, RSV and hCoV
0C43 were detected in addition to the viruses detected in those
from asymptomatic children (27/86; 31.4%). The most commonly
detected virus was RVA (10/27; 37.0%). Among the 27 samples, 2
contained PIV and RVA. FluV, hBoV and hMPV were not detected.

5. Discussion

Gargle specimens from 8 children were collected once a week
and the samples were subjected to real-time PCR to detect res-
piratory viruses. RVs and EV/RV untyped were the viruses most
frequently detected in samples from asymptomatic children. Cur-
rent diagnosis of respiratory infections is mainly done using PCR
methods. Due to their high sensitivity, it is difficult to determine
the exact explanation for positivity in individual participants (e.g.,
post-viral shedding, asymptomatic infection, or incubation before
symptomatic infection). We were able to clarify the active asymp-
tomatic infection by testing gargle specimens of the same children
once a week for one year.

RVs are most commonly isolated from persons experiencing
mild upper respiratory illness (common cold). Recent studies have
reported that those viruses are responsible for severe infections
of the lower respiratory tract in children. These viruses play a
critical role in exacerbating asthma and chronic lung diseases
[15,16]. However, most studies were conducted with symptomatic
patients. Few studies have investigated the existence of the viruses
in children without any respiratory symptoms [17,18]. One study
reported that, after the onset of symptomatic respiratory infection,
rhinovirus RNA may take a long time (5-6 weeks) to disappear from
nasal mucus [19]. In this study, the children who could gargle might
have been relatively older, but RVs were often detected in their

throats at a time without symptoms. It seems that RV infection is in
most cases asymptomatic or mild. As the sensitivity of the real-time
PCR was 100 copies, it can be assumed that the virus might have
replicated to some extend. The same RV genotype was detected in
two consecutive samples of a child and another RV genotype was
detected in the next sample. These findings suggest that RVs do
not exist in the upper respiratory tract for a long time even if a
child does not show symptoms which were probably the result of
interferon response to a virus multiplication.

HPeV was also detected in samples from asymptomatic children.
Recent studies have investigated the involvement of hPeVs in res-
piratory diseases, reporting a low frequency of detection and a lack
of clear disease association. In addition to a low hPeV prevalence
in respiratory samples, a high rate of coinfection with other respi-
ratory viruses has been observed in hPeV-positive samples [1,20].
With monthly sampling, hPeV was detected in the stools of 48% of
healthy Finnish infants by the age of 22 months [21]. In this study,
the duration of parechovirus shedding in gargle specimens was cal-
culated to be 3 weeks after the disappearance of the respiratory
symptoms.

On the other hand, for PIVs, RSV, and hCoV 0C43, which were
detected only when clinical symptoms were seen, it is thought that,
if these viruses grow in the airway, certain host reactions such as
respiratory symptoms or fever will be triggered [22-26].

FluV, hBoV, hMPV and hCoV NL63 were not detected during the
study period, probably because the children in this study did not
live in a viral epidemic area.

Since various viruses were detected in the children regardless
of their health condition, it might be speculated that the clinical
outcome of the respiratory viral infection is affected predomi-
nantly such as the function of immune system. Most respiratory
viruses infect the upper or lower airway and replicate in airway
epithelial cells. In patients with normal immunity, these viruses
are cleared immediately and it is generally thought that prolonged
infection is rare. Therefore these respiratory viruses must repeat
human-to-human transmission to continue to be present in the
human population. As PCR is a nucleic acid amplification method,
itremains unknown whether the respiratory viruses detected in the
specimens from asymptomatic children are infective or not. Respi-
ratory viral infection without any symptoms may play an important
role in the viral circulation in human populations.
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Background: Using the polymerase chain reaction (PCR) method it is possible to detect uncultivable viruses
and discover multiple viral infections. However, the clinical importance of these findings in relation to
symptoms is not known.
Objectives: The seasonal fluctuations of respiratory viruses and the clinical outcomes of single infections
and dual infections were investigated.
Study design: Nasal aspirate samples were obtained from outpatients and inpatients of a children’s hospi-
tal and these samples were subjected to real-time PCR to detect 16 respiratory viruses. Seasonal variations
of the 16 viruses and the clinical outcomes such as wheezing, the need for oxygenation and prolonged
hospitalization of patients with single viral infections and multiple infections were determined for the 5
most often detected viruses.
Results: Among 512 specimens analyzed, one or more viruses were detected in 424 (83%) specimens.
Two or more viruses were detected in 160 samples (31% of all samples). The epidemic peaks of the
viruses did not coincide with each other. Rhinoviruses were the most frequently detected viruses and
their coinfection rates were also higher. However, the disease severity in the lower respiratory tract did
not differ in most respiratory viral infections regardless of whether there was single infection or dual
infection with a rhinovirus and other respiratory virus.
Conclusions: Seasonal distribution was seen for each virus. There were no significant differences in clinical
symptoms in the children studied. Because the infection of rhinoviruses is the common occurrence in chil-
dren, it is hypothesized that the factors related to disease severity are mainly the underlying conditions
of the children.

© 2015 Elsevier B.V. All rights reserved.

1. Background

strong correlation between viral bronchiolitis in infants and wheez-
ing later in childhood [3]. However, most children show mild

Respiratory tract infections are frequently seen in children and a
significant number of these infections are caused by viral pathogens
[1,2]. Especially for infants, viral respiratory infections carry a high
risk for severe symptoms resulting in hospitalization. There is a

Abbreviations: PCR, polymerase chain reaction; RS virus, respiratory syncytial
virus.
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(T. Kase).
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1386-6532/© 2015 Elsevier B.V. All rights reserved.

symptoms during viral respiratory infections involving only the
nose and upper respiratory passages. Moreover, clinically useful
antivirals do not exist for most such viruses and it is thought that
for viral respiratory infections it is not necessary to examine the
pathogen.

Recently, nucleic acid amplification tests such as PCR are
increasingly being used to diagnose viral respiratory tract infec-
tions. Several studies have shown that most common respiratory
viruses have epidemic seasons in many areas [4,7]. PCR makes it
possible to detect uncultivable viruses such as human bocavirus
and rhinovirus C and discover concurrent viral infections. However,
the clinical importance of these findings with regard to symptoms is
not known. Some reports indicate that human “classical” subtypes
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Table 1
The monthly variation of viruses detected in nasal aspirates during the study period.
Virus? Month Total
2013-April May June July August September October November December 2014-January February March April n (%)
Parainfluenzavirus 1 0 0 4 4 2 1 3 0 1 0 0 0 1 16(3.1)
Parainfluenzavirus 2 0 0 0 1 0 0 0 0 0 0 0 0 0 1(0.2)
Parainfluenzavirus 3 5 17 9 6 2 0 0 0 0 0 0 0 2 41(8.0)
Parainfluenzavirus 4 0 0 1 3 8 2 0 0 0 0 0 0 0 14(2.7)
RSvirus 2 3 3 3 3 6 8 7 5 0 2 8 2 52(10.2)
human Metapneumovirus 3 4 1 5 2 0 0 0 0 1 14 21 17  68(13.3)
Enterovirus/Rhinovirus 6 27 21 24 13 15 19 22 20 5 13 16 18  219(42.8)
human Bocavirus 4 20 9 4 1 0 0 1 1 0 2 10 12 64(12.5)
human Parechovirus 0 2 0 2 3 3 3 3 2 0 1 0 0 19(3.7)
Adenovirus 2 15 10 6 4 2 5 9 10 3 4 6 10 86(16.8)
human Coronavirus 0C43 1 1 3 0 0 0 0 0 1 1 0 1 0 8(1.6)
human Coronavirus NL63 0 1 0 0 0 0 0 0 0 0 1 5 1 8(1.6)
human Coronavirus 229E 0 0 1 1 0 0 0 0 0 0 1 0 1 4(0.8)
human Coronavirus HKU-1 0 1 0 0 1 0 0 0 2 2 1 1 0 8(1.6)
Influenza virus type A 0 1 0 0o o0 0 0 1 0 2 5 2 0 11(2.1)
Influenza virus type B 0 1 1 0 0 0 0 0 1 0 2 1 6 12(2.3)
Total positive viruses 23 93 63 59 39 29 38 43 43 14 46 71 70 631
Enterovirus 0 3 1 1 3 5 4 3 2 1 2 0 25(4.9)
Rhinovirus A 6 15 7 20 7 10 9 5 9 4 2 11 8 113(22.1)
Rhinovirus B 0 1 2 0 0 0 1 0 1 0 1 1 8(1.6)
Rhinovirus C 0 7 7 3 3 0 5 14 9 0 9 4 10 71(13.9)
EV/RV Untyped 0 2 4 0o 1 0 0 1 0 0 0 0 0 8(1.6)
Samples with 1 virus 3 31 22 24 15 17 28 21 16 8 21 19 27  262(51.2)
Samples with 2 viruses 7 22 17 10 8 3 5 7 11 3 6 8 11 118(23.0)
Samples with 3 or more viruses 2 6 2 5 3 2 0 3 2 0 4 8 7 44(8.6)
Total samples 15 69 45 46 32 26 38 37 36 20 38 55 55  512(100)

RS virus, respiratory syncytial virus.
4 Multiple viruses included.

of coronavirus, 0C43, NL63, 229E and HKU-1, have low impacts on
respiratory health [8,9].

2. Objectives

In this study, separate real-time PCR assays were used to detect
16 respiratory viruses in nasal aspirates taken from pediatric
patients and we investigated the seasonal fluctuations of the res-
piratory viruses. We also compared the clinical outcomes such as
wheezing, the need for oxygenation and prolonged hospitalization,
for patients with single and multiple viral infections.

3. Study design
3.1. Patients and samples

From week seventeen 2013 to week sixteen 2014, nasal aspirate
samples were obtained from outpatients and inpatients of a chil-
dren’s hospital. Their symptoms were systematically recorded by
the attending physicians. Written informed consent was obtained
from the parents. Of the 513 samples obtained, 1 specimen was
excluded because of withdrawal of approval.

The median age of the patients was 1y (range 0-14 years). Age
groups were: 0 year 35.9% (n=184), 1 year 32.4% (n=166), 2 years
11.9% (n=61), 3years 7.2% (n=37), 4 years 5.6% (n=30), and >5
years 6.8% (n=35). The proportion of females was 41.4%.

3.2. Molecular analysis

Each sample was amplified using primers and probes specific
for each of the targets as previously described [10]. Briefly, nucleic
acids were extracted from 200 p.L specimens using the Magtration
System with a MagDEA viral DNA/RNA 200 kit (Precision System
Science Co., Ltd., Chiba, Japan) with a 50 p.L elution volume. RT reac-
tions were performed using a ReverTra Ace qPCR RT kit (Toyobo Co.,
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Ltd., Osaka, Japan) following the manufacturer’s instructions. The
cDNA was then amplified using Realtime PCR Master Mix (Toyobo)
with a total volume of 25 pL. The sensitivity of each of the real-
time PCR methods was reported previously [10]. Enteroviruses and
rhinoviruses were genotyped by direct sequencing. Amplification
of the VP4/VP2 region of the enterovirus or rhinovirus for typing
was performed with semi-nested RT-PCR as previously described
[11]. The purified PCR products were subjected to direct sequenc-
ing with a BigDye Terminator v1.1 kit as per the manufacturer’s
instructions (Applied Biosystems, CA, USA). Sequence analysis was
performed using the DNADynamo program (Blue Tractor Software,
UK). Using MEGAS5.2 (Tamura et al., 2011, Ver5.2.2), we employed
the neighbor-joining method [12] to construct phylogenetic trees
from the VP4/VP2 region (420 nt) sequences of prototype isolates
of each rhinovirus type commonly used in epidemiologic studies
of human rhinoviruses retrieved from GenBank [13-15] and new
types proposed previously [13,16,17]. Genotypes were assigned
on the basis of their clustering with known prototype reference
strains.

3.3. Statistics

The Kruskal-Wallis test, Mann-Whitney U-test and Fisher's
exact test were used for comparisons. For all analyses, a p-value of
less than 0.05 was considered significant. Statistical analysis was
performed using SPSS v16.0 (SPSS Inc., Tokyo, Japan).

4. Results
4.1. Real-time PCR detection

Among the 512 specimens analyzed, one or more viruses were
detected in 424 (83%) specimens (Table 1). Two or more viruses
were detected in 160 samples (31% of all samples). Only one
specimen included 5 distinct viruses (human metapneumovirus,
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Fig. 1. Monthly prevalences of detection of 19 respiratory viruses/serotypes by real-time PCR assay from week 17, 2013 to week 16, 2014. (percent positive).

Note that the scale on the vertical axis differs between viruses.

PIV, parainfluenza viruses; RS virus, respiratory syncytial virus; hMPV, human metapneumovirus; AdV, adenovirus; hPeV, human parechovirus, Flu A and B, influenzavirus

type A and type B;

CoV, coronavirus; hBoV, human bocavirus; RVA, rhinovirus A; RVB, rhinovirus B; RVC, rhinovirus C.

Coxsackievirus type B5, rhinovirus C, bocavirus and influenza virus
type A).

Rhinoviruses were found most often (n=192, 37.5% of all sam-
ples and 45.3% of positive samples) followed by adenoviruses
(n=86, 16.8% of all samples) and human metapneumovirus (n =68,
13.3%).

4.2. Seasonal distribution

Influenza virus types A and B were detected in the winter and
human metapneumovirus was detected during the spring months.
Human bocavirus and parainfluenza virus type 3 were found dur-
ing the spring and early summer. Parainfluenza virus type 1 and
parechovirus were detected mainly in the summer. The detection
of RS virus increased in the autumn.

Genetically conserved regions of both enteroviruses and rhi-
noviruses were detected by real-time PCR all year round with a
high proportion of positive samples. Genotyping revealed the pres-
ence of enteroviruses in the summer and a decrease in rhinovirus A
in the winter. On the other hand, rhinovirus C was detected in the
winter months. Adenoviruses were detected mainly in the summer
and winter (Fig. 1).

4.3. Multiple infections

Next, we evaluated the prevalence of multiple infections by the
viruses. For the human bocavirus, parechovirus and rhinoviruses A
and C, the rates of coinfection were high compared with other res-
piratory viruses. Rhinoviruses were the most frequently detected
viruses and their coinfection rates were also higher than those of
the other viruses. Therefore, we compared the clinical symptoms

caused by five types of viruses, adenoviruses, human bocavirus, RS
virus, parainfluenza virus type 3, and human metapneumovirus,
which were detected most often after rhinoviruses, and rhinovirus
single infections and symptoms in cases with dual infections
including rhinoviruses.

There was no significant difference between the number of days
of hospitalization caused by rhinoviruses and the other five viruses.
The number of days in the hospital of patients in whom RS virus
was detected was longer than that of patients infected with human
metapneumovirus (Table 2).

For the five viruses discussed above, we compared the number
of hospitalization days of the cases with single infections by the
each 5 viruses with those having dual infections with a rhinovirus
and those with dual infection with a virus other than a rhinovirus.
The number of days of hospitalization of the children with parain-
fluenza virus type 3 infection alone was shorter than for children
with paranfluenza virus and rhinovirus dual infection. On the other
hand, children with infection by human metapneumovirus alone
spent fewer days in the hospital than those with dual infections
by human metapneumovirus and a respiratory virus other than a
rhinovirus (Table 3).

We next compared the requirement for oxygenation and the
presence of wheezing of the children with single infections and dual
infections with a rhinovirus or other respiratory virus. The patients
with dual infections with an adenovirus and rhinovirus needed
significantly more oxygenation than those with an adenovirus
infection or dual infection with an adenovirus and other respiratory
virus. However, the severity of the lower respiratory tract disease
for which the requirement of oxygenation was assumed and the
presence of wheezing as an index did not differ among most res-
piratory viral infections, regardless of whether they were single
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Table 2
Asymptotic p-values of duration of hospitalization caused by single infection with each of six viruses.
PIV3 RSV hMPV hBoV AdV RV
No. of single detections (% of total) 15 (36.6) 26 (50) 37 (544) 12(18.8) 24(27.9) 98 (49.0)
Duration of hospitalization, median number of days 8 9 7 7.5 7.5 8
PIV3 0.310 0.576 0.901 0.930 0.864
RSV 0.048" 0.408 0.618 0.150
hMPV 0.661 0.440 0.599
hBoV 0.747 0.961
AdV 0.685
Mann-Whitney U test. asymptotic significance (2-tailed).
" p<0.05. No other significant between-group differences.
Table 3
Comparison of single and dual infections with and without rhinoviruses by duration of hospitalization.
PIV3 RSV hMPV hBoV Ad
Total number of detections 41 52 68 64 86
No. of single detections (% of total) 15 (36.6) 26 (50) 37 (54.4) 12 (18.8) 24 (27.9)
Duration of hospitalization, median no. of days 8 9 7 7.5 7.5
Dual detection with rhinovirus: No. (%) 6(14.6) 10(19.2) 7(10.3) 8(12.5) 18(20.9)
Duration of hospitalization, median no. of days 12 8 7 7.5 9
asymptotic significance (2-tailed) 0.030° 0.886 0.742 0.907 0.099
Dual detection with other respi. Virus: No. (%) 11(26.8) 9(17.3) 8(11.8) 21(32.8) 19(22.1)
Duration of hospitalization, median no. of days 8 9 10 9 9
asymptotic significance (2-tailed) 0.213 0.338 0.009° 0.384 0.094
Dual detection with rhinovirus vs. dual detection with other respiratory virus 0.245 0.432 0.144 0.431 0.939
Asymptotic significance (2-tailed)
Mann-Whitney U test.
" p<0.05. No other significant between-group differences.
Table 4
Correlations between coinfection with a rhinovirus or other respiratory virus and wheezing and oxygen treatment.
Outcome of interest Factors Wheezing Oxgen
p-values OR 95% CI p-values OR 95% Cl
PIV3 RV coinfection® 1.0000 1.25 0.10-15.11 0.1196 8.00 0.96-66.95
other virus coinfection® 0.4065 0.44 0.08-2.55 0.4065 229 0.39-13.33
RV coinfection vs. other virus coinfection 0.6000 2.86 0.24-33.90 0.3348 3.50 0.43-28.45
RSV RV coinfection 1.0000 0.86 0.17-4.28 0.1186 5.14 0.71-37.15
other virus coinfection 0.6936 0.74 0.14-3.78 0.0946 6.00 0.81-44.35
RV coinfection vs. other virus coinfection 1.0000 1.17 0.17-8.09 1.0000 0.86 0.12-5.94
hMPV RV coinfection 0.6746 0.64 0.12-3.32 0.5934 2.07 0.32-13.25
other virus coinfection 1.0000 1.44 0.25-8.22 0.3262 3.10 0.58-16.59
RV coinfection vs. other virus coinfection 0.6084 0.44 0.05-3.98 1.0000 0.67 0.08-5.88
BoV RV coinfection 1.0000 1.19 0.19-7.46 1.0000 1.20 0.19-7.77
other virus coinfection 0.4334 229 0.50-10.50 0.6905 0.63 0.13-2.99
RV coinfection vs. other virus coinfection 0.6460 0.52 0.09-2.99 0.6460 1.92 0.33-11.03
AdV RV coinfection 0.1038 3.57 0.81-15.71 0.0114° 5.97 1.52-23.43
other virus coinfection 0.1991 2.68 0.68-10.53 0.4947 1.75 0.44-6.98
RV coinfection vs. other virus coinfection 1.0000 133 0.25-7.01 0.1031 3.40 0.88-13.19
RVA vs. RVB 0.6258 0.58 0.07-4.43 1.0000 0.45 0.02-9.02
RVA vs. RVC 0.6633 1.28 0.54-3.05 0.4626 1.49 0.56-3.95
RVB vs. RVC 0.5868 223 0.28-17.61 0.5588 3.29 0.16-65.92

3 p<0.05. No other significant between-group differences.
b single infection vs. dual infection with a rhinovirus (RV).

¢ single infection vs. dual infection with respiratory viruses other than rhinoviruses.

d comparison of clinical severity of single infections by rhinoviral genogroups.

infections or dual ones with arhinovirus and other respiratory virus
(Table 4).

5. Discussion

In this study, separate real-time PCR assays were used to detect
12 RNA viruses and two DNA viruses, and real-time reverse tran-
scription (RT) PCR was used to detect influenza viruses A and B.
Of the 512 samples analyzed, 424 were positive 1 virus or more.
The overall viral detection rate was 83%, which was much higher
than in similar past reports [5-7,18]. The reason may be that our

method had many detection targets. Furthermore, the higher detec-
tion rates among young children likely correspond to the higher
incidence of viral respiratory tract infections in children, although
other factors such as pre-existing immunity might also have played
arole [4]. Since the specimens from children aged 1 year or younger
accounted for 68% of those studied, it is considered that the rate of
viral detection and the rate of concurrent infections became higher
than in past reference data. The largest number of viruses detected
in one sample was 5 in the nasal aspirate from a 9-month-old girl.
When comparing the number of viruses detected per specimen,
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it was found that the specimens from younger patients tended to
include more than one virus (data not shown).

Seasonal distribution was seen for each virus. The epidemic peak
of each virus was about the same as in another report from Japan
[19]. Seasonal influenza virus type A migrates globally between
epidemics and is reintroduced every winter season in temperate
climates [20], although the underlying cause of the seasonality
of the other respiratory viruses remains unknown. It has been
suggested that rhinovirus infections could reduce subsequent RS
virus and influenza virus type A infections by inducing an inter-
feron response, thereby creating an undesirable environment for
these viruses [21,22]. In this study, the peaks for the various viral
epidemics did not coincide. Thus, it is thought that some kind
of interference by viruses may influence epidemics of respiratory
viruses.

In this study, human rhinoviruses were the most common
viruses. Rhinoviruses are thought to be mainly associated with
the common cold, causing mild respiratory symptoms [23]. These
viruses are classified into three species and divided into more than
160 serotypes or genotypes. Thus they are among the mostly com-
monly detected viruses in respiratory specimens of children [10].
However, recent reports suggest that rhinovirus infections may
induce and/or exacerbate asthma and be responsible for lower res-
piratory tract infections with severe symptoms [24,25].

Based on the sequence data, rhinovirus C was detected mainly in
the winter, whereas rhinovirus A was detected all year round, with
a high proportion of positive samples in June (44% of the samples).
Although rhinovirus B was detected, its seasonality was not clear.
However, it became clear that there was a difference in the epi-
demic seasons of rhinoviruses A and C. Furthermore, the detected
rhinoviruses consisted of 32 genotypes of group A, 5 genotypes
of group B and 21 genotypes of group C, suggesting that multiple
genotypes were brought into the area and that epidemics of some
of them might occur at the same time (Supplementary Table 1).
Rhinovirus A consists of 80 serotypes and B consists of 32 types,
including genotypes, and there are now 55 rhinovirus C genotypes
proposed [17]. It is not clear whether the genotypes of the rhi-
noviruses detected in this study cause severe illness.

We also compared the clinical symptoms of single infections and
dual infections by rhinoviruses and other respiratory viruses of the
children infected by one of the five most commonly detected res-
piratory viruses. The results revealed that there were no significant
differences in the number of days of hospitalization, the neces-
sity for oxygen inhalation or the existence of wheezing between
the children with single infections and those with dual infections.
In former reports that evaluated the impacts of rhinoviruses on
lower respiratory infections, there were only marginal differences
between the different rhinovirus groups and between single rhi-
novirus infection and rhinovirus coinfection [26,27]. Though there
was no significant difference in the number of hospitalization days
of patients with single infections by rhinoviruses or other respira-
tory viruses, our data suggested the importance of rhinoviruses as a
potential cause of pediatric pneumonia. Recently, our group evalu-
ated the prevalence of rhinovirus infections among asymptomatic
children [10]. Rhinoviruses were often detected in their throats
at a time without any symptoms. Since rhinoviruses do not exist
in the upper respiratory tract for a long time even if a child does
not show symptoms, these were “active” asymptomatic infections
rather than persistent infections.

In conclusion, rhinoviruses are causative agents of various con-
ditions ranging from asymptomatic infection to lower respiratory
tract infection and pneumonia. Rhinovirus coinfection with other
respiratory viruses is not responsible for more severe symptoms,
so it is hypothesized that the factors related to disease severity are
mainly the underlying conditions of the children.
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RSV infection

In the winter influenza epidemic season, patients with respiratory illnesses including respiratory syncytial virus (RSV)
infections increase among young children. Therefore, we evaluated the effectiveness of influenza vaccine against
influenza-like illness (ILI) using a technique to identify outbreaks of RSV infection and to distinguish those patients from
ILI patients. The study subjects were 101 children aged 12 to 84 months attending nursery school. We classified the
cases into 6 levels based on the definitions of ILI for outcomes. We established observation periods according to
information obtained from regional surveillance and rapid diagnostic tests among children. Multivariate odds ratios
(ORs) for each case classification were obtained using a logistic regression model for each observation period. For the
entire observation period, ORs for cases with fever plus respiratory symptoms were reduced marginally significantly. For
the local influenza epidemic period, only the OR for the most serious cases was significantly decreased (0.20 [95%Cl:
0.04-0.94]). During the influenza outbreak among the nursery school children, multivariate ORs for fever plus respiratory
symptoms decreased significantly (> 38.0°C plus > one symptoms: 0.23 [0.06-0.91), > 38.0°C plus > 2 symptoms: 0.21
[0.05-0.85], > 39.0°C plus > one symptoms: 0.18 [0.04-0.93] and > 39.0°C plus > 2 symptoms: 0.16 [0.03-0.87]). These
results suggest that confining observation to the peak influenza epidemic period and adoption of a strict case
classification system can minimize outcome misclassification when evaluating the effectiveness of influenza vaccine
against ILI, even if influenza and RSV cocirculate in the same season.

RESEARCH PAPER

Introduction

Annual morbidity associated with influenza is highest among
young children, for whom the rate of hospitalization has been
estimated to be 1 per 1000 children aged under 5 years." There-
fore, many studies have investigated the efficacy of influenza vac-
cines among young children.> ' However, the results of these
studies were not consistent because influenza epidemics vary a
great deal depending on the time, place and population.''
Accordingly, confining the subjects to true influenza patients is a
key point for minimizing outcome misclassification.

In the winter, there are doubts about whether ILI patients
have influenza because the infectious seasons of influenza and
other respiratory viruses overlap, compounding the clinical diffi-
culty in distinguishing these illnesses.

Respiratory syncytial virus (RSV) infection is a typical respira-

tory tract infection among young children in the winter,'*"*
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although the number of patients with RSV infection is smaller
than that of influenza patients. However, outbreaks often occur
among communal populations in households, nursery schools
15-18 Therefore, detection of an outbreak
among a specific population is difficult using only information
obtained from a regional surveillance system. When the effective-
ness of influenza vaccine against ILI is evaluated in an epidemio-

and inpatient facilities.

logical study, it is critically important to differentiate patients
with RSV infection from ILI patients in the influenza epidemic
period.

On the basis of virus isolation data, respiratory viruses from
ILI patients had been shown a characteristic seasonal pattern
where the peaks of the influenza virus and RSV were distinct
from each other."” However, some overlap of endemicity have
been clearly demonstrated by nucleic acid-based diagnostic meth-
ods in the influenza season.?®?? Therefore, to correctly assess the
effectiveness of influenza vaccine, it is critical to exclude RSV

Human Vaccines & Immunotherapeutics 545
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patients. It took some years to come to this conclusion because
above key finding was reported during recent years.

The nursery school children studied here were a suitable
cohort to verify the effectiveness of influenza vaccine because
their chances for exposure to influenza viruses were relatively
homogeneous. Additionally, they were always under observation
by school nurses or their guardians, so there was a greater likeli-
hood that their illness could be determined precisely.

Accordingly, we evaluated effectiveness of influenza vaccine
against ILI in a season with cocirculating RSV among nursery
school children using collected 2006-07 influenza season. In this
study, we attempted to minimize outcome misclassification
caused by ambiguous definition of the influenza epidemic period
and case classification by using regional surveillance information
and rapid diagnostic tests of the nursery school children.

Results

The subjects available for analysis were 101 children (45 chil-
dren who were vaccinated twice, and 56 children who were not
vaccinated). Ten children who were vaccinated once were
excluded. The characteristics of vaccinees and nonvaccinees are
compared in Table 1. Males were more frequent in the vacci-
nated group and the mean of age in months was higher in the
unvaccinated group; however, there were no significant differen-
ces among these variables between vaccinees and nonvaccinees.
Children who had asthma as an underlying illness, were vacci-
nated during the previous season, had a smoker in the family and
had a vaccinated family were significantly more numerous in the
vaccinated group. The children who slept longer and had more
floor space per person were also more numerous in the vaccinated
group. On the other hand, the number of family members was
higher with marginal significance in the unvaccinated group.

Table 1. Baseline characteristics of vaccinees and nonvaccinees

The effectiveness of the vaccine for each outcome indicator
during the entire observation period is shown in Table 2. In mul-
tivariate analysis, ORs for FaS, FaSS, FbS and FbSS were
decreased, but not significance. For case definitions of ILI see
Materials and Methods.

The effectiveness of the vaccine during the outbreak of RSV
infection among the nursery schoolchildren is shown in Table 3.
There were no significant decreases in ORs for any of the out-
come indicators in either univariate or multivariate analysis.

The effectiveness of the vaccine during the local influenza epi-
demic period is shown in Table 4. The multivariate analysis
revealed that vaccination was effective at preventing; FaSS and
FbS with at least marginal significance (FaSS: 0.25 [0.06-1.01]
and FbS: 0.22 [0.05-1.00]); however, the OR for FbSS, which
was the most serious case classification among the outcome indi-
cators, showed a significant decrease [0.20 (0.04-0.94]. More-
over, univariate and multivariate ORs for the outcome indicators
were all less than 1. The point estimates for the defined levels of
fever (38.0°C and 39.0°C), decreased gradually as the outcome
classifications became more serious (Fa: 0.64, FaS: 0.31, FaSS:
0.25; or Fb: 0.53, FbS: 0.22, FbSS: 0.20). Additionally, when Fa
and Fb, FaS and FbS, and FaSS and FbSS were compared, all
point estimates decreased in the cases with higher fever levels.

Table 5 shows the effectiveness of the vaccine during the
influenza outbreak among the nursery school children. The mul-
tivariate ORs for all outcome indicators were lower than the ORs
in the other periods (Tables 2—4), and the ORs for FaS, FaSS,
FbS and FbSS reached statistically significant levels (FaS: 0.23
[0.06-0.91]; FaSS: 0.21 [0.05-0.85]); FbS: 0.18 [0.04-0.93]; and
FbSS: 0.16 [0.03-0.87]). For the local influenza epidemic period
(Table 4), these point estimates for each defined level of fever
(38.0°C and 39.0°C) also decreased gradually as the outcome
classification level increased. All point estimates for outcome
indicators decreased in the higher fever level. In multivariate
analysis, it was found that the ORs for all outcome indicators

Characteristics Vaccinee (N=45) Nonvaccinee (N=56) P value'
Sex (male) 29 (64) 28 (50) 0.146
Age (months) 55.0 (17.5-81.2) 58.6 (12.5-81.1) 0.710
Current body weight (kg) 16.8 (11.0-23.4) 17 (10.7-26.0) 0.940
Underlying iliness

any disease 18 (40) 15 (27) 0.159
asthma 13 (29) 4(7) 0.004
allergy 13 (29) 11 (20) 0.278
Influenza vaccination in previous season (2005-2006) 35(78) 7(13) <0.001

Medical office visit within 6 months for cold-like illness 30(67) 37 (66) 0.950
Past history of hospitalization 12 (27) 25 (27) 0.950
Sleeping hours 10.0 (8.0-11.0) 9.0 (7.0-11.0) 0.012
Influenza vaccination of family members 36 (80) 21 (38) <0.001

Number of family members 4 (3-8) 4.5 (2-8) 0.075
Number of siblings 2(1-4) 2(1-4) 0.337
Room space per person (m?) 21.7 (7.03-49.5) 14.7 (6.25-47.0) 0.019
Presence of smoker in the family 34 (76) 31 (55) 0.035

Values are expressed as median (range) or number (%), unless otherwise indicated.

'Chi-square test or Wilcoxon rank sum test employed where appropriate.
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Table 2. Odds ratios of 2006-07 influenza vaccination for outcomes during the entire study period (weeks 1 through 15 of 2007).

Number (%) Univariate Multivariate’
outcomes Vaccinee (N=45) Nonvaccinee (N=56) OR (95%(Cl) P value OR (95%(ClI) P value
Fa 21(47) 7 (66) 0.45 (0.20-1.01) 0.052 1.02 (0.25-4.26) 0.974
FaS 9(42) 6 (64) 0.41 (0.18-0.91) 0.028 0.291 (0.072-1.143) 0.0762
Fass 8 (40) 3 (59) 0.47 (0.21-1.03) 0.060 0.289 (0.069-1.142) 0.0761
Fb 6 (36) 23 (41) 0.79 (0.35-1.78) 0.572 0.82 (0.22-2.98) 0.758
FbS 3(29) 3 (41) 0.58 (0.25-1.35) 0.206 0.285 (0.070-1.141) 0.0759
FbSS 2 (27) 3(41) 0.52 (0.22-1.23) 0.133 0.286 (0.070-1.140) 0.0758

Note: OR: odds ratio, Cl: confidence interval, Fa: fever >38.0°C alone, FaS: Fa plus > one respiratory symptoms (rhinorrhea, cough and/or sore throat), FaSS:
Fa plus > 2 respiratory symptoms, Fb: >39.0°C alone, FbS: Fb plus > one respiratory symptoms, FbSS: Fb plus > 2 respiratory symptoms.
'Adjusted for age, sex, influenza vaccination of family members, asthma, sleeping hours, number of family members, presence of smoker in the family,

2005-2006 influenza vaccination, room space per person.

decreased more than with univariate analysis. After adjustment
for potential confounders, multivariate analysis showed a 68%
([1-0.16]/[1-0.50]) increase in the efficacy for preventing FbSS
as compared to univariate analysis (Table 5).

Discussion

The entire period (weeks 1-15 of 2007: January 1-April 14) of
this study is generally the epidemic season for influenza in Japan,
therefore ILI patients increased among the study subjects from
the beginning of the observation period. However, ORs for FaS,
FaSS, FbS and FbSS were decreased, but not significantly
throughout the entire period. This might have been because the
presence of patients having respiratory infection due to non-
influenza illnesses might have led to underestimation of the effec-
tiveness of the vaccine.

According to the distribution of ILI patients in the nursery
school (Fig. 1B), there were patients who were RSV positive
from the first week through the fifth week. At the same time, a
small RSV epidemic was detected by using regional surveillance
information during the period in Fukuoka prefecture. Therefore,
it is possible that the outbreak of RSV infection might have over-
lapped the influenza epidemic in this period (weeks 1-5) among
the study subjects. There was no significant reduction in the ORs
of any outcome indicators in the RSV infection outbreak period
(weeks 1-5: January 1-February 3) among the nursery school chil-
dren, perhaps because ILI patients among the study subjects
might not have had influenza in this period.

In the multivariate analysis, only the OR for FbSS, which was
the most severe outcome level, significantly decreased in the local
influenza epidemic period (weeks 6-14: February 4-April 7). The
following interpretations could explain this result. First, the
observation period was limited to the local influenza epidemic
period by the use of regional surveillance information. Therefore
patients with RSV infection might have been congregated with
the ILI patients. However, it is highly probable that this would
have occurred in any case because this period was immediately
after the outbreak of RSV infection (weeks 5-8) among the study
subjects. RSV infection might be severe among infants aged < 1
year, but the fever and respiratory symptoms are usually mild.*®
Therefore, adoption of rigorous outcome classification levels
could decrease the congregation of patients having RSV infection
with ILI patients (Fig. 1B). Consequently, the OR for FbSS, the
most severe level, might have significantly decreased.

In the analysis during the influenza outbreak among the nurs-
ery school children (weeks 10-14: March 4-April 7), multivariate
analysis revealed that vaccination was effective at preventing FaS,
FaSS, FbS and FbSS. The effectiveness of the vaccine for FbSS,
compared with result of the local influenza epidemic period,
increased by 5% ([1-0.16])/([1-0.20]). The distribution of ILI
patients with detected influenza virus among the study subjects
was consistent with this observation period (weeks 8-15). There-
fore this period appears to have been the influenza outbreak
period among the study subjects. Consequently, the outcome
misclassification could be minimized because ILI patients in this
period were more likely to have true influenza. However,

Table 3. Odds ratios of 2006-07 influenza vaccination for outcomes during RSV infection epidemic period at nursery school (weeks 1 through 5 of 2007).

Number (%) Univariate Multivariate'
outcomes Vaccinee (N=45) Nonvaccinee (N=56) OR (95%Cl) P value OR (95%Cl) P value
Fa 11 (24) 18 (32) 0.68 (0.28-1.65) 0.397 0.65 (0.14-2.91) 0.570
FasS 10 (22) 16 (29) 0.71 (0.29-1.78) 0.469 0.53 (0.11-2.55) 0.432
FaSs 10 (22) 12 (21) 1.05(0.41-2.71) 0.923 0.82 (0.17-4.05) 0.805
Fb 6(13) 9(16) 0.80 (0.26-2.46) 0.701 1.25 (0.20-7.64) 0.813
FbS 5011 6(16) 0.65 (0.20-2.11) 0476 0.65 (0.10-4.32) 0.660
FbSS 5(11) 8(14) 0.75 (0.23-2.47) 0.637 0.57 (0.08-3.91) 0.566
Note: same as Table 2.
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Table 4 Odds ratios of 2006-07 influenza vaccination for outcomes during influenza epidemic period in Fukuoka prefecture (weeks 6 through 14 of 2007).

outcomes Number (%) Univariate Multivariate’
Vaccinee (N=45) Nonvaccinee (N=56) OR (95%(Cl) P value OR (95%(Cl) P value

Fa 15 (33) 30 (54) 0.43 (0.19-0.98) 0.044 0.64 (0.17-2.40) 0.504
FasS 13 (29) 30 (54) 0.35(0.15-0.81) 0.014 0.31 (0.08-1.19) 0.089
FassS 11 (24) 26 (46) 0.37 (0.16-0.88) 0.025 0.25 (0.06-1.01) 0.051
Fb 12(27) 18 (32) 0.77 (0.32-1.83) 0.549 0.53 (0.13-2.11) 0.367
FbS 10 (22) 18 (32) 0.60 (0.25-1.48) 0.271 0.22 (0.05-1.00) 0.050
FbSS 8(18) 17 (30) 0.50 (0.19-1.29) 0.149 0.20 (0.04-0.94) 0.041

Note: same as Table 2.

multivariate ORs for Fa and Fb, outcome classifications with
only a fever, did not significantly decrease. These results indicated
that a fever without respiratory symptoms might not be a symp-
tom of influenza. On the other hand, even if the outcome was
fever only, the point estimates in this period were lower than
those in other observation periods. The reason for this may have
been that the patients who had only a fever were likely to mix
with true influenza patients during the peak influenza epidemic
period. Moreover, the point estimates gradually decreased in the
order Fa, FaS and FaSS or Fb, FbS and FbSS in the multivariate
analysis, as with the results for the local influenza epidemic
period. In addition, their 95%ClIs gradually became narrower.
These results indicated that following procedures such as deter-
mining the peak of the influenza epidemic, adopting a rigorous
outcome classification system and adjusting potential confound-
ers could minimize outcome misclassification.

The number of patients affected by RSV, which causes lower
respiratory tract infection, was comparatively small, even in the
RSV epidemic period. However, numerous outbreaks of RSV
infection are reported among communal populations such as
families, hospitalized children and elderly people in nursing
homes. Thus, it is possible that RSV infection is masked by influ-
enza infection in many patients. Therefore, it might be difficult
to identify outbreaks of RSV infection among certain popula-
tions by using only regional surveillance information.

In this study, we used information about not only influenza
but also RSV infection obtained from regional surveillance to
identify the outbreak of influenza among the study subjects.
Additionally, pathogen detection was performed using rapid

diagnostic tests for some of the subjects. Therefore, we were able
to detect the outbreak of RSV infection in the nursery school.
Consequently, the main observation could be limited to the peak
influenza epidemic period. Furthermore, adoption of the rigor-
ous case classification system made it possible to minimize out-
come misclassification of patients with RSV infection as
influenza patients, even if the influenza epidemic overlapped the
circulation of RSV.

In our study, we found that the effectiveness of the vaccine
was higher than that reported in a previous study that evaluated
inactivated influenza vaccine among young children.”* In the
previous study, since the subjects were recruited from several dif-
ferent areas of Japan, the definition of the peak epidemic period
of influenza might not have been optimal. Considering our
results, if the observations of the previous study were limited to
the optimal peak epidemic period of influenza among the study
subjects, the effectiveness of the vaccine might have been found
to be higher. However, on a critical review and re-analysis of 15
meta-data, parenteral inactivated influenza vaccine efficacy or
effectiveness against children remains scarce.”> Therefore, stan-
dard setting about various points as follows may be required.

Influenza epidemics follow different patterns depending on
the time, place, and population.'" According to this principle,
analysis in the same epidemic season, in the same area and among
a homogeneous population for exposure to influenza could be the
key to evaluating the effectiveness influenza vaccine correctly.
Moreover, the following procedures are essential to minimize the
effect of outcome misclassification in field trials of influenza vac-
cine effectiveness.?®2® First, all study subjects should be followed

Table 5 Odds ratios of 2006-07 influenza vaccination for each outcome during influenza outbreak period at the nursery school (weeks 10 through 14 of

2007).
outcomes Number (%) Univariate Multivariate'
Vaccinee (N=45) Nonvaccinee (N=56) OR (95%Cl) P value OR (95%Cl) P value
Fa 13 (29) 29 (52) 0.38 (0.17-0.87) 0.022 0.39(0.11-1.42) 0.152
FaS 12 (27) 28 (50) 0.36 (0.16-0.85) 0.019 0.23 (0.06-0.91) 0.036
FaSS 10 (22) 25 (45) 0.35 (0.15-0.85) 0.021 0.21 (0.05-0.85) 0.029
Fb 10 (22) 16 (29) 0.71 (0.29-1.78) 0.470 0.32(0.07-1.48) 0.145
FbS 9 (20) 16 (29) 0.63 (0.25-1.59) 0323 0.18 (0.04-0.93) 0.041
FbSS 7(16) 15 (27) 0.50 (0.19-1.37) 0.179 0.16 (0.03-0.87) 0.033
Note: same as Table 2.
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with equal intensity. Sec-
ond, the influenza epidemic
should be relatively large.
Third, the circulating influ-
enza viruses should antigen-
ically match the vaccine
strains. In this study,
parents or guardians col-
lected information on the
children’s body tempera-
tures and symptoms each
week during the entire fol-
low-up period using a ques-
tionnaire, so all subjects
were followed with almost
equal intensity. In addition,
all  the subjects were
recruited from a single
nursery school, so their
exposure to influenza might
have been homogeneous.
There was a relatively large
epidemic of influenza that
exceeded 60 patients per
sentinel hospital in the peak
epidemic period in
Fukuoka prefecture during
the 2006-07 influenza sea-
son. Furthermore type A
H3N2 and type B were
mainly cocirculatiing dur-
ing this season, and these
strains matched the vaccine
strains.

These results suggested
that confining observation
to the peak influenza epi-
demic period and adoption
of rigorous case definitions
were both essential techni-
ques to minimize outcome
misclassification for analysis
of the effectiveness of influ-
enza vaccine against ILI
under these advantageous
conditions in for a field trial
of influenza vaccine.

We detected high effec-
tiveness of the influenza
vaccine among  nursery
school children during the
epidemic  season  when
influenza cocirculated with
RSV infection, which is
difficult  to  distinguish
from influenza. We
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Figure 1. (A) Numbers of patients with influenza and RSV infections reported weekly from sentinel hospitals in
Fukuoka Prefecture. (B) The cumulative total numbers of patients among the nursery school children classified by
the case definitions (Fa: >38.0°C alone, FaSS: Fa plus >2 respiratory symptoms, Fb: > 39.0°C alone FbSS: Fb plus >2
respiratory symptoms). Positive cases confirmed by rapid diagnostic tests for influenza virus and RSV among patients
>37.5°C are shown as influenza virus:A and RSV:o. Four observational periods were defined as follows: period 1,
from weeks 1 through 15 of 2007 (the entire observation period); period 2, from weeks 1 through 5 (the period of
the outbreak of RSV infection among the nursery school children); period 3, from weeks 6 through 14 (the period of
the influenza epidemic in Fukuoka Prefecture); and period 4, from weeks 10 through 14 (the period of the outbreak
of influenza among the nursery school children).
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succeeded in minimizing outcome misclassification by using
special techniques to identify the peak of the influenza epidemic
and by adopting a rigorous case classification system. These
methods can generally be applied to evaluation of the efficacy of
the influenza vaccine for ILI

When ILI is used as the study outcome, it is less specific for
influenza than laboratory confirmation. Nevertheless, as an out-
come indicator it is more useful in actual field trials. Laboratory
confirmation is normally expensive, especially in developing
countries. In this study, we used both information obtained from
regional surveillance and the distribution of patients in the nurs-
ery school. Detection of pathogens was conducted by using rapid
diagnostic tests for influenza and RSV among some patients. Fur-
thermore, adoption of a rigorous case classification system
enabled us to differentiate patients with RSV infection from
those with ILI patients during the influenza epidemic. Conse-
quently, the effectiveness of the vaccine during the influenza out-
break in the nursery school approximated that among patients
with true influenza.

Limitations

The sample size was small in this study. However, the point
estimates for all outcomes during the period of the influenza epi-
demic were consistently less than 1, with a narrow 95% CI.
Therefore, we considered that the reliability of results was main-
tained. The effects of potential confounders were taken into con-
sideration in multvariate analysis in this study. Variables
associated with potential confounders besides the age in months
and gender among the young children were included in the model
for adjustment. However, the possibility of residual confounders
cannot be denied. In addition, the disease investigation among
study subjects was conducted by their parents and guardians. This
enabled us to follow all the study subjects with equal intensity, but
disease misclassification might have occurred. However, this is a
nondifferential misclassification. If there were such a misclassifica-
tion, it would be underestimated in the results.

Materials and methods

Study subjects

The study subjects were 111 children (45 who were vaccinated
twice, 10 who were vaccinated once, and 56 who had not been
vaccinated) aged 12 to 84 months, recruited from Shin Yoshi-
tomi nursery school, Koge-machi, Fukuoka Prefecture. In Japan,
vaccination of seasonal inactivated influenza vaccine has been rec-
ommended 2 doses from children aged between 6 months to
12 years due to the relatively weak immune response toward the
vaccine. Among 111 subjects, 10 children fail to have 2-dose vac-
cination. For the critical analysis of the influenza vaccine efficacy,
we focused on the 2-dose population. Thus, one-dose subjects
(10 children), were excluded from the final sample. Finally, the
analysis subjects comprised 101 children. The twice-vaccinated
subjects had received commercially obtained 2006-07 trivalent
inactivated influenza vaccine with an interval of at least 2 weeks
between the 2 vaccinations in each clinic during November 4 to
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December 24, 2006. Each vaccination was given at the then rec-
ommended dose (0.2 mL for children aged 12 months to <72
months and 0.3 mL for age >72 months). The vaccine contained
A/ New Caledonia/ 20/ 99 (HIN1), A/ Hiroshima/ 52/ 2005
(H3N2) and B/ Malaysia/ 2506/ 2004, 30 g of hemagglutinin
per 1 mL from each strain. Informed consent was obtained from
the parent or guardian of each subject. The study was conducted
with the approval of the Ethics Committee of the Graduate
School of Medicine, Osaka City University.

Information collection

At the time of enrollment, the following information was col-
lected as continuous data by means of a self-administered ques-
tionnaire given to each child’s parent or guardian: gender, age in
months, body weight, hours of sleep per day, number of family
members, number of siblings and floor area of residence. As cate-
gorical data, underlying disease, the history of influenza vaccina-
ton in the preceding season, history of medical examination for
cold-like symptoms during the previous 6 months, history of hos-
pitalization, influenza vaccination of family members (in the
2006-07 season) and smoking by family members was ascertained.

As a follow-up survey, information about the following was col-
lected by means of a weekly self-administered questionnaire from
each child’s parent or guardian: fever, cough, rhinorrhea, sore
throat, joint pain and chills. The follow-up period was January 1 to
April 14, 2007 (15 weeks). This information was submitted every
week to the nursery school by the children’s parents or guardians.

The epidemic in Fukuoka prefecture and the outbreaks in the
nursery school of influenza and RSV infection.

Influenza epidemics normally occur from early January to
mid-April in Japan. ILI patients were found at the nursery school
from the first week (Jan. 1-6) that the observation started. At the
time of starting observation, a small outbreak of RSV infection
was confirmed at the same time as an influenza epidemic by the
regional surveillance system in Fukuoka Prefecture. Therefore,
for viral surveillance of ILI patients at the nursery school, when a
subject developed temperature of >37.5°C, the school nurse col-
lected nasal discharge from the subject.

Pathogen detection from collected samples was conducted
using rapid diagnostic tests for influenza virus, RSV and adenovi-
rus at the Osaka Prefectural Institute of Public Health. In
Fukuoka prefecture, the number of patients with RSV infection
reported weekly by the sentinel hospitals (Fig. 1A) reached a
peak in the second week of 2007 (1.4 patients) and then gradu-
ally declined until week 15. On the other hand, the number of
influenza patients exceeded 10 patients weekly as reported by the
sentinel hospitals from the sixth week. The peak number was
found in week 11 (60.1 patients). Thereafter, the number of
influenza patients decreased rapidly, becoming less than 10
patients per sentinel hospital in week 15. The weekly occurrence
of ILI patients at the nursery school is illustrated in Figure 1B.
There were 2 peaks of the occurrence of ILI patients, in week 3
and week 13, approximately corresponding to a small peak of
RSV infection and the peak of the influenza, respectively, in
Fukuoka prefecture. Additionally, in the nursery school children,
RSV was detected in 5 patients from the second through the fifth
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weeks and influenza virus was detected in 2 patients in weeks 12
and 13 by rapid diagnostic tests (Fig. 1B).

Analysis

We classified the cases into 6 levels of ILI for outcomes: (1)
Fa: fever > 38.0°C alone, (2) FaS: Fa plus > one respiratory
symptoms (rhinorrhea, cough and/or sore throat), (3) FaSS: Fa
plus > 2 respiratory symptoms, (4) Fb: fever > 39.0°C alone,
(5) FbS: Fb plus > one respiratory symptoms, (6) FbSS: Fb plus
> 2 respiratory symptoms.

Four observation periods were set up (Fig. 1). (1) The entire
observation period (weeks 1-15 of 2007: January 1-April 14), (2)
The RSV infection outbreak period among the nursery school
children: the period during which there were >5 FaSS patients
and RSV was detected from these patients by using a rapid diag-
nostic test at the nursery school (weeks 1-5: January 1-February
3), (3) the local influenza epidemic period during which >10
influenza patients were reported weekly by the sentinel hospitals
in Fukuoka Prefecture (weeks 6-14: February 4-April 7), and (4)
the influenza outbreak period among the nursery school children,
during which there were >5 FaSS$ patients and influenza virus
was detected in these patients by using a rapid diagnostic test at
the nursery school (weeks 10-14: March 4-April 7). Furthermore,
the total cumulative number of FaSS patients was assessed each
week.

To compare the characteristics of vaccinees and nonvaccinees,
the chi-square test or Fisher’s exact test, and the Wilcoxon rank-

sum test were employed. Logistic regression models were used to
calculate the odds ratios (OR) and 95% confidence interval (CI)
of vaccination for outcome indicators 1 to 6. In multivariate
analysis, age in months and gender were put into the model as
variables, and other variables that were different between vaccin-
ees and nonvaccinees with P values of less than 0.1 were added to
the model. All reported P values were 2-sided values of 5%. All
data analyses were carried out using SAS Version 9.3 (SAS Insti-
tute, Inc, Cary, North Carolina).
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In 2008, the number of pertussis cases increased substantially among Japanese adolescents, despite high
coverage with acellular pertussis vaccine (DTaP). This study examined the effectiveness of DTaP vaccine
in the routine immunization program in Japan. Between April 2009 and October 2012, we conducted
a multicenter, case-control study, and compared the history of DTaP vaccination between 55 newly
diagnosed pertussis cases and 90 age- and sex-matched controls. DTaP vaccine history was obtained by
a self-administered questionnaire completed by their parents or guardians. Logistic regression models
were used to calculate odds ratios (ORs) and 95% confidence intervals (ClIs) of vaccination for development
of pertussis.

DTaP vaccination of >1 dose revealed a significantly lower OR for pertussis (OR = 0.20, 95%Cl, 0.04-0.97),
and the OR of complete vaccination (4 doses) was 0.22 (0.04-1.05). Even after limiting subjects to those
whose vaccination status could be confirmed by the immunization records, the negative associations were
observed. The decreasing ORs of 4-dose vaccinees remained, even among subjects who had received the
fourth dose >9.2 years earlier (OR=0.11, 95%CI, 0.01-1.02).

In conclusion, DTaP vaccination had a preventive effect for pertussis. Effectiveness was observed even
9 or more years after the final dose.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In Japan, the routine immunization program with pertussis vac-
cine was temporarily suspended in 1975 due to concern about
severe adverse events such as encephalopathy [1-4]. Two months
later, the immunization program was resumed, but vaccine cov-
erage had been extremely low until acellular pertussis vaccine
combined with diphtheria-tetanus toxoids (DTaP vaccines) was
introduced for children over 24 months in late 1981. Afterward, the

Abbreviations: DTaP vaccines, acellular pertussis vaccine combined with
diphtheria-tetanus toxoids; LAMP method, loop-mediated isothermal amplifica-
tion method; PT-IgG, IgG antibody for pertussis toxin; OR, odds ratio; CI, confidence
interval.

* Corresponding author. Tel.: +81 6 6645 3756; fax: +81 6 6645 3757.

E-mail address: satop@med.osaka-cu.ac.jp (S. Ohfuji).

http://dx.doi.org/10.1016/j.vaccine.2015.01.008
0264-410X/© 2015 Elsevier Ltd. All rights reserved.

age of administration of DTaP vaccine was changed to 3 months
in 1988, and vaccine coverage improved to about 90% in the late
1990s. Through these strategies, the annual number of reported
pertussis cases decreased to about 10,000 in the early 2000s [3].
However, despite high vaccination coverage (i.e., over 90% in every
year), the number of reported pertussis cases increased in the late
2000s. According to the age distribution of reported pertussis cases,
the proportion of adolescents and adults has been increasing, and
the proportion reached half in 2008 [5]. The reason why pertus-
sis cases have been increasing among adolescents and adults is not
completely clear. However, several reasons, such as improved diag-
nostics, the lower vaccine coverage era between 1975 and 1981, or
waning immunity among those who had received DTaP vaccination
in childhood, may be responsible [6,7].

Based on the present Japanese immunization program with
DTaP vaccination, children receive 4 doses of DTaP, including 3
primary doses at the ages of 3, 4, and 5 months, and 1 booster
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dose at 18 to 23 months. On the other hand, in the United States
of America, the Advisory Committee on Immunization Practices
recommends 5 doses of DTaP vaccination for childhood (2, 4, 6,
15 to 18 months, and 4 to 6 years of age) and an adolescent booster
dose of the tetanus toxoid, reduced diphtheria toxoid, and acel-
lular pertussis vaccine (Tdap) at 11 to 12 years [8]. According to
previous studies, the clinical effectiveness of DTaP vaccine for per-
tussis has been weakening with time after the final dose of pertussis
vaccine [9-13], which suggests that an adolescent booster dose of
vaccination might also be needed in Japan.

Thus, a hospital-based case-control study was conducted to
examine the effectiveness of DTaP vaccine in preventing the devel-
opment of pertussis in the present routine immunization program.
The present study also evaluated the effect of 4-dose vaccination
for pertussis separately by time since the fourth dose of DTaP.

2. Materials and methods
2.1. Selection of cases and controls

Between April 2009 and October 2012 (the study period), a
multicenter, case-control study was conducted in Japan. Newly
diagnosed cases of pertussis were recruited at 4 collaborating hos-
pitals in 4 different areas of Japan: (from north to south) Chiba,
Saitama, Mie, and Fukuoka. Eligible cases were newly diagnosed
pertussis patients who satisfied the clinical criteria for pertussis and
whose age at diagnosis was less than 30 years. The clinical criteria
for pertussis were: cough lasting for more than 7 days with one or
more symptoms (paroxysmal cough, whoop, or posttussive vomi-
ting) and one of isolation of Bordetella pertussis, positive results by
the loop-mediated isothermal amplification (LAMP) method, sero-
diagnosis (for paired serum samples at the acute phase and at the
recovery phase, at least twofold increase of IgG antibody for pertus-
sis toxin (PT-IgG) or fourfold increase of agglutinin titer, while for a
single serum sample at the acute phase, PT-IgG of 10 EU/mL or more
among unvaccinated subjects or 100 EU/mL or more among vacci-
nated subjects) or epidemiologically linked to a confirmed pertussis
case. During the study period, a pertussis outbreak occurred in Saga
University [14], where one of the investigators worked. Thus, if
cases diagnosed in Saga University satisfied the clinical criteria in
the present study, they also contributed to the present study.

Regarding the recruitment of control subjects, each case was
asked to provide up to five friend controls, of the same age (or
school grade) and sex as the case. Exclusion criteria were: presence
of lasting cough for more than 1 week during the 1 month prior
to case diagnosis. During the study period, however, it turned out
that some cases (particularly preschool children) did not have any
friends and could not provide any friend controls. Thus, not only
friend controls but also hospital controls were recruited for cases
who were enrolled since April 2012. Collaborating hospitals were
encouraged to select up to five hospital controls among patients
without pertussis, matching for age and sex.

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

2.2. Information collection

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 (heart disease, renal disease, liver disease, diabetes mellitus,

anemia, asthma, other respiratory diseases, tonsillitis, atopic der-
matitis, allergic rhinitis, allergic conjunctivitis, immunodeficiency,
epilepsy); history of steroid treatment for more than one month;
total room space in the house (m?); number of family members;
contact with a confirmed pertussis case during the recent one
month; and contact with a person with a lasting cough during the
last month. In Japan, the vaccination history is usually recorded
in an immunization record book maintained by individuals. Thus,
the information collected about vaccination status was confirmed
by the immunization record. When missing answers or illogical
data were detected by research technicians, research technicians
conducted a telephone interview to complete the data.

In addition, for pertussis cases, the following clinical findings
were reported by the pediatricians-in-charge using a standardized
questionnaire: date at symptom onset; date at diagnosis; disease
symptoms (paroxysmal cough, whoop, posttussive vomiting, fever,
dyspnea, and seizures); and laboratory examinations (culture iso-
lation of B. pertussis and results by the LAMP method, and PT-IgG
and agglutinin titers in the acute and recovery phases).

2.3. Statistical analysis

First, it was verified that the background characteristics of hos-
pital controls were not different from those of friend controls using
the chi-square test, Fisher’s exact test, or the Wilcoxon rank sum
test. Then, the characteristics were compared between cases and
controls using the chi-square test or the Wilcoxon rank-sum test.
Because some cases had no corresponding pair as controls and vice
versa, not only a conditional logistic regression model but also an
unconditional logistic regression model was used to calculate odds
ratios (ORs) and 95% confidence intervals (95% Cls) for pertussis.
Trends for associations were assessed by assigning ordinal scores
to the level of the independent variable. Variables that showed a
P-value of less than 0.1 or that seemed to be medically related to
the disease were considered potential confounders for adjustment.
When unconditional logistic regression models were used, data for
not only matched pairs but also unmatched pairs were analyzed,
and matching variables (age and sex) were included in the models.
Vaccine effectiveness (VE) was calculated as (1 — OR) x 100 (%).

In addition, to examine the associations between pertussis and
4 doses of DTaP vaccination according to time since the fourth dose,
additional analyses were conducted. Time since the fourth dose was
calculated as the number of years from the date of the fourth dose
to the date of case illness onset or the date of control recruitment. In
the analysis, nonvaccinees and 4-dose vaccinees were included, and
4-dose vaccinees were categorized into two or three levels accord-
ing to the distribution of time since the fourth dose among controls,
with the category boundaries chosen so as to make the sizes of
the groups as similar as possible. The analysis used unconditional
logistic regression models.

All tests were two-sided. All analyses were performed using SAS
version 9.1.3 software (SAS Institute, Cary, NC, USA).

3. Results

The sample size required to achieve statistically significant VE
was calculated using the power calculation for case-control studies.
The calculation was conducted assuming an o level of 0.05, a [3 level
of 0.20, DTaP vaccination proportion in controls of 90%, and OR of
vaccine of 0.20. As a result, to achieve statistically significant VE, a
total sample size of 90 (30 cases and 60 controls) was needed.

Among the 72 pertussis cases and 97 controls (75 friend con-
trols and 22 hospital controls) enrolled, 63 cases and 94 controls (73
friend controls and 21 hospital controls) responded to the question-
naire (response rate, 88% for cases and 97% for controls). However,
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a) Clinical symptoms in pertussis cases
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Fig. 1. Clinical findings in pertussis cases: (a) clinical symptoms in pertussis cases. (b)
Test examinations for pertussis diagnosis.

2 friend controls were subsequently found to be ineligible because
they had a history of pertussis. A further 8 cases and 4 controls had
incomplete data for the variables and were thus excluded. Eventu-
ally, 55 cases and 90 controls (69 friend controls and 21 hospital
controls) comprised the subjects for the analysis. Of these, 33 cases
and 68 controls (56 friend controls and 12 hospital controls) main-
tained the matching conditions and were included in the analyses
using conditional logistic regression models.

Fig. 1 shows the clinical characteristics of the pertussis cases.
About 90% of cases had paroxysmal cough, whereas 19% had an
inspiratory whoop and 43% had posttussive vomiting. Among the
other symptoms, the proportion having fever was relatively higher
(15%) than the others. The median duration from symptom onset to
diagnosis was 13.0 days (range: 0-39 days). As for laboratory exam-
inations, culture isolation tests were performed in 60% of cases, and
among those, one-third had positive results. LAMP methods were
used in 70% of cases, of which 84% had positive results. Among
cases who underwent serological assessment (71%), about half had
positive results. The number of laboratory-confirmed cases (i.e.,
positive results for culture isolation, LAMP methods, or serological
assessment) was 39 (71%). Based on the information from the self-
administered questionnaires, 60% of cases reported contact with a
confirmed pertussis case during the last month, which suggested
epidemiological linkage to confirmed pertussis cases.

Table 1 shows the background characteristics of the 69 friend
controls and 21 hospital controls. A history of steroid treatment
seemed to be more common and room space in the house seemed
to be larger in hospital controls than in friend controls. Although
the small sample size might contribute to the lack of significant

differences, further analyses were conducted in all 55 cases and 90
controls, including both friend controls and hospital controls.

The comparison of background characteristics between the 55
cases and 90 controls is shown in Table 2. Among the cases, 12
(22%) were adolescents (i.e., age 11-19 years) and 8 (15%) were
adults (i.e., age > 20 years). Regarding a history of DTaP vaccina-
tion, cases were less likely to have received DTaP vaccine than
controls. In addition, cases had more underlying illnesses, more
history of steroid treatment, smaller room space in the house, and
more contact with a person with a lasting cough.

After adjustment for potential confounders, the OR of DTaP vac-
cination for development of pertussis was significantly lower in the
analysis using unconditional logistic regression models (OR=0.20,
95%Cl, 0.04-0.97) (Table 3). Vaccine effectiveness was calculated
to be 80% (3-96%). When considering the effect by the number of
DTaP vaccinations, lower ORs were also observed not only in those
with complete vaccination (4 doses), but also in those with incom-
plete vaccination (1-3 doses), with marginal significance. Vaccine
effectiveness in those with incomplete vaccination (1-3 doses) was
calculated to be 85% (—24 to 98%), and the effectiveness of complete
vaccination (4 doses) was 78% (—5 to 96%). In the conditional logis-
tic regression model (33 cases and 68 controls), the magnitudes of
the ORs of vaccination were similar to those in the unconditional
model, although the limited number of subjects brought about
wider confidence intervals (OR of DTaP vaccination=0.15, 95%CI,
0.01-1.80). On the other hand, a history of steroid treatment and
recent contact with a person with a lasting cough showed signifi-
cantly increased ORs for development of pertussis, using both the
unconditional model and the conditional model. In addition, larger
room space in the house showed a lower OR for pertussis.

To confirm the association between DTaP vaccination and
pertussis, several sensitivity analyses were conducted using uncon-
ditional logistic regression models (Table 4). When analyzed
subjects were limited to those whose vaccination status could be
confirmed by their immunization records, the results were almost
unchanged, since 96% of the subjects had their immunization
records. In addition, when the analyzed subjects were limited to
those aged less than 18 years, since subjects who enrolled from Saga
University might have had a different situation on recruitment,
similar ORs of DTaP vaccination were observed. When cases were
limited to the laboratory confirmed cases, the ORs were almost
unchanged, but the confidence intervals were wider. Even when
excluding hospital controls from the analysis and comparing 55
cases with 69 friend controls, decreasing ORs were observed.

Table 5 shows the association between pertussis and 4 doses of
DTaP vaccination, according to the time since the fourth dose. Unex-
pectedly, a decreasing OR of DTaP vaccination was observed even
among subjects with a longer time since the fourth dose. ORs of
4-dose vaccinees who received the fourth dose within less than 5.8
years, 5.8-9.1 years, and 9.2 years or more were 0.24 (0.05-1.23),
0.14 (0.02-0.87), and 0.11 (0.01-1.02), respectively, all of which
were marginally significant.

4. Discussion

In the present case-control study, DTaP vaccine showed effec-
tiveness for preventing the development of pertussis. Although the
limited number of study subjects and high vaccination rate in the
study subjects made it difficult to detect significant vaccine effec-
tiveness, the present results seemed to support the usefulness of
DTaP vaccine in the routine immunization programs.

To date, there have been several studies on pertussis vaccine
effectiveness from Japan [14-16]. One study, which was conducted
in household contacts when the present immunization programs
were introduced (1981-1983), indicated that DTaP vaccine had 79%
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Table 1
Comparison of background characteristics between friend-controls and hospital-controls.
Variable Friend-controls (n=69) Hospital-controls (n=21) P valueP
n(%)? n (%)
Age (years) Median (range) 10.3(0.5-25.1) 8.7(0.3-12.8) 0.142
Sex Male 23(33) 7(33) 1.000
Number of DTaP vaccinations 0 3(4) 0(0) 0.486
1-3 2(3) 4(19)
4 64 (93) 17(81)
Underlying illnesses Present 15(22) 6(29) 0.561
History of steroid treatment Present 3(4) 2(10) 0.331
Total room space in the house (m?) Median (range) 102.0 (25-839) 143.0 (25-285) 0.082
Number of family members Median (range) 4.0 (1-7) 4.0 (3-7) 0.610
Room space per person (m?) Median (range) 25.4(6.75-280) 28.6 (4.17-57) 0.215
Recent contact with a person with a lasting cough Present 8(12) 2(10) 1.000
Abbreviations: DTaP, acellular pertussis vaccine.
2 Data expressed as n (%) unless otherwise indicated.
b The chi-square test, Fisher’s exact test, or the Wilcoxon rank sum test was used as appropriate.
Table 2
Comparison of background characteristics between cases and controls.
Variable Cases (n=55) Controls (n=90) Pvalueb
n(%)? n(%)?
Age (years) Median (range) 9.6 (0.5-27.5) 9.7 (0.3-25.1) 0912
Sex Male 22 (40) 30(33) 0.417
Number of DTaP vaccinations 0 7(13) 3(3) 0.061
1-3 3(5) 6(7)
4 45 (82) 81(90)
Underlying illnesses Present 21(38) 21(23) 0.056
History of steroid treatment Present 10(18) 5(6) 0.015
Total room space in the house (m?) Median (range) 70.0 (24.75-200) 104.0 (25-839) 0.024
Number of family members Median (range) 4.0 (1-7) 4.0 (1-7) 0.613
Room space per person (m?) Median (range) 21.7 (8.0-140) 25.9 (4.17-280) 0.039
Recent contact with a person with a lasting cough Present 17 (31) 10(11) 0.003
Abbreviations: DTaP, acellular pertussis vaccine.
2 Data expressed as n (%) unless otherwise indicated.
b The chi-square test, Fisher’s exact test, or the Wilcoxon rank sum test was used as appropriate.
Table 3
Adjusted ORs of DTaP vaccination and selected variables for pertussis: unconditional and conditional logistic regression models.
Unconditional model Conditional model
Variable - -
n (%) or median; OR (95%CI) P value n (%) or median; OR (95%CI) P value
cases/controls cases/controls
DTaP vaccination None 7(13)/3(3) 1.00 (ref.) 4(12)/3(4) 1.00 (ref.)
Received 48 (87)/87 (97) 0.20 (0.04-0.97) 0.045 29 (88)/65 (96) 0.15(0.01-1.80) 0.133
Number of vaccinations 1-3 3(5)/6(7) 0.15(0.02-1.24) 0.078 1(3)/5(7) 0.12(0.01-1.91) 0.133
4 45 (82)/81 (90) 0.22 (0.04-1.05) 0.057 28 (85)/60 (88) 0.20(0.01-4.73) 0.319
(Trend P=0.098) (Trend P=0.249)
History of steroid treatment Present 10(18)/5(6) 3.98(1.17-13.6) 0.027 6(18)/4(6) 8.23 (1.25-54.3) 0.029
Total room space in the house (m?) 1 m? Increased 70.0/104.0 0.99 (0.98-0.99) 0.036 74.0/108.5 0.98 (0.96-0.99) 0.019
Number of family members 1 Person increased 4.0/4.0 1.12(0.81-1.55) 0.486 4.0/4.0 1.85(0.93-3.68) 0.080
Recent contact with a person with a lasting cough Present 17 (31)/10(11) 4.62 (1.73-12.4) 0.002 10 (30)/7 (10) 4.44(1.10-18.0) 0.037

Abbreviations: CI, confidence interval; DTaP, acellular pertussis vaccine; OR, odds ratio.

Table 4
Adjusted odds ratios of DTaP vaccination for pertussis: several sensitivity analyses using unconditional logistic regression models?.

4 Doses of DTaP vaccination
(ref. none)

>1 Dose of DTaP vaccination
(ref. none)

Analyzed subjects

OR (95%CI) P value

OR (95%CI) P value

All subjects (55 cases/90 controls)

Limited to subjects whose vaccination status could be confirmed

by immunization records (52 cases/88 controls)

Limited to subjects aged less than 18 (43 cases/73 controls)
Laboratory confirmed cases vs. all controls (39 cases/90 controls)

All cases vs. friend controls (55 cases/69 controls)

0.20 (0.04-0.97) 0.045
0.21 (0.04-0.99) 0.049

0.22 (0.04-1.18) 0.077
0.25(0.05-1.39) 0.114
0.30 (0.06-1.42) 0.130

0.22 (0.04-1.05) 0.057
0.22 (0.05-1.08) 0.063

0.22 (0.04-1.25) 0.088
0.28 (0.05-1.62) 0.156
0.29 (0.06-1.38) 0.120

Abbreviations: CI, confidence interval; DTaP, acellular pertussis vaccine; OR, odds ratio.
2 Adjusted for history of steroid treatment, room space in the house, number of family members, recent contact with a person with a lasting cough, and matching variables
(age and sex).
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Table 5
Adjusted xORs of 4-dose vaccines for pertussis, according to time since the fourth dose.
Cases Controls
Variable (n=51) (n=84) Unconditional model®
n (%) n (%) OR (95%CI) P value
Number of vaccinations, Time since the fourth dose for 4-dose vaccinees
0 Doses 7(14) 3(4) 1.00 (Ref.)
4 Doses, <7.7 years 22 (43) 41 (49) 0.22 (0.04-1.07) 0.060
4 Doses, 7.7-24.2 years 22 (43) 40 (48) 0.18 (0.03-1.13) 0.067
(Trend P=0.124)
0 Doses 7(14) 3(4) 1.00 (Ref.)
4 Doses, <5.8 years 17 (33) 28 (33) 0.24 (0.05-1.23) 0.087
4 Doses, 5.8-9.1 years 12 (24) 27 (32) 0.14 (0.02-0.87) 0.035
4 Doses, 9.2-24.2 years 15(29) 26 (31) 0.11 (0.01-1.02) 0.052

(Trend P=0.057)

Abbreviations: CI, confidence interval; DTaP, acellular pertussis vaccine; OR, odds ratio.

2 Since one case did not provide the time of the fourth dose vaccination, the case was not included in the analysis.
b Adjusted for history of steroid treatment, room space in the house, number of family members, recent contact with a person with a lasting cough, and matching variables

(age and sex).

effectiveness for decreasing the secondary attack rates in children
aged 0 to 6 years [15]. Another population-based case control study,
which was conducted during a non-epidemic period (1999-2001),
showed that the effectiveness of 3 or 4 vaccinations for physician-
diagnosed pertussis was 96% (95%Cl: 54-99%) among children aged
less than 6 years [16]. In the other retrospective cohort study among
university students, which was conducted just after the pertussis
outbreak ended (2010), the reported vaccine effectiveness was 52%
for probable pertussis [14]. Taken together, the observed effective-
ness might be higher in a study during a non-epidemic period than
during an outbreak.

In addition, effectiveness might vary according to the age dis-
tribution in the study subjects. Previous studies reported the
possibility that DTaP vaccine effectiveness was waning by time
since the final dose [9-13]. In the present study, however, there
was no waning in effectiveness by time since the final dose, and
effectiveness was observed even 9 years or more after the final
dose, as shown in Table 4. Although the reason for the discrepancy
across studies was not clear, the following explanations could be
considered: (1) lower statistical power to detect waning effective-
ness in the present study; and (2) the present study’s results might
be affected by the previous booster effects from undiagnosed nat-
ural infection in the community. Particularly with respect to the
latter explanation, Okada et al. reported that 58% of the unvacci-
nated population had PT-IgG antibody of 10 EU/mL or more, and
79% had pertussis filamentous hemagglutinin antibody of 10 EU/mL
or more, which suggested the presence of undiagnosed natural
infection [17]. Furthermore, a pertussis epidemic had sporadi-
cally occurred during the late 2000s in Japan. Thus, the present
results may have been affected by the previous booster effects from
undiagnosed natural infection. In fact, subjects with incomplete
vaccination (1-3 doses) also had 85% effectiveness for preventing
pertussis in the present study. When we consider that the effective-
ness of incomplete vaccination might be explained by the previous
booster effects from undiagnosed natural infection, this seems rea-
sonable.

As for the other associated factors, the present study suggested
that subjects with a history of steroid treatment had a higher risk
for pertussis (Table 3). To the best of our knowledge, no study has
reported the association between history of steroid treatment and
pertussis. However, some studies showed a higher risk for pertussis
in patients with asthma [18,19], who often receive steroid treat-
ment. In addition, several studies reported that steroid treatment
was a risk factor for respiratory infections such as pneumonia [20]
and influenza [21]. Taken together, it is therefore plausible that a
history of steroid treatment also increased the individual risk for
infection with other respiratory pathogens such as pertussis.

In the present study, living in a smaller room space and hav-
ing recent contact with a person with a lasting cough were also
related to pertussis, independent of vaccination status or history of
steroid treatment. Although the present study included friend con-
trols, the proportion of “having recent contact with a person with
a lasting cough” was only 12% in friend controls, suggesting that
contact with present study cases (i.e., physician-diagnosed pertus-
sis) was not common among friend controls. This might be partly
explained by the fact that most of the present study cases were
absent from school after symptom onset. In the light of previous
studies, pertussis outbreaks often occurred in crowded situations
such as in schools [14,22], families [15], or soldiers [23]. Further-
more, some studies reported that subjects who had contact with a
person with a pertussis-like cough had a higher risk for pertussis
infection [23-25]. Thus, the present results agreed with the previ-
ous findings. These results suggest that increased susceptibility to
pertussis in a crowded situation or increased opportunities on con-
tact with possible pertussis patients would be related to pertussis
infection.

The present case-control study had a unique design that
included friend controls. However, some might think that hospital
controls would have been preferable, because cases were selected
from hospital patients. To examine vaccine effectiveness, however,
it is very important to consider the likelihood of exposure to the
pathogen, which is a necessary cause for infectious disease. Partic-
ularly in the case of pertussis, disease occurrence is sporadic, which
is different from common infectious diseases such as influenza.
For pertussis, traditional hospital controls or general population
controls might not have had contact with the pathogen. Vaccine
effectiveness should be estimated under the assumption that con-
trols have a similar potential for exposure to the pathogen as cases.
It is therefore considered that friend controls would be among the
most suitable controls in terms of sharing a similar potential for
exposure to the pathogen as cases. However, friend controls might
have similar background characteristics to those of cases, such as
socioeconomic status, religious beliefs, and even probably vaccina-
tion status, which might contribute to the underestimation of VE.
We considered that underestimation of VE, if any, would not affect
the plausibility of the study results, and therefore decided to use
friend controls.

When interpreting the present results, however, the follow-
ing limitations should be considered. First, insufficient statistical
power due to the small sample size is obviously important. This lim-
itation made it difficult to detect significant vaccine effectiveness.
However, pertussis cases in Japan have decreased substantially not
only at the collaborating hospitals in the present study, but also in
all parts of Japan during the study period [5]. Thus, it was thought
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that obtaining more subjects would be impossible. Second, there
may be concern that changing the protocol with respect to control
selection during the study period might have had some effect on
the present results. Of particular concern was that hospital controls
might not have had contact with the pathogen, but the propor-
tion of “recent contact with a person with a lasting cough” was
found to be similar between friend controls and hospital controls.
On the other hand, hospital controls were younger and had more
underlying illnesses with steroid treatment than friend controls,
which might have affected to the results. To consider the effect
of including hospital controls during the study period, however,
when analyses were limited to friend controls and cases, the ORs
of DTaP vaccination were almost unchanged, and 95% Cls became
wider, suggesting that including hospital controls increased statis-
tical power (Table 4). Third, the present results were obtained after
adjustment for potential confounders (i.e., history of steroid treat-
ment, total room space in the house, number of family members,
recent contact with a person with a lasting cough), but the effects
of other confounding factors, such as socioeconomic status, birth
order, and school attendance, could not be considered.

In conclusion, the present results support that DTaP vaccination
in the routine immunization program in Japan had a preventive
effect against infection with pertussis. Effectiveness was observed
even 9 or more years after the fourth dose. However, observed
effectiveness in the present study might have included not only
genuine vaccine effectiveness, but also the effects of previous
booster effects from undiagnosed natural infection in the com-
munity. To consider whether adding a booster dose of vaccination
for adolescents is needed, results from descriptive epidemiological
studies of pertussis outbreaks, seroepidemiologic studies, and fur-
ther large-scale studies about vaccine effectiveness, if possible, are
needed.
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In order to assess factors associated with reactogenicity of trivalent inactivated influenza vaccine (IIV3)
among young children, data on 1538 vaccinees aged 0-5 years in a previous vaccine effectiveness study
were analyzed.

The most frequent reaction was redness (19%), followed by induration, swelling, itching, and pain
(6-12%); there were no serious adverse events. For some local reactions, multivariate analyses indicated
associations of younger age, preschool attendance, presence of siblings, and allergy with lower risk,

Keywords: . and use of thinner needles with higher risk. Most notably, administration of one or more I1IV3 vaccines
Influenza vaccine . . .- . . . . .
Children during the previous 3 seasons was positively associated with each local reaction (adjusted odds ratios:

3.6-5.4). For subjects aged >3 years, prior successive annual vaccinations were associated with substan-
tially increased local reactions, with clear dose-response relationships (P for trend: <0.001 for each); for
example, an 9.8-fold greater risk of swelling following three successive annual vaccinations before the

Adverse event
Successive vaccinations

study season.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Administration of the influenza vaccine is the most effective
measure to prevent progression to severe complications and mor-
tality from the influenza virus [1]. However, vaccination has caused
adverse events in a higher proportion compared to placebo [2,3];
that is, reactogenicity is inevitable. It is important when promot-
ing vaccination to explain the risk of reactogenicity to provide the
opportunity of vaccination with improved expectations.

Previous studies regarding factors associated with reactogen-
icity after influenza vaccination are inconsistent. For example, it
was reported that females manifested significantly more local reac-
tions than males [4], but another study showed that sex was not
significantly associated with systemic and local reactions [5]. Such
evidence regarding young children is very limited, although some
studies of other vaccines, such as diphtheria-tetanus-acellular

* Corresponding author. Tel.: +81 6 6645 3756; fax: +81 6 6645 3757.
E-mail address: chikaokda@gmail.com (C. Okada).

1 Both authors contributed equally to this work.

2 Other members of the Study Groups are listed in the Appendix.

http://dx.doi.org/10.1016/j.vaccine.2015.05.040
0264-410X/© 2015 Elsevier Ltd. All rights reserved.

pertussis vaccine or human papillomavirus vaccine, were reported
[6,7]. Accordingly, it is necessary to accumulate more data
regarding reactogenicity after influenza vaccination in young chil-
dren.

In Japan, young children were reportedly the most frequently
affected by both serious and non-serious local or systemic reactions
after receiving influenza vaccine [8,9], although vaccination for this
age group is recommended by the United States Center for Disease
Control and Prevention since they have a relatively high rate of
influenza-associated hospitalization [1]. Therefore, we assessed the
reactogenicity of the influenza vaccine and associated factors in
children, using the data that we had previously collected to evaluate
its effectiveness [10].

2. Materials and methods
2.1. Study subjects and vaccination
The study subjects were 1569 Japanese children aged less than 6

years who received trivalent inactivated influenza vaccine (IIV3) on
parental request during the 2002/03 season at one of 54 pediatric
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clinics in Japan. They were vaccinees in our previous cohort study
to assess influenza vaccine effectiveness [10].

Vaccinations were performed by the pediatrician in charge
at each clinic using commercial, non-adjuvanted, inactivated
influenza vaccines that included the following strains: A/New
Caledonia/20/99 (H1N1), A/Panama/2007/99 (H3N2), and
B/Shandong/7/97. These vaccines contained 30 pg/mL of hemag-
glutinin (HA) from each strain. Subjects received two doses by
subcutaneous injections into their arms of 0.1 mL for children
aged less than 1 year, or 0.2 mL for those aged 1-5.9 years, in
accordance with the guideline for vaccination in Japan at that
time. All parents or guardians gave informed consent. The study
protocol was approved by the ethics committee of the Osaka City
University Faculty of Medicine.

2.2. Information collection

Data on baseline characteristics were obtained from responses
to 2 structured questionnaires. One was answered by the parents
or guardians and included questions regarding sex, age, history of
[IV3 vaccination during the previous 3 seasons, preschool atten-
dance, and number of family members and siblings. The other was
completed by the physician and provided information concerning
body weight, underlying diseases (heart disease, kidney disease,
diabetes, anemia, bronchial asthma, tonsillitis, hives, atopy, and
allergy), needle gauge size used, and the vaccine manufacturer.

The parents or guardians were asked to report prospectively, by
indicating “no” or “yes” on a postal questionnaire, the occurrence
of local and systemic adverse events within 48 h after vaccination.
Local reactions included redness, swelling, induration, itching, and
pain. Systemic reactions were fever (defined at 0.5 °C intervals) and
rash. Information on medical office visits due to the adverse events
was also solicited.

2.3. Statistical analysis

After excluding 31 children (4 for age >6 years; 22 for vaccine
doses in violation of protocol; and 5 for no information on adverse
events), data from 1538 vaccinees were analyzed. Although the par-
ents or guardians of 171 children (11%) failed to answer one or more
questionnaire items on adverse events, they were included in the
analyses of each adverse event in order to utilize the maximum of
available information.

The frequencies of adverse events were compared after dose 1
and dose 2 using McNemar’s test. The odds ratios (ORs) for associa-
tions of baseline characteristics with adverse events and their 95%
confidence intervals (CIs) were calculated using the logistic regres-
sion model. To select the explanatory variables for the multivariate
model, we used a stepwise method involving variables that had a
statistically significant association, by univariate analysis, with one
ofthe adverse events. Seven selected variables at this step were age,
preschool attendance, history of IIV3 vaccination during the previ-
ous 3 seasons, presence of siblings, allergy, needle gauge size used,
and the vaccine manufacturer. The final model also included sex in
addition to these 7 variables.

For comparison, subjects aged less than 2 years were combined
into a single category because only a few subjects less than 1 year of
age reported adverse events. The needle gauge size was divided by
approximate tertiles (23-25G/26G/27-30G). In calculating ORs for
age and manufacturer, referent categories were assigned to the lev-
els in which the maximum numbers of subjects were distributed.

For univariate and multivariate analyses, we used the adverse
events after dose 1 as outcome measures since they were gener-
ally more frequent as compared to those occurring after dose 2
(e.g., P=0.02 for redness and rash). A P value <0.05 was considered

Table 1
Characteristics of the study population (N=1538).

n (%) or median

(range)
Boy 793 (52)
Age (years)
<1.0 25 (2)
1.0-1.9 229 (15)
2.0-2.9 352 (23)
3.0-3.9 369 (24)
4.0-4.9 316 (21)
5.0-5.9 247 (16)
Current body weight (kg)? 144 (6.9-30.0)
Preschool attendance (yes) 932 (61)
Sibling (yes)® 1096 (71)
Number of siblings® 1 (0-4)
Number of family members® 4 (2-45)
Influenza vaccination during 1080 (70)
the previous 3 seasons (yes)
Underlying disease (yes)
Heart disease 15 (1)
Kidney disease 5 (0)
Diabetes 0 (0)
Anemia 9 (1)
Bronchial asthma 191 (12)
Tonsillitis 34 (2)
Hives 57 (4)
Atopy 102 (7)
Allergy 106 (7)

2 Missing information for 2 subjects.
b Residing in the same household.

statistically significant. All statistical analysis was performed using
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

3. Results

Table 1 lists the distribution of characteristics. The 3.0-3.9 years
age group had the largest number of subjects (24%), and 70% of the
children had a history of 1IV3 vaccination during the previous 3
seasons. The frequent underlying diseases were bronchial asthma
(12%), allergy (7%), and atopy (7%).

The occurrence of adverse events is presented in Table 2. About
25% of subjects reported one or more local reactions (hereinafter
referred to as ‘any local reaction’) after dose 1 and dose 2. The
most frequent local reaction was redness, followed by induration,
swelling, itching, and pain. Systemic reactions (fever >37.5°C and
rash) were seen in 3% or fewer of subjects. Only one subject mani-
fested high fever of >39.5 °C, which occurred after each dose. There
were very few medical office visits related to reactions (for 3% of
subjects with any local reaction after dose 1 and 1% after dose 2).

In univariate analyses (Table 3), significantly lowered ORs for
local reactions were seen for the following variables: younger age
(for each of the local reactions), preschool attendance (for redness),
presence of siblings (for redness), allergy (for swelling), and C and

Table 2
Adverse events within 48 h after vaccination.
After dose 1 After dose 2
n/N (%) n/N (%)
Local reactions
Any local reactions 394/1533 (26) 366/1503 (24)
Redness 285/1532 (19) 249/1503 17)
Swelling 173/1531 (11) 157/1501 (11)
Induration 182/1531 (12) 173/1501 (12)
Itching 126/1531 (8) 122/1501 (8)
Pain 97/1532 (6) 90/1502 (6)
Systemic reactions
Fever (>37.5°C) 421525 3) 48/1481 3)
Rash 25/1468 (2) 11/1433 (1)
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Table 3

0Odds ratios (95% confidence intervals) of selected variables for adverse events after dose 1 (univariate analyses).

Variable, category  Local reactions

Systemic reactions

Any Redness Swelling Induration Itching Pain Fever (>37.5°C) Rash

No. of subjects’ 1533 1532 1531 1531 1531 1532 1525 1468
Sex

Girl (vs. boy) 1.1(0.9-1.4) 1.1(0.8-1.4) 0.9(0.6-1.2) 1.1(0.8-1.5) 1.2 (0.9-1.8) 1.3(0.9-2.0) 0.7 (0.4-1.3) 0.7 (0.3-1.6)
Age (years)

<2.0 0.3 (0.2-0.5) 0.3 (0.2-0.5) 0.3(0.2-0.6) 0.4 (0.2-0.7) 0.1(0.0-0.3) 0.1(0.0-0.4)" 0.4 (0.2-1.1) 1.2(0.4-3.2)

2.0-2.9 0.9(0.6-1.2) 1.0(0.7-1.4) 1.0(0.6-1.5) 0.9 (0.6-1.4) 0.6 (0.4-0.9) 0.6 (0.3-1.2) 0.7 (0.3-1.5) 0.7 (0.3-2.0)

3.0-3.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

4.0-4.9 0.9(0.6-1.2) 0.7 (0.5-1.1) 0.9(0.6-1.4) 0.7 (0.4-1.1) 0.7 (0.4-1.1) 0.9 (0.5-1.6) 0.1(0.0-0.6)° 0.1(0.0-1.0)

5.0-5.9 1.1(0.8-1.5) 0.7 (0.5-1.1) 1.0 (0.6-1.6) 1.0 (0.6-1.5) 0.9 (0.5-1.5) 1.4(0.8-2.4) 0.6 (0.3-1.5) 0.3(0.1-1.5)
Preschool attendance

Yes (vs. no) 1.0 (0.8-1.3) 0.8 (0.6-0.9)" 1.0(0.7-1.3) 1.1(0.8-1.4) 1.2 (0.8-1.7) 1.7 (1.1-2.6) 1.2(0.6-2.2) 0.5(0.2-1.1)
Presence of siblings

Yes (vs. none) 0.8 (0.6-1.0) 0.7 (0.5-0.9)" 0.8 (0.6-1.1) 0.9(0.6-1.2) 1.2 (0.8-1.8) 1.2 (0.8-2.0) 0.8 (0.4-1.6) 0.6 (0.3-1.3)
Allergy

Yes (vs. none) 1.0 (0.6-1.6) 0.8 (0.4-1.3) 0.3(0.1-0.8) 0.6 (0.3-1.2) 0.9(0.4-1.9) 1.4(0.7-2.9) 1.4(0.5-4.1) 1.9 (0.6-6.5)
Vaccination during the previous 3 seasons

Yes (vs.none) 5.4 (3.8-7.8) 5.7 (3.7-8.9) 6.0 (3.4-10) 4.4(2.7-7.2) 6.9 (3.3-14) 5.9(2.7-13) 1.4(0.7-2.8) 0.8(0.3-1.7)
Needle gauge size

23-25G 1.0 1.0 1.0 1.00 1.0 1.0 1.0 1.0

26G 1.7 (1.3-2.3) 22(1.5-3.1) 2.2(14-3.5) 1.9(1.3-2.9) 1.8 (1.1-2.9) 1.0 (0.6-1.8) 0.8 (0.4-1.7) 2.8(0.9-8.7)

27-30G 1.7 (1.2-2.2) 2.0(1.4-2.9) 2.0(1.3-3.1) 1.7 (1.1-2.6) 1.9(1.2-3.2) 1.1(0.7-1.9) 0.9 (0.4-1.8) 1.6 (0.5-5.3)
Vaccine manufacturer

A 0.9(0.6-1.4) 1.0(0.7-1.6) 1.1(0.6-1.8) 0.9 (0.6-1.5) 0.7 (0.4-1.4) 1.4(0.7-2.6) 0.4 (0.1-1.7) 1.6 (0.3-8.0)

B 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

C 0.5(0.3-0.7) 0.5(0.3-0.8) 0.6 (0.3-1.0) 0.4 (0.2-0.7) 0.7 (0.4-1.1) 0.6 (0.3-1.2) 0.5(0.2-1.4) 2.5(0.7-8.2)

D 0.6 (0.5-0.8) 0.6 (0.4-0.8) 0.8 (0.5-1.2) 0.7 (0.5-1.0) 0.6 (0.4-0.9) 1.0 (0.6-1.6) 0.9 (0.4-1.7) 3.2(1.2-8.5)

" Statistically significant.
Effective for analyses.

D manufacturer (for any local reaction, redness, induration, and
itching). On the other hand, elevated ORs with significance were
shown for the following: 1IV3 vaccination during the previous 3
seasons (for each of the local reactions) and use of the thinner 26G
and 27-30G needles (for each of the local reactions except for pain).
Regarding systemic reactions, significant ORs were indicated in the
age 4.0-4.9 years group (for fever) and for the D manufacturer (for
rash).

In multivariate analyses (Table 4), statistically significant ORs
were observed for almost the same variables, but not for the same
categories, as in univariate analyses. Notably, multivariate ORs of
previous IIV3 vaccination for each local reaction still were the high-
est as compared to those of other variables (ORs =3.6-5.4 for each
of the local reactions). The use of thinner needles also had increased
ORs (1.6-2.2) for any local reaction, redness, swelling, induration,
and itching.

Based on the strong positive association between previous I1V3
vaccination and occurrence of local reactions, we further assessed
the effect of successive annual vaccinations immediately before
the present season (Table 5). Among those subjects aged >3 years
with information on annual vaccination history during the previ-
ous 3 seasons (882 subjects), ORs for all local reactions elevated
with increasing numbers of successive annual vaccinations: tak-
ing the example of “swelling”, ORs of the preceding one, two, and
three annual vaccinations, as compared to no vaccination history,
were 4.8, 5.6, and 9.8, respectively, with clear dose-response rela-
tionships (P for trend: <0.001). Similar findings were also observed
among those aged >2 years (1226 subjects).

Because our subjects for analyses were those who received the
first dose, the selection bias may have been introduced if children
who experienced an unpleasant event at the first dose were less
likely to receive a second dose. In order to explore the possible
influence of the bias, we repeated the multivariate analyses shown
inTable 4 and Table 5 after excluding subjects who did not receive a
second dose. The results were not meaningfully changed (data not
shown).

4. Discussion

In this study population, aged less than 6 years, the most fre-
quent local reaction was redness. Systemic reactions (fever and
rash) were few. These findings are consistent with those of an ear-
lier study in children aged 6-23 months, in which redness was
frequent and fever was not common [11]. On the other hand, in
some studies of influenza vaccine in children aged 6-35 months
or 6-9 and 10-13 years, pain was the most common symptom
[12,13]. These study subjects received the vaccine by intramuscu-
lar injection, which was different from our study (subcutaneous
injection). Other subjects’ characteristics including age and race
might also explain the different findings. In the present study, it
was also observed that most adverse events were not so severe as
to require a medical office visit, and no serious events occurred.
Thus, we consider that adverse events occurring in this study were
well tolerated.

The relationship between sex and occurrence of any adverse
event after influenza vaccination was not significant in this study.
This result is consistent with those of a study of elderly peo-
ple, which showed no significant relationship between sex and
systemic or local reactions [5], although a meta-analysis of 14 stud-
ies found that female adults report more local reactions than do
males [4]. To our knowledge, there has been no previous study
that assessed the effect of sex on occurrence of adverse events to
influenza vaccination in young children. With respect to other vac-
cines, a recent review article reports inconsistent results among
children aged 4-6 years [6], as well as that adult females tended
to report local reactions more frequently than do adult males [6,7].
One possible explanation is that sex hormone levels at the extremes
of life may contribute to the different findings between adults and
young children or elderly people.

A few previously reported studies of young children included
analysis of the frequencies of adverse events with regard to various
age levels, but the age categories used for comparison were too
broad (e.g., 5-6 and 7-8 years, 6-9 and 10-13 years) [13,14]. When
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Table 4

0Odds ratios (95% confidence intervals) of selected factors for adverse events after dose 1 (multivariate analyses ?).

Variable, category  Local reactions

Systemic reactions

Any Redness Swelling Induration Itching Pain Fever (>37.5°C) Rash

No. of subjects’ 1530 1529 1528 1528 1528 1529 1522 1465
Sex

Girl (vs. boy) 1.1(0.9-1.5) 1.1(0.8-1.4) 0.9(0.7-1.3) 1.1(0.8-1.5) 1.3(0.9-1.9) 1.4(0.9-2.1) 0.7 (0.4-1.3) 0.7 (0.3-1.7)
Age (years)

<2.0 0.6 (0.4-1.0) 0.6 (0.3-1.1) 0.7 (0.4-1.5) 0.8 (0.4-1.6) 0.2 (0.1-0.7) 0.1(0.0-0.7) 0.6 (0.2-1.8) 0.9(0.3-3.2)

2.0-2.9 0.8 (0.6-1.2) 0.9(0.6-1.3) 0.9 (0.6-1.5) 1.0(0.6-1.6) 0.6 (0.4-1.1) 0.7 (0.4-1.3) 0.7 (0.3-1.5) 0.6 (0.2-1.9)

3.0-39 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

4.0-4.9 0.9(0.7-1.4) 0.8 (0.6-1.3) 1.0 (0.6-1.6) 0.7 (0.4-1.1) 0.7 (0.4-1.1) 0.9(0.5-1.7) 0.1 (0.0-0.5) 0.2 (0.0-1.2)

5.0-5.9 1.2(0.8-1.8) 0.9(0.6-1.4) 1.1(0.7-1.9) 1.0 (0.6-1.6) 0.9 (0.5-1.6) 1.4(0.8-2.5) 0.5(0.2-1.3) 0.4 (0.1-1.9)
Preschool attendance

Yes (vs. no) 0.7 (0.5-0.9)" 0.6 (0.5-0.9)" 0.8 (0.5-1.2) 1.0(0.7-1.5) 0.9(0.6-1.4) 1.0 (0.6-1.7) 1.6 (0.8-3.2) 0.8 (0.3-1.9)
Presence of siblings

Yes (vs. none) 0.7 (0.5-0.9)" 0.7 (0.5-0.9)" 0.7 (0.5-1.1) 0.8 (0.6-1.2) 1.1(0.7-1.7) 1.1(0.7-1.8) 0.8 (0.4-1.5) 0.6 (0.3-1.4)
Allergy

Yes (vs. None) 1.0 (0.6-1.5) 0.8 (0.4-1.4) 0.3(0.1-0.8) 0.6 (0.3-1.2) 0.9 (0.4-1.8) 1.3(0.6-2.7) 1.5(0.5-4.3) 1.8 (0.5-6.3)
Vaccination during the previous 3 seasons

Yes (vs. none) 4.7 (3.2-7.0) 5.3(3.3-8.5) 5.4(2.9-10) 4.1(2.4-7.1) 4.5(2.1-9.5)" 3.6 (1.6-8.0) 1.4(0.6-3.1) 1.2 (0.4-3.3)
Needle gauge size

23-25G 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

26G 1.6 (1.2-2.3) 2.2(1.5-3.2) 2.1(1.3-34) 1.8 (1.2-2.9) 1.6 (0.9-2.7) 1.0 (0.6-1.8) 0.7 (0.3-1.5) 3.4(0.9-13)

27-30G 1.6(1.2-23)  2.0(1.4-2.9) 2.0(1.3-3.3) 1.8(1.1-2.7) 1.8(1.1-3.0)" 1.2(0.7-2.1) 0.8 (0.4-1.8) 2.4(0.6-9.7)
Vaccine manufacturer

A 1.1(0.7-1.7) 1.3(0.8-2.1) 1.3(0.8-2.3) 1.1(0.6-1.9) 0.9(0.4-1.7) 1.5(0.8-3.0) 0.3(0.1-1.4) 2.0(0.4-11)

B 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

C 0.5(0.3-0.7) 0.5(0.3-0.8) 0.6 (0.3-1.0) 0.4(0.2-0.7)" 0.7 (0.4-1.2) 0.6 (0.3-1.3) 0.5(0.2-1.4) 2.3(0.7-7.7)

D 0.7 (0.6-1.0) 0.7 (0.5-1.0) 1.0 (0.6-1.4) 0.8 (0.5-1.2) 0.7 (0.4-1.2) 1.2(0.7-2.0) 0.8 (0.4-1.7) 2.8(1.0-8.0)

" Statistically significant.
Effective for analyses.
All variables in the table were included in the model.

5

categorized by 1-year intervals in the present study, a significant
negative association with itching, pain, and fever was seen in some
of the groups. Future studies assessing the association between age
and adverse events among young children may need to incorporate
analysis of smaller age intervals.

This study indicates that preschool attendance and presence of
siblings significantly decreased the ORs for any local reaction and
redness. To the best of our knowledge, there has been no previ-
ous study with a similar result. This might be most appropriately
interpreted as a tendency for guardians of children with such char-
acteristics to be less likely to report adverse events. It is important
to note that the ORs for ‘any local reaction’ and ‘redness’ tend to
overestimate the real associations, since the incidence proportions
of these outcomes were as large as 20%.

In the present study, use of thinner needles was significantly
more likely to be associated with any local reaction, redness,

swelling, induration, and itching than use of the thickest needle.
A previous study on the diphtheria, pertussis, and tetanus (DPT)
vaccine reported that use of longer needles caused fewer local
reactions in comparison to shorter needles [15-17]. This finding
was interpreted by equating shorter needles with thinner needles,
and therefore it was suggested that the greater ensuing pressure
enhances the local reaction [18]. Subsequent comparisons of use of
needles with the same length but different thicknesses found no
significant differences in resulting local reactions [19]. However,
whether the effect was due to the needle length or thickness could
not be ascertained in this study, since there were no data regarding
the length of the needles. In addition, other factors including site
or route (intramuscular or subcutaneous) of injection reportedly
affect the reactogenicity [20,21].

We found that having one or more I1IV3 vaccinations during the
previous 3 seasons increased the risk for all local reactions. One

Table 5
0Odds ratios (95% confidence intervals) of successive annual vaccinations for local reactions (multivariate analyses ?).
History of successive annual vaccinations Any Redness Swelling Induration Itching Pain
during the preceding seasons
Subjects aged >3 years (n)f 879 878 878 879 879 879
No history 1.0 1.0 1.0 1.0 1.0 1.0
With history in the preceding
1 season 3.1(1.7-5.8) 3.3(1.5-7.2) 4.8 (1.6-14) 2.5(1.1-5.7) 1.8 (0.7-4.8) 2.3(0.8-6.8)
2 seasons 5.3(2.9-9.6) 5.2(2.5-11) 5.6 (2.0-16) 2.8(1.3-6.2) 3.8(1.6-9.2) 43(1.6-11)
3 seasons 6.5(3.5-12) 7.1 (3.3-15) 9.8 (3.4-29) 4.3(1.9-9.8) 4.6(1.8-11) 4.4(1.6-12)
(P for trend) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Subjects aged >2 years (n)f 1222 1221 1220 1221 1221 1222
No history 1.0 1.0 1.0 1.0 1.0 1.0
With history in the preceding
1 season 3.5(2.2-5.7) 3.9(2.2-7.0) 4,1(1.9-9.0) 3.6(1.8-7.0) 3.1(1.2-7.6) 2.3(1.0-5.6)
2 seasons 6.4 (4.0-10) 7.4 (4.1-13) 6.9 (3.2-15) 4.6 (2.4-9.0) 7.1(3.0-17) 4.2(1.9-9.7)
(P for trend) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

t Effective for analyses.

2 Adjusted for sex, age (categorical variable with 1-year interval), preschool attendance, presence of siblings, allergy, needle gauge size (23-25G/26G/27-30G) and vaccine

manufacturers (4 companies).
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previous report suggested that subjects with a history of IIV3 vac-
cination were more likely to report redness, although this result
was not significant [22]. On the other hand, in previous stud-
ies among young children or elderly people, use of multivariate
analysis failed to detect significant association between previ-
ous vaccination and systemic or local reactions [5,23]. In further
exploring the effect of increasing numbers of successive annual
vaccinations before the present season, we demonstrated an asso-
ciation with increased local reactions, with clear dose-response
relationships. An earlier study of healthy adults in 1977, in which
a similar hypothesis was tested, showed that increased numbers
of previous vaccinations did not elevate the occurrence of adverse
events [24].

The possible mechanism by which successive annual vacci-
nations increase the occurrence of local reactions has not been
discussed extensively. A study of DPT vaccination revealed that
local reactions were more frequent after the booster dose than
after the primary vaccination, and that the serum level of pertus-
sis toxin-specific immunoglobulin E antibodies was higher after
the booster dose [25], which might provide some insight into the
present findings.

Major strengths of this study include its prospective design and
large cohort. In addition, precise analysis of factors associated with
adverse events was possible, because a variety of information on
characteristics of subjects had been collected.

This study has the following limitations. First, because we did
not collect information regarding the severity of the reactions,
it is difficult to compare our results with the results of other
studies in which a specific grading scale for adverse events was
used. Secondly, the findings obtained from the present study,
using data collected when Japanese guidelines on vaccine doses
for children had not been revised, cannot be directly compared
with more current results in Western countries and in present-
day Japan. Vaccines with high HA content have been reported
to cause both systemic and local reactions more frequently com-
pared to the lower HA-content vaccines used in the current study
[11,26].

In conclusion, we found that adverse events after 1IV3 vac-
cination among young children were mainly local reactions and
not serious events. Several characteristics of subjects, including
younger age, preschool attendance, presence of siblings, and allergy
were associated with lower risk of local reaction, and IIV3 vaccina-
tions during the previous 3 seasons were associated with higher
risk. Use of a thinner needle was also significantly associated with
a higher risk for some of the local reactions. Of note is that further
research is needed to confirm our finding of positive trends for sub-
stantially increased local reactions in those with a history of prior
successive annual vaccinations.

Appendix.

Other members of the Influenza Vaccine Epidemiology Study
Group are: Drs. Tatsuru Yamanaka and Shuji Nakata in Hokkaido
Prefecture; Drs. Yuhei Takasago, Mitsuo Kamihara, Yukiko Usui,
Shuka Watanabe, Toshiko Yamaguchi, Shinji Yoshida, Asaka Nishi-
jima, Tsuneji Kanno, Hiroyasu Wada, Eiji Ogawa and Kazuhiko
Suzuki in Iwate Prefecture; Drs. Takamitsu Matsudaira, Shunsuke
Numaguchi, Noriyuki Wada, Kinjiro Kodaira, Takayoshi Yamada
and Akira Kamikawa in Tokyo Prefecture; Drs. Hitoshi Ochiai,
Ritsue Nii, Naoki Yasuda, Takashi Kato, Masakazu Umemoto and
Masahiro Watanabe in Mie Prefecture; Drs. Urara Kohdera, Kat-
suhiko Kidera, Fumiyoshi Yamaue, Masanobu Mantani, Michiaki
Hayashida, Rentaro Abumi, Yuko Fukuda, Michiko Hatano, Kazuo
Wada, Chikara Nakahama, Yoshiyuki Tanaka and Kyoko Tak-
izawa in Osaka Prefecture; Drs. Takao Nagai, Takamichi Mukaida,

Tetsushi Inoue, Junji Suzue, Fumihiko Hamada, Akira Takehiro,
Atsuko Nishioka, Hitoshi Jinnai, Takuji Fujisawa and Kenkichi
Sasaki in Shikoku region; Drs. Yoshio Takasaki, Shizuo Shindo,
Naoki Tsumura and Yuji Yamashita in Fukuoka prefecture; and
Drs. Yoshio Ohgimi and Yoshinobu Goya in Okinawa prefec-
ture.
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ABSTRACT

Rotavirus gastroenteritis is a highly contagious, acute viral disease that imposes a significant health burden
worldwide. In Japan, rotavirus vaccines have been commercially available since 2011 for voluntary
vaccination, but vaccine coverage and effectiveness have not been evaluated. In the absence of a
vaccination registry in Japan, vaccination coverage in the general population was estimated according to
the number of vaccines supplied by the manufacturer, the number of children who received financial
support for vaccination, and the size of the target population. Patients with rotavirus gastroenteritis were
identified by reviewing the medical records of all children who consulted 6 major hospitals in Saga
Prefecture with gastroenteritis symptoms. Vaccination status among these patients was investigated by
reviewing their medical records or interviewing their guardians by telephone. Vaccine effectiveness was
determined using a screening method. Vaccination coverage increased with time, and it was 2-times
higher in municipalities where the vaccination fee was supported. In the 2012/13 season, vaccination
coverage in Saga Prefecture was 14.9% whereas the proportion of patients vaccinated was 5.1% among
those with clinically diagnosed rotavirus gastroenteritis and 1.9% among those hospitalized for rotavirus
gastroenteritis. Thus, vaccine effectiveness was estimated as 69.5% and 88.8%, respectively. This is the first
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study to evaluate rotavirus vaccination coverage and effectiveness in Japan since vaccination began.

Introduction

Rotavirus is the predominant cause of severe gastroenteritis
among infants and young children, with most infections occur-
ring from winter to early spring. Almost every child has been
infected with rotavirus at least once by the age of 5 years, with
subsequent infections becoming less severe because of
increasing immunity. Severe dehydration resulting from rotavi-
rus-induced diarrhea and vomiting can be fatal. In 2008,
approximately 453,000 infants or children, mainly in develop-
ing countries, were estimated to have died from rotavirus gas-
troenteritis (RVGE)."

Although death resulting from rotavirus infection is rare
in developed countries, it has been reported that approxi-
mately 40-50% of hospitalizations due to infectious gastro-
enteritis of infants and young children (<5 y of age) are
caused by rotavirus.” Infants of less than 11 months with
RVGE often require intravenous hydration and hospitaliza-
tion.> Moreover, severe complications such as encephalopa-
thy,* myocarditis,” and sudden unexpected death® have
been reported.

In Japan, a study estimated that approximately 790,000 chil-
dren aged 6 y or younger visited pediatric outpatient depart-
ments because of RVGE in a year.” Furthermore, limited
studies indicate an estimated 26,500-78,000 people a year are
hospitalized because of RVGE.*'? These estimates indicate the
substantial health burden that rotavirus also presents in devel-
oped countries.

To date, 2 live oral vaccines, a monovalent human rotavirus
vaccine (RV1, Rotarix®, GlaxoSmithKline Biologicals) and a
pentavalent bovine-human reassortant vaccine (RV5, Rotateq®,
Merck & Co., Inc.), have been licensed in more than 100 coun-
tries. These vaccines were recommended for global use by the
World Health Organization in 2009 and had been integrated
into national immunization programs in more than 50 coun-
tries by April, 2014."" After approval, both vaccines showed
high effectiveness and safety for RVGE.

According to a systematic review, the effectiveness of vac-
cines RV1 and RV5 against severe RVGE was 94-71% and
83-75%, respectively, in high-income countries.'”” In Japan,
RV1 and RV5 have been commercially available since Novem-
ber 2011 and July 2012, respectively. In large clinical trials, high
efficacies against severe RVGE including hospitalization were
shown (79-96%).'>*

An observational study examining changes in disease
burden over time, including seasons before and after the
introduction of these vaccines, has been reported in Japan.'
In Shibata, Niigata Prefecture, Japan, the incidence rates of
severe RVGE among children aged less than 3 y were found
to be reduced by 71.2%, 47.7%, and 81.1% for 2012, 2013,
and 2014 compared with that in 2011 before the vaccine
was introduced."

Although data regarding the efficacy of the vaccine in clini-
cal trials and the impact of vaccination via an observational
study have been reported in Japan, no studies assessing the
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Figure 1. Monthly numbers of rotavirus cases in the 2011/12 and 2012/13 seasons
(Bar graph) and those of rotavirus detection from clinical specimens, November
2011-October 2013 (Line graph).> The number of rotaviruses detected from clini-
cal specimens was obtained from the Infectious Agents Surveillance Report.

current effectiveness of these vaccines have been published. To
promote rotavirus vaccination, it is first important to establish
the effectiveness of this vaccine since its introduction into
Japan. The aim of this study was to investigate retrospectively
changes in vaccine coverage and effectiveness since 2011 in
Japan using a screening method.

Results

During the 2011/12 and 2012/13 seasons, 38 and 187 children,
respectively, were consulted as part of a study of acute gastro-
enteritis patients. For this target group, the outbreak of disease
peaked from March to April. According to the National Epide-
miological Surveillance of Infectious Diseases system from the
National Institute of Infectious Diseases, this trend correlated
with the rotavirus outbreak data reported by a national
infection research institute.'®

As shown in Figure 1, during the 2011/12 season, target
patients were limited and no patients with RVGE who had
been vaccinated presented. Thus, vaccine effectiveness in the
2011/12 season could not be estimated. In the 2012/13 season,

Table 1. Baseline characteristics of cases in the 2012/13 season.
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87 children (46.5%) were diagnosed with RVGE using an
immunochromatography kit. Table 1 shows the characteristics
of acute gastroenteritis patients in the 2012/13 season: the
median age was 11 months (age range: 2-21 months), 109 chil-
dren (58.3%) were male, and 120 children (64.2%) were inpa-
tients. The median age of the rotavirus positive cases was
13 months with 36 cases (41.4%) being children under 1 y of
age. In rotavirus positive cases, severe outcomes requiring
intravenous rehydration and hospitalization were more preva-
lent than in the rotavirus negative cases.

Figure 2 shows the change in monthly vaccine coverage fol-
lowing introduction of the vaccine for Saga Prefecture, Saga
city, and Ogi city. In all areas, vaccine coverage increased with
time (P for trend <0.01). Compared with Saga city, vaccine
coverage in Ogi city, which supports the vaccination fee, was
approximately 2-times higher and increased more sharply. The
vaccine coverage in Saga prefecture during the 2012/13 season
was 14.9%.

Table 2 shows vaccine coverage in rotavirus-positive
cases and in the general population and the effectiveness of
vaccination, as determined by a screening method, in the
2012/13 season. Among 87 rotavirus-positive cases, one
case (1.1%) was medically examined the day after vaccina-
tion and 7 cases (8%) had an unknown vaccination status;
these cases were excluded from the analysis. Four children
among the remaining 79 cases received vaccine RV1. They
were vaccinated with 2 doses (as recommended), and symp-
toms, such as vomiting and diarrhea, developed at least
1 month after the day of the last inoculation. Vaccine cov-
erage during the 2012/13 season was estimated to be 5.1%.
Vaccine coverage for rotavirus-positive cases within
12 months was 6.1% and for more than 12 months was
4.3%. According to these results, the effectiveness of vacci-
nation for preventing RVGE in Saga for the 2012/13 season
was estimated to be 69.5% (95% confidence interval [CI]:
37.1-98.9%). Vaccine effectiveness within 12 months was
71.7%, compared with 55.4% for more than 12 months.
Additionally, the effectiveness in terms of reducing hospital-
ization owing to RVGE was estimated to be 88.8% (95% CI:
34.3-100.0%).

All Rotavirus-positive Rotavirus-negative

cases (n = 187) cases (n = 87) cases (n = 100) P value®
Hospital <0.01
Saga University Hospital 33 (17.6) 17 (19.5) 16 (16.0)
Saga-Ken Medical Centre Koseikan 43 (23.0) 1 (12.6) 32 (32.0)
Saga National Hospital 29 (15.5) 1 (12.6) 18 (18.0)
Saga Chubu Hospital 13 (7.0) 8 9.2) 5 (5.0)
Ureshino Medical Center 39 (20.9) 28 (32.2) 1 (11.0)
Higashisaga Hospital 30 (16.0) 12 (13.8) 18 (18.0)
Age, months 1 [2-21] 13 [2-21] 9 [2-20] <0.01
Age 2-11 months 107 (57.2) 36 (41.4) 71 (71.0) <0.01
Age 12-21 months 80 (42.8) 51 (58.6) 29 (29.0)
Sex, male 109 (58.3) 47 (54.0) 62 (62.0) 0.27
Outcome 0.02
Outpatient (internal medicine) 58 (31.0) 23 (26.4) 35 (35.0)
Outpatient (intravenous rehydration) 9 (4.8) 8 9.2) 1 (1.0)
Admission 120 (64.2) 56 (64.4) 64 (64.0)

Data are number (percentage) or median [range].

?Based on chi-square test (for categorical variables) or Wilcoxon rank sum test (for continuous variables).
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Figure 2. Monthly rotavirus vaccine coverage after vaccine introduction in Saga
Prefecture (solid line), Saga city (dotted line) and QOgi city (dashed line). In all areas,
vaccine coverage increased with time (P for trend <0.01).

Discussion

This is the first study to investigate the effectiveness of the rota-
virus vaccine during the first 2 y after it was introduced into
Japan. The effectiveness of the vaccine in protecting against
RVGE, as determined by the screening method, was estimated
to be 69.5%. This level of efficacy was similar to that reported
by a previous clinical trial (75-79% for RVGE, 96% for hospi-
talization owing to RVGE),">'* confirming the effectiveness of
the rotavirus vaccine in Japan.

Most analyses of rotavirus vaccine effectiveness following
its introduction have been case-control studies, reporting
rates of 80%-90% effectiveness. According to reports from
developed countries (Spain,'”'® Germany,'® Taiwan,*® Portu-
gal,”' the United States of America,”® and Belgium®), the
effectiveness of the vaccine against severe RVGE requiring
hospitalization was higher than that against cases not requir-
ing hospitalization. An investigation in 2010 and 2011 in the
United States of America, where the rotavirus vaccine was
being used routinely, reported that the effectiveness of the
vaccine against hospitalization owing to RVGE was 91%
(95% CI: 80%-95%).>* Similarly, in Taiwan, where rotavirus
vaccination was voluntary, the effectiveness against severe

RVGE was 90.4% (95% CI: 70.3-98.1%).”" The effectiveness
of the vaccine against hospital visits owing to RVGE was
83.7% (95% CI: 73.9%-89.8%) in Portugal®' and 83.5% (95%
CI: 45.5%-99.7%) in Spain.'® Although, in our study, vaccine
effectiveness against the total number of RVGE cases was
estimated to be slightly lower compared with the results of
previous clinical trials,'>'* the effectiveness of the vaccine
against hospitalization for RVGE was found to be almost the
same.

The current study was conducted using a screening
method. Vaccine effectiveness determined by this method
was similar to the findings from case-control studies and
will be helpful in verifying estimates in clinical trials. In
Nicaragua, 2 case-control studies for rotavirus effectiveness
were conducted.”®*® The first study was conducted by the
United States Centers for Disease Control and Prevention
from 2007 to 2008. The vaccine effectiveness in 2008 against
severe RVGE in children aged 8 to 11 months was 69%
(95% CI: 24%-87%).>* The second study was coordinated by
the Ministry of Health in Nicaragua and Merck and Co.,
Inc. from 2007 to 2009. Using the data from 2008, the vac-
cine effectiveness to prevent severe RVGE was 92% (95%
CIL: 79%-97%) for cases <12 months of age.”” Cardellino.A
et al employed the screening method using these data in
2008 and estimated that vaccine effectiveness was 72% (95%
CL 62%-83%) to 92% (95% CI: 78%-100%). The results
were relatively consistent with those of their 2 cases-control
studies.”® The screening method is therefore reliably consis-
tent with the data from case-control studies.

The effectiveness of the vaccine among 12-22 months was
lower than that among under 12 months, indicating the pos-
sibility that the effect of the vaccine lessened with time post-
vaccination. However, the present study was conducted just
after the introduction of the vaccine and the proportion of
the population vaccinated (PPV) after 1 y was low; therefore,
the effectiveness of the vaccine may have been underesti-
mated. There are few reports about the effect of lasting
immunity after rotavirus vaccination, but a follow-up survey
of RV1 in high income countries of Asia reported that the
protective effects against severe cases lasted at least 3 y after
vaccination.”’

Table 2. Proportion of cases vaccinated and estimates of vaccine effectiveness in the 2012/13 season.

Case Vaccination Status

Population Vaccination Status

Vaccinated Unvaccinated PCV Vaccinated® Unvaccinated® PPV VE
(n) (n) (%) (95% Cl)  (person-months) (person-months) (%) (%) (95% Cl)

Rotavirus-positive cases (n = 79) 4P 75 51° (1.4-125) 12195.8 69814.2 149 69.5¢ (37.1-98.9)
Age

Age 2-11 months (n = 33) 2 31 6.1 (0.7-20.2) 9187.5 40327.5 20.1 717 (—11.1-99.6)

Age 12-21 months (n = 46) 2 44 43° (0.5-4.8) 3008.3 29486.7 93 554  (—70.3-99.0)
Outcome

Outpatient (internal medicine) (n = 19) 2 17 105 (1.3-33.1) 12195.8 69814.2 149 327 (—183.2-99.4)

Outpatient (intravenous rehydration) (n = 8) 1 7 125 (0.3-52.7) 12195.8 69814.2 149 182 (—537.8-100.0)
Admission (n = 52) 1 51 1.9 (0.1-10.3) 12195.8 69814.2 149 88.8° (34.3-100.0)

Cl, confidence interval. PCV, proportion of cases vaccinated. PPV, proportion of the population vaccinated. VE, vaccine effectiveness.
“This figure represents person-months accumulated in the corresponding category by vaccination status (and age category [2-11 or 12-21 months] in age-stratified anal-
ysis) for 8 months in the 2012/13 season. The number of children who contributed to person-months was 2032 for the vaccinated and 10281 for the unvaccinated. For

details, see the “Statistical analysis”.
PAll children received vaccine RV1 with 2 doses (fully vaccinated).
P < 0.05
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Interestingly, the rise in vaccination coverage since approval
of the rotavirus vaccine was higher in areas where the vaccina-
tion fee was supported. It has previously been reported that
financial assistance and information are necessary to motivate
parents to voluntarily vaccinate their children in Japan.?® It is
possible that in areas in which financial support for vaccination
is available, more information is publicized regarding the vac-
cine, both of which may contribute to the observed rise in vac-
cine coverage.

This study had some limitations. First, vaccine coverage was
calculated by the number of births and the number of ship-
ments of the vaccine; therefore, the PPV is an estimate. This
estimation does not take into account infants who died after
birth, those who were unable to be vaccinated because of
underlying diseases, and those who only received one dose of
the vaccine and were therefore not fully protected. In April,
2013, the Ministry of Health, Labour and Welfare published
rotavirus vaccine coverage data by prefecture. Vaccine coverage
in Saga Prefecture was 28%, which was in accordance with our
findings for the same period, 29.9%. Second, using the screen-
ing method, estimations of vaccine effectiveness may fluctuate
when the PPV and the proportion of cases vaccinated (PCV)
are too low.” In the current study, vaccine coverage was esti-
mated just after the introduction of the vaccine and would
therefore include a period of time when vaccine coverage would
be low. Because this variability in the PPV would be high, vac-
cine effectiveness may consequently be underestimated. Addi-
tionally, because this study was based on data from one
prefecture, the limited population size may confer a degree of
error in the PCV. Third, in this study the target hospitals were
limited to only higher order medical institutions having hospi-
talization facilities and emergency lifesaving centers. The effec-
tiveness of the vaccine against mild RVGE could therefore not
be estimated because almost all of the children with initial
symptoms of this disease would have presented at primary
facilities. However, the primary purpose of the rotavirus vaccine
is to prevent hospitalization and death caused by serious vomit-
ing and diarrhea. The effectiveness in these situations was eval-
uated in this study. Finally, the screening method is a relatively
simple and effective method for determining vaccine effective-
ness, but does not take into account confounding factors such
as incomplete vaccination or other underlying diseases. It is
now necessary to confirm the authenticity of our data using a
more elaborate method such as a case-control study.

In conclusion, this is the first study to evaluate the effective-
ness of the rotavirus vaccine by the screening method in Japan.
Vaccine coverage increased with time following introduction of
the vaccine and the effectiveness of the vaccine was estimated
to be 69.5% for clinically diagnosed RVGE and 88.8% for hos-
pitalized RVGE cases. These results support promotion of the
rotavirus vaccination program in Japan.

Patients and methods
Investigation area

The investigation was conducted in Saga Prefecture in Japan.
This area has a stable population of approximately 850,000
inhabitants, and approximately 7,500 babies are born each
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year. Rotavirus vaccine is voluntary in Japan and costs 13,000
15,000 Japanese yen per inoculation. Among municipalities in
this area, only Ogi city has public money to assist with the vac-
cine program, contributing 5,000 yen per inoculation. We
requested the cooperation of 6 major hospitals with pediatric
outpatient departments and hospitalization facilities in Saga
(Saga University Hospital, Saga-Ken Medical Centre Koseikan,
Saga National Hospital, Saga Chubu Hospital, Ureshino Medi-
cal Center, and Higashisaga Hospital). These are higher order
medical institutions treating the seriously ill including those
with acute gastroenteritis. The survey protocol was approved
by the Ethical Committee of Saga University Faculty of Medi-
cine, Saga-Ken Medical Centre Koseikan, and Saga National
Hospital. Other hospitals were approved as cooperation facili-
ties of Saga University Faculty of Medicine.

Rotavirus gastroenteritis patients and vaccine coverage

A case was defined as any child who was born between
August 1, 2011 and April 30, 2013 (able to receive the rota-
virus vaccine), displayed the clinical characteristics of gas-
troenteritis such as vomiting and diarrhea, and who tested
positive for fecal rotavirus antigen using an immunochro-
matography kit. The investigation period included 2 seasons
between November, 2011 and June, 2012 (2011/12 season),
and November, 2012 and June, 2013 (2012/13 season),
when an outbreak of rotavirus occurred according to the
National Epidemiological Surveillance of Infectious Diseases
system from the National Institute of Infectious Diseases.'®
Vaccination information, including whether a child had
received the rotavirus vaccine, the type of vaccine, the num-
ber of doses, the date of the last dose, and the outcome
(oral medication, intravenous rehydration to correct dehy-
dration, admission), was usually obtained from their medi-
cal records in the hospital in cooperation with their
pediatrician. If the vaccination status was not available in
their medical record, it was obtained by telephone interview
with their guardian. Children administered the last dose of
vaccine within 14 d before the onset of gastroenteritis were
excluded because of development of a protective immune
response.

Vaccine coverage of the general population

Because there is no register for national vaccination in
Japan, data regarding rotavirus vaccine coverage in the gen-
eral population are not readily available. We therefore
obtained the number of rotavirus vaccines shipped monthly
by pharmaceutical companies (GlaxoSmithKline and Merck
& Co.) into Saga Prefecture and divided this by the number
of doses (RV1: 2, RV5: 3). Thus, we estimated the number
of people that received the vaccine in each month. This was
then divided by the number of monthly births taken from
the demographic data for Saga Prefecture and the cities of
Saga and Ogi. In this way, we estimated the monthly vac-
cine coverage, as shown in Figure 2. Additionally, we
obtained information for Ogi city regarding financial assis-
tance for the vaccine.
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Statistical analysis

The SAS statistical software package (Ver. 9.3 for Windows;
SAS Institute, Cary, NC, USA) and Microsoft Excel (version
2010, Microsoft Japan) were used for statistical analysis. To
compare the characteristics of gastroenteritis cases between
rotavirus-positive cases and those negative cases, we used the
x” test for categorical variables and the Wilcoxon rank sum test
for continuous variables. The trend of monthly increase of vac-
cine coverage was tested by a logistic regression model, using
PROC LOGISTIC in SAS.

The effectiveness of the rotavirus vaccine was estimated by
the screening method using the Farrington algorithm, accord-
ing to the following formula.*

PCVv y 1 - PPV
1 —-PCV PPV

= (PPV —PCV) /PPV(1 — PCV);

Vaccine effectiveness =1 —

PCV is the proportion of cases vaccinated, which means the
proportion of vaccinated among rotavirus-positive cases. The
exact 95% confidence interval (CI) for the PCV was constructed
by using the BINOMIAL option in the EXACT statement of
PROC FREQ in SAS. PPV is the proportion of the population
vaccinated, which means vaccination coverage of the general
population. We employed the person-time method to derive
PPV (i.e., person-time during the investigation period in the
vaccinated divided by that in both the vaccinated and unvacci-
nated) because the target population aged over time. Person-
months accumulated in each stratum by vaccination status
(and age category [2-11 or 12-21 months] in age-stratified
analysis) in the target population was calculated for the 8 month
period in the 2012/13 season. For example, in age-stratified
analysis (Table 2), a child who was born in May 2012 contrib-
uted 6 person-months to the age category of 2-11 months and
2 person-months to that of 12-21 months, for the above
8 month period. A P value of less than 0.05 was considered sta-
tistically significant, and for vaccine effectiveness, its estimate
was regarded as significant if its 95% CI did not include the
null value (0).
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RVGE rotavirus gastroenteritis

RVl  Rotarix®”

RV5 RotaTeq®

PCV  the proportion of cases vaccinated

PPV the proportion of the population vaccinated
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ABSTRACT

Background: While the immunogenicity and effectiveness of seasonal influenza vaccines among subjects with
severe motor and intellectual disability (SMID) are known to be diminished, the efficacy of the A/HIN1pdm vaccine
has not been evaluated.

Methods: We prospectively evaluated 103 subjects with SMID (mean age, 41.7 years) who received trivalent
inactivated influenza vaccine during the 2010/11 influenza season. The hemagglutination inhibition (HI) antibody
titer was measured in serum samples collected pre-vaccination (S0), post-vaccination (S1), and end-of-season (S2)
to evaluate subjects’ immunogenicity capacity. Vaccine efficacy was assessed based on antibody efficacy and
achievement proportion.

Results: The proportions of seroprotection and seroconversion, and the geometric mean titer (GMT) ratio (GMT at
S1/GMT at S0) for A/HIN1pdm were 46.0%, 16.0%, and 1.8, respectively—values which did not meet the European
Medicines Evaluation Agency criteria. The achievement proportion was 26%. During follow-up, 11 of 43 subjects
with acute respiratory illness were diagnosed with type A influenza according to a rapid influenza diagnostic test
(RIDT), and A/HIN1pdm strains were isolated from the throat swabs of 5 of those 11 subjects. When either or both
RIDT-diagnosed influenza or serologically diagnosed influenza (HI titer at S2/HI titer at S1 >2) were defined as
probable influenza, subjects with A/HINIpdm seroprotection were found to have a lower incidence of probable
influenza (odds ratio, 0.31; antibody efficacy, 69%; vaccine efficacy, 18%).

Conclusions: In the present seasonal assessment, antibody efficacy was moderate against A/HIN1pdm among

SMID subjects, but vaccine efficacy was low due to the reduced immunogenicity of SMID subjects.

Key words: influenza vaccine; immunogenicity; antibody efficacy; vaccine efficacy; disabled person

INTRODUCTION

Severe motor and intellectual disability (SMID) is defined as
being bedridden or only able to sit, crawl, or walk with
support and having a relatively low intelligence quotient
(<35).! Further, such individuals are generally debilitated and
also immunocompromised,” with a lower immunogenicity to

seasonal influenza vaccines than healthy individuals and
no booster effect; moreover, age has a greater influence
on immunogenicity than on symptom severity in this
population.>® We previously reported that, in the 2009 A/
HIN1pdm influenza pandemic, a single dose of A/HINIpdm
monovalent vaccine did not induce sufficient immunity in
individuals with SMID, and a second dose was likely to be
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ineffective as well, given the diminished immunogenicity
capacity of this population.* Because pre-vaccination levels
of hemagglutination inhibition (HI) antibodies against the
vaccine strain significantly influence immunogenicity,’ studies
to determine whether or not immunogenicity improved in
subjects with SMID in the following season are required.

Similar to immunogenicity, vaccine efficacy is also
suspected to be diminished among subjects with SMID.
However, vaccine efficacy is based on the percentage
reduction in incidence of influenza in vaccinated subjects
compared to that in unvaccinated subjects.%’ Given that some
40%—-60% of SMID subjects reside in chronic-care facilities
in Japan' and most are vaccinated, evaluating vaccine efficacy
is difficult.

In such situations, an index of “antibody efficacy”® is used,
which was described by Longini et al in 1988 and reflects the
percentage reduction in influenza incidence among subjects
with a protective post-vaccination HI titer compared with
that among subjects without this HI titer. Antibody efficacy
has two important advantages over vaccine efficacy: it can
estimate vaccine efficacy in any target population, even a
population with 100% vaccination coverage, and it can do so
blindly. Because pre-vaccination, post-vaccination, and end-
of-season HI titers are analyzed simultaneously at the end of
follow-up, the outcomes are evaluated without knowledge of
the subjects’ HI titer status. An accurate determination of the
incidence of strain-specific influenza is crucial to calculating
antibody efficacy. However, only a few studies have used
antibody efficacy to assess vaccine efficacy’ ! because of the
difficulties involved in virological confirmation.

Here, to estimate vaccine efficacy of nonadjuvanted
trivalent inactivated influenza vaccine (IIV3) including the
A/HINlpdm strain in subjects with SMID, we conducted
a prospective observational study evaluating the immuno-
genicity and antibody efficacy of this vaccine during the 2010/
11 influenza season.

METHODS

Study subjects and study season

Our study was conducted in Japan during the 2010/2011
influenza season. According to reports from the Hokkaido
Infectious Disease Surveillance Center, as recorded by the
National Epidemiological Surveillance of Infectious Disease,
an influenza epidemic occurred between January 10 and May
28, 2011 in the Abashiri area, where the research facility was
located. Circulating strains were antigenically well matched to
A/HIN1pdm.'?

Study subjects were 103 individuals with SMID who
mainly suffered from cerebral palsy, epilepsy, and cognitive
disorders and resided in a long-term care facility in Hokkaido
Prefecture, located in northern Japan. They had received
2 doses of nonadjuvanted split-virus A/HINI1pdm vaccine
containing at least 15pg hemagglutinin antigen to A/

California/7/2009 (A/HIN1)v-like strain from the 2009
pandemic (lot no. HPO1A in 2009; Research Foundation for
Microbial Disease of Osaka University, Osaka, Japan). None
of the subjects had been infected with the influenza strain from
the 2009/10 season.*

Standard protocol approval, registration, and patient
consent

The study subjects’ guardians provided written informed
consent for their participation in our study. The baseline
characteristics of subjects, including age, sex, and chronic
medical conditions, were collected from medical records.
None of the subjects had a history of allergy to eggs or
anaphylaxis to vaccine components. The study protocol was
approved by the Institutional Review Board of the Saga
University Faculty of Medicine (H21-54) and was conducted
in accordance with the Ethical Guidelines for Epidemiological
Research of the Ministry of Education, Culture, Sports,
Science and Technology and Ministry of Health, Labour and
Welfare of Japan. The study was registered in the UMIN
Clinical Trials Registry (UMIN000015037).

Vaccination and serum specimen collection
All subjects received a single dose of 0.5mL IIV3 (lot
no. HA110A; Research Foundation for Microbial Disease
of Osaka University) subcutaneously into their arm on
November 1, 2010. The vaccine contained at least 15ug
each of hemagglutinin antigen to A/California/7/2009
(HIN1)pdm, A/Victoria/210/2009 (H3N2), and B/Brisbane/
60/208. After vaccination, healthcare workers at the facility
carefully observed vaccinated subjects for anaphylactic shock
for at least 30 minutes and adverse reactions for 48 hours
following vaccination, including either local (erythema,
swelling, induration, itching, and pain) or general reactions
(fever, fatigue, myalgia or arthralgia, headache, and rash).
Serum samples were collected before vaccination (S0),
three weeks after vaccination (S1), and six months after
vaccination (S2). All serum samples were stored at —40°C
until assayed.

Measurement and evaluation for immunogenicity
The serum antibody titer against the vaccine strain was
measured routinely using the HI assay with chicken
erythrocytes.!'>!# Serum samples were treated with receptor-
destroying enzyme (Vibrio cholera filtrate; Denka Seiken,
Tokyo, Japan) to inactivate nonspecific inhibitors. All samples
were assayed simultaneously at the laboratory of the Research
Foundation for Microbial Disease of Osaka University.

The geometric mean titer (GMT) of HI, seroprotection
proportion (proportion of subjects with HI titer >1:40 at S1),
and seroconversion proportion (proportion of subjects with
HI titer <1:10 at SO and >1:40 S1, or >1:10 at SO with a 4-
fold increase in titer at S1 compared with that at SO) were
calculated. If HI titers were below or above the detection
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limits (<1:10 or >1:5120), they were set as 1:5 or 1:5120,
respectively. The GMTs at S1 were compared with those at
S0, and the GMT ratio was calculated. The achievement
proportion was calculated as the proportion of subjects with an
HI titer <1:40 at SO and >1:40 at S1.

Immunogenicity was evaluated according to the European
Medicines Evaluation Agency (EMEA) criteria for evaluating
HI antibody responses to seasonal vaccine.!* The cut-off
values for vaccine immunogenicity in adults aged 18—60 years
were a seroprotection proportion >70%, seroconversion
proportion >40%, or mean geometric increase >2.5.

Follow-up and definition of outcome

After vaccination, all subjects were followed from the
November 1, 2010 to May 31, 2011. Healthcare workers
measured subjects’ body temperature every morning and
afternoon and prospectively recorded respiratory symptoms
(cough, sore throat, and nasal congestion) and other general
symptoms (fever, muscle pain, and general fatigue). When
subjects had a fever (body temperature >37.8°C), throat swabs
were collected and tested using a rapid influenza diagnosis
test (RIDT; Capilia FluA, B; Becton-Dickinson Japan, Tokyo,
Japan), based on an immunochromatographic method. If the
test was positive for infection, throat swabs collected from the
patients were stored at —40°C. To confirm the existence and
strain of the influenza virus in potentially infected patients,
we cultured the circulating influenza virus using standard
methods at the Osaka Prefectural Institute of Public Health
laboratory.

We established six outcomes for vaccine effectiveness:
acute respiratory illness (ARI), defined as sudden-onset fever
(body temperature >37.8°C)'%; influenza-like illness (ILI),
defined as ARI within the influenza epidemic period when
RIDT-diagnosed influenza cases were observed (from January
17 to February 6); RIDT-diagnosed influenza; serologically
diagnosed influenza 1 (HI titer at S2/HI titer at S1 >4);
serologically diagnosed influenza 2 (HI titer at S2/HI titer at
S1 >2); and probable influenza, defined as RIDT-diagnosed
influenza and an RIDT-negative result with serologically
diagnosed influenza 2.

Statistical analysis

All statistical analyses were performed using SAS 9.3 for
Windows (SAS Institute, Cary, NC, USA). Regarding
immunogenicity, the 95% confidence intervals (Cls) of
seroprotection and  seroconversion proportions — were
calculated using the exact binomial distribution for
proportions. Wilcoxon’s rank-sum test was used to compare
GMT and GMT ratios between groups, while Wilcoxon’s
signed-rank test was used to determine the significance of
the increase in HI antibody titers post-vaccination in each
group. The baseline characteristics and seroprotection
proportion were compared using the chi-square test or
Fisher’s exact test.

J Epidemiol 2016,;26(6):300-306

To clarify confounding factors for antibody efficacy, we
initially examined factors associated with both seroprotection
and outcomes. Odds ratios (OR) and 95% CIs of subjects
exhibiting post-vaccination seroprotection for each outcome
were then calculated by multiple logistic regression, with
adjustment for possible confounding factors. Antibody
efficacy was calculated as follows: [1 —adjusted OR] x
100%. The product of antibody efficacy and achievement
proportion is theoretically equivalent to vaccine efficacy.’

RESULTS

A total of 103 subjects with SMID (56 men and 47 women;
mean age, 41.7 [standard deviation, 10.4] years) were
institutionalized with one or more of the following: cerebral
palsy (n=45), epilepsy (n=29), intelligence impairment
(n =8), post-meningitis (n=06), and other reasons (n =25).
Subjects had no influenza infection within one month or three
weeks after vaccination. No serious adverse events occurred
during the study period. While several mild adverse reactions,
such as local redness and swelling, were reported, these were
transient.

Subjects” immunogenicity to A/HIN1pdm did not meet the
EMEA criteria (Table 1). The seroprotection proportion was
46%, the seroconversion proportion 16%, and the GMT ratio
1.8, with an achievement proportion of 26%. Age was not
associated with immunogenicity. The GMT ratio was lower in
male subjects than in female subjects, and the seroprotection
proportion was significantly lower in those with asthma than
in those without (P=0.02). Subjects with a higher pre-
vaccination HI titer had a lower GMT ratio and higher
proportion of seroprotection than those with relatively low
pre-vaccination titers. Subjects with a pre-vaccination HI
titer of 1:10-20 had a higher seroconversion proportion and
achievement proportion than those with an HI titer <1:10.

Figure shows the numbers of ARI cases and RIDT-
diagnosed influenza cases in this study population during
the observation period. Among 43 cases of ARI, 11 were
diagnosed as type A influenza by RIDT, and of these 11, 5
were virologically confirmed to have A/HIN1pdm influenza.

Given that asthma was associated with a reduced
seroprotection proportion against HINIpdm (OR 0.11; 95%
CI, 0.01-0.93) and with every outcome (eTable 1), asthma
was considered a confounding factor for antibody efficacy.
The crude and asthma-adjusted ORs of seroprotection,
antibody efficacy, and vaccine efficacy against A/HIN1pdm
for the six outcomes are summarized in Table 2. Asthma-
adjusted ORs were decreased when more specific outcomes
were used, with values of 0.82 (95% CI, 0.36-1.88) for
ARI, 0.58 (95% CI, 0.20-1.63) for ILI, and 0.52 (95% CI,
0.12-2.24) for RIDT-diagnosed influenza. The asthma-
adjusted OR of serologically diagnosed influenza 1 was
lower than that of serologically diagnosed influenza 2. The
asthma-adjusted OR of probable influenza was 0.31 (95% CI,
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Table 1. Immunogenicity against A/H1IN1pdm among subjects
GMT GMT ratio Seroprotection Seroconversion Achievement
n
Pre (S0) Post (S1) S1/S0 n (%, 95% CI) n (%, 95% ClI) n? n (%, 95% ClI)
Total 103 16 29 1.8 (P<0.0001) 47 (46, 36-55) 16 (16, 9-23) 73 19 (26, 16-36)
Sex
Male 56 15 24 1.6 (P <0.0001) 21 (38, 25-50) 6 (11, 3-19) 41 8 (20, 9-32)
Female 47 17 36 22 (P <0.0001) 26 (55, 41-70) 10 (21, 10-33) 32 11 (34, 19-53)
(P=0.77) (P=0.07) (P=0.04) (P=0.08) (P=0.18) (P=0.18)
Age, years
<30 23 19 41 2.1 (P <0.0001) 13 (57, 36-77) 4 (17, 2-33) 13 3 (23, 5-54)
30-39 21 18 31 1.8 (P <0.0001) 11 (52, 31-74) 6 (29, 9-48) 17 8 (47, 23-72)
40-49 23 13 25 1.9 (P <0.0001) 10 (43, 23-64) 2 (9, 0-20) 16 3 (19, 4-46)
250 36 15 24 1.6 (P <0.0001) 13 (36, 20-52) 4 (11, 1-21) 27 5 (19, 6-38)
(P=063) (P=0.25) (P=0.50) (P=042) (P=0.25) (P=0.25)
Asthma
Without 93 17 30 1.8 (P<0.0001) 46 (49, 39-60) 16 (17, 10-25) 64 19 (30, 19-42)
With 10 9 17 2.0 (P=0.0002) 1 (10, 0-29) 0 (0, 0) 9 0 (0, 0-34)
(P=0.04) (P=0.10) (P=0.29) (P=0.02) (P=0.35) (P=0.05)
Pre-vaccination HI titer against A/H1N1
<1:10 33 5 12 24 (P <0.0001) 2 (6, 0-14) 2 (6, 0-14) 33 2 (6, 1-20)
1:10-1:20 40 14 26 1.9 (P <0.0001) 17 (43, 27-58) 11 (28, 14-41) 40 17 (43, 27-59)
21:40 30 65 84 1.3 (P=0.0625) 28 (93, 84-100) 3 (10, 0-20) (P<0.01)
(P<0.01) (P<0.01) (P<0.01) (P<0.01) (P=0.61)

SMIDs, severe motor and intellectual disabilities; GMT, geometric mean titer; GMTR, GMT ratio; Cl, confidence interval.

Comparisons with pre-vaccination data were made using Wilcoxon’s signed-rank test, and comparisons between categories were made using

Wilcoxon’s rank-sum test, Wilcoxon’s signed-rank test, Chi-square test, or Fisher’'s exact test.
@Number of subjects with a pre-vaccination HI antibody titer <1:40.
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Infection timeline

Numbers of ARI (dotted line) and RIDT-diagnosed influenza (solid line) cases during the observation period. ARI,

acute respiratory illness; RIDT, rapid influenza diagnosis test.
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Table 2. Effectiveness of influenza vaccine for influenza-related outcomes evaluated based on asthma-adjusted ORs, antibody

efficacy, and vaccine efficacy

Post-vaccination

Crude Asthma-adjusted Antibody Vaccine
Outcomes HI < 40 HI =40 OR 95% ClI ORJ 95% CI EfF;caacy 95% CI Ef'F;ca;:y 95% ClI
(n=56) (n=47) (%) (%)

ARI (fever 237.8°C) 26 17 0.65 (0.30 to 1.45) 0.82 (0.36 to 1.88) 18.0 (-88 to 64) 4.7 (-22.9 to 16.6)
L";ri(:;' within influenza endemic 16 7 044 (0.16t0 1.18) 0.58 (02010 1.63) 424  (-63t080) 110  (~16.4 to 20.8)
RIDT-diagnosed influenza 8 3 041  (0.10 to 1.64) 0.52 (01210 2.24) 476  (-1241t088) 124  (-32.21t022.9)
Serologically diagnosed influenza 1¢ 12 2 0.16  (0.03 to 0.77) 0.20 (0.04 to 0.99) 79.8 (1 to 96) 20.7 (0.3 to 25.0)
Serologically diagnosed influenza 2¢ 14 4 0.28  (0.09 to 0.92) 0.33 (0.10 to 1.11) 67.4 (=11 to 90) 17.5 (-2.9 to 23.4)
Probable influenza® 12 3 0.25 (0.07 to 0.95) 0.31 (0.08 to 1.22) 69.1 (-22 to 92) 18.0 (-5.7 to 23.9)

ARI, acute respiratory illness; Cl, confidence interval; HI, hemagglutination inhibition; ILI, influenza-like illness; OR, odds ratio; RIDT, rapid influenza

diagnosis test; S1, post-vaccination; S2, end of the season.
a[1 - asthma-adjusted OR] x 100%.

bAntibody efficacy x achievement proportion (0.26).

°HI titer at S2/HI titer at S1 24.

9HI titer at S2/HI titer at S1 22.

°RIDT-diagnosed influenza and an RIDT-negative result with serologically diagnosed influenza 2.

0.08-1.22). Given the above findings, the antibody efficacy
and vaccine efficacy were determined to be 69.1% and 18.0%,
respectively.

DISCUSSION

The immunogenicity of the A/HINIpdm vaccine strain
among subjects with SMID was deemed insufficient based
on international standards, even after vaccination in the
second season. Priming as a result of prior exposure to a
related influenza strain through infection or immunization is
well known to promptly induce a potent antibody response
to immunization.® Preexisting memory T and B cells are
involved in rapid and strong responses to a second
vaccination, and memory T cells are crucial for controlling
humoral and cellular immune responses.'” The SMID subjects
in the present study were considered to have diminished
immunogenicity, given their decreased cellular immune
responses and lack of a history of A/HINIpdm influenza
infection in the 2009/10 influenza season. A high pre-
vaccination HI titer generally contributes to higher
seroprotection, and our present findings confirmed that this
association held true even among subjects with SMID. In
contrast, a high pre-vaccination HI titer is generally associated
with lower seroconversion proportions. However, in the
present study, seroconversion proportions were the lowest in
subjects with no detectable antibody levels at pre-vaccination
despite receiving an A/HINlpdm vaccine the previous
influenza season. Taken together, these results indicate that
non-responders to A/HIN1pdm vaccination have diminished
cellular function, such as impaired immune memory or
reduced immune response.

In the present study, immunogenicity was significantly
diminished among subjects with a history of asthma, although
details regarding their asthma treatment were unknown.
Inhaled steroid hormones are usually used as preventive

J Epidemiol 2016,;26(6):300-306

medication for asthma attacks, and injection or oral steroids
are used for controlling attacks. Given that steroids are
considered to affect T-cell immunity, steroid treatment may
reduce vaccine immunogenicity.!® Several studies have
investigated the immunogenicity of inactivated influenza
vaccine among asthma patients. Hanania et al reported that
immune response to the A antigens of IIV3 in asthma patients
was not adversely affected by inhaled corticosteroids,'® and
Bae et al reported that IIV3 induced a protective immune
response in children with recurrent wheezing requiring
frequent steroid treatment.’’ While these previous findings
conflict with our own, Bae et al’s study was conducted among
children, and Hanania et al’s study was conducted among
children and adults. In contrast, Busse et al reported that
patients aged more than 60 years with severe asthma had
lower immunogenicity than younger patients with severe
asthma, and their immunogenicity did not meet the EMEA
criteria.?! Further, SMIDs have been reported to be associated
with rapid physical aging and degeneration.> Our present
findings concur with those of Busse etal, as asthma
was related to lower immunogenicity. In addition, asthma
condition was associated with outcomes, as SMID patients
with asthma had significantly higher ORs for ARI, ILI,
serologically diagnosed influenza 1, and probable influenza
than those without asthma (eTable 1). We therefore conducted
multivariate analysis to control for its confounding effects.??

To our knowledge, ours is the first study to evaluate the
effectiveness of IIV3 that includes A/HINIpdm among
subjects with SMIDs. Although no statistical significance
was observed for most outcomes due to limited power, the
ORs of seroprotection were <1 for all outcomes, suggesting
relatively low influenza incidence in the population. Because
misclassification of influenza generally reduces vaccine
effectiveness, specific definitions for outcomes must be
used to increase accuracy of influenza diagnosis.”> When we
limited ARIs to ILI or RIDT-diagnosed influenza, adjusted
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ORs were decreased. Although the RIDT has high specificity
and moderate sensitivity, its accuracy depends on virus count,
resulting in the potential for false negatives. For instance,
time since fever onset and sampling technique may influence
virus count. To identify false negative cases, we combined
serological diagnoses with RIDT.?* Given that false negative
RIDT
related outcomes, the effectiveness of vaccination may be
underestimated.

Although serological diagnosis can be used to confirm
influenza in cases with negative RIDT results, the definition of
influenza infection should be considered. The adjusted OR
was lowest when a four-fold increase in HI titers was used for
serological diagnosis; however, this OR for four-fold increase
in HI titers is considered to be an overestimation of vaccine
effectiveness, because subjects with a seroprotective HI titer
are unlikely to have a four-fold increase in titer after infection
compared to those without a seroprotective HI titer. We
therefore concluded that a two-fold increase in HI titer was
a better index than a four-fold increase for confirming
subclinical influenza infection in the present study. RIDT-
diagnosed influenza and RIDT-negative ILI with serologically
diagnosed influenza 2, which was considered a false negative
result for the RIDT test, was defined as probable influenza,
which was the main outcome.

Because protective HI titers represent the level at which
approximately 50% of subjects will be protected,” a value of
69% for antibody efficacy against probable influenza might
be considered beneficial. Antibody efficacy is strongly
influenced by the degree of similarity between the vaccine
strains and the epidemic virus. In the 2009/10 pandemic
season, when vaccine and virus strains were perfectly
matched—as the vaccine had been made using the
circulating viral strain—antibody efficacy among pregnant
women was reported as 91%.!! In the 1991/92 season, when
the virus strains were antigenically similar to vaccine strains,
the antibody efficacy for A/H3N2 was 86% among healthy
adults.” Another study reported that the antibody efficacy for
A/H3N2 among institutionalized elderly individuals was 65%
in the 2002/03 season, when only 42% of the A/H3N2 isolates
were antigenically identical to the vaccine strain.'® In the
present study season, vaccine and circulating viral strains
were well matched antigenically; therefore, antibody efficacy
was expected to be higher than our findings suggest. This
discrepancy may be due to the fact that influenza infection
spread more easily in this population than among subjects in
studies for the 2009/10 and 1991/92 seasons, as our study
subjects resided in a long-term care facility. Additionally, their
lower cellular and humoral immunity may have contributed
to influenza infection.

The vaccine efficacy against A/HINIpdm in the present
study was estimated to be 18%, which is lower than efficacy
reported in another Japanese study (47.6%)?° and a European
Union study (55%),2” both of which were conducted using a

results lead to misclassification of influenza-

test-negative case-control design among healthy adults in the
2010/11 season. Low immunogenicity caused low vaccine
efficacy among subjects with SMID in the present study. If
the achievement proportion exceeds 70%, then the vaccine
efficacy is expected to exceed 48%. Improving the vaccine
efficacy in SMID patients will required further studies
to clarify the mechanism behind the population’s low
immunogenicity.

The main strength of the present study is the prospective
follow-up design. We observed body temperature, respiratory
symptoms, and general symptoms in each subject throughout
the influenza season. This active follow-up allowed for
virological confirmation of the circulating virus strain in the
institution. Further, to enhance the outcome accuracy, we used
a combination of RIDT and serological diagnosis, which
enabled accurate estimation of antibody efficacy. However, a
major limitation to the present study warrants mention. Our
sample size was too small to detect statistical significance of
antibody efficacy, although the analysis had a statistical power
of at least 80% to detect a seroconversion proportion >40%.
Our study was also single-center, so generalizability may be
limited because influenza epidemics differ substantially by
location, season, and population. Further, there were few other
institutions in the area, limiting our population size.

In conclusion, immunogenicity against A/HINlpdm in
subjects with SMID did not improve in the second influenza
season after immunization. Antibody efficacy was moderate
for probable influenza among SMID subjects, but vaccine
efficacy was insufficient due to the reduced immunogenicity
of SMID subjects.

ONLINE ONLY MATERIAL

eTable 1. Crude ORs for each outcome with respect to subject
characteristics.
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ABSTRACT

Lung cancer is a leading cause of cancer-related death, and patients with lung cancer are a priority group
for influenza vaccination. However, few studies have assessed the immunogenicity of the influenza
vaccine in these patients. Here, we performed a prospective study to evaluate the immunogenicity of the
influenza vaccine in patients with lung cancer undergoing anticancer chemotherapy. Twenty-five patients
with lung cancer undergoing anticancer chemotherapy and 26 patients with chronic obstructive
pulmonary disease (COPD) as controls were enrolled. A trivalent influenza vaccine containing inactivated
A/California/7/2009 (H1N1) pdm09, A/Texas/50/2012 (H3N2), and B/Massachusetts/2/2012 was
administered as a single subcutaneous injection. Serum samples were collected before vaccination,
and at 4-6 weeks after vaccination. Levels of serum antibody to hemagglutinin were measured. Among
patients with lung cancer, the seroprotection rate (postvaccination titer > 1:40) was 84% for both A(H1N1)
and A(H3N2), similar to the levels observed in patients with COPD. However, the seroprotection rate for
the B strain was significantly lower in patients with lung cancer than in patients with COPD (64% versus
92%). Even after adjustment for potential confounders, patients with lung cancer had a significantly lower
odds ratio for seroprotection against the B strain than patients with COPD. Moreover, in patients with lung
cancer, those receiving the platinum doublet treatment tended to exhibit a lower seroprotection rate than
those receiving a single agent. Thus, patients with lung cancer undergoing anticancer chemotherapy
showed acceptable immune responses to a trivalent influenza vaccine, supporting the recommendation
for annual influenza vaccination in these patients.
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Introduction
patients with solid cancers ranges from 38%-78%.”'" The inten-

sity and type of chemotherapy and the timing of vaccination in
the course of chemotherapy influence the immunogenicity of

Patients with cancer undergoing systemic chemotherapy have a
significant risk of morbidity and mortality from influenza infec-

tion."? According to a previous report,' the mortality rate for
influenza infection is approximately 9% among patients with
cancer. In addition, influenza infection and influenza-related
complications often prevent consecutive courses of chemother-
apy and worsen the prognosis of these patients."** Therefore,
annual influenza vaccination is recommended in patients with
cancer for the prevention of severe influenza or related bacterial
infections.>>® Despite this recommendation, prior studies have
reported low influenza vaccination rates among patients receiv-
ing chemotherapy for cancer.”® The main reasons for the
absence of vaccination include lack of recommendation by the
treating physician (72%), fear of side effects (33%), and concerns
regarding vaccination efficacy (10%).” Moreover, information
concerning influenza vaccine efficacy, safety, and optimal timing
in patients with cancer is limited.> However, the immunogenic-
ity of influenza vaccination in cancer patients has been reported
in several studies.” The reported seroprotection rates (sPs; post-
vaccination titer > 1:40) of the inactivated influenza vaccine in

influenza vaccination.’

Lung cancer is the leading cause of cancer-related death
among men and women.'> Owing to the high incidence of lung
cancer worldwide, influenza vaccination for this group of
patients is crucial. However, to our knowledge, only one study,
performed in 1999, has assessed the immunogenicity of influ-
enza vaccine in patients with lung cancer.” In addition, in the
last few years, the intensity of anticancer chemotherapy has
changed with the development and introduction of new drugs
such as platinum agents, third-generation drugs, pemetrexed,
and bevacizumab."

Therefore, in this study, we aimed to evaluate the immuno-
genicity of the influenza vaccine in patients with lung cancer
undergoing anticancer chemotherapy compared with that in
patients with chronic obstructive disease (COPD) as an immu-
nocompetent control. The study subjects were recruited from
the Kameda Medical Center, a tertiary care and teaching hospi-
tal, which has 925 inpatient beds, 34 clinical departments, and

CONTACT Kei Nakashima @ kei.7.nakashima@gmail.com @ Department of Pulmonary Medicine, Kameda Medical Center, 929 Higashi-cho, Kamogawa, Chiba,

296-8602, Japan.
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3000 medical staffs. The Kameda Medical Center covers the
southern area of Chiba, Japan, which has a population of
~1,000,000. Since immunoresponses are influenced by prevac-
cination titers, which are related to previous virus exposure
(through infection or vaccination), we used logistic regression
to analyze models that include potential confounders, including
prevaccination titer, as explanatory variables.

Results

A total of 25 patients with lung cancer and 27 patients with
COPD were eligible for this study. All patients received one
dose of the trivalent influenza vaccine between November and
December 2013. Serum samples at 4-6 weeks after vaccination
were collected from 25 patients with lung cancer and 26
patients with COPD. One patient with COPD showed a mild
rash within 48 h after vaccination, and no other severe adverse
events occurred in any of the patients with lung cancer or
COPD. During the study period, no subjects reported labora-
tory-confirmed influenza or influenza-like illness (defined by
acute febrile illness [temperature > 38.0°C] with one or more
respiratory symptoms [nasal discharge, sore throat, or cough]).

The characteristics of the 51 patients included in the immu-
nogenicity analyses are shown in Table 1. The mean age was
69.4 years, and 41 patients (80.4%) were men. The proportions
of patients with pretiter levels of 1:10 or more ranged from
48%-68% in patients with lung cancer and from 69%-88% in
patients with COPD. For the A/California/7/2009 (HIN1)
pdm09 strain, the percentage of patients with pretiter levels of
1:10 or more was significantly higher in patients with COPD
than that in patients with lung cancer. Adenocarcinoma was
the most common histological type in patients with lung cancer
(40%). Fifteen (60%) patients received chemotherapy with plat-
inum doublet treatment, and 10 (40%) patients received che-
motherapy with a single agent.

Table 2 shows the immune responses to the trivalent influ-
enza vaccination among patients with lung cancer or COPD.
Patients with lung cancer showed significantly lower geometric
mean titers (GMTs) for A/California/7/2009 (H1N1) pdm09
before vaccination than patients with COPD. In the other 2
strains, patients with lung cancer tended to show lower GMTs
before vaccination than patients with COPD did. In all strains,
GMTs reached the protection levels (>1:40), and the mean fold
rise (MFR) values were over 2.0 fold. The sPs and seroresponse
rates (sRs) in patients with lung cancer were 64%-84% and
60%-72%, respectively. In the A/California/7/2009 (HINI)
pdm09 and A/Texas/50/2012 (H3N2) strains, there were no
significant differences in sPs between patients with lung cancer
and those with COPD. However, the sP of B/Massachusetts/02/
2012 in patients with lung cancer was significantly lower than
that in patients with COPD (64% vs. 92%, respectively;
p = 0.019). In all strains, sRs were not significantly different
between patients with lung cancer and patients with COPD.

Table 3 shows the odds ratios (ORs) for sRs after trivalent
influenza vaccination in patients with lung cancer compared
with those in patients with COPD. In all strains, there were no
significant reductions in ORs in patients with lung cancer com-
pared with that in patients with COPD, in both the crude anal-
ysis and multivariate analysis.

Table 4 shows ORs for seroconversion reats (sCs) after triva-
lent influenza vaccination in patients with lung cancer com-
pared with those in patients with COPD. For all strains, based
on ORs, there were no significant differences between patients
with lung cancer and patients with COPD in the multivariate
analysis.

Table 5 shows ORs for sPs after trivalent influenza vaccina-
tion in patients with lung cancer compared with those in
patients with COPD. In B/Massachusetts/02/2012, patients
with lung cancer had a significantly lower OR for sP than
patients with COPD (p = 0.028) in the multivariate analysis.
For the other 2 strains, the ORs for sPs were not significantly
different between the 2 patient groups.

Table 6 shows the immune responses to trivalent influenza
vaccination among patients with lung cancer undergoing anti-
cancer chemotherapy. For A/Texas/50/2012(H3N2), the MFR
was 3.6 in patients receiving platinum doublet treatment; this
was significantly lower than that in patients receiving treatment
with a single agent (11.3; p = 0.049). The sPs were lower in
patients receiving platinum doublet treatment, although these
differences were not significant, for A/California/7/2009
(HIN1) pdmo09 (platinum doublet treatment versus single
agent treatment: 73% vs. 100%; p = 0.125), A/Texas/50/2012
(H3N2) (platinum doublet treatment versus single agent treat-
ment: 73% vs. 100%; p = 0.125), and B/Massachusetts/02/2012
(platinum doublet treatment versus single agent treatment:
60% vs. 70%; p = 0.691).

Discussion

In this study, we showed that influenza vaccination induced
sufficient immune responses in both patients with COPD and
those with lung cancer. The immunity after vaccination satis-
fied the international licensing criteria of the European Agency
for the Evaluation of Medical Products and the US Food and
Drug Administration.'*'* For the A/California/7/2009 (HIN1)
pdm09 and A/Texas/50/2012 (H3N2) strains, there were no
significant differences in the ORs for sP, sR, or sC between
patients with COPD and those with lung cancer in the multi-
variate analysis. However, the OR for the sP of B/Massachu-
setts/02/2012 was significantly reduced in patients with lung
cancer in the multivariate analysis. In addition, the sP, sR, and
sC tended to be lower in patients receiving platinum doublet
treatment than in patients receiving single agent treatment.
Thus, platinum doublet chemotherapy is considered a high-
intensity treatment and may suppress the ability of the immune
system to make anti-influenza antibodies.

Oncology patients are heterogeneous, and the immuno-
genicity of the influenza vaccine in patients with cancer dif-
fers depending on the type of cancer and the intensity of
chemotherapy.»'® Some studies have shown that immuniza-
tion with the influenza vaccine has no benefit in providing
adequate seroconversion, particularly in patients with hema-
tological diseases such as Ilymphomas and multiple
myeloma.'”?® Nevertheless, other studies examining the
immunogenicity of vaccination in hematological disease
have reported adequate immunoresponses.”** In addition,
positive data have been obtained in the majority of studies
assessing the immunogenicity of the influenza vaccine in
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Variables Lung cancer (N = 25) COPD (N = 26) P value*
Age, years (mean =+ SD) 68.0 + 6.3 707 +£74 0.157
Male 18 (72%) 23 (88%) 0.173
Prevaccination titer
A/California/7/2009(H1N1)pdm09

<1:10 13 (52%) 6 (23%) 0.045
>1:10 12 (48%) 20 (77%)
A/Texas/50/2012(H3N2)
<1:10 8(32%) 3(12%) 0.098
>1:10 17 (68%) 23 (88%)
B/Massachusetts/02/2012
<1:10 11 (44%) 8 (30%) 0.393
>1:10 14 (56%) 18 (69%)
Stage of COPD

GOLD stage 1 7 (27%)

GOLD stage 2 11 (42%)

GOLD stage 3 6 (23%)

GOLD stage 4 2 (8%)

Histological type of lung cancers

Adenocarcinoma 10 (40%)

Squamous cell carcinoma 6 (24%)

Small cell carcinoma 8 (32%)

Others 1 (4%)

Tumor stage

Stage 1 1 (4%)

Stage 3 4 (16%)

Stage 4 17 (68%)

Recurrence after surgery 2 (8%)

Recurrence after stereotactic radiotherapy 1 (4%)

Recent chemotherapy duration of subjects

on influenza vaccination (months)

0-2 10 (40%)

3-5 6 (24%)

6-8 1 (4%)

9-11 2 (8%)

>12 6 (24%)

Chemotherapy in patients with lung cancer 25 (100%)

Platinum doublet 15 (60%)

CDDP + DOC 1 (4%)
CDDP + VP-16 2 (8%)
CBDCA + PTX 3 (12%)
CBDCA + PEM 3(12%)
CBDCA + nab-PTX 2 (8%)
CBDCA + TS1 1 (4%)
CBDCA + VP-16 3 (12%)

Single agent 10 (40%)

DOC 3 (12%)
AMR 3(12%)
PEM 1 (4%)
GEM 1 (4%)
VNR 1 (4%)
PTX 1 (4%)

Data are expressed as number (%) of patients, unless otherwise indicated.

COPD: chronic obstructive pulmonary disease.

GOLD: Global Initiative for Chronic Obstructive Lung Disease.

CDDP: cisplatin; DOX: docetaxel; VP-16: etoposide; PTX: paclitaxel; PEM: pemetrexed;
Nab-PTX: nab-paclitaxel; TS1: tegafur, gimeracil, oteracil potassium; AMR: amrubicin;
GEM: gemcitabine; VNR: vinorelbine.

SD: standard deviation.

“P values were calculated by Fisher's exact or student's t tests.

patients with solid tumors such as breast cancer, colorectal
cancer, and lung cancer.”'®**** Although the observed
immunogenicity in patients with solid tumors undergoing
chemotherapy has been shown to reach protective levels,”
112325 some reports have shown that the immunogenicity
induced by vaccination is lower than that in immunocom-
petent controls.'>*® A previous study assessing the immu-
nogenicity of the influenza vaccine in patients with lung
cancer showed an sP of 78% (postvaccination titer > 1:40),

similar to the seroprotection level of 64%-84% in our
study.’

In the present study, the sP of B/Massachusetts/02/2012 in
patients with lung cancer was 64%, which was significantly
lower than that for patients with COPD and was relatively low
in comparison with that of the other 2 strains in patients with
lung cancer. A previous report showed increased sensitivity
and reduced specificity of hemagglutination inhibition tests
with an ether-treated influenza B strain.”® In our study, none of
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Table 2. Immune responses to the trivalent influenza vaccine in patients with lung cancer or COPD.

Geometric after vaccination®
mean titer®
Mean fold
Before vaccination after vaccination rise® Seroprotection rate (sP) Seroresponse rate (sR) (>4 fold- Seroconversion rate (sC)
(S0) (S1) $1/S0 (>1:40): n (%) rise): n (%) n (%)
A/California/7/2009
(HIN1)pdm09
Lung cancer 11 105 9.4 21 (84) 18 (72) 18 (72)
COPD 25 123 5.0 21(81) 13 (50) 11 (42)
(P=10.011) (P=0923) (P=0.132) (P = 1.000) (P=0.153) (P =0.048)
A/Texas/50/2012
(H3N2)
Lung cancer 19 112 5.7 21 (84) 16 (64) 14 (56)
COPD 37 173 47 25 (96) 13 (50) 13 (50)
(P =0.079) (P = 0.467) (P = 0.445) (P=0.191) (P = 0.400) (P=0.781)
B/Massachusetts/02/
2012
Lung cancer 13 54 4.2 16 (64) 15 (60) 12 (48)
COPD 22 91 4.2 24 (92) 13 (50) 12 (46)
(P=10.141) (P=0271) (P=0931) (P=10.019) (P=0.577) (P = 1.000)

*Wilcoxon rank-sum test was performed for intercategory comparisons.

bSeroprotection rates, seroresponse rates, and seroconversion rates were compared between groups by Fisher's exact test.

the 3 strains was treated with ether. Hence, we believe that the
differences in sPs among strains were not derived from varia-
tions in methodology. Concerning this relatively poor immune
response to B/Massachusetts/02/2012 in patients with lung can-
cer, our results were similar to those of a prior study, in which
the immunogenicity of an inactive quadrivalent influenza vac-
cine containing the B/Massachusetts/02/2012 strain was evalu-
ated.”” Tt is possible that pre-existing immunity to B strains
other than B/Massachusetts/02/2012 negatively affected the
immune response to the B/Massachusetts/02/2012 strain; this
phenomenon is called original antigenic sin.***’ For example, a
previous study assessing the prime-boost responses following a
change in the 2 B lineages (B/Yamagata and B/Victoria)
reported the influence of original antigenic sin on responses to B
strains; repeated administration of the annual trivalent influenza
vaccine containing the B/Victoria lineage antigen strongly
recalled antibodies to the B/Yamagata antigen after the first
exposure, but elicited lower B/Victoria responses.’® In Japan, a
mixed epidemic of B/Victoria and B/Yamagata was observed
during the 2011/2012 and 2012/2013 seasons.”’ During these
seasons, some participants in our study could have been sensi-
tized to the B/Victoria or B/Yamagata strain, thereby decreasing
immunogenicity to B/Massachusetts/02/2012 (B/Yamagata line-
age) owing to the influence of original antigenic sin on responses

to B strains. Moreover, the lower prevaccination antibody titer
in patients with lung cancer may explain the decreased sP. In the
present study, most of the patients with lung cancer had received
repetitive chemotherapy at the time of vaccination, potentially
strengthening the lower GMT's before vaccination owing to the
immunosuppression caused by chemotherapy.

In this study, we chose patients with COPD as the immuno-
competent control group because they are also a priority group
for influenza vaccination,”>*> and are considered immunocom-
petent compared to patients with cancer undergoing chemo-
therapy. However, whether patients with COPD are suitable as
a control group may be controversial because there is insuffi-
cient high-quality evidence on current influenza vaccine regi-
mens for patients with COPD.* In a prior study, patients with
COPD and healthy controls obtained seroprotective levels of
antibodies after influenza vaccination, although the sR seemed
to be lower in patients with COPD than in healthy participants,
because of the higher prevaccination titer in patients with
COPD.* In addition, our study showed that the sPs among
patients with COPD reached 81%-96% after vaccination. Thus,
the patients with COPD in our study appeared to be appropri-
ate as a control group.

Our study has several limitations. First, we had a relatively
small sample size. Enrollment of patients was restricted by the

Table 3. Odds ratios for seroresponse rates at after trivalent influenza vaccination in patients with lung cancer or COPD.

Seroresponse rate (sR)

Crude analysis Multivariate analysis™

(>4 fold-rise): n (%) OR (95% Cl) P value OR (95% CI) P value
A/California/7/2009(H1N1)pdm09
Lung cancer 18 (72) 2.52(0.70-9.79) 0.153 1.29 (0.27-6.29) 0.749
COPD 13 (50) 1.00 (ref.) 1.00 (ref.)
A/Texas/50/2012(H3N2)
Lung cancer 16 (64) 1.76 (0.51-6.35) 0.400 1.11 (0.30-4.15) 0.872
COPD 13 (50) 1.00 (ref.) 1.00 (ref.)
B/Massachusetts/02/2012
Lung cancer 15 (60) 1.49 (0.43-5.25) 0.577 1.02 (0.28-3.78) 0.975
COPD 13 (50) 1.00 (ref.) 1.00 (ref.)

*Adjusted for age, gender, and prevaccination titer.
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Table 4. Odds ratios for seroconversion rates after trivalent influenza vaccination in patients with lung cancer or COPD.

Crude analysis

Multivariate analysis*

Seroconversion

rate (sC): n (%) OR (95% Cl) P value OR (95% Cl) P value
A/California/7/2009(H1N1)pdm09
Lung cancer 18 (72) 3.42(0.95-13.4) 0.048 2.48 (0.62-9.99) 0.200
COPD 11 (42) 1.00 (ref.) 1.00 (ref.)
A/Texas/50/2012(H3N2)
Lung cancer 14 (56) 1.27 (0.37-4.41) 0.781 0.88 (0.25-3.1) 0.847
COPD 13 (50) 1.00 (ref.) 1.00 (ref.)
B/Massachusetts/02/2012
Lung cancer 12 (48) 1.08 (0.31-3.71) 1.000 0.76 (0.22-2.6) 0.663
COPD 12 (46) 1.00 (ref.) 1.00 (ref.)

*Adjusted for age, gender, and prevaccination titer.

short period from the time when the influenza vaccine became
available to vaccination before the anticipated winter outbreak
of influenza infection. Inclusion of more cases may provide
more definitive results, particularly when considering the
effects of different chemotherapy regimens on patients with
lung cancer. Second, in our study, there was the possibility of
intercurrent asymptomatic infections. However, we monitored
all patients for influenza-like illness, and no patients experi-
enced confirmed influenza virus infections during the study
period. Thus, we believe that the effect of intercurrent infection
was not large enough to invalidate the present results. Third,
healthy controls were not evaluated in this study. However, we
evaluated patients with COPD as a immunocompetent control
group; these patients were considered appropriate based on
their high sPs. Fourth, the antibody titers at the end of season
were not evaluated in the present study because we wanted to
focus on the antibody titers before vaccination and at 4-6
weeks after vaccination. We thought that the immunogenicity
at 4-6 weeks after vaccination was clinically important for eval-
uating the immunoprotective ability against influenza infection
during the influenza season.

In conclusion, patients with lung cancer undergoing chemo-
therapy showed an acceptable immune response to the trivalent
influenza vaccine without significant adverse effects, supporting
the recommendation for annual influenza vaccination in
patients with lung cancer. Further studies assessing influenza
vaccine efficacy in patients with cancer are needed to
strengthen the evidence supporting influenza vaccination in
these patients.

Materials and methods
Study design and patients

In November and December 2013, patients with lung cancer
undergoing chemotherapy and patients with COPD being
treated at the Department of Pulmonary Medicine, Kameda
Medical Center, Chiba, Japan were invited to participate in this
study. We chose patients with COPD as immunocompetent
controls because these patients are a priority group for influ-
enza vaccination,”>** and most patients with COPD receive the
influenza vaccine annually in Japan.

The inclusion criteria were as follows: 1) patients with lung
cancer who underwent anticancer chemotherapy with cytotoxic
agents from 2 weeks before influenza vaccination to 4 weeks
after vaccination, or 2) patients with COPD diagnosed based
on a postbronchodilator forced expiratory volume in 1 second/
forced vital capacity (FEV, /FVC) of less than 70%.>® Exclusion
criteria were as follows: a history of influenza infection, an
acute febrile illness or evidences of severe acute illness at the
time of vaccination, a history of allergy due to vaccine compo-
nents, or other contraindications for receiving the vaccine.

All patients provided written informed consent after the
nature and possible consequences of the study were explained.
The study protocol was approved by the Research Ethics
Committee of the Kameda Medical Center (No. 13-061) and
was performed in accordance with the Declaration of Helsinki.
After obtaining informed consent, the baseline patient charac-
teristics, including age, gender, histological type of lung cancer,
clinical stage of lung cancer, stage of COPD according to the

Table 5. Odds ratios for seroprotection rates at after trivalent influenza vaccination in patients with lung cancer or COPD.

Crude analysis Multivariate analysis*

Seroprotection rate

(sP) (>1:40): n (%) OR (95% CI) P value OR (95% CI) P value

A/California/7/2009(H1N1)pdm09

Lung cancer 21 (84) 1.24(0.23-7.21) 1.000 1.56 (0.28-8.84) 0.613

COPD 21 (81) 1.00 (ref.) 1.00 (ref.)
A/Texas/50/2012(H3N2)

Lung cancer 21 (84) 0.22 (0.00-2.40) 0.191 0.30 (0.02-4.01) 0.364

COPD 25 (96) 1.00 (ref.) 1.00 (ref.)
B/Massachusetts/02/2012

Lung cancer 16 (64) 0.15 (0.01-0.88) 0.019 0.11 (0.01-0.79) 0.028

COPD (92) 1.00 (ref.) 1.00 (ref.)

*Adjusted for age, gender, and prevaccination titer.
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Table 6. Immune response to the trivalent influenza vaccine in patients with lung cancer, according to the type of chemotherapy.

Geometric mean titer®

After vaccination®

Mean fold
Before vaccination After vaccination rise? Seroprotection rate (sP) Seroresponse rate (sR) (>4  Seroconversion rate (sC) :
(S0) (S1) S1/S0 (>1:40): n (%) fold-rise): n (%) n (%)
A/California/7/2009(H1N1)
pdm09
Single agent 12 160 13.0 10 (100) 8 (80) 8 (80)
Platinum doublet 10 80 7.6 11(73) 10 (67) 10 (67)
(P =0.809) (P = 0.306) (P =0.415) (P =0.125) (P = 0.659) (P =0.659)
A/Texas/50/2012(H3N2)
Single agent 16 184 113 10 (100) 8 (80) 8 (80)
Platinum doublet 22 80 3.6 11(73) 8 (53) 6 (40)
(P =0.590) (P=10.143) (P =0.049) (P=0.125) (P =0.229) (P =0.099)
B/Massachusetts/02/2012
Single agent 12 80 6.5 7 (70) 8 (80) 5 (50)
Platinum doublet 13 42 3.2 9 (60) 7 (47) 7 (47)
(P =0.254) (P=0324) (P=0.122) (P =0.691) (P=0.211) (P = 1.000)

*Wilcoxon rank-sum tests were performed for intercategory comparisons.

bSeroprotection rates, seroresponse rates, and seroconversion rates were compared between groups by Fisher's exact test.

Global Initiative for Chronic Obstructive Lung Disease
criteria,”>*® smoking status, and type of chemotherapy, were
collected.

Vaccination

FLUBIK HA Syringe (Research Foundation for Microbial
Diseases of Osaka University, Osaka, Japan) containing inacti-
vated A/California/7/2009 (HIN1) pdm09, A/Texas/50/2012
(H3N2), and B/ Massachusetts/2/2012 (B/Yamagata lineage)
was administered as a single subcutaneous injection, the typical
administration route used in Japan. Each vaccine contained
15 pg hemagglutinin antigen of each strain. The vaccine did
not contain thimerosal. The vaccine was prepared in embryo-
nated chicken eggs using standard methods for the production
of trivalent inactivated vaccine. Attending physicians
monitored all patients until April 2014 and evaluated the
occurrence of side effects from the vaccine or of influenza
infection.

Measurement of antibody titers

Serum samples were collected before vaccination (S0) and at
4-6 weeks after vaccination (S1). All serum specimens were
kept at —40°C until analysis. Serum antibody levels to
hemagglutinin were measured according to the standard
microtiter hemagglutination inhibition method®” with the same
antigens as used in the vaccine. During the measurement
process, none of the 3 antigens was treated with ether. All
samples were assayed at the Research Foundation for Microbial
Diseases of Osaka University, Osaka, Japan in June 2014.

Statistical analyses

The following outcomes were calculated to evaluate the
immunogenicity of influenza vaccine: GMT, MFR, sP (postvacci-
nation titer > 1:40), and sR (> 4-fold rise), sC (a prevaccination
titer < 1:10 and a postvaccination titer > 1:40 or a prevaccination
titer > 1:10 and a minimum 4-fold rise in postvaccination titer).
During data processing, titers of less than 1:10 were regarded as

1:5, and reciprocal antibody titers were analyzed after logarithmic
transformation. The results are presented in the original scale by
calculating the antilogarithm. Stratified analyses were performed
to examine the effects of the following potential confounders: age
at vaccination (<69 and >69 years), gender (men versus women),
prevaccination titer (<1:10 and >1:10), and underlying diseases
(lung cancer and COPD). The significance of fold rise within a
category was assessed by the Wilcoxon signed-rank test, and
intercategory comparisons were made by the Wilcoxon rank-sum
test. Student’s t tests or Fisher’s exact tests were performed where
appropriate. In addition, the independent effects of potential con-
founders on antibody induction were assessed by logistic regres-
sion. The models were constructed with sP, sR, and sC as the
dependent variables and with the above-mentioned potential
confounders as the explanatory variables. ORs and 95% confi-
dence intervals (CIs) were calculated. All tests were 2-sided, and
all analyses were performed using R version 3.2.3 (R foundation
for Statistical Computing; http://www.r-project.org). Differences
with p values less than 0.05 were considered significant.

Abbreviations

COPD  chronic obstructive pulmonary disease
sP seroprotection rate

GMT  geometric mean titer
MFR mean fold rise

sR seroresponse rate

OR odds ratio

95% CI  95% confidence interval
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Abstract

Background This research was conducted is to assess the
effect of booster doses of the trivalent influenza vaccine in
adult inflammatory bowel disease (IBD) patients treated
with anti-tumor necrosis factor (TNF)-o agents and/or
immunomodulators.

Methods Adult IBD patients and healthy individuals were
subcutaneously administered the trivalent influenza vac-
cine. They were randomized into two groups: the single
vaccination group and the two vaccination booster group.
Blood samples were collected, and the antibody titers
against each influenza strain were determined by hemag-
glutination inhibition at 3 different time points (pre-vac-
cination, 3 weeks post-vaccination, and after the flu
season) in the single vaccination group and at 4 time points
(pre-vaccination, 3 weeks post-first vaccination, 3 weeks
post-second vaccination, and after the flu season) in the
booster vaccination group.
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Results  Seventy-eight IBD patients and 11 healthy con-
trols were randomized into the single vaccination group
and the booster vaccination group. Twenty-nine patients
received immunomodulators; 21 received anti-TNF-a
agents; and 28 received a combination of both. No sig-
nificant differences were observed in the evaluated immune
response parameters between 3 weeks post-vaccination in
the single vaccination group and 3 weeks post-second
vaccination in the booster vaccination group (geometric
mean titers: HINI, p =0.09; H3N2: p =0.99; B:
p = 0.94). A higher pre-vaccination titer was significantly
associated with sufficient seroprotection rate after vacci-
nation for the HIN1 strain (odds ratio 11.93, p = 0.03).
Conclusions The second booster of trivalent influenza
vaccination did not improve the immune response in adult
IBD patients who were treated with immunomodulators
and/or anti-TNF-o agents.

Keywords Inflammatory bowel disease -
Immunomodulator - Anti-tumor necrosis factor-o. agent -
Booster vaccination - Influenza vaccine

Abbreviations

ADA Adalimumab

AZA Azathioprines

CDh Crohn’s disease

GMT The geometric mean titer
HAI Hemagglutination inhibition
HBI Harvey—Bradshaw index
HBV Hepatitis B virus

IBD Inflammatory bowel disease
IFX Infliximab

OR Odds ratio

TNF-o Anti-tumor necrosis factor-o
ucC Ulcerative colitis
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Introduction

Patients with inflammatory bowel diseases (IBDs) such as
ulcerative colitis (UC), Crohn’s disease (CD), and intesti-
nal Behget’s disease have chronic intestinal inflammation
from various causes of environmental factors, dysregulated
immune systems, and genetic susceptibility [1]. Immuno-
suppressive therapy, immunomodulators, or anti-tumor
necrosis factor (TNF)-a agents are currently used in IBD
patients to improve clinical outcomes with remission
induction and maintenance; however, these treatments can
increase adverse events, including infections [2—4]. In
particular, elderly IBD patients may be at increased risk for
opportunistic infections [5, 6].

Influenza is an annual respiratory infection that can
cause serious complications. In the United States, influenza
causes about 226,000 hospitalizations and about 36,000
related deaths every year [7, 8]. Patients who are com-
promised, elderly, or treated with immunosuppressive
agents are at a higher risk of having complications if they
are infected with the influenza virus [9]. Therefore, it is
recommended for IBD patients who are treated with
immunosuppressive agents to get the annual influenza
vaccination [9].

We previously reported that immune responses to the
trivalent influenza vaccination were inhibited for some
strains in adult IBD patients who were treated with inf-
liximab (IFX) and/or immunomodulators [10]. This has
also been reported in pediatric IBD patients [11].

Children generally receive two trivalent influenza vac-
cinations in one season because of their immunogenicity
[12-14]. A second booster influenza vaccination is effec-
tive in children for improving immune responses after
insufficient immune responses following the first vaccina-
tion [15]. However, it has not been clarified whether a first
and a second booster influenza vaccination might be less
effective for adult IBD patients treated with IFX and/or IM
in comparison with healthy controls.

Pediatric IBD patients treated with IFX are highly sus-
ceptible to hepatitis B virus (HBV) reactivation; thus, cli-
nicians need to screen for HBV immunity when they are
diagnosed with IBD. The HBV vaccine, the same inactive
vaccine, showed an anamnestic immune response after the
second booster vaccination [16]. In patients with rheuma-
toid arthritis who are receiving treatment with immuno-
suppressive drugs, optimization with a booster dose of the

trivalent influenza vaccine is also considered [17, 18]. We
conducted the first prospective randomized controlled
study to evaluate the efficacy of booster doses of the tri-
valent influenza vaccination in adult IBD patients who

were treated with  anti-TNF-o  agents  and/or
immunomodulators.

Methods

Subjects

We conducted a prospective, open label, randomized,
controlled, parallel-group comparison study from Novem-
ber 2012 to July 2013 in the Department of Gastroenter-
ology at the Osaka City University Hospital. The study
protocol was approved by the Ethics Review Board of the
Osaka City University Graduate School of Medicine, and it
was registered at the University Hospital Medical Infor-
mation Network Clinical Trial Registry in advance
(UMIN000009259).

Study subjects consisted of IBD patients receiving
immunosuppressive therapy, immunomodulators and/or
anti-TNF-o agents, and healthy volunteers were the con-
trols (>20 years). The exclusion criteria were as follows:
(1) subjects who had already received the 2012 trivalent
inactivated influenza vaccine; (2) subjects with a history of
influenza infection within the last 6 months; and (3) sub-
jects with a history of anaphylactic reaction to a previous
influenza vaccine or vaccine components, or an acute
febrile illness or signs of severe acute illness at the time of
vaccination. All subjects provided written informed con-
sent after the study design and possible risks were
explained. We estimated that the appropriate sample size
for the primary objective was 108 IBD patients and 20
controls. This was based on the assumption of a 2.5 odds
ratio (OR) for an appropriate immune response in the
booster two vaccination group compared to the single
vaccination group, according to the data of our preliminary
study, and a power of 80 % and an alpha of 0.05. The IBD
patients were randomized into a single or booster vacci-
nation group with a 1:1 ratio, allocation for age (<49
and >49 years), and the type of immunosuppressive ther-
apy (i.e., immunomodulator monotherapy, anti-TNF-a
agent monotherapy, or a combination of both). The con-
trols were randomized into the single vaccination group or
booster vaccination group.

Data collection
At the time of recruitment, we collected the following

clinical information from the IBD patients’ medical
records: age, sex, diagnosed disease (UC, CD, or intestinal
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Behcet’s disease), duration of disease, current therapy
[azathioprines (AZA), 6-mercaptopurine (6MP), IFX, and
adalimumab (ADA)] that has been continued for >3 -
months, disease activity [UC: partial Mayo score; CD:
Harvey—Bradshaw index (HBI)]. A partial Mayo score
of <2 for UC and HBI of <4 for CD are defined as
remission stage.

Before vaccination, the subjects were asked to complete
a self-administered questionnaire, which collected the fol-
lowing information: age at vaccination, body height and
weight, underlying illnesses, past medical history, and
allergic history (including allergy to eggs).

Vaccination with the trivalent vaccine

Each subject received a single dose or two doses as a
booster of the 2012-2013 seasonal trivalent inactivated
influenza vaccine (Lot HA119E; Biken, Osaka, Japan)
subcutaneously. In Japan, subcutaneous administration is
the routine for influenza vaccinations. The vaccine strains
were A/California/7/2009 (HIN1) pdm09, A/Victoria/361/
2011 (H3N2), and B/Wisconsin/01/2010 (B). A standard
0.5 mL dose of the vaccine contained 15 pg of the hem-
agglutinin antigen of each strain. For the booster vaccina-
tion group, the subjects received a second vaccination after
3 weeks from the first vaccination.

Measurement of hemagglutination inhibition antibody
titers

Figure 1 presents an outline of the present study design.
Serum samples were collected at 4 time points in the
booster vaccination group: before vaccination (SO0),
3 weeks after the first dose (S1), 3 weeks after the second
dose (S2), and after the influenza season (after April 2013;
S3). For the single vaccination group, the serum samples

Fig. 1 An outline of the present
study design

single vaccination group

\
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U
/

booster vaccination group
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were collected at the following 3 time points: before vac-
cination (S0), 3 weeks after the first dose (S1), and after the
influenza season (after April 2013; S3). All serum speci-
mens were stored at —80 °C until they were tested for
hemagglutination inhibition (HAI) antibody titers against
all strains simultaneously. The HAI antibodies were mea-
sured using the standard microtiter HAI method with the
same antigens as in the vaccine [19]. All samples were
measured at the laboratory of the Research Foundation for
Microbial Disease of Osaka University between July 2013
and September 2013.

Statistical analyses

The following outcomes were calculated to assess the
immunogenicity of the influenza vaccine: the geometric
mean titer (GMT), mean fold-rise, seroresponse rate (>4-
fold rise), and seroprotection rate (HI titer >1:40). For data
processing, titers <1:10 were regarded as 1:5, and reci-
procal antibody titers were analyzed after logarithmic
transformation. The results were presented in the original
scale by calculating the antilogarithm. A stratified analysis
was also performed to investigate the effect of potential
confounders: sex, age at vaccination, disease duration,
immunosuppressive treatment, defined disease, disease
activity (remission or active), and pre-vaccination titer
(<1:10, 1:10-1:20, and >1:40). The significance of the
fold-rise within a category was assessed using the Wilco-
xon signed-rank test, and inter-category comparisons were
made by using either the Wilcoxon rank-sum or Kruskal—
Wallis tests. The Chi square test or Mantel-extension
method for the trend test was also used when appropriate.
Furthermore, to consider the independent effect of the
booster dose on the immune response, multivariate analy-
ses were conducted using logistic regression models with
potential confounders. We chose to adjust the variables,

after season
(after April 2013)

2 nd injection

1 st injection
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which revealed the differences in the stratified analysis, or
we reported the effect on the immune response from pre-
vious studies, as potential confounders. All analyses were
performed using SAS, version 9.1.3 (SAS Institute, Cary,
NC, USA).

Results
Study participants

Seventy-eight IBD patients and 11 controls were enrolled.
The baseline characteristics were well matched for sex, age
at vaccination, disease, and disease duration between the
two groups after randomization (Table 1). The immuno-
suppressive therapy, immunomodulator monotherapy, anti-
TNF-o agent monotherapy, and combination therapy were
also randomized well between the two groups (p = 0.82).
Thirty-eight patients had CD, 33 had UC, and 7 had Be-
hcet’s disease. There were no statistically significant dif-
ferences in disease activity between the two groups (HBI:
p = 0.66; partial Mayo score: p = 0.19).

Forty-six participants received a single dose of the
influenza vaccination and 43 participants received two
doses between November 5, 2012 and December 28, 2012.
All 89 subjects had follow up until July 2013.

Changes in the parameters of immunogenicity

The immune responses to the trivalent influenza vaccination
for the 3 strains during each phase are shown in Table 2.
Among 78 IBD patients, there were no significant differ-
ences in GMTs after vaccination between S1 in the single
vaccination group and S2 in the booster vaccination group
(HIN1: p = 0.09; H3N2: p = 0.99; B: p = 0.94). There
were also no significant differences in GMTs after the flu
season for each strain between the groups (HIN1: p = 0.54;
H3N2: p = 0.93; B: p = 0.90). Although the seroprotec-
tion rate for the HIN1 strain after two vaccinations (S2) was
lower in the booster vaccination group than that (S1) in the
single vaccination group (p = 0.04), the seroprotection
rates for the other strains were similarly observed in both
groups. The seroprotection rates after the flu season were
equally distributed for each strain between the groups
(HINI1: p = 0.35; H3N2: p = 0.80; B: p = 0.31).

In the study subjects, the pre-vaccination titer for the B
strain was very high compared to that of the HINI or
H3N2 strains. Therefore, the seroprotection rates of the B
strain for all participants after vaccination (S1 or S2) were
100 %.

In the single vaccination group, the seroprotection rate
after vaccination (S1) was >70 % for every strain (HINI:
85 %, H3N2: 82 %, B: 100 %). This means that the

trivalent 2012/2013 seasonal influenza vaccine used in this
study provided sufficient immune responses from a single
vaccination, even though the IBD patients were treated
with immunosuppressive agents [14].

Among the control subjects, there were no significant
differences between the single vaccination and booster
vaccination groups with regard to the GMT, fold-rise, and
seroprotection rate at each point. In the control group, a
relatively low pre-vaccination titer (<1:20) was noted for
HINI in 5 participants, for H3N2 in 9 participants, and for
B in O participants. However, only one participant was
unexpectedly randomized into the booster vaccination
group; the GMT of this patient after the second vaccination
did not improve.

Stratified immunogenicity analysis

To focus on the influences of the type of immunosup-
pressive treatment or pre-vaccination titer for the immune
responses of the 3 strains at each phase, we performed a
stratified analysis of the single vaccination and booster
vaccination groups (Table 3). However, there were no
associations between the types of immunosuppressive
treatment (AZA or 6MP, IFX or ADA, AZA/6MP, and
IFX/ADA) or the immune responses between the groups
after vaccination (S1 in the single vaccination group vs. S2
in the booster vaccination group). Figure 2a shows the
changing process of GMTs for the 3 strains according to
the types of immunosuppressive treatment at each phase in
only the booster vaccination group. The second booster
vaccination did not influence GMTs in relation to the type
of immunosuppressive treatment in adult IBD patients.

Conversely, subjects with a higher pre-vaccination titer
showed higher GMTs and seroprotection rates for HIN1
and H3N2 strains after vaccination (S1 or S2; Table 3), as
described in our previous study [10]. Figure 2b shows the
changing process of GMT for the 3 strains according to the
pre-vaccination titer in the booster group. All participants
had a higher pre-vaccination titer (>1:40) for the B strain.
The second booster vaccination did not improve the GMT
of the lower pre-vaccination titer group (<1:40) in adult
IBD patients who were treated with immunosuppressive
agents. Additionally, Fig. 2c shows the changing process
of GMT for the 3 strains according to the immune response
at S1 after the first vaccination in the booster vaccination
group. The second booster vaccination also did not
improve the GMT of the lower immune response group
(<1:40) in adult IBD patients who were treated with anti-
TNF-o agents and/or immunomodulators.

After adjusting for immunosuppressive therapy and the
pre-vaccination titer, the booster vaccination group had a
lower OR for seroprotection compared to the single vac-
cination group. Particularly, the decrease in OR of the
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Table 1 Baseline

cha.racteristics of the study Characteristics itl(l(% subjects Single group Booster group p
subjects All (N = 89) 46 4
Gender
Male 51 (57 %) 25 (54 %) 26 (60 %) 0.56
Female 38 (43 %) 21 (46 %) 17 (40 %)
Age at vaccination (years & SD) 439 45.3 (26-73) 42.4 (21-72) 0.29
Immunosuppressive therapy
Healthy control 11 (12 %) 7 (15 %) 4 (1 %)
AZA or 6MP 29 (33 %) 14 (30 %) 15 (35 %) 0.82
IFX or ADA 21 (24 %) 10 (22 %) 11 (26 %)
IFX/ADA and AZA/6MP 28 (31 %) 15 (33 %) 13 (30 %)
Disease duration (years = SD) 9.37 8.8 (1-30) 10.0 (1-27) 0.76
Data are expressed as no. (%) of Disease
patients, unless otherwise Crohn’s disease 38 (43 %) 20 (22 %) 18 (20 %) 0.77
indicated Ulcerative colitis 33 (37 %) 15 (17 %) 18 (20 %)
CD Crohn’s disease, UC Intestinal Behget disease 77 %) 4 (4 %) 33 %)
ulcerative colitis, IFX . .
infliximab, ADA adalimumab, Disease activity
AZA azathioprine, 6MP HBI (CD) 4.03 3.61 (1-7) 4.47 (1-12) 0.66
6-mercaptopurine, HBI Harvey- Partial Mayo score (UC) 3.12 2.44 (0-8) 3.72 (0-10) 0.19

Bradshaw index

booster group was marginally significant for the HINI1
strain (OR 0.34, p = 0.05; Table 4). Combination therapy
with AZA/6MP and IFX/ADA did not result in a lower OR
compared to monotherapy with AZA, 6MP, IFX, or ADA.
A higher pre-vaccination titer (>1:40) was significantly
associated with a sufficient seroprotection rate after vac-
cination for the HINT1 strain (OR 11.93, p = 0.03).

Adverse events

There were no severe side effects such as fatalities or
anaphylactic shock after vaccination. In the medical
records, 4 patients in the single vaccination group and 4
patients in the booster vaccination group complained of
pain with swelling at the site of the subcutaneous injection.
The second booster vaccination did not result in additional
adverse events.

Discussion

The influenza virus infection is an annual issue, and many
people receive influenza vaccinations annually. The global
HINI pandemic and its mortality in 2009 still remains in
our memory, and the elderly and children are at high risk
for the severe influenza infection [20]. Patients adminis-
tered immunosuppressive agents are also at a high risk.
Recent developments in immunomodulators or anti-TNF-a
agents provide better prognoses for IBD patients, and
several new immunomodulatory drugs, including biologics
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for individual target molecules, are under development in
clinical trials [21]. Several guidelines recommend the
annual influenza vaccination for IBD patients, especially
those treated with immunosuppressive drugs, steroids,
immunomodulators, or anti-TNF-o agents [26]. Educa-
tional intervention is effective for increasing the rate of
vaccination [27], and the influenza vaccination is not
associated with IBD flares [28].

However, some investigations reported an insufficient
immune response to the influenza HIN1 vaccination in
IBD patients treated with immunosuppressive drugs [29,
30]. For the first time, we also report an inhibited immune
response to some strains of the trivalent influenza vacci-
nation in adult IBD patients treated with IFX and/or im-
munomodulators [10]. Further investigations are needed to
establish the appropriate influenza vaccination program for
IBD patients taking immunosuppressive agents.

Lu et al. [11] reported that the trivalent influenza vac-
cination produces a high prevalence of seroprotection in
pediatric IBD patients, particularly against A strains. IBD
patients <8 years old received two booster vaccinations in
that study. The proportion of seroprotected pediatric IBD
patients and GMTs at post-vaccination was similar
between the non-immunosuppressed therapy groups and
the immunosuppressed therapy groups for all three strains.
Regarding the other inactivated vaccine, the HBV vaccine,
76 % pediatric IBD patients who had an insufficient
immune response after the first vaccination had an anam-
nestic response after the second booster vaccination [16].
Therefore, we conducted the present prospective
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Table 2 Changes in the parameters of immunogenicity for the 3 strains of the trivalent influenza vaccine during the study period

IBD Geometric mean titer” Fold rise® Seroprotection rate (>1:40), n (%)b
Before After After S1/S0 for single Before After After season
vaccination (S0)  vaccination”  season (S3)  S2/SO for booster  vaccination (S0)  vaccination”  (S3)

HINI1
Single group 14 86 32 6.35%%* 8 (21) 33 (85) 27 (55)
Booster group 13 53 27 4.2 %%% 8 (21) 25 (64) 20 (46)
P 0.98 0.09 0.54 0.41 1.00 0.04 0.35

H3N2
Single group 16 81 57 4.95%3#:% 9 (23) 32 (82) 28 (72)
Booster group 20 77 50 3.86%** 10 (26) 30 (77) 29 (74)
)4 0.29 0.99 0.93 0.37 0.79 0.57 0.80

B

Single group 68 169 116 2.48% % 32 (82) 39 (100) 38 (97)
Booster group 96 169 120 1.77%%* 39 (100) 39 (100) 39 (100)
P 0.10 0.94 0.90 0.08 0.006 NA 0.31

Healthy control

HINI1
Single group 24 65 32 2.69% 4 (57) 6 (86) 5(71)
Booster group 26 57 48 2.00* 3 (75) 4 (100) 3 (75)
)4 0.77 0.92 0.68 0.77 0.55 0.43 0.90

H3N2
Single group 16 40 24 2.44%* 1 (14) 51 2 (29)
Booster group 28 57 28 2.00* 2 (50) 4 (100) 2 (50)
P 0.16 0.36 0.60 0.77 0.20 0.24 0.48

B
Single group 98 160 108 1.64* 7 (100) 7 (100) 7 (100)
Booster group 95 160 80 1.68* 4 (100) 4 (100) 3 (75)
)4 1.00 1.00 1.00 1.00 NA NA 0.17

NA not applicable

# GMT after 1 vaccination (S1) for once group and GMT after 2 vaccinations (S2) for booster group

#p < 0.1, ¥ p < 0.05, *** p < 0.0001

? Wilcoxon signed-rank test for intracategory comparisons, and either the Wilcoxon rank-sum test or the Kruskal-Wallis test for intercategory

comparisons

® Seroprotection rate (post-vaccination titer >1:40). 72 test between 2 categories

randomized controlled study to evaluate the second booster
of the trivalent influenza vaccination in adult IBD patients
treated with immunosuppressive agents.

Our findings indicate that the booster of the trivalent
influenza vaccination does not improve the immune
responses to the 3 strains in adult IBD patients who are
treated with immunomodulators and/or anti-TNF-o agents.
Of note, the second booster of the influenza vaccination did
not result in an additional immune response in patients who
had an insufficient immune response in the present study
(Fig. 2c). Only the single vaccination responded enough to
meet the international licensing criteria of the European
Agency for the Evaluation of Medical Products. In this
study, the seroprotection rate after the first vaccination was
high (HIN1: 85 %, H3N2: 82 %, B: 100 %) compared to

our previous study (HIN1: 81 %, H3N2: 61 %, B: 86 %)
[10]. This good reaction may be the reason for the low
increase in antibody titers after the second vaccination.
Moreover, when comparing the pre-vaccination titers of
each strain between the present study and our previous
study, a lower pre-vaccination titer (<1:10) was observed
for HIN1 in 37 and 60 % of participants, for H3N2 in 8
and 60 % of participants, and for B in 0 and 30 % of
participants in the present and previous studies, respec-
tively. As a higher pre-vaccination titer will yield a better
immunoresponse after a single vaccination, good results
were obtained in the present study after single injection
[31]. Comparison with healthy controls also helped to
understand the immunological status in IBD patients that
was not suppressed in this series. Furthermore, a history of
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Table 3 Stratified immunogenicity analyses of the 3 strains of the trivalent influenza vaccine according to the type of immunosuppressive
treatment or pre-vaccination titer during the study period

Influenza A (HIN1)

Geometric mean titer®

Seroprotection rate (>1:40), n (%)b

Before After After Before After After
vaccination (S0) vaccination” season (S3) vaccination (S0) vaccination® season (S3)
Single group
Treatment
Healthy control 24 66 36 4 (57) 6 (86) 5 (1)
AZA or 6MP 14 76 46 2 (14) 10 (71) 10 (71)
IFX or ADA 9 98 20 2 (20) 10 (100) 3 (30)
AZA/6MP and IFX/ADA 17 88 32 4(27) 13 (87) 8 (53)
p 0.21 0.81 0.30 0.19 0.29 0.19
Pre-vaccination titer
<1:10 5 108 18 0 14 (86) 5@30D)
1:10-1:20 14 54 32 0 13 (72) 10 (56)
>1:40 71 120 71 12 (100) 12 (100) 11 (92)
P <0.0001 0.03 0.003 <0.0001 0.11 0.006
Booster group
Treatment
Healthy control 28 57 48 3(75) 4 (100) 3(75)
AZA or 6MP 11 61 24 2 (13) 10 (67) 6 (40)
IFX or ADA 13 45 24 2 (18) 8 (73) 5 (45)
AZA/6MP and IFX/ADA 14 52 34 4 (31 7 (54) 7 (54)
)4 0.51 0.98 0.62 0.08 0.37 0.68
Pre-vaccination titer
<1:10 5 34 16 0 8 (47) 5(29)
1:10-1:20 15 61 35 0 11 (73) 7 (47)
>1:40 55 91 55 11 (100) 10 (91) 9 (82)
P <0.0001 0.10 0.008 <0.0001 0.04 0.02
Influenza A (H3N2)
Geometric mean titer” Seroprotection rate (>1:40), n (%)°
Before After After Before After After
vaccination (S0) vaccination” season (S3) vaccination (S0) vaccination® season (S3)
Single group
Treatment
Healthy control 16 40 24 1 (14) 5(71) 2 (26)
AZA or 6MP 19 93 84 4 (29) 11 (76) 12 (86)
IFX or ADA 20 92 49 2 (20) 9 (90) 8 (80)
AZA/6MP and IFX/ADA 13 66 44 3 (20) 12 (80) 8 (53)
P 0.33 0.52 0.08 0.88 0.81 0.03
Pre-vaccination titer
<1:10 5 23 23 0 2 (40) 1 (20)
1:10-1:20 14 75 45 0 25 (81) 19 (61)
>1:40 49 121 106 10 (100) 10 (100) 10 (100)
)4 <0.0001 0.02 0.02 <0.0001 0.02 0.006
Booster group
Treatment
Healthy control 28 57 28 2 (50) 4 (100) 2 (50)
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Table 3 continued

Influenza A (H3N2)

Geometric mean titer* Seroprotection rate (>1:40), n (%)°
Before After After Before After After
vaccination (S0) vaccination® season (S3) vaccination (S0) vaccination® season (S3)
AZA or 6MP 21 101 55 5@33) 12 (80) 11 (73)
IFX or ADA 26 71 58 327 9 (82) 10 (91)
AZA/6MP and IFX/ADA 15 61 40 2 (15) 9 (69) 8 (62)
)4 0.18 0.51 0.31 0.53 0.60 0.30
Pre-vaccination titer
<1:10 5 20 28 0 1 (50) 1 (50)
1:10-1:20 15 63 37 0 21 (72) 18 (62)
>1:40 57 143 95 12 (100) 12 (100) 12 (100)
p <0.0001 0.01 0.004 <0.0001 0.08 0.04
Influenza B
Geometric mean titer* Seroprotection rate (>1:40), n (%)°
Before After After Before After After
vaccination (S0) vaccination® season (S3) vaccination (S0) vaccination” season (S3)
Single group
Treatment
Healthy control 98 160 108 7 (100) 7 (100) 7 (100)
AZA or 6MP 57 152 125 10 (71) 14 (100) 14 (100)
IFX or ADA 86 139 98 10 (100) 10 (100) 10 (100)
AZA/6MP and IFX/ADA 70 211 121 12 (80) 15 (100) 14 (93)
)4 0.47 0.37 0.69 0.15 NA 0.55
Pre-vaccination titer
<1:10
1:10-1:20 18 98 88 0 7 (100) 9 (100)
>1:40 92 184 120 39 (100) 39 (100) 397)
p <0.0001 0.02 0.17 <0.0001 NA 0.67
Booster group
Treatment
Healthy control 95 160 80 4 (100) 4 (100) 3 (75)
AZA or 6MP 96 175 121 15 (100) 15 (100) 15 (100)
IFX or ADA 117 132 132 11 (100) 11 (100) 11 (100)
AZA/6MP and IFX/ADA 80 198 110 13 (100) 13 (100) 13 (100)
P 0.78 0.64 0.98 NA NA 0.02
Pre-vaccination titer
<1:10
1:10-1:20
>1:40 96 168 116 43 (100) 43 (100) 42 (98)

NA not applicable, IFX infliximab, ADA adalimumab, AZA azathioprine, 6MP 6-mercaptopurine
# GMT after 1 vaccination (S1) for one group and GMT after second vaccination (S2) for booster group

% Wilcoxon signed-rank test for intracategory comparisons, and either the Wilcoxon rank-sum test or the Kruskal-Wallis test for intercategory
comparisons

® Seroprotection rate (post-vaccination titer >1:40). The Mantel-extension method for trend test among 3 categories
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Fig. 2 a The change in the geometric mean titers for the 3 strains
according to the immunosuppressive treatment in the booster
vaccination group involving IBD patients and controls. b The
changing process of geometric mean titers for the 3 strains according

influenza infection or vaccination influences the immu-
noresponse for each strain. In Japan, vaccination for
influenza has been performed for the same HINI strain
annually after 2011. However, a difference was noted for
strain B between 2010 and 2011 (Victoria lineage), and
2012 (Yamagata lineage) based on the estimation of the
influenza epidemic.

A randomized study in children showed that the second
booster of the influenza vaccination was effective for
improving the seroprotection rate [32]. In contrast, the
booster vaccination did not provide an anamnestic immune
response in the elderly [32-34]. We reported that the second
booster vaccination was not as effective in adults with severe
motor and intellectual disabilities [35]. Thus, we expected
that the most important factor of the immune response for
the second booster vaccination was age. Humoral immune
responses develop with increasing age, supporting the
notion of broadening of immune responses and affinity
maturation of the antibodies that are produced [33, 34].

There were limitations to the present study. The number
of participants was small. When participant recruitment
was initiated (November 2012), the influenza vaccination
period had already begun in Japan. Hence, many IBD
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to the pre-vaccination titer in the booster vaccination group. ¢ The
changing process of geometric mean titer for the 3 strains according
to the immune response at 3 weeks after the first dose (S1) after the
first vaccination in the booster vaccination group

patients in our hospital may have been administered the
vaccination in other hospitals or clinics. Therefore, we
could not meet our target for the number of patients
recruited. However, if the number of participants were
increased, the results would not be so different from our
current results according to the statistical analysis. The
immune response to influenza strain B is usually less se-
roprotected compared to strain A [11]. Yet, the pre-vacci-
nation titer of strain B was extremely high in our study.
Pre-existing antibody titers provide a substantial effect on
immune response [35]. Our study also showed that higher
pre-vaccination titers to the HINT1 strain were associated
with a sufficient immune response for the influenza vac-
cination (Fig. 2a; Table 4).

Immune response is different from the incidence rate of
influenza. The approaches based on CD4" or CD8™ T cells
specific to the conserved viral core protein epitopes cor-
related with the cross-reactive cellular immune responses,
not the strain-matched B cell, which may make the
development of a novel influenza vaccine possible [35, 36].

In conclusion, this is the first prospective randomized
controlled study to investigate the efficacy of a second
booster vaccination on the immune response in adult IBD
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Table 4 Multivariate analysis
of the associated factors for a
sufficient seroprotection rate

after vaccination One S1

Booster S2
Immunosuppressive therapy

Healthy control

AZA or 6MP

IFX or ADA

AZA/6MP and IFX/ADA
Pre-vaccination titer

Model included all variables in
this table

IFX infliximab, ADA
adalimumab, AZA azathioprine,

6MP 6-mercaptopurine <1:10
Logistic regression model: CI 1:10-1:20
confidence interval, OR odds >1:40

ratio

Influenza A (HIN1) P Influenza A (H3N2) P
OR (95 % CI) OR (95 % CI)
1
0.34 (0.11-1.01) 0.05 0.68 (0.22-2.17) 0.52
1
0.58 (0.05-6.41) 0.65 1.11 (0.16-7.74) 0.92
1.64 (0.12-22.05) 0.71 1.60 (0.20-12.58) 0.66
0.49 (0.04-5.38) 0.56 1.12 (0.17-7.60) 0.91
1
1.34 (0.44-4.09) 0.61 4.44 (0.80-24.77) 0.09
11.93 (1.30-109.19) 0.03 Not applicable

patients taking immunosuppressive agents. The second
booster of the trivalent influenza vaccination did not
improve the immune response of adult IBD patients treated
with immunomodulators and/or anti-TNF-o agents. The
booster influenza vaccination does not appear to be nec-
essary in adult IBD patients and healthy adults. With
regard to the trends of immunosuppressive therapy for IBD
patients, further investigations are essential for establishing
an appropriate influenza vaccination strategy in high-risk
IBD patients.
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Abstract

Objective To examine the safety of and immune response to the influenza A(HIN1)pdmO9 vaccine in pa-
tients with Duchenne muscular dystrophy (DMD).

Methods Forty-four non-ambulatory patients with DMD hospitalized in a muscle disease ward and 41
healthy healthcare workers each received one dose of the influenza A(HIN1)pdm09 vaccine. Serum samples
were collected before and four weeks after vaccination to measure the hemagglutinin inhibition antibody tit-
ers.

Results No severe adverse events were noted in any of the subjects. The immune responses of the patients
were comparable to those of the healthcare workers. Among the patients, tube feeding and a lower total pro-
tein level in the serum were identified to be significantly associated with a lower immune response.
Conclusion A single dose of the vaccine was found to be safe and induced an optimal level of immunity in
the DMD patients. The nutritional status may be associated with the immune response in patients with DMD.

Key words: Duchenne muscular dystrophy, influenza vaccine, safety, immune response
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Introduction

Duchenne muscular dystrophy (DMD) is an inherited
myogenic disorder characterized by progressive skeletal
muscle involvement in which weakness of the respiratory
muscles, distortion of the thorax and inability to perform
postural changes result in the retention of secretions and
chronic microatelectasis. In association with pulmonary dys-
function, respiratory infections, including influenza, can
cause severe complications that further weaken the respira-
tory function, necessitating admission to an intensive care
unit and potentially causing death (1, 2). Therefore, prevent-
ing respiratory infections is a matter of clinical importance.
Although recent guidelines for the treatment of DMD rec-
ommend annual influenza vaccination (3, 4), there are cur-
rently no reports regarding the immune response in patients

treated with these vaccines. Another concern is whether
disease-related conditions, such as the patient’s physical
condition and nutritional status, are associated with the anti-
body response in cases of DMD.

In the present study, we investigated whether influenza
vaccination is safe and immunogenic in patients with DMD
as compared to that observed in healthy healthcare workers
and identified the factors affecting the immune response in
DMD patients.

Materials and Methods

Subjects

We invited 46 inpatients with DMD treated at National
Hospital Organization Toneyama National Hospital from Oc-
tober 21 to 30, 2009, of whom 44 agreed to participate. All
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subjects were non-ambulatory, including 33 (75%) patients
from the long-term care unit and 11 (25%) short-term inpa-
tients. During the same period, 41 healthcare workers em-
ployed by the same hospital were also recruited to partici-
pate in the study as a control group. None of the subjects
met the exclusion criteria, including prior episodes of influ-
enza A(HIN1)pdmO09 infection, acute febrile illnesses at the
time of vaccination, history of anaphylaxis resulting from
the vaccine components or other conditions making it inap-
propriate to undergo vaccination. Written informed consent
was obtained from each participant or their guardian if
younger than 20 years of age at the time of recruitment. The
study protocol was reviewed and approved by the ethics
committees of Osaka City University Graduate School of
Medicine and Toneyama National Hospital.

Data collection

Prior to vaccination, all participants completed a self-
administered questionnaire regarding sex, date of birth,
height, weight and comorbid diseases. In addition, clinical
information was extracted from the patients’ medical re-
cords, including medications, ejection fraction of the left
ventricle (EF) within the last six months, activities of daily
living (ADLs), use of mechanical ventilation and levels of
total protein, albumin, hemoglobin and hematocrit on rou-
tine laboratory tests.

Vaccine

A monovalent, unadjuvanted, inactivated, split influenza A
(HIN1)pdmO9 vaccine (Lot. HPO1A; BIKEN) was used. All
participants received a subcutaneous injection of the vaccine
at a dose of 0.5 mL containing 15 pg of hemagglutinin anti-
gens and 0.0008% thimerosal.

Assessment of adverse reactions

All vaccinated subjects recorded solicited local and sys-
temic reactions occurring within 48 hours after vaccination
using a self-administered questionnaire. For patients who
were unable to independently fill in the questionnaire,
nurses completed the form based on a direct interview and
observation. Local reactions included redness, swelling, in-
duration, itching and pain at the injection site. Systemic re-
actions included fever (axillary temperature >37.5C), mal-
aise, myalgia, headache and rashes.

Measurement of the antibody titer

Blood samples were collected 0-2 days before and 28-30
days after vaccination. The serum was stored at -20C until
all samples were assayed at the same time in July 2010. The
titer of serum antibodies to hemagglutinin was measured us-
ing the standard microtiter HAI method (5). All samples
were tested at the laboratory of the Research Foundation for
Microbial Diseases of Osaka University.

Statistical analysis

For comparisons of the baseline variables, adverse reac-

tions and antibody responses between the subject groups
(patients vs. healthcare workers), the Wilcoxon rank-sum
test was used for continuous variables and the chi-square
test, Fisher’s exact test and Mantel-extension method were
used for categorical variables.

Categorical variables included the pre-vaccination titer
(<1:10, 1:10-1:20, and >1:40), ADLs (wheelchair use or
bedridden status) and mechanical ventilation (none, noninva-
sive positive-pressure ventilation (NPPV) or tracheal
positive-pressure ventilation (TPPV)). The immunogenicity
endpoints were determined based on conventional interna-
tional criteria, as follows: geometric mean titer (GMT), fold
rise, seroprotection proportion (post-vaccination titer >1:40)
and seroresponse proportion (fold rise >4) (6, 7). A titer of
<1:10 was defined as 1:5 for the calculations. Reciprocal an-
tibody titers were analyzed after logarithmic transformation.
The results are presented in the original scale by calculating
the antilogarithm.

We evaluated the independent effects of several factors on
immunogenicity solely in the patient group, then calculated
the odds ratio (OR) and 95% confidence interval (CI) using
logistic regression models. Since only 44 patients were en-
rolled, care was taken to select explanatory variables for the
multivariate models. In the first multivariate model (model
1), we controlled for age and pre-vaccination titer, which
have been inconsistently reported to be related to immuno-
genicity from influenza vaccinations (8-10). In order to ob-
tain meaningful calculation results, we combined the pre-
vaccination subcategory titers 1:10-1:20 and >1:40 into one
category of 21:10. In model 2, in order to identify additional
potential confounders, we used a stepwise regression model
(significance level for entry into the model =0.15), which re-
sulted in the feeding method being included.

Two-sided p values less than 0.05 were considered to be
statistically significant. All analyses were performed using
the SAS software package, version 9.1 (SAS Institute, Inc.,
Cary, USA).

Results

Study subjects

Table 1 summarizes the baseline characteristics of the
subjects. Most of the patients were in an advanced stage,
with a high age, low cardiopulmonary function and low
level of ADLs. None of the patients were currently receiving
oral steroid therapy, although this therapy is now the stan-
dard treatment young patients with
DMD (11).

worldwide for

Vaccine safety

Solicited adverse reactions to the vaccine among the pa-
tients and healthcare workers are shown in Table 2. Both lo-
cal and systemic reactions were less frequent in the patients.
All symptoms were mild, and none of the affected subjects
required medical treatment.
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Table 1. Baseline Characteristics of the Study Subjects (n=85).
Characteristics Total Patients Healthcare workers
(n=385) (n=44) (n=41) p value*
(Comparison between patients and healthcare workers)
Sex: male, 1 (%) 62 (73) 44 (100) 18 (44) 0.001
Age (years)
mean (SD) 358 (1L.1) 309 (8.6) 41.2 (11.1) <0.001
median (range) 33.0 (17-62) 31.3 (17-47) 43.0 (23-62)
Body mass index (kg/m?)
mean (SD) 17.4 (4.5) 13.7 (2.4) 214 (2.4 <0.001
median (range) 17.6 (10.2-30.5) 13.3 (10.2-19.5) 21.2 (17.1-21.2)
Prevaccination titer
<1:10, n (%) 57 (67) 31 (70) 26 (63) 0.857
1:10-1:20, n (%) 24 (28) 11 (25 13 (32)
>1:40, n (%) 4 (5 2 (5 2 (5
Underling disease
diabetes mellitus, n (%) 1 (1) 1 2 00 1.000
atopic dermatitis, 7 (%) 4 (5 3( 1 (2 0.617
(Specific factors in patients)
EF (%), mean (SD) 36.7 (15.3)
Activity of daily living
wheelchair user, 7 (%) 17 (39)
bedridden, n (%) 27 (61)
Respiratory status
none, n (%) ANQ)
NPPV, n (%) 16 (36)
TPPV, n (%) 26 (59)
Feeding method
tube feeding (-), n (%) 20 (45)
tube feeding (+) ", 1 (%) 24 (55)
Albumin (g/dl), mean (SD) 3.9 (0.5)
Total Protein (g/dl), mean (SD) 7.1 (0.5)
Hemoglobin (g/dl), mean (SD) 12.8 (1.5)
Hematocrit (%), mean (SD) 38.1 (4.5)

EF: ejection fraction of the left ventricle, NPPV: non-invasive positive pressure ventilation, TPPV: Tracheal positive

pressure ventilation

* Wilcoxon rank sum test, xz test, Fisher's exact test or Mantel extension method for trend tests
** Tube feeding (+): gastrostomy feeding (n=5), nasal or oral tube feeding (n=19)

Table 2. Local and Systemic Reactions to the Vaccine.

Patients Healthcare workers
(n=44) (n=41)
Symptom n ( % ) n ( % ) p value’
Local reactions
Total 14 ( 32) 21 (51 ) 0.071
Redness 12 ( 27 ) 17 ( 41 ) 0.170
Swelling 4 ( 9) 8 ( 20 ) 0.171
Induration 0 ( 0 ) 7 (C 17 ) 0.005
Itching 0o ( 0) 8 ( 20 ) 0.002
Pain 2 ( 5) 13 ( 32) 0.001
Systemic reactions
Total 3( 7)) 12 (29 ) 0.007
Fever (>37.5°C) 2 ( 5) 4 ( 10 ) 0.423
Malaise o ( 0) 8 ( 20 ) 0.002
Myalgia 0o ( 0) 2 ( 5) 0.230
Headache 0o ( 0) 2 ( 5) 0.230
Rash 1 ( 2) 0o ( 0) 1.000

* %2 test or Fisher's exact test

Immune response

The results for the antibody response in relation to the
background factors are shown in Table 3. The only identi-
fied significant factor was the pre-vaccination titer, as a
higher pre-titer value was associated with a greater post-

vaccination GMT, lower seroresponse proportion and higher
seroprotection proportion. There were no significant differ-
ences in any of the endpoints of immunogenicity between
the subject groups. In the logistic regression analysis, the
OR after adjustment for age and pre-vaccination titer in the
patients as compared to the healthcare workers was 1.71
(95%CI: 0.50-5.87) for the seroresponse proportion and 0.88
(0.29-2.63) for the seroprotection proportion, neither of
which were statistically significant.

Figure shows the pre- and post-vaccination GMTs in the
patients based on several predictors. In a comparison of the
fold rise between each factor, we found that the oral-fed pa-
tients exhibited better fold rise values than the tube-fed pa-
tients (16 vs. 7, p=0.047). We also examined the effects of
disease-related factors on the seroresponse and seroprotec-
tion proportions, with the results shown in Tables 4 and 5.
An older age was suggested to have a relationship with a
greater seroresponse in model 2. Furthermore, the tube-fed
patients demonstrated a decreased OR for the seroresponse
proportion compared to the oral-fed patients, and a higher
total protein level was found to be significantly associated
with a higher seroprotection proportion. Variables of the
functional status, such as EF, ADLs and the respiratory con-
dition, were not related to the immune response.
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Table 3. Immunogenicity to the Vaccine Based on the Background Factors (n=85).
GMT Fold rise Seroresponse Seroprotection
N SO S1 n (%) n (%)
Entire sample 85 7 72 9.7 68 (80) 61 (72)
Sex
Male 62 8 79 10.5 51 (82) 45 (73)
Female 23 7 56 8.0 17 (74) 16 (70)
p value 0.488 0.274 0.428 0.381 0.785
AgC (years)
<34.5 42 8 74 9.6 34 (81) 31 (74)
>34.5 43 7 70 9.9 34 (79) 30 (70)
p value 0.589 0.686 0.993 0.829 0.681
Body mass index “¢™
<I18.5 45 7 70 9.6 37 (82) 31 (69)
>18.5 40 8 75 9.8 31 (78) 30 (75)
p value 0.494 0.947 1.000 0.589 0.535
Pre-vaccination titer
<1:10 57 5 51 10.2 46 (81) 35 (61)
1:10-1:20 24 12 127 10.4 21 (88) 22 (92)
>1:40 4 95 320 3.4 1 (29 4 (100)
p value <0.001 0.002 0.222 0.035 0.010
Subject group
Patients 44 7 75 10.5 37 (84) 31 (70)
Healthcare workers 41 8 69 9.0 31 (76) 30 (73)
p value 0.508 0.631 0.571 0.332 0.782

GMT: geometric mean titer, SO: pre-vaccination, S1: post-vaccination, Fold rise: S1/S0, Seroresponse: S1/S0 >4,

Seroprotection:S1 >1:40

p value: The Wilcoxon rank-sum test or Kruskal-Wallis rank test were used to compare the GMT and fold rise, while
the y2 test, Fisher's exact test or Mantel extension method were used to compare the seroprotection and seroresponse

proportions.
-Age(Year) EF (%) _ADL Respiratory Status  Feeding Method
100 I 100 100 100 100
5 Hpre
E
I10 10 10 10 10 mpost
1 1 1 1 . 1
<31 31-4 >4 a7 237 wheal  bed NPPVinon  TPFV oral  tube
chair ridden feeding feeding
Figure. Pre- and post-vaccination HAI titers in the patients (n=44) based on age and disease-related

factors. EF: ejection fraction, ADL: activities of daily living, NPPV: non-invasive intermittent posi-

tive pressure ventilation, TPPV: tracheal positive pressure ventilation. Age is presented according to

tertile. The EF is presented according to the median. *In a comparison using the Wilcoxon rank-sum

test or Kruskal-Wallis rank test, the p values for post-vaccination GMT were not significant, while

the p value for the fold rise (post-/pre-vaccination GMT) in the feeding method was 0.047.

Discussion

No harmful adverse effects from vaccination were ob-
served in any of the participants, while the patients with
DMD experienced less frequent local and systemic reac-
tions. Information bias derived from the self-administered
questionnaire protocol may have been present, as the health-
care workers may have been more sensitive to subtle
changes after vaccination. However, the patients showed
lower risks for each objective reaction observed by the

nurses, including redness, swelling and induration, and the
lower frequency of induration was significant. There are
likely several modifiers of inflammatory mediators, includ-
ing sun exposure (12) and immobility, in patients with
DMD that may decrease stimulation, although the patho-
physiology of skin reactions remains unclear. Nevertheless,
the present results are encouraging for both patients and cli-
nicians concerned about risks associated with influenza vac-
cination.

The immune responses to the influenza vaccine were
comparable between the patients with DMD and the health-
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Table 4. Associations between Selected Characteristics and the Seroresponse Proportion in

the Patients (n=44).

Crude Multivariate model 1° Multivariate model 2°

Category OR (95%CI) OR (95%CI) OR (95%CI)
Age

1 year increased 1.10 (0.98-1.22) 1.14  (0.99-1.22) 123 (1.02-1.48)
BMI

1 kg/m? increased 1.38 (0.86-1.17) 1.38 (0.85-2.24) 1.29 (0.79-2.12)
Pre-vaccination titer

>1:10/<1:10 1.06 (0.18-6.30) 3.14 (0.36-27.12) 4.59 (0.37-56.70)
EF

1% increased 1.00 (0.95-1.05) 1.02 (0.96-1.08) 1.02 (0.95-1.10)
Activities of daily living

bedridden/wheelchair user 2.46 (0.48-12.72) 2.02 (029-13.82) 521 (0.53-51.58)
Respiratory status

TPPV/NPPV or none 2.19 (0.43-11.2) 1.11 (0.14-9.07) 6.81 (0.51-92.28)
Feeding method

tube feeding (+/-) 0.16 (0.02-1.44) 0.06 (0.01-0.83)" (identical in model 1)
Albumin

0.1 g/dL increased 1.00 (0.85-1.18) 1.03 (0.84-1.25) 0.92 (0.73-1.15)
Globulin™

0.1 g/dL increased 1.10  (0.95-1.28) 1.08 (0.90-1.28) 1.24 (0.99-1.54)
Total protein

0.1 g/dL increased 1.14 (0.96-1.37) 1.13  (0.93-1.38) 1.18 (0.95-1.49)
Hemoglobin

0.1 g/dL increased 1.02 (0.97-1.08) 1.08 (0.90-1.28) 1.01 (0.95-1.07)
Hematocrit

1% increased 1.08 (0.90-1.29) 1.09 (0.90-1.31) 1.01 (0.82-1.25)

Logistic regression model CI: confidence interval, OR: odds ratio, EF: ejection fraction of left ventricle, NPPV:
non-invasive positive pressure ventilation, TPPV: tracheal positive pressure ventilation, +p<0.05, { p<0.10

*model 1: adjusted for age and pre-vaccination titer

*model 2: adjusted for all variables in model 1 plus feeding method

** globulin=total protein - albumin

care workers in the present study. The primary factor signifi-
cantly associated with the pre-
vaccination titer, as a higher pre-vaccination titer was found
to be significantly associated with a higher post-vaccination
titer, lower seroresponse and higher seroprotection propor-
tion. The inverse association with the seroresponse reflects
an effect of “the law of initial values” or “negative feed-
back” (8, 9). It is important to take the pre-vaccination titer
into account when evaluating the immune response to pan-
demic vaccines. As such studies are often performed during
pandemic waves and asymptomatic infections in the study
population are inevitable, it is difficult to predict how the
immune status prior to vaccination has been modified. We
believe that our multivariate analysis including the pre-
vaccination titer was adequate to appropriately examine the
immune response in this study.

We also found that an increased age was associated with
an increased seroresponse in the patient population. Previous
studies have reported decreased immune responses in elderly
individuals 65 years of age or older (10, 13). However, the
mean age of our patients was 30.9 years, with the oldest pa-
tient being 47; thus, we cannot simply compare our results
to those of other studies. The oldest group in the present

immunogenicity was

study had the lowest pre-GMT and highest post-GMT values
(Figure). On the other hand, the EF, ADLs and respiratory
status were not significantly associated with the immune re-
sponse, which indicates that the disease stage or severity is
not associated with immunity. Although several specific fac-
tors are assumed to be related to long-term survival in DMD
patients (14), a superior antibody response in older patients
has not been previously reported. Further cell biological and
epidemiological investigations of the immune status of long-
term survivors with DMD will provide new insight.

The significant OR values for tube feeding and total pro-
tein in the present study indicate that the nutritional status is
an independent predictor of the antibody response in pa-
tients with DMD. Our results are consistent with those of
previous studies showing that the nutritional status is associ-
ated with immunogenicity in elderly persons (15-17). These
findings may help to increase awareness regarding the
higher burden of infection in tube-fed patients with DMD.

This study is associated with several limitations. The in-
vestigation was conducted in a single hospital and the num-
ber of subjects was small; therefore, the study power was
limited. In addition, most of the patients were in an ad-
vanced stage of disease, which may limit the generalizability
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Table 5. Associations between Selected Characteristics and the Seroprotection Proportion

in the Patients (n=44).

Crude Multivariate model 1 Multivariate model 2°

Category OR (95%CI) OR (95%CI) OR (95%CI)
Age

1 year increased 0.98 (0.91-1.06) 1.05 (0.95-1.15) 1.05 (0.94-1.16)
BMI

1 kg/m? increased 1.03 (0.78-1.36) 0.84 (0.59-1.21) 0.87 (0.60-1.26)
Pre-vaccination titer

>1:10/<1:10 NA NA NA
EF

1% increased 1.01 (0.97-1.06) 1.03 (0.97-1.10) 1.03 (0.97-1.10)
Activities of daily living

bedridden/wheelchair user 0.62 (0.16-2.44) 1.12 (0.23-5.53) 1.33  (0.25-7.10)
Respiratory status

TPPV/NPPV or none 0.87 (0.23-3.26) 2.73 (0.39-18.92) 5.45 (0.51-58.35)
Feeding method

tube feeding (+/-) 0.42 (0.11-1.64) 0.35 (0.08-1.62) (identical in model 1)
Albumin

0.1 g/dL increased 1.17 (1.00-1.36)" 1.14  (0.95-1.37) 111 (0.92-1.34)
Globulin™

0.1 g/dL increased 1.03 (0.93-1.15) 1.07 (0.93-1.24) 1.13  (0.95-1.33)
Total protein

0.1 g/dL increased 124 (1.04-1.47)f 1.28 (1.03-1.60) 1.45 (1.04-2.01)"
Hemoglobin

0.1 g/dL increased 1.05 (1.00-1.10)* 1.05 (0.99-1.10) 1.04 (0.98-1.10)
Hematocrit

1% increased 1.17 (1.00-1.37)* 1.16 (0.97-1.40) 1.14  (0.94-1.38)

Logistic regression model CI: confidence interval, OR: odds ratio, EF: ejection fraction of left ventricle, NPPV:
non-invasive positive pressure ventilation, TPPV: tracheal positive pressure ventilation, NA: not applicable,

+p<0.05, § p<0.10
*model 1: adjusted for age and pre-vaccination titer

*model 2: adjusted for all variables in model 1 plus feeding method

** globulin=total protein - albumin

of our findings. Furthermore, since none of the study pa-
tients were given oral corticosteroids, we were unable to
evaluate the influence of immunosuppressive therapy on the
efficacy of vaccination. Additional studies with larger co-
horts including young patients and long-term survivors are
thus needed to thoroughly investigate immunogenicity to in-
fluenza vaccination in cases of DMD.

In conclusion, we found that the influenza A(HIN1)pdm
09 vaccine safely induced a good immune response in pa-
tients with DMD. Influenza infection is sometimes lethal in
DMD patients. The present results provide useful informa-
tion for preventing influenza infection in patients with
DMD.
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