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AL 978% 12 DI o il 2Bk B (Streptococcus
pneumoniae) I ADHFG 2212 BV T b R
HEOREWERR TH D, BRI CWIME 2 &R 5E
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Table 1.

Currently used pneumococcal vaccines in Japan

vaccine for pediatric use

for use in older adults

serotypes included

PPSV23

PCV13 routine vaccination

routine vaccination

voluntary vaccination

15B 17F, 18C, 19A 19F 20 22F 23F 33F
1,3,4,5,6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F

Serotypes shared between the two vaccines are underlined.

P FTe B 2O IRE T 7 F M ST
W% (Table 1)o 1988 E1Z KGR S 41, 2014 4F 10 H
M5 65 Il oSS & oo RIS E gL S n e
23 MRStk 7 F >~ (PPSV23 1 =2 —E/Ny
7 A®NP) &, 20134F 11 AH» 5/ R % b Gz gl
Fer L S A1, 2014 4F 6 H A b S E ~ OB K
mahi-13ffiz vy ar—1r7 275~ (PCVI3:
TLRF—=13%) ThD, KRTIE, INHBTO
N ER 7 7 7 > OFEfE & RERT, BRI ZEDNED
LTV KR DI EIKE T 7 F 120 TRk
SRR
. FRERET 7 F > ORBEE
1. FORIKERZRICN T 2 Pk

Jiti S ER T SARNDANETH R T 5 7280, € DHERRIC
IHFHERIC & 2 & - RO 2R EE 2 H- T
W HFHERIC X BRI EEIITE b E
ARG RPVRIZ LWL 7Y = VLA EETH
% (Fig. 1)o &1, Mannan-binding lectin (MBL)
R 743 OWEREREE~OR S (L7 F U#E
B, IgM ¥R R IgG Pk OB AEKE~ DG (f
WAERE), WEIRAERS & L < BIRRRE 12 & D G AL
SN, RSN CIb HEIKET LI LT, #f
PERIIHIR AR CRL M L CRIERE L CHEZAT
Vo F72, IgGUUEDPEMARISHET 2 &, IFPERkiE
Fey 85k % 4 LVC?}LﬁQ:Tn)l(E%@%EAﬁK% &b
THRICHAET o

i BRI R OWE AL BIHI L, IR & &
T 2 2 e TW 2, BBk O b OF
WKL ER O B AR BAE IR 2 R 377207
T2, MHEORKESIHT 2" MiERkE O KE
5 X7 g T 5 pneumococcal surface protein C
(PspC) ®°WE# TH 5 enolase 1, HHATE AL HI#
WFD—>2ThbHChiEA Y 7327 E (C4binding
protein : C4bp) E#54& L, C3 IR O % 1K
TEE2 I LT, RERKEAND C3b O & % il
T 5%, F72, PspCld C3b 2 EH 5+ % H K

TICHEA LIS es 2 8T, HiRicLs 47y
ZULERHEL TV AYy 20X ) ICHE 2Bk 134
ROTWEMALZ HES 5 2 & THE - WA 5 [alhiE§
LPHEEERTLIEPHONTEY, EELWHER
TloTwd, ZOL)BEENS, Hi%IEREO
HERR VAT IR 0§ 2 Bufk & A L 72l
KICL2EAE - REPEETHY), 77 F yHEHEIC
& 2 YUK A ORFE DS EGHE O F ISR R TH
%%

2. FURERET 7 F U IC KB EEEST

AR L7z & 9 W SPUiRA At 7'y = VA R 5
IR ERERTE O Foy S BHICHEET 5 2 L34
%“( B Do IgM PufiE Mg % /i L CHli iR % I
HALS %75, Foy BRI E LRwicdt 7Y
ZUWEWER SRV, —HT, B N T IgGY T
75 ADHTIgGl, 1gG2 7 Fey BB~ E L,
T TV =GR RT 720, i SERE OPERR 12 E 2

fEE A5, Ts 1gGl, 1gG2 1k, ~Ivs8—
T (Th) 144 %4 > Cd 5 IFN-y %4 L7 IgM
HEEBMIBD 7 7 AL v FIZL o THEASINDE”
[gG2 MMKIIZHEDRRMICEE 277 T ATH Y,
Wi RERE SR T 7 F » OB CRICEA SR
AY,

PUREEE % 5585 2 720 OPuRIL, KBRS
J& (thymus-dependent antigen : TD #TJ5) & fafi
JERAFEHTE (thymus-independent  antigen : TI
PE) o220 67 5sY HEITE S, 11
(TI) & 2% (TI2) 247 &, TLL#T K &
lipopolysaccharide (LPS) 7z & %5 B it 4 W @
pathogen-associated molecular patterns (PAMPs)
|2 & o T Tolllike receptor (TLR) %4~ L 7z BAl
oo AL 2 5, TI2H0EIE, PUEZE b —
T O K U R b DM KIRE ORNEL MR &
25, Bk (B cell receptor : BCR) I1Z{HE
BT A2 L TBMBENMEILT 2, — 4T, @
WOy X PEIEZ TDHIETH Y, B BCR %
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Immune responses to Streptococcus pneumoniae

Neutrophil-mediated phagocytosis of S. pneumoniae is enhanced by opsonization with complements and antibodies. Com-

plement protein 3 (C3) is the central factor in the complement cascade. All three pathways (alternative, lectin and classi-

cal) of the complement system converge at the point at which C3, is cleaved through assembly of C3 convertases, which

generate a common set of effector molecules, including C3a and C3b. The latter fragment covalently binds to microbial

surfaces, thereby aiding in their recognition by neutrophils through complement receptor 1 (CR1). Once the IgG antibody

binds to an epitope of the pathogen, the Fc portion of the antibody binds to an Fcy receptor on the neutrophils, facilitating

phagocytosis. S. pneumoniae suppresses complement activation by their components. Pneumococcal surface protein C
(PspC) and enolase suppress the synthesis of C3b and promote its degradation. MBL, Mannan-binding lectin.

G5 2 LATEY, BAOWETEILIZ Thlliz

B E T L, PERY Y SH iR TR s
WAICHET AWMAB ML, BEHIZRET S

#%ar B (marginal zone B : MZ-B) fifg & 1V > /3
KRS 882 B (follicular B : FO-B) iz iz
SN, MZ-BAEIE TIHuE, FO-B gL TD
PUEIZINE L, PUREA UL ZAT D o

TD PUE TdH % PCVI3 & TI2 PLE Td 5 PPSV

23 TlE, PUEEAERELIE - 72 #£% 5" (Fig 2),

TDHIRTH A5 237 Huiid, 1) v /ERICEBW
TIEFBHIRMAL  (follicular dendritic cells : FDCs)

CEo T AFEN, ERAIVI=T (follicular
helper T : Tth) MRBICHIEIR S NS, Z O
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1t & L7z Tth fll g 1Z CD40/CD40L % 41 L € FO-B
MR & ML T 50 FERC FO-B MR b HUIE R
fok LCE< o ML/ FO-BMAIZY /3
P ZiE g0y (germinal center) IR L, 20
WTr 7 AXA v, BRI (affinity matura-

tion), * €Y — Biifa EHFMmEEMB~D51L
AT B, BAMERHUE, BMKEA TR E MY &

T T, AHMITBZEARZ I X 0 FUEAOBAES
VIR ZEAT L BMIBSFESINLBLRTH
bo HFEINI-EBAEBMIE, €Y — B
fa e B EMia b L, SRR ##béo
EHMEMEIL, WO TER SN REREICE
%L,:v%kﬂ@ﬂélﬁ&ﬁ%f%ﬁ@iﬁ



[#6557] FAIKED 7 7> DIRIKREEE

(a) PPSV23 [Thymus-independent antigen (TI-2 Ag)]
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Fig. 2.

Immune responses to polysaccharide and protein-polysaccharide conjugate vaccines

(a) The capsular polysaccharides are type-2 thymus-independent antigens (TI-2 Ag). The polysaccharides directly stimulate
the marginal zone B (MZ-B) cells by cross-linking the B-cell receptor (BCR) and induce short-lived plasma cells. These B cells
differentiate into IgG2-producing B cells by class switching. (b) The carrier proteins are thymus-dependent antigens (TD Ag).
The protein in the protein-polysaccharide conjugate vaccine activates follicular B (FO-B) cells in collaboration with follicular
helper T (Tth) cells activated through presentation of the peptide antigen by the follicular dendritic cells (FDCs), resulting in
the production of both plasma cells and memory B cells in the germinal center. Some plasma cells survive in the bone marrow
niche as long-lived plasma cells and show persistent antibody production. CD40 L, CD40 ligand.

bo MRERE D& > 737 HUJE T % pneumococcal
surface protein A (PspA) % pneumolysin (Ply)
LT AVRIEI IO L) R¥FECEESI NS,
F7o, MEUERY 757 7HEEZECRMu AL
72 PCVI3 TId, FEESHEARIZ X D IHEIELE Nz B
AP R & 2 D, HUD A A 72 CRMw it
JRAFERNZ ThAlICIR L, ks €5, £
D7z®, ThHla 73K E & MR TH > T D,
PRELHER R0 7 B MUY Th Al & o
il X D EALE I, 2T ARAL v T, HUKOFR
PR, 2E€Y —Biilns X EHEMIEEMEO
TERAS 3 55

—77, TI2 9K Td 5 KIELHERIL, MO L

#%ir (marginal zone : MZ) ZJF7E$ A MZ-B il

DVUESZHE R 2GS H 2 L T lgM A% FE T
B, TI2PE O 4, REIL IgM » 5 1gG ~
DI FGAAAL y FIFRI S HRVEEZSNLY, il
RIRF KL LR TIX 1gG2 ~D 7 T A AL v F 8
FEINDL I EFRESN TV LYY, bitbilid
L MBI ADOWIZES S, NKT M2 @A 3
5IFN-y %5, 2D I1gG~D Y7 5 AAAL v FIZHG
TLZEERPELMIZLASY, ok, Hliksk
WAL TI2 PUR CTH 5 :M%wb 59, il
WA TV = Ui E AT S 1gG2 AR AT LT, K
WO EGBhH %° PPSV23 O 7 F YR ICB W T
HELETZH-TWA, LA L, —f#I2iE, TD
hﬁf&%héh%@%ﬂﬁm% A E 1) — B
fa BFMIZEMEOTERIEA ST, #5447l
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Table 2.

Comparison between PPSV23 and PCV13

PPSV23

PCV13

Antigen

Serotypes

B cells

Class switching
Affinity maturation
Memory B cells
Long-lived plasma cells

thymus-independent
23
MZ-B
1gG2
No
No
No

thymus-dependent
13
FO-B
IgG1,2
Yes
Yes
Yes

MZ-B, marginal zone B; FO-B, follicular B.

Table 3. Effectiveness of pneumococcal vaccines in elderly adults
. Pneumonia-associated . Pneumococcal
Country Study design Death Pneumonia . Reference
death pneumonia
Sweden Age: 50-85 years nd nd nd nd 18)
PPSV23 vs. placebo
n=691
Spain Age: 62-73 years — — <65: | } 19)
(COPD) =65 —
PPSV23 vs. placebo
n =596
Japan Age: 40-80 years nd — —- — 20)
(CLD)
PPSV23 +1Vvs. IV
n=167
Japan Age: =65 years nd ind =65: — 21)
PPSV23 vs. placebo =75 |
n="778
Japan Age: 55-105 years - ! | ! 22)
(NHR) (pneumococcal)
PPSV23 vs. placebo
n= 1,006
Netherlands Age: =65 years - g g ! 31)
PCV13 vs. placebo
n = 84,496

COPD, chronic obstructive pulmonary disease; CLD, chronic lung disease; IV, influenza vaccine; NHR, nursing home residents;

—, no significant difference; |, decreased by vaccination; —, not tested.

HIUAMEIIIR T3 %, 72, MZBAZIZe b CTlX
EB1I-2BICG bW ERE SN N &6, 5K
TEHEARI IR § PR EAIL 2T T AIZh b kv
E W, TN 5 PPSV23 & PCVI13 @A & IC
DWW Table 212F L5,
. FRERET 7 F > DERRR

70 F ORI R 5 L, FRFEIEREE
Ty bu— )k LTHRERE DM TOT 7 F 2
A e 5 FEBI X IBIF 78 (case-control study :
CCS) =, EAEAIZHI AT 2T, 77 F VI
flifeA oy bu—)b& L CHMER L O TORER
& W 2 MR AL IEGRER (randomized control

BARMCFEREF RS Vol 68 No. 4

trial : RCT) 7 &4 b 725, RETIIEBEEO
EWIFE T TH S RCT 2 72l 5Bkl 7 2 F
> DB AT L s & ISR .

1. PPSV23 DEERMIBINIE

K7 F %, KETIZ 1983412, HHETIE
1988 4EIZEA SN2 T 2 F »TH Y, BEERNFIZ
DWTEL DR R ENTE 2, iRk R ED
IPDIZX LCIE, AMTHLHILAIRENTE
A0 i EARICR L i E DRSS T
W\ (Table 3)s 1998 4ED A = — 7~ OHf%E
TIEMRIZH T2 FHRIRIZRED SNk d o727,
—75 T, 200640 COPD & & kG L L7z ARA
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YTOMETIET 7 F LV I3ERhE OfMEN SN T
W5, 2008 4 5 2010 FEHIZ X, DHEDS 3
D@ RCT WFE A #HhE & 117227, Furumoto & @
T, BERMREREIT LT 2T 0T
MFEEBEO SN VL OO, JEYgMEA TR E I3
L 72*, Maruyama b Q5 Cld, E#ERiICHB
WC T 7 F IR L 7T b Rl S ER T 4,
Sl L2 A, WFIUIZBWTL T 7 F

YEMEBCHERTHMRMMEO TV, £z,

Kawakami 51, M PHRIRICMZ TEREE~D
HEZOWTHMET L, 777 v EEECHERE
L OB EE R L T 57, HARIFEIRFERD
[ AR HWHT A FF4 2 2017) Tid, 2hHh
DOHE TS LIZATHEMPE-SNTEY, €O
RREZT TR EOMEE TFHT 572012487 7
F U OERENE RSN TV L, CCSTHAY
7F v OFMEPBE SN TBY, bAEIIBITS
65 Ll Lo S s * kR & L 72 test-negative de-
sign 12 & % Suzuki H OWFZETIE, K77 F 85
W& 277 F YRR T O SRR MR 9510
LT 274%, 77 F YIRS & % i Je 3K 1 2%
WX LT 335% CTH o7zl EDWRENT VDY,
2. PCV13 DERERMIBINME

DAETIE, 2010 FI/REEFRIC Tz 2
r—=1r 75y (PCV7) »EA S, 201344 H
o E MR L, F4E 11 AI2IZ PCVI3 12 b %
oMz ZOMk, EEE I L Tit2014 46 H
\AEB A DUKER S L7z KREITIE 2000 49 PCV
TOHENIEY, 5AMICBT ST 7 F »iiEh
D IPD D3I L 72" 512, 77 F Y REEEIZ
bHEEERRD A LN, EEEIIBIT 57 7 F i
B IPD A58 L7z —H T, /NS 3 5k
BETHLPCVTIZEINLWI0A R 2 EDIET 7 F
YIFERNS & % IPD 38N L 72277 C o35
EEIE (serotype replacement) & WHENLL, &
DL BERENS, 19A Blx & PCVI3 25F 58 &
M, KREITIZ 2010 FICEA SN, TOMEE, &
M6 MR IPD BAKD A% 5, SRR
b L7227, ROBRITHbPETHRE S
TWw5Y,

BRI 5 PCVI3 DT 7 F » O A &)k % 7
N7WgEE LT, 2015 4E124 T v T RBBE 2 il
IRWFZE S S STV B, Bt 7 v 4Tl &

i E~PPSV23 O FEM I L A EHATESL T,
PCVI O EM SIS N2 X0 ) Th o720 K
85,000 A\ o &Einfe i & 2 xi g & LC, PCVI3 etk
L 7T RTER AR ICH D AT, gk s
IPD D FAE & HBURET L 72 RCT W27 b L7z,
Z MiE Community- Acquired Pneumonia Immuni-
zation Trial in Adults (CAPITA) &IHIN T 5,
ke LT, PCVI3IZ7 7 F ¥ IiEFI o Al 4,
JEWIMEME T il %5, IPD OSEE 2121 456%,
450%, 75.0% HHIL, 727 F CMERIZR S 379
T O RERE MM 95, IPD % 2124 306%,
51.8% I L 720 S 612, ZORPIIRETD 44
e L 720

n. =24

PPSV23, PCVI3IZW T 7 F > &b I2E&ekT o
F U TH DY, A OFEIR - JEIR - W, 28
PEDOH AN - FE8 - BRI - TR 2 & ORITUGHME
CA5a0H 5. WHOHETIE, Sleiod s
PPSV23, PCVI3 DHEHZHIEEE LT 7 F VI
Bl L - EEZRIRISIZIEE AR, BIFULRDSE
AMERFERETH ), BEAEEIZITEA EDPBRED
LHEETH LY, bPEOT—% & LTI,
Shiramoto % 7% 65 j% P L & s % xf % 12 PPSV
23 £ PCVI3 DEEMEMHITLTHED, EH568 T
7F B L EE 2R SUSIEA SN WS D0,
PPSV23 #ffi#E X 0 & PCV13 BAd#: TR S O
BN, IOV TIEEN L h o7z LIk
HLTWDY,

ARG IC L 2 2O MEI SN TED,
20l H 12 PPSV23 % $24# L 72 #ECid 2 [0 H IZ PCV
I3ZM LR L, RFTUSE LYK
I D E UG OB EATEEFIZ & 5 A%, HlnlF5: &
FRRICEIE LI L A EPRELLHRETH D,
TrFICHELLCEERBEISZIEZEA LR
WEEID Hammitt 5 13 PPSV23 O s £ %
BEMIZOWTHFT L TBY, 2HBZIT TR, 3,
4 HOHFFETHLEMEICHEII R o2 L L
TWaY, bREOF—4% & LT, Kawakami &
(& 70 UL o w16 L C PPSV23 O A (2
EDEEMEIZOVTHNTLTE Y, EHMEORIIG
VXA BRI & AR CIXEARE TH Y, R
ISDFEEEI AR X 0 b R & o 7275,
BEAEDPRENPSOHREETH - 2EHE L TW
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%%, Ohshima & 1 65 % LL_E & Ml 5 B R E 12
® LT PPSV23 O F#FEIC X A &Mz ow i
FLTBY, FTB L U045 KB OB AR
WCHEEARER L D b Evb oo, EELEIKIGIE R
Mol bIEL T DY,
V.  EBRXHER

T7F Y ORRME T 5 ) 2T, REEME
BRREDR, L2z, BHEHRIZOWTLER
flid % LELDH 5, Kawakami 5 1%, D ATE D 65
WLl Lo mEiEE F R SIZ, PPSV23 &4 v 7 vy
Yo7 F ORI L - T, EEEZ ORI
T&57MEtLCTH Y, PPSV23 EHMBCIZ1 AD
720 AR 4 9T ~8 TTH OB B FA B - 72
EHEE L Twv 5%, Nishikawa 5 (&, 1980 4 20 5
016 FIZRAEINL2T LD L ¥ 2 — Z 4T\,
PPSV23 REAEME A IR E L7724, £ < OWfZET
PPSV23 OFARITE IR AR IEN L L HE L Tw
5%, E 512 Jiang 51, PPSV23 OFEFAE DS PPSV
23 OHEFEG- X0 S BRI E W E i LT
W2, — T, bEICBT L EEE T S
PCVI3 2L 2B AR R 2 e L2z & A
Ex\ve BHMEROMENIIE, BEGERRIK
ELRET L7120, bHPEO XS I/NE~D PCV13
DFFERIEHVETIE, @lEIZBW T PCVI3
WCEFE NS MERNC X 206 JEBR I RGIE O FAEF A
WA D MBS RSTREIND 720, BRI
BLT200EEZONL, 5k, 20X HEH
RIER R MG A OZAL R Ik L7z, 727 F >
DR D L OB RO EZE 22 %0
V. BEELERERE
BAEDLDETIE, WEE oo L CEMEmisn
72 PPSV23 L E#HAE D PCVI3 @ 2 D A3FIH T &
o LU, PPSV23 & PCVI3 2 & 5 IR
MEOIERIIE LR, WT 7 F 2D L) 123k
9 O 7B 7 B 1L 7 v, PPSV23 IZEEAEARY 5 45
Kok, MiEHOBEINEA T 5720, WIaEE -
5 5L ERGE L 22 B S COFEREAER ST
%o 5 LN TOFEE CIIRITORR, HEIEZR &
DEIFE 255 D W FEMEA D B 72 DI AT
& 5o Kawakami & (3 PPSV23 O FH#FEIZ L 4 %
PARIDE I BIE S S, PRI b A [l F A ey
EFAEOPRFERER L O 7 = ¥ FHEE A A
LND LA L TWEY,

BARMEFREFRMES Vol 68 No. 4

PPSV23 & PCV13 O i 12 & 2 FRIR WA %)
P2 TRLWFEIE R VA, MEFOF 7Y = v iFE
WEPEIC B VT, PCVI3#:FE 2 © PPSV23 % i 28
PPSV23 Hifl, PPSV23 # M {4 » PCVI3 # 4 & 1)
ERTHDLIEDPHREIN TN, Zhbo
RCT Wf7eic o &, KETFHHEAEaENZE B 2 (Advi-
sory Committee on Immunization Practices :
ACIP) (&, 20144E9 A2 5 65 i L E O & & %
& IZ, PCVI3 & PPSV23 i il % 4% L ¢
WA, ZAUE 65U ED T 2 F v KRB E 12
RWIZPCVI3 %, Z0#K 67 Ao 14 (B41
FEPLICSE) OB % 2217 T PPSV23 & HifE 5
HILET, DI7F DT =AY —REMEEL T»
bHo L LM 6, ACIP1E 2019 4F 6 H 12/ E~
O PCVI3 O H AN & 2 MiET 7 N —F o
ETFRBERAMELR E2D, MAICBWTHELEL T
V72 PCV13 & PPSV23 o il Rl L, fi
EHE I ZB T B PCVI3 OISR & BEodts
BRREICESWTHER L TwE, A F) R, A
VA F Y EREDI T, BERED R\ EE
HND PCV13 & PPSV23 O if il 1322 L T »
2\,

HETIE, HARMNERZGRY S & HARERGEFS O
BRIEREEIZE - T [65 L LD AR5 5 i
REKW T 7 F P HEMICHET 2H 277 REnT»
o THIZL B L, DAFEOKANIZEIT S PCVI3
DERITKECBITAITRLEEIR LD E0b,
ACIP 2 & % PCV13 & PPSV23 o i f¢ 3 4 o 4 4%
M ZITANDRETIE RV EHBTL T2,
—H T, EMERERIZR LT, PCVI3HEMO ]
BEZ BIU 2 RS LB H D & LT\ b, Bl
DR FAEW B L TPPSV23 O FEFEE 12 & - T,
PPSV23 O EMI#ME - EEFHM L EIRL, 209 2
TPCVI3# LD L)WY ANnb o, HESh
L3 RCOMFEMEDR ST 5, PPSV23 1391
WA S E DL L OMEE B CTHIBEENTRETH 5o
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PCV13 introduction for children
for elderly

—.— PCV13 serotypes

— —.— Non-PCV13 serotypes

<Key Issues>

Development of next-generation

Case

‘ Serotype replacement |ﬁ
9

pneumococcal vaccines

+ PCVs with higher valency
* Universal vaccines

Reduction of
PCV13 serotypes

Re-evaluation of PCV13 vaccination
for elderly adults (=65 years)

ST ol el el T 1

Year

Fig. 3. Estimation of PCV13 serotype transition and future perspectives on pneumococcal vaccines
The estimated transition of the PCV13 serotypes and non-PCV13 serotypes as the causative pathogens of pneumococcal infec-
tion is shown. Although the PCV13 vaccine is expected to reduce the risk of infection caused by the PCV13 serotypes, the fre-
quency of non-PCV13 serotypes has increased—(serotype replacement). With the decrease in the incidence of the disease

caused by the serotypes in PCV13, re-evaluation of PCV13 vaccination for elderly adults is required. In addition, development

of next-generation vaccines that would work across serotypes is expected.

VI.  MEEAN—FDZEAL & serotype replace-
ment

2000 4E 12 PCV7 2838 A S 7R ETUE, BRI
RESTHAIZBWTS PCV7IZE TN L IMERIC
£ % IPD 28w L 72" — T, 19A ®= 7F Kl 7
EIET 7 F U MIERIC X B IPD 23N L 72 (sero-
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2018 4F 10 H D CDC @ # & 12 & % &, PCV7#E A
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A IPD OEIEIZEIML TV, A 77 FB &
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FIZBWTPCVI3IZH TN A MFRIZ L 2 IPD @
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IPD A3 L T %" BN EGSERT ZE 7T O i 12
£5E, bAEIZEBWTIX, PCV13, PPSV23 7
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i DESIEABPLTCETBY, 77 F Ik
B IMERI ) N —ZH DK TAREE 2o TV b,
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RS MRIRKB ORI CHEBT 23 ViEGs v
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% enolase, FEEFHHZTH A Ply IZfiE 0L %
P L, 1@ EORHEEINE & o4 509, £
WCHEHTAFAL XL T 73Ry X7
ThbEtrxl BL W Etrx2, ) 7ur7—+¥T
& 5 high-temperature requirement A (HtrA) 1
TEEDOIEVERRFAE (reactive oxygen species : ROS)
2 & 2 BRI 2 2R F 72, endonucle-
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Tw%*, Pneumococcal surface adhesin A (PsaA),
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RrgA, polyhistidine triad protein D (PhtD) 7 &
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Anticomplement
PspA: inhibits activation of both classical and alternative pathways, interferes with C3 deposition

PspC: inhibits complement activation (binds to C4bp)

Surface adhesin
Enolase: inhibits complement activation (binds to C4bp and induces factor H)

Surface exposed thioredoxin family lipoprotein
Etrx1, Etrx2: resists to ROS

Metal binding transporter
PsaA: promotes attachment to airway epithelial cells

Choline binding transporter
-PcpA: promotes attachment to airway epithelial cells

Serine protease
HtrA: resists to ROS

Surface endonuclease

Pilus associated adhesin

EndA: degrades the DNA backbone of NETs

RrgA, RrgB, RrgC: promotes attachment to airway epithelial cells

® N\ Cell surface exposed protein
. PhtD: promotes attachment to airway epithelial cells

@
ae @
AN Extracellular toxins and enzyme
® Ply: inhibits complement activation
PI{;A protease: degrades human IgA1

Fig. 4. Structures and virulence factors of S. pneumoniae

:

ZmpC: interferes with neutrophil adhesion to vascular endothelium

Schematic diagram of pneumococcal virulence factors is shown. Molecules studied as vaccine targets are shown in italics. PspA,

pneumococcal surface protein A; PspC, pneumococcal surface protein C; ROS, reactive oxygen species; PsaA, pneumococcal sur-

face adhesin A; PcpA, pneumococcal choline-binding protein A; HtrA, high-temperature requirement A; EndA, endonuclease A;

NETSs, neutrophil extracellular traps; PhtD, polyhistidine triad protein D; Ply, pneumolysin; ZmpC, zinc metalloproteinase C.
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Table 4. Novel pneumococcal vaccine candidates

Antigen Adjuvant Effects Reference
PspA CpG + Alum Demonstrated efficacy for preventing pneumococcal infection in a mouse 50)
model
Poly (I:C) Demonstrated efficacy for preventing secondary pneumococcal infection af- 51)
ter influenza virus infection in a mouse model
HA-KO/PspA Demonstrated efficacy for preventing both pneumococcal and influenza virus 52)
infection in a mouse model
PspA-nanogel Demonstrated efficacy for preventing pneumococcal infection in a mouse 53)
model
Demonstrated safety and effectiveness against pneumococcal infection in a 54)
macaque model
Ply (PlyD1) Alum Demonstrated safety and immunogenicity in humans 55)
Ply (L460D)/PspC Alum Demonstrated efficacy for preventing pneumococcal infection in a mouse 56)
(fusion protein) model
PhtD AS02V Demonstrated safety and immunogenicity in humans 57)
PhtD/dPly AS02 Demonstrated efficacy for preventing lethal pneumococcal infection in a ma- 58)
caque model
PcpA/PhtD Alum Demonstrated safety and immunogenicity in humans 59)
PcpA/PhtD/dPly Alum Demonstrated efficacy for preventing lethal pneumococcal infection in the 60)
mouse model
PhtD/dPly/PD AS03 Demonstrated safety and immunogenicity in humans 61)

PspA, pneumococcal surface protein A; Alum, aluminum hydroxide; HA-KO/PspA, hemagglutinin-knockout/PspA-expressing influenza
virus; Ply, pneumolysin; PspC, pneumococcal surface protein C; PhtD, polyhistidine triad protein D; dPly, detoxified pneumolysin; PcpA,

pneumococcal choline-binding protein A; PD, nontypeable Haemophilus influenzae protein D.
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Streptococcus pneumoniae, a major causative bacterial pathogen of community-acquired pneumonia,
possesses a thick polysaccharide capsule. Pneumococcal vaccination is recommended for elderly adults
and patients with risk factors for pneumococcal infection. Host defenses against infection with S. pneumo-
niae include neutrophil-mediated opsonophagocytosis promoted by complements and antibodies. Current
vaccines using capsular polysaccharides as antigens promote opsonophagocytosis by producing antibodies
against the capsule, because S. pneumoniae inhibits complement activity. Currently, two types of vaccines
are used in Japan, the 23-valent pneumococcal polysaccharide vaccine (PPSV23) and the 13-valent pneumo-
coccal conjugate vaccine (PCV13), which act via different immunological mechanisms. The antibody re-
sponse generated by PPSV23 is classified as a thymus-independent response, which does not involve T
cell help for activation of B cells and fails to induce memory B cell response. However, PCV13, which con-
sists of pneumococcal polysaccharides conjugated to a carrier protein, elicits a thymus-dependent immune
response, which induces affinity maturation of antibodies and differentiation of memory B cells through
activation of helper T cells. These two vaccines are administered to elderly adults in Japan, although
there as yet no clear standards as to how precisely the two vaccines should be used. Therefore, data col-
lection on vaccine immunogenicity, efficacy, adverse effects, and cost-effectiveness are still under way. Se-
rotype replacement, which is mainly caused by the expansion of non-vaccine serotypes, is becoming a
clinical problem, because the current vaccines do not cover all serotypes of S. pneumoniae. Although the
current pneumococcal vaccines continue to show good efficacy, this issue remains to be resolved. There-
fore, development of universal vaccines that would work across serotypes is clinically desired. In this re-
view, we summarize the current status and future perspectives of pneumococcal vaccine use.
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