REVIEW ARTICLE
YUIM 29(1):1-8, 2012

Efficacy of Pneumococcal Vaccines
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Streptococcus pneumonia is a very important pathogen for children and elderly people. Two types of pneum-
ococcal vaccines are available in the market: pneumococcal polysaccharide vaccine (PPSV) and pneumo-
coccal conjugate vaccine (PCV). PPSVs have been used for more than 30 years, and PCVs for about 10 years.
There have been many reports concerning the evaluation of the vaccines’ efficacies in preventing pneumo-
coccal diseases such as meningitis, pneumonia, and otitis media and bacteremia, but the clinical trials had
been performed with different conditions, such as diverse vaccine valencies, age groups, races, target out-
comes, immunological cut-off values, and follow-up periods. PPSV is recommended for elderly people and
chronic disease patients such as asthma, diabetes mellitus, chronic renal failure, and hyposplenic patients.
According to the data from several systemic reviews and population-based surveillances, PPSV is effective
for pneumococcal pneumonia and vaccine-type bacteremia among healthy adults. Until now, however, there
is insufficient evidence of the effectiveness of PPSV among high-risk adults. PCV is very effective in preventing
vaccine-type invasive pneumococcal disease (IPD) among children, but its efficacy for pneumonia is very low
among children. The incidence of vaccine-related or non-vaccine-type IPDs is increasing after the introduction
of 7-valent PCV (PCV7) as a routine immunization for children. Recently, 10- and 13-valent PCVs have been
used for children, instead of PCV7. Therefore, continuous surveillance for serotype change among pneumococcal
diseases is necessary to evaluate the vaccines’ efficacy.
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F 7 FRE FEY & AUk Wil =z HFY
S ] et chepsiAIR T A o m e TR
4g fUshs B39 Zekln Aok

AR AR e HEFEHAl0] SRl wEt EAl=
19, Z2A1= 309 o) ARGE L, WAl a o] thgt of 2
Hygo] Qo ZF B nir} ARG WAlY] FRuh diat
AL, MAYE 2AE SOl thfstes dat =3 thofst
o} WAl A3Fat WAl HF ME T2 WAk fIsiA
W10 o] gt JE7F Bastus ofz] AR ¥
P72 WAl AAE B2tz QA (randomized
controlled clinical trials: RCT) 21} IS E, A} - 2
AL gt A AA F (systemic review) S-S B 15FS
o} ARl Ag7HA BaE Aol digt AAE 13E
I QIF7IRE A AES Tt HE Tt WAle] HY
Aat A Ao tigt aTE 7|&sstarat gtk

23 =
— —

1. M7 EF
1) HETE DoCieRAl

ST TGTH R A (PPSV)E 19204 o] 2235
7o) Toret WPl e WAlSo] e gk vl
A 1997 147} PPSV7} 91%| a1, 1983 ¢ &=9f 237}12] PPSV

Table 1. Characteristics of the existing pneumococcal vaccines

7F SAE U A= 2374 @R (L 2, 3, 4, 5, 6B, 7F,
8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20,
20F, 23F, 30)¢] WUtidRs FU0D AL WA
Pneumovax 23 (marketed by Merck & Company, Inc.)¥} Pnu-
Imune 23 (Wyeth)o] AREE| 1L Itk (Table 1). ©] 2332 &
M2 v|RA] 77} POV7E dolol] ALEE]7] o]l 2000
Yol ARlo1A] Wy AUTE FAE FusHe B
8506 ol AAI5}9lE FHFEoIck PRSVAE THIE wlel
4 e WS FrEstEs WA E s 24 HRkY
aofoflA= HlY M2 F SR Rl TRo] e s

2 = AY AdoMt AREI Tk

5
1992 Frdett) HE@TwtY 77 €39
(4, 6B, 9V, 14, 18C, 19F, 23F) &< 33t 77} PCVel
Prevenar™ (Wyeth Pharmaceuticals, Inc.)7} 20000 u]=*
FDA 5% ¥of @ - frol H aofoll A ARgE o] 2tirt
2010958 7]& 771 wAlof 67FA19] EAF (1, 3, 5, 6A,
7F, 19A)0] 714 137} PCV ¢l Prevenar13 (Wyeth, marke-
ted by Phzer, Ing) 7} 77} #410] 3743)9] @38 (1, 5, 7R)e]
Z71= 107} PCVQl SYNFLORIX (GSK)7| AR 11 Qick

Vaccine Pnemo23 PRODIAX-23 Prevenar™ Prevenar13 SYNFLORIX
Company Sanofi-Pasteur Merck & CO. Inc Wyeth Wyeth GlaxoSmithKline
Pharmaceutical ~ Pharmaceutical
Type PPSV PPSV PCV PCV PCV
License year 1991 1993 2002 2010 2010
in Korea
Vaccine Adults & children Adults Infant & Infant & Infant &
Candidate >2 years Toddler Toddler Toddler
Prima 1 dose <65 years 2 dose (5 years apart), 2, 4, 6 mo 2, 4, 6 mo 2, 4, 6 mo
Schedule Y >65 years 1 dose 3 dose 3 dose 3 dose
Dosage ) ] 12-15 mo 12-15 mo 12-15 mo
oosting 1 dose 1 dose 1 dose
1,2, 3,4, 5, 6B, 7F, 1, 2, 3, 4, 5, 6B, 7F, 4, 6B, 9V, 1, 3,4, 5, 6A, 1, 4,5, 6B,
Vaccin 8, IN, 9V, 10A, 8, 9N, 9V, 10A, 14, 18C, 6B, 7F, 9V, 7E, 9V, 14,
Sacc © 11A, 12F, 14, 15B, 11A, 12F, 14, 15B, 19F, 23F 14, 18C, 19A,  18C, 19F, 23F
crotype 17F, 18C, 19A, 19F,  17F, 18C, 19A, 19F, 19F, 23F

20, 22F, 23F, 33F

20, 22F, 23F, 33F

PPSV: Pneumococcal polysaccharide vaccine, PCV: Pneumococcal conjugate vaccine, mo: month.
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Table 2. Vaccine efficacy of the pneumococcal conjugate vaccines evaluated by immunogenicity

Reference Study Vaccine Dose  Follow-up  Antibody Vaccine effica
Design valency Schedule  periods  cutoff value el
Black 2000™ (USA, NCKP) RCT PCV7 3+1 ~2yr >0.15 ug/mL after 3 dose: >95%
Madhi 2007* (South Africa) RCT PCV9 3 ~6.16 yr >0.2 ug/mL HIV negative children: 66-100%
HIV positive children: 39-100%
Lucero 2009” (Philippines) RCT PCVil 3 18 wk >0.35 ugmL 18 wk: 76-100%
9 mo 9 mo: 24-97%

RCT: randomized controlled trials, yr: year, wk: week, mo: month.

(Table 1). Prevenar' '3} Prevenar13-2 @ @-7-9] wjabrigt
2o fzgglo} WE =42 CRMI197S AFHA|7] wjAlo]
11, Synflorix= non-typeable FHaemophilus influenzaed|| A 52}
gk Dk (NTH protein D)3} 938 =4, T ZH|E|of 4
£ carrier protein® 2 Z3JMA|Z] AEo|th

2. M=ol gt
1) HETRYAO HARY

7 TR A Sl A WAl A2 A
wrelo] o] WIS A S W Bl det 3 - A
F7He] S840l diFEA = AL, WHONA = HE 7+t
Al HAYY AAHE FE23e A A
o s surhgRol it A9 g AFH o
Z3h= By o2 Aol radioimmunoassay (RIA)7F AF
gEglon; Hofs 72
(ELISA)Z}F AR5, 3|9 7]6-S B7 ke 22+ opso-
nophagocytic assay (OPA)S AR&-3tct,

enzyme-linked immunosorbent assay

(1) SAMHAZHY (ELISA)O| Qlst HAR/IN

7t QPN It ARG wlAle] FRel wlAl Tl gt
QAL A 712, 24 717 Bol 92t WAl Helelye
HRF e vnslrle ot WAl 33 HE T 28
F23t u]=2] North California Kaiser Permanente (NCPK)
Aol FA7EE 20.15 ug/mlLe] 2x0k7} 95% ool
1 dotmalzloll A 6.16\7HA] A3 Al A7}
7F 202 ugiml Q1 2017} HIV 3491 3¢ Hd7+ 8X3
o we} 66-100%, HIV 9491 739 39-1009%%ck” L2
o AFolAe FAZEE 2035 wgmlel 2ob7h HE 185
Foll= R0l wt 76-1009%, 97K Foll= 24-97%=
% 5 717io0] Ao et BRo) et Gt S0l 2ol
7t gl ehths 22 & 4 9ok (Table 2).”

u|=3 Jolzelzlo A AR 3719 A ES EHE
Aol HF LAl 13} HF 17]¥€ 5 anti-capsular poly-
saccharide IgG 34717} 0.35 ug/mL 0|42l AL 54 1
Hd A gigt Holgo] gl Aoz T ek
Iy A9t ddols o =2 AP 8=, @3
Foll w2t FAZPF o AeE ek Adoxs 71&
Ao g BH{stal Qs FAE 7] ol oFd7RR] Wof
& Ui¥is) F= FAVe gEAA gt

(2) OPA
SAAET PAE WA PR Ed ol Azt v
3 o1 BARE F ALRSE SHS ok PO E I

Tt Bo| A2 BAQ] EA] sl TAT 5 BAANE
ofgh Alte] alat At e g ZAgich 771 POV Hpof
g 5} AollA] U2 d Aol o5t £ AP
t)3te] ELISAZ IgG % %7} >0.2 ug/mLo]d OPA %7}7}
>1:80]gtx BuEdck”

2) AMEE0| S W7z Zetuiol Sat

ool AR T AT RTINS Ry iz
AN EONA F5A HH A2 S (invasive pneumococcal
disease: IPD)3} H|g, 219, AR Sof o3t WAl 59l
24 Zsje} AT FA] AHGE] 0T ole] IPD
WSS el F74E ZAIAA| (population-based surveillance)
2 2ARE WA 537 B E gt

I'=U

(1) =2l = AAE Zt

24 wqte] of « §olS gito gz AN 371K A F, 77}
chl AghlA] (PCV7)S ARR3E 1]2 NCKPS} u]= ¢lt]o
AFAlo] et A7 2 97} o AFAL (PCVI)& ARE_E
otz alzle] QAN E A2 Z3HE R 32,3638} W
At 32,4717 dfste] A7 At IPD ool 93%2
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Table 3. Vaccine efficacy data from systemic reviews of randomized controlled trials

Vaccine efficacy (95% CI)

Outcomes

Siber (2007)** Lucero (2009)* Pavia (2009)” Theodoratou (2010)*
IPD, vaccine serotypes 93.0% (81-98.2) 80% (58-90) 89% (73-96) NT
IPD, all serotypes NT 589% (29-75) 74% (54-85) NT
IPD, non-vaccine serotypes NT 8% (-117-61) NT NT
IPD, vaccine-related serotypes NT 11% (-236-76) NT NT
X-ray defined pneumonia NT 27% (15-36) 29% (22-35) 26% (12-37)
Clinical pneumonia NT 6% (2-9) 6% (2-10) 7% (-12-15)
Acute otitis media NT NT 55% (43-64) NT
All-cause mortality NT NT NT 15% (2-26)

NT: not tested.

7k gl A0.2 vehgteh (Table 3). W]k NCKP, m]=
Q1 ok, otzelh, Zulol, Belw, Bk=elA 771
, A58 97 EE 117} 942 12714 wleke] Lo
4% T 447 R 56,0297 WAZ 57,0155
23 P2 o 6] QAR Aol ek intention-to-
treat (ITT) &4 27} PCVY] o Ak wiil EHFo] ¢
3] = IPD (vaccine type IPD: VI-IPD)o]| tija A= 80%,

< EAFl 97t IPD (all serotypes-IPD)o]l thsfixt= 58%,
X-rayoll Al 2elE =3 (X-ray confirmed pneumonia)ol] thaf
A& 27%, 94 H)F (clinical pneumonia)o]] tha) A= 6%
2, PCV 5ol BARle] IPDell= 27 a3k e
HFelle aurt A9 glodct (Table 3).

Pavia £%0] 7, 9 T 117} PCV WAL ARgst 22}
E AN 9719 = Agste] metEA S AAIR
A3} PCV= ITT &4 f| A4 VI-IPDe] thste] 89%<] o
a5 YeRfRla, all serotypes-IPDo]| tisiA= 74%2)
ATE Uehpgich WARAH] o3t FHF0IY (acute
otitis media: AOM)o]| tJal|A= 55%2] a3l7| Qlow, o
A HEL 6%, Xray= EQ1EH HHS 29%F AYsh=
BYE 23tk wEbA PCVA= [PDo] et o vk w2
Aoz gRIFoU, FAFolgelud #E ool= 1ot
A B7F 34| g AR wE Ak NL=A=lA 97}
o} 117} wlF 7 WAL Xray2 ElE w|F o diaiia] 26
%, Ao =2 A3t HFH (severe clinical pneumonia)2 7%,
Qi sR0) ek 0] B3k Ul Aoz 2]
=k

910) AAH 1A= T HH VIIPDY 7= 73t
oke] A9 80.93% 2] Wol b} 911, all serotypes IPD
o tHefiA= 58-74%2 A7} Q= AL 2 Yehgton), ¥
A @Yol st 23] doo] S A=

= 0
o}NgrElﬁ

N

1

Q19ick eI} Xeray2 2ol o] thaiAlE 26-29%9]
Aahek ek, QAo it ddolt Hdst
AL AFFE tsiie 2A a7t fle A= Yeiht
(Table 3).

(2) eI771dt ZA| (population-based surveillance) Zi1}

ulFT} Avel, 4, YHAE SolHE wAle] FE
B71E Sfste] AT ZAAAS o) g3tel ARz
St IPD MPALE, HIIF B4E 5 POV7 =9) At Fo
2437, POV7 9% ¥ 17710 SAtiEe 978
ARG WAl =9] At $-9f IPD IS A,
Q1 WAl =9 5 7]7bo] whet zfol7k UAIRE PCV7 VT-
IPD APEL 80-98% Zassto] BiAle] a7} w9 =Qtar,
all serotypes-IPD 73482 10-83%= tjAto] whe} thoksls
3, B AIE (non vaccine type: NVT)o] &gt IPD 232
Z7Fergdrt. WAIF] eJgt Sukel e 950 Hastg oL, ¥l
sl @Rl o Sutde 770 STk,

alalo] ARG ERA tolol 4 WA HPTRY HAF
BFEE ol B oh)e AeloE 1A deros
IPDS} ¥ Q1E Bg-&o] RolAch ahAEt HjjAl B Fol
U Ak @HE2 194, 6A, 22F, 7F, 6C Sol ofgt Aat
o] Z7eke FohA WAkl UERtR ok

w4l @A Po) et IPDS] e Enzile s n, of
£ ZoA Aol P AAER W HES W A9 ulal
Anlz AolsRe ), WAYE Rt AL Heoje Su
2%0] WYKL, oI5 % 310k THE Wigo] 9= 20l5ol3)
ok WA A RE FETo] FUE HHY 28Tl
St WAL o) 71967} webr) A7l ofet 5L
B 2ok, o5 F 37907} thE WS 7 gk

’
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3) arzetofl CHet HiZT mofcigRuilol gat

1940t EHF L 57} Ja 27004 237H71A] 28
Bl ot TR gt dE@iAEe] tiste] o
A O| o] R F L, Lol AMGE|AL Gl 237} PPSVE=
1980t Aol AlRFE It wba] 20000 27}
A B A DRSS 2147} HASS AMESE YA
of thgt £A40]aL, 2000t FHF ool Barg AAA 1z
Solle 2371 WAlof| digt AT AAmrt 23] itk

(1) 2AQ| X ANAIE Azt

Hutchison $*'0] 1938WXE 1996W7}79] A& Z 2-
177}8] WA AHEEE 13709 A/FAI-lA 65,0007
tiste] el B4 gt A WAl JE & 7 3] HEe
£ YA gF e A1 E] dishA= 83%, HAIA
HF g A3LS 730, WAFP o3 HFL 75%, RE
ol HF ol 3t HHLE 42%, v|BAY HHFT ¥
2 27% HFashs AoR2 EAEGA, =17 vHdAS
A FE o] WAle] Bl WA gkt aeu
Moore £*0] 1966 AHE 2000714 2] zFZ 0| A 6-237}
O] WA EZ ARSRE 13719] AR, 45,22678 0l thal] A
AIgE dlEbE A oA A7FEE AdlollAle BE Al ot
H A1} g tol] o @Y A S =t 24+t 0.56,
0.1622 &7} Yot 19F FRpo A= 1.08, 0.88
2 anrt gl stREE7] Agely gt A
woll tisiAe A7 A 1T BRA &t
Atk Cornu 5P % 1966 EE 1999d7Hx] 2] #p& %
6-237} HF T WAS ARESEe] 184 o] Fe] A& o
Fo 2 HAAIFE 14712 A oA F 48,8375l tiste] |
EHEAS AT FF ol Qg #HiF ol disl 71%,
HF ot oAo] 7He HF ol disl 40%, el o5t Abd
of tafrl= 32% Y A7t Ao, BE Al ot
HH oL AFg-2 oeta] Zatqth 53] Lol £
T ARlelAe HlE D Aol diaf £33 o anvt
AATE

1980 X E] 1999W71X] 6-237} WHAl-S AF23te] Aol
Fo2 AR AFAIE AR OAA PPSV= HE 1t o E
Zoll tal 4HA3t 1ot BlAMAS)E Q1A A AR =7t
217} 0.53, 0.14= ATaET7L Ao, AFF A= A
o, BE dRlol oJgt #iE, di@ el gt #HE, HEF

e Wl

2o &) mIF YTk 19743328 20078 711] 4-23
7F WALS ALERE AAFAIRE RpR A 48,6567 0] Froigt 15
N AIE vet 4 gk A3} IPDo]| thgt Odd's ratio (OR)7F
02602 o a3} 2 ZAoF Yeston), vt
A= AleAE Bt Bk o, BE 219 #HHo]
U AR diside auks d5d wiet A4S 22 4 9l
th% Huss 5%& 1974WRE 200771%] zk=ol|A] 3-237}2]
PPSVE AMggE 22702] AAFAI ROl Tt WEHEAS At
G, ©]F 237} WAlo] ARE YA FLE 8AGTE 1374
A= wlout vh WS 7T QAY HF o
A AFEE 7 A B 291 tide g stk &
Mo Azt Fol whet 2-19702] YAFAIE, 794-82,665
o] P27t 2= A HEREA At 7+ Aghof digh A
A== HF ol oet A HFHol disiA 0.62, HH
T2 2 olo] Hl= HEL 0.64, 2= 2lof oJ3t wlFS
0.730]9ict. w1 gt Apgolu HEF-E 2Fste] th2
AEo] i WAl FI7L Y= Ao LpEpgTh”
ol% E7H 5& At QXY Fo| 2 AHfollE
PPSVe] m3b7l gl Ao UERl, 3ot loflile
a7} 9o, o] Mol AE ol 7hdo] AAER] o
ottt weEhd Uubd oz FFa Al FE AR =2
3 v 587) ASREONA w7 wohg WA
oA a3t A9 gle AR Yephgth

Sheikh 0] Mg HHFT Age] FEET AL
TE ol a3t Q] AAE 23S Ak 4
02 Ak FAE o= AAeHRCT =8 371 & 174
Tro] 24 Z3r)Ee] Astg o, o] AT IA =
o1 23} A FE ujgo] RAAstgkY wlebA o)
g xlo] gubz oz A grlof|A] AREI glon,
oFA71A] ZAgA A W E Pl 4l ANSSHEE] T 2
Ae FE53 AAolh

(2) IF7|8E =AL 47 Zn}

1966 AXE] 2003 A7}A] 147}9} 237} WAlS AFR-E 13
Ao FAR T B FAFTE ATELS WetEA s At
IPD At S3%R L, =917 THEeApE 2 Qe
Aol A IPD el &= 47-55%, HF oY Bk 32%%
th* 200295 2007974 AHQlo| s $EET} 9l
& ez Hgof tigt wiAle avs A-7]eh SRkl
7 ATE F5l BTk AA HE Tt 23t HFol
A A1) A= 48%, HE8F FAolA = 66%, HIHEE S

BN
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Table 4. Serotype percentages of each vaccine covering pneumococcal disease in South Korea

Reference Age Sampling Period Prevenar ~ SYNFLORIX Prevenar13 Pflzgesa(;??B
Chong, et al.* (1995)  all age 1989-1992 80.89% 82.02% 86.51% 91.01%
Park, et al.”’ (1994) 1 mo-81yr 1991.01-1993.04 65.54% 66.41% 72.51% 75.57%
Lee, et al.’! (2006) all age 2001.09-2006.08 42% NA NA NA
Kim, et al."® (2008) 0-90 yr 2004.03-2007.08 40.25% 45.02% 78.78% 88.31%
Kim, et al.’* (2006) 1 mo-16 yr 1991.01-2005.05 63.44% 64.30% 81.50% 80.21%
Lee, et al.'* (2007) 1 mo-16 yr 1991-2006 60.75% 62.65% 81.08% 84.81%
Lee, et al.” (2008) 0-15 yr 2001.01-2006.12 42.59% 48.14% 96.29% 94.44%

mo: month, yr: year, NA: not available

ut

A 76%= 7P EpHolIrE” Agd) W2t 65794 1F
(OR: 0.52)3} 804 o4+ Z15 (OR: 0.44)9l|A= WAlo] {2
a1 EFA ol whal| 50-644] 18 (OR: 0.94)0l| 4= &7}
Zo]7] ¥gkeh.

I

U SR E5HA RejEs HE EH P 19F,
23F, 19A, 14, 6A, 6B T 9V So|c}.'>5%5 g2

A AP digt JRIL A FWAEE o] 83t 2
WAlof| Z3hE] o] gl Y Hl&S HAEH F-fot
of| A ARg-8l= 77} PCV QI Prevenar= A]7]o] w2} 40-80.9%,
107} PCVel Synflorix:= 45-82%, 137} PCV?I Prevenar13-2-
72-96.3%, Ao AMEEE PPSVQl Pneumo 23& 75
-94.4%%t} (Table 4).”* 20004 o]3& 2] zL20) A 7712} 10
7} PCVe 3 Y BT} @2 olf= 77H POV ARE-
o]%of 77ke}k 107} WjAle] ZghE|o] Q1A] ok 19AF ] 2
g Agto] F71et97] wiEo|th

2 B

AT AL Y] 9istel Gfob B wHS
o= g TRn el AgE T ek HAPTF AT
Alo] Seltelol Al ofal7kA] 4 - ool 71 ool
St WALe oh A HEE] e Holn, 9ol
L oju] 7] o Fe] EgElo] Gl VekSel Bol itk
Rl AT Qs 237 AAT-Z HetriuAe
SRt ok Bo] AHEHAL QAR 9l 911e]
Z7heh W clpge] et BAET} ok wAl Wale] Ag
o] 371 & Aol TN E HABTF WAL AHE3t

;

J {

YA Fo] Gglont, s AL ZHolut B
QskaA} she AROR WAEE AT UE WS
o et ATE A9 g Aelrk

ool A AAIRE YAF AR} 7IRe] 2ARRE
of Tig A o] ofsha dololq A TE Agraal
oy GRYe] ofat W44 HYTE Yl S o
an} e £ o2 e, Aol Ao aurt
gloick. 237 HPTE Ak RMAL 654 o] 9]
olu}, B ATAEA HEL Amska gout, oA
AR AT A8k ol e Eavh S
a4 gk,

oF 109} A7k % - fotelA] 77k POV A=A w4l
Bl Jat Bad AU TR QTS PAST Wale) =
ol 9lA) gk B o3t Who] F7kte] AP TR
Agke] BHBHY ol Mo A7 Aoz WIS,
SUolHE 1949} 22 map Bl 27k oA
Aol Uehgh. 2] 107 9 137} POV7F AR5 A)
Asigons 5 E ThE ot Wb} 9 4 9 Alow
ofEEct wheby W7 WA TS WIS SeIA
£ ETE Qe SUshs Qo] et 149 ojs
2P} Basie, AR dRTE A8 PR tE 24
7} o] oi o Fhck,

19 o
& O

o}
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