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Table 1 Patient profiles in acute otitis media

Total Male Female

Statistical population 201 117 84

0 47 28 19

1 81 51 30

Age distribution 2 24 14 10
(years) 3 17 7 10

4 21 11 10

5 11 6 5

0-2years 152 93 59

3-5years 49 24 25

Mean lunar (Mean % SD months)

245%178 230£175 264+180

Samolin Myringotomy 199 117 82

] pung Tympanocentesis 2 0 - 2
Prior use of Yes 58 LA 21
antibiotics within No 132 76 56
one week Unknown 11 4. 7

Fig. 2 Distribution of serotypes of S. preumoniae isolated from middle ear fluid in 201 children

with acute otitis media under 6 years of age.
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BENSERTE 7DD 211 KT, WHE»S>OEEK
(4 %), ERpEEEEA CHK), £PUEROREE (4
) BRI 201 REBENERE L7

201 sk BB E R, B 11761 (582%), B 84
Bl (418%) TE¥FEHE (AE) 13245 W ThHo .
ERAHIT 0D 2AT152 61 (756%), 3E,H
A 49 B (244%) T1i& BLBY) 2Ehoi. B
MRIRI ST L, SEGIB AT 199 B0 (99.0%), BkMEZE
HAS2 8 (10%) Thot. T, REFRKG1HE
MUROMEEOHEE L, &5H D 5358 #1(289%),
HEELAT132 6 (65.7%), AEHLLH (55%) THo
72 (Table 1).

MEMDI BHELE LoD, 19F O 52 %

FR194E 1 200

(259%) T, LATF6BAT30 % (149%), 23F 7% 24 B
(119%) T, 2h b6 3-onMiER+E&hbEs L 527%
ko (Fig 2). T/, T2 FyEE L N—
RIL627%, 13T 27 F v rolBEOMmMBERD
N—E(E 811% Thotz.

MER 2 ERX AR AEE, 0F2D 2T
19F (263%), 6B (184%), 23F (125%) DJHIZ%
{, 3BAH5ETIIIOF (245%), 3 (184%), 23F
(102%) DINEIZZ 2 -7 (Fig. 3). 77 7 F ik
B N —FIE 0~2 5% 684% I xF L, 3~55% 449%
THY, ELWHE 5% EEXEIE, 235% (7.76%~
3029%) k7%, MEAEKES% TO~2RTHE
KBl Fo BfivsFrihoiBadom
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Fig. 3 Distribution of serotypes of S. pneumoniae isolated from middle ear fluid of 201 children with
acute otitis media under 6 years of age at 0-2 years old and 3-5 years old.
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Fig. 4 Cumulative curves of antibiotic susceptibility for S. pneumoniae in 201 strains isolated
from children with acute otitis media under 6 years of age.

100 X i el e el e el —
60 —O——EM
erythromycin
* clanthrog@iﬂn
I —C—at R
40 oefditoregDT
/ ' —}—— CTRX
I ceftriaxone
=X = LVFX
20 it : I : / levofloxacin
P
penicillin G
0 _>K='J._.-XJ=X=._'* ' L L N s )
0.06 01 0.12 025 05 1 2 4 8 16 64 128

WHEIH N —F 1L 0~2 836% IZH L, 3~5R735%
Thh, ELWH 5% EHEXMIE, 101% (-36%~
238%) L&Y, MHES% EEAETCHEFELZEZIRD
Shdolzdbon, FEC0~2E TMER N N—
BEBWVERSRON L REBEDBEL LS.
PCGZ ¥ ¢ % & % ¥ 13, 201 #k # PSSP 81 #4
(403%), PISP 86 # (428%), PRSP 34 # (16.9%)
T& 1Y, PISP, PRSP 2 & b¥ 5 & 120 % (59.7%)
Th o7 A TIE, 0~28 Tl 152 ¥k § PSSP
$%362%. PISP %%454%, PRSP 7% 184% T PISP.
PRSP &b+H T 638% THHNIIx L, 3~5&TI3,

MIC( 1 g/mL)

PSSP #% 531%, PISP %% 347%, PRSP #%122% T
PISP, PRSP &h¥ T 469% & 2R Ao 7.

¥ - RAREREGET L ERDNORE RS OFETH
HERLGE, HEAERSDH Y T3 PSSP 28 259%,
PISP #:51.7%, PRSP #224% TH Y, Ix5&EL T
i3 PSSP #% 455%, PISP # 39.4%, PRSP #%152%
Thot. B, BEHEEN MICHFH (Fig.4) T
X, EM, CAM Tiftt#E»% < A5 h, EM, CAM
OFER (+R) 2 & B12876% THY, Mo
R UZEF S %D MIC 574 b R TH o 7.

PCG EZMF D MmiER o546 L, PSSP 81 #kTid 3

BAESRE MBE B17
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Table 2 Serotype distribution by PCG susceptibility pattern classified by MICs and PCR for ;ibp genes in S. pneumoniae isolates

Serotypes

1 3 4* 5 6A 6B* 7F 9vV* 10A 11A 14* 15B 18C* 19A 19F* 22F 23A 23F* 35B Others

PSSP(n=81) 16 5 6 9 1 1 9 1 2 3 2 1 1 22

MICs PISP(n=86) 8 20 3 28 1 18 3 5
PRSP (n =34) 4 1 2 22 5

gPSSP(n=26) 15 2 2 1 2 1 11

Genotyping gPISP(n=70) 15 8 10 1 11 2 5 2 2 12

gPRSP(n=105) 8 18 1 2 47 22 3 4

* 7yPnCV : 7-valent pneumococcal conjugate vaccine composition serotypes

PSSP : penicillin susceptible S. pneumoniae
PISP : penicillin intermediate-resistant S. pneumoniae

PRSP : penicillin resistant S. pneumoniae

AED % 168 (198%), 6B, 4 EN TR IK
(111%) & $ %, PISP 86% TIZ19F % 28 # (326% ).,
6B A5 20 Bk (233%), 23F 2718 % (209%) TH 1,
PRSP 34 ¥k Tl 19F 522 ¥k (64.7%) &b %<, 23
F A5 #(147%), 6A 2*4¥(11.8%) &7, PISP
PRSP % & b ¥ 5 & 1208 H 19F #550 #k
(417%), 23F #$23% (192%), 6B 4521 #k (17.5%)
T o7 (Table 2).

¥ 7, PCCREZWUMD 7MY 7 F v MFER /3 —
|t PSSP 358%, PISP 80.2%, PRSP 824% T#
D, 1367 7 F > OBEEOMIEFER H /3 —FiE, PSSP
66.7%, PISP 895%, PRSP 94.1% Td o7z,

Ko, 7MY 7 F miEsH N—FIIH LT, F
WX5 (0~2%, 3~5m@), "=V vEZHEXD
(PSSP, PISP, PRSP) # EWE L0 Y AT 1 v 72
ERSHETo 7R 0~2RICxT 5 3~5&D
F v Aok 044 (95% fEHEX M : 021~091) &%,
ERPENETHEIIN-EFREIL. I,
PSSP (= %3 % PISP, PRSP * v Xk #h £h
695 (95% {SHEKX [ : 349~1444), 7.86 (3.05~23.25)
7%, PSSPIx LT PISP, PRSP & d HEIZH
AL /=% EoPAS ‘

PBP M BEEFOLERIITIHRICED R, 1~2
BIZFOER (genotype PISP, gPISP) X 70 #, 3
HIEFOER (gPRSP) 13105 #%TH o /2. gPISP O
MR 3 (214%), 14 (157%), 6B (14.3%) DA
2 % &, gPRSP o I i & i 19F (448%), 23F
(210%), 6B (171%) DNEIZE o 7z, T2, T
775 h8—8iE, gPSSP 346%, gPISP 414%.
gPRSP 838% & i th#k T o7 (Table 2).

PCG &%tk & PBP MEBETEREDEEZ A S
Y, MIC 2 & 5 574T PSSP 81 #:? 9 + 26 BRIZidE
EFOERIALNZ o725 55 8kICIE 1~2 8IR
FoEEsALR, ¥/, PISP8 KD b 158X
1~2 BIZTFOERTH -2, T1HRICITIEBEFD

K194 1 A 208

ERMA L NI PRSP M4BTI, &HKRICIEET
DERNVALNT:.

<054 FIREREFOERIE, 176 RICEED DL
h, ZOWERIE mefA 358%. ermB 468%, mefA+
ermB 50% ThH o7z,

EM, CAM oz s opEZ RS L, EM, CAM
L BRUKRTIRERERILR, #7T)—-1L RO
bk Tl ERERVSRO L.

2 =X

NRFHEIRIZ BV T S, preumoniae &, IPD DI A
fige, S LBETRERLZLEOBRBL LTEETD
3. RFEEICBWTD 856 Wik L 1 691 ¥kD B A T BE
Xh, = O bS. pneumoniae X 219 Bk (317%) B
WENTH Y, H influenzae 259 Bk (375%) & & b
CEELREREE 2o Tz, TOGBERIE, 83
6 B S IV SRR R B R D RE B B — XA T &
ARERBECBIT S, BEUBETERTOEES
5BEW H. influenzae (274%), S. pneumoniae (24.1%)
L EREER TH o 72 2SAFE TIX H. influenzae, S.
pneumoniae DS EEHEA L ) W o7

A BT S. preumoniae DIMFRAEIZS T
bhTsh, BERCOVTIRTIESINERFK
ANEFBICHEEL, 17EUTONBORED O 08
X R 7-189% T, 6B (254%), 19F (190%), 23F
(138%), 6A (101%) OMHAHL, 7TM7 7 F ¥
MiER A N —Fi2 767% L#|EL TS, 74 Ubu-
kata 5913, 17 U T O/ EH» 558 S vz 138 4K T,
6B (254%), 19F (167%), 23F (145%). 6A(101%)
DOMEWHAAL, THT 2 F v IER A N —RIL76.2%
EHEL TS, IPD ISV TIERE LA I RUT
DRSS HEE NI 464 T, 6B (39.1%), 23F
(174%), 6A R U 19F (87%) DM 54 L. 71
72 F v OMERHN—F1L 739-804% L #HE LT
w3, filigic oV Tid Chiba 57AVNB LGRS
7392 % T, 6B(232%), 23F(176%). 19F(17.3%).
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14 (105%) DMEIZHA L, 77 7 F » MR 53—
RTT709% EWMELTWBE. T2, BEREBRTIE,
£ 57N, BRRUSEBEUH OB Ih kREhE
n87#, 584T, 19, 6, 3, 23, LUODMEILE VI L
AHELTWAS. ThbDZ XY, MRS B,
IPD RUB R DO#METIZ6B AR L, SE/LRSE
PFHEAOBETIRIIONEZVWI EFbI LY, ¥OH
FIZBWTD 19F, 6B, 23F, AN S 4L TW
7o, KRAZIZBWTDH, 19F (259%) 758 5% £ 6B
(149%), 23F (119%), 6A (90%) HJEK % < &
LTV

INSHDOHETIIEMAIRBEEBICH L 77 2 F
Vi, 70% LLEOMER SR ERL TV /B
REMILRERERENRE LARAEICBTS 7
T FMERAN—RIL627% THhol2hs, T
FTEEING B ICRERISERT 6AYE A /210
HRAN—FITI6% THY, FICEE/LIFEE
BB 2RUTTONIN—RIZFNEFN684%, 783%
Loz,

KETIE, MEZEHK (0~18# 39261, AR
ERAH 108 ) & L-2tEhE %500 61 %321,
1996 4E2° & 1999 FEICAE S N2 MELH B A, Fh
W& B EmiERIE, 19F(24%), 14(16%), 6B(11%),
23F (10%) O£ L, 77 7 F Y2 X AIiER
A= 66.7%, RERILERT EEZObND M
B6A 2RIz HN—FKIFT62% Tho 9. 7,
1978 4EH 6 1994 SE DRI 6 KB D/MNBEWN R E L
BRI 58S /S pneumoniae T I3,
19F, 14, 23F, 6B O MLiEH A% { OMmiE# 54 Tid
4BEDOLENREL - TV MERH N—KIIRR
OB EIZIZRIBETH - 7.

i, PCGRUELD LT AZBMEEICIHNT LW
HEOBIMICLY, ZoRREEFIIBETLIRELZHE
T AHBEDE . PCCREUSMICOWT, Ubu-
kata 5%, /NBEEERD & 58 /- 189 # o PBP
DBIEFRITIZB VT, gPSSP13.8%, gPISP41.3%,
gPRSP 449% L #&E LT3, /SMREMPHELICD
WTRFTEF LA, BRIHRAERIC L 5 334 BhoETc
BYW T PSSP 350%, PISP 494%. PRSP 156% & #
HELTWwA. KFEZ201 % Tid, PBPEETFHEITT
1% gPISP %370 #(34.8%), ¢gPRSP #7105 #k(52.2%)
Thh, WHEE (GPISP+gPRSP) 1& 87.1%, PCG &
M KX B T3 PSSP 81#k (403%), PISP 86 ¥k
(428%), PRSP 34 #%:(169%) T&k v, W:# (PISP+
PRSP) 1259.7% & Ubukata &, FH 5 D& & [
B BURHRIED SN EEND 7MY 7 F
v DI A 8 — 2L, PSSP 358% %t L, PISP
80.2%, PRSP 824% Td Y, W@ Ice L THEK

BORAN—FERLE Tl 7 F IR ERS S
AT 6A FEDI A N—FIL, & 4 PSSP432% 2%t
L. PISP 895%. PRSP 94.1% Td» Y, EHIIIHNA
N—FRBHoh, HHERICL ) 2EEEFERE
RIE LA, EEL BEREASFES AL LHPS
b, V7 FORMBAOKAENHERI N,

T/, SEHBIPISP XU PRSP D& &1 3~5% T
X 46.9% ZxL, 0~2 8 Tid 638% LIKERTEL,
MEHMOFHICBVT, 0~2iZ19F DRIZ 6B #
BELRONZ LT L, 3~5 Tt 19F ORI
3EPLE RN ENREWE 7 TH7 2 F
VIER A N—FE, 3~5TD 449% X L 0~2
RTIL684% LIREWMTHERICE Lo TV 7+
VIIRERSEERT 6A EEOHN—EIE, 3~5
T 51.0%, 0~2 T 783% LIEFERHTISIIE, -
7z

W5 TIX, S. pneumoniae, H. influenzae IEREFEDTF
iz BRI 2 F U BIEK RSN TEYD, 28kKiH
OD/NBERB LS D77 27 F &, 20004 K E
TEASKTIUR, BETIREIC7T0 /BN LEOET
HubhTws, 72, KEZHED 8 AETIZ 7MY
2F Y DNRBADERPN—F I FrTAT 5 A
WEAIRTWS.

- ARTIE 23 M RIRE T 7 F L AKE SRR I

HAubohTwa R, 2EKRBONBICIEELI 2w,
SHIIHERY Y v H 54 FHIED B-cell % B HEH 3
LIHEAZRT—F, T-cell FEEHETH 5720
A Y =W RS P EEDOBEI TR R WD
THHY. ThicHL, 7TV F iz, TEEOMR
EHR (4, 6B, 9V, 14, 18C, 19F, 23F) DFKERY
Yo AT4 FEFY) TERAICKEES S Tcel KFHE
HEICE > T B DO THYRII BN THHMEEEYD

D, BEOEEORK»S LA ESNERE I F
LEZD. '

Eskola 5%, 77 7 F Y EABDOHRIZOWT,
SHFERICOWTIE, 7M7Y 7 F EER L FER
BoRBEI BT, V7 F rERBECARYTEREA
DREERIT6% BRI L, 77 F il&ThsmiBRic
22T HERDORIEISI% R L EBME LT
5. BEEBRPIEICOWVTIZ 1998 40 5 2003 FE DK E
CDC O#ET, AR D 1998 £ 5 1999 4F & # A
HD2003EXLEL, IPDDSERBORERIRY
J7FMERMTI%, T7F U MERYUSNZEDT
b75% WAL EBMELTWABEY. 72, Kyaw 5?
12, 1999 4E & 2004 £ 12 BF A PCG M PE M 3R 1
X5 IPD ODREFIZONVT, 2BKRBTI0 AL
D615 AnH 12 A (98%), 65U LETH 123 A
526 A (79%), &E#HTH0A» 07 A 87%)

RYUEFHEE $81% H1H
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ERELBVEBREL, 77 F VEEBELSINDE
TR

BADEBLILAECHPREBEABERLE LD
S. pneumoniae MIFE D534 1%, KRR TBINIBY
LEHPEARMOMRIKEREBLEABL TS
h, TME7 27 F Y REGHFESINTV S 137 2
FUyTCOBVMERANN-FPEDONL EE DR
5. %7, 5EOFAETH PCGIIx ¥ stk
ATV, 777 F ViZPCCRER L LB L
HEICH LIFICBEWIER AN —-RE2RL, BIZ2K
UTFCREDAN—RZIFVEVIHERIFB LN

77 7 F 3EICENATRCERER SN, Bk
hHRRLOMRIREERED FHHMR R TR LM
PHBINTVS. SEOFKADRAFIZL o THEN
ECIMERECICmER A N —ROJRP 5 AT,
iR REEIEDH L E Lo T AR EL, ik
DFPF T IPD, BMAEDFHIZIZRi LR 2 >~
Jar— I F Y DEABLETHLI VALY
Lo,

BEE  AWFRIC LU ) TSI 2w, WAL R
HEawAZHRHLNEM L, FEFEEE WBANZE
A, REXHESAE, KKRALBRER L ¥ & — B HEEH T
METSoAE, HEEREE, KKRALBEEHR Y Y5 —/DE
MEEsLd, By IORKE RRERRESRELE, BE
Sk, MhEdeAEd, AMHBEERFEE, BT VS
B R A MR T TG S0 be B SRR N B A, SIRFH
ot MWPEERA, TN SRR R E SRR B
RSk, BEEEHRTRE FIETFEE, ERERERERRT
EfEt v 5 —HRIRERK R R d, EumEBg=%
R E BIER TR ICRE A LET.
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Epidemiological Survey of Pneumococcus Serotypes in Pediatric
Patients with Acute Suppurative Otitis Media

The Research Group on Streptococcus Prneumoniae Serotypes among Children,

Hitoshi KAMIYA?®, Tatsuo KATO?, Takehiro TOGASHI®, Satoshi IWATA®,
Tomomichi KUROSAKI®, Shunkichi BABA®, Sawako MASUDA", Shigeki SATO?,
Osamu YOSHIMURA?®, Masato FUJII®, Akiko SHIMADA®, Katsunori YAGI®,
Hisakazu YANO™, Rinya SUGITA", Yutaka FUJIMAKI®,

Nobuyuki KOMATSU" & Toshiro TANGO™
“National Hospital Organization Mie Hospital, ?St. Marianna University School of Medicine
Yokohama City Seibu Hospital (currently working at National Center for Child Health and Development),
3Sapporo City General Hospital (currently working at Sapporo City University),

“National Hospital Organization Tokyo Medical Center, *Chiba Municipal Kaihin Hospital,
“Nagoya City University, "St. Marianna University School of Medicine Yokohama City Seibu Hospital,
8Sapporo City General Hospital, ’KKR Sapporo Medical Center (Kohnan Hospital),

]apan Labour Helth and Welfare Organization Tohoku Rosai Hospital, '"Sugita Otorhinolaryngologic Clinic,
2Fyjimaki EN'T Clinic, ®Komatsu Otorhinolaryngologic Clinic, *National Institute of Public Health

To determine the distribution of Streptococcus pneumoniae serotypes isolated from patients under 6 years
of age with acute suppurative otitis media, to calculate the serotype coverage of 7-valent pneumococcal con-
jugate vaccine, and to clarify trends in PCG-resistant Streptococcus pneumoniae, we conducted a one-year pro-
spective study from April 2005 to March 2006 at 10 medical institutions in Hokkaido, Miyagi, Chiba, Tokyo,
Kanagawa, and Mie, Japan.

Specimens collected by tympanotomy or myringotomy numbered 856, and 691 strains were isolated
from 599 specimens. Of these, 219 isolates (31.7%) were identified as Streptococcus pneumonige and 201 met
study requirements. The most common serotype was 19F (52 isolates, 25.9%), followed by 6B (30 isolates,
14.9%) and 23F (24 isolates, 11.9%). Seven-valent vaccine serotype coverage was 62.7%.

The percentage of PSSP was 40.3%, PISP 42.8%, and PRSP 16.9%, resistant strains (PISP and PRSP)
combined accounted for 59.7%. Seven-valent vaccine serotype coverage for PISP was 802% and PRSP
8249%. PBP gene mutation was observed in 175 isolates (87.1%), including 70 of gPISP (348%) and 105 of
gPRSP (52.2%). Gene mutation induced by macrolides was found in 176 isolates (87.6%).
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THiEEER EOET

DI URRIC D YESLESBI THBE W
72E&, BERELOBRBLOHBHLDFEWIE
Wiz, BELT2FELFBET L LAETHITT &
SERVEELZELDIEHFR-S>TWVBH, ¥o
PLBES 2OV TEILE TR ZE
L.

2003 FEDBES TRV 7 F UITBRIZOWT
T Rnic s, TORKIENSKER
By, LrLw-> < Ddss blE AT
TEHOZRIBE>THBY, LENELHEEL
TEMTHERED A 2L, bPEOFELIH
PEURZTEIREZBELERZITIOABZVLTWVSE I L
T AMERIEEoTCETWBL, XEOD
ACIP @ & 5 2B BETH B L WHEmd T
EL5L5KRoTERZEREE LY, 5—F
WRXAETER> T EDEY g VREFICRTTC
WM TCERBEED VD TH 5.

BT, FEBEARCHROBRVWY 7F » 2FIZ
LTh, BEEBELNSZUNEEDORBEENT
HBZEBFVIETHRY, SHOKBHRITRE
Th, ZOFLERSTHWBDIRFEEETH S,
R OBE T —BECDOTEEVV 7 F
THHETTHEH, TNTIOEKETHS. X
BE LTCETHRTHLLWETH 2, ¥
ARCKEBES VLD TH S 5, FhIIREEDL
% - L ZEHEBEERMT L L EFEEFMER G
#8000) THE 1 BIBFEWE L TWBL, ZDRH»
DEREEVTWS &, REBOREIET % Hk
NEBCBHKRTHE I EXbD. ZO—FD
BINZHOBEORRBEICH B LB S, HEEAH
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Antibody responses to a 23-valent pneumococcal vaccine for Streptococcus pneumoniae serotypes 6B, 14, 19F,
and 23F in 84 patients with chronic pulmonary diseases over a 2-year period after vaccination were examined
by using a third-generation enzyme-linked immunosorbent assay. Of these patients, 28 (31%) were low
responders who had developed increases of at least twofold in the levels of serotype-specific immunoglobulin
G (IgG) in sera for none of the four serotypes at 1 month after vaccination. Although no specific clinical
features of low responders were evident, their prevaccination levels of IgG for all serotypes were higher than
those of responders. In responders, the levels of IgG specific for serotypes 14 and 23F in sera were greatly
increased 1 month after vaccination and those specific for serotypes 6B and 19F were moderately increased. In
contrast, no significant increases in the levels of IgG specific for serotypes 6B, 19F, and 23F in the low
responders during the same period were found, but the levels of 1gG specific for serotype 14 did increase.
Although a rapid decline in the levels of IgG for all serotypes in responders between 1 month and 6 months
after vaccination was found, the levels of IgG specific for serotypes 14 and 23F in sera remained higher than
the prevaccination levels for at least 2 years after vaccination. These data suggest the need for the revaccination
of responders but not low responders among patients with chronic pulmonary diseases. Revaccination as early
as 3 years postvaccination is recommended for responders to increase the reduced levels of IgG in sera,
especially those specific for the weak vaccine antigens.

Streptococcus pneumoniae is an important cause of pneumo- (18). Using a variety of methodologies, previous investigators
nia and serious invasive diseases in children and adults (4, 13, have reported the concentrations of PPS-specific immunoglob-
14). The increased rate of drug-resistant pneumococci in re- ulin G (IgG) in sera from patients with chronic pulmonary
cent years emphasizes the need for preventing pneumococcal diseases, including COPD (7, 11, 22, 29). No studies, however,
infections by vaccination with the 23-valent pneumococcal have examined the levels of serotype-specific IgG in sera from
polysaccharide vaccine (PPV) (3, 16, 19, 28). patients with chronic pulmonary diseases by using the third-

Patients with chronic pulmonary diseases, such as chronic generation enzyme-linked immunosorbent assay (ELISA) that
obstructive pulmonary diseases (COPD), are highly susceptible has recently been recommended by the World Health Organi-
to pneumonia or acute exacerbation caused by S. pneumoniae zation (31).

(25). Since previous investigators reported the efficacy of PPV Two previous studies reported a substantial proportion of
for preventing invasive pneumococcal diseases in patients, in- poor responders to PPV among elderly adults or patients with
cluding those with chronic pulmonary diseases and other COPD who were receiving steroid therapy (12, 21). However,
chronic illnesses, PPV is recommended for these patients (8, 9, these studies failed to demonstrate the kinetics of the immune

26). The nature of the effects of PPV in preventing pneumonia responses of this group. In addition, antibody avidity is an
or acute exacerbation among patients with chronic pulmonary indicator of the strength with which an antibody binds to a
diseases, however, remains controversial (1, 11, 27, 30). complex antigen, and high-avidity antibodies are superior to
Antibodies to pneumococcal capsular polysaccharide (PPS) low-avidity antibodies in terms of opsonophagocytic killing of
and complement provide protection against S. pneumoniae . pneumonaie (2, 20). No previous studies have examined the
strains with homologous or cross-reactive capsular serotypes  avidities of antibodies in sera from patients with chronic pul-.
monary diseases before and after pneumococcal vaccination.

The objective of this study, therefore, was to examine the

* Corresponding author. Mailing address: Department of Special concentrations of serotype-specific IgG and the avidity of IgG
Pa‘h%gensglmeffnmﬁ{‘al %?SICEFCh Cent::)r f?(r Infectious D;Sia;“'s’ Rg' in sera from patients with chronic pulmonary diseases by using
s it o Mol Discss Conka Unvery, 33 YA the thingeneration ELISA before and afes pneumooca
4255. E-mail: oishik@biken.osaka-u.ac.jp. vaccination. We also attempt to characterize a subset of low
¥ Published ahead of print on 13 December 2006. responders among these patients and demonstrate the differ-
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TABLE 1. Comparative clinical characteristics of all subjects,
responders, and low responders with chronic
pulmonary diseases

Value for group

Characteristic All subjects Responders res Lor:;ers
(n = 84) (n =58 (npg 2)
Mean age = SD (yr) 68.1*9.1 67.76 £ 877 69 %=9.90
No. of males (%) 58 (69) 40 (69) 18 (69)
No. with chronic
pulmonary
disease (%)
Chronic obstructive 27(32.1) 17 (29) 10 (38)
pulmonary disease
Sequelae of pulmonary 26 (31.0) 19 (33) 7(27)
tuberculosis
Bronchiectasis 12 (14.3) 6 (10) 6(23)
Bronchial asthma 8(9.5) 7(12) 1(4)
Pneumoconiosis 6(7.1) 4(7) 2(8)
Interstitial pneumonia 3(3.6) 3(5) 0(0)
Diffuse panbronchiolitis 2(2.4) 2(3) 0(0)
No. receiving steroid
therapy (%)
Inhaled and oral 10 (11.9) 9 (16) 1(4)
steroid
Inhaled steroid alone 12 (14.3) 7(12) 5(18)
Oral steroid alone 6(7.1) 59 1(4)

ence in the kinetics of serotype-specific IgG between respond-
ers and low responders over a 2-year period after vaccination.

MATERIALS AND METHODS

Study subjects and vaccination. Eighty-four patients with chronic pulmonary
diseases were enrolled in this study after providing written informed consent at
1 of 13 hospitals in the districts of Kyushu and Okinawa, Japan, between No-
vember 2001 and December 2003. The ages of the study subjects ranged from 40
to 88 years (median, 70.0 years), and 58 (69%) were male (Table 1). Of these, 28
patients (33.3%) had previously received oral steroids, inhaled steroids, or both.
Each patient received a single intramuscular dose of 0.5 ml of a PPV (Pneumo-
vax, Banyu, Japan). The dose contained 25 pg of each of 23 pneumococcal
serotypes: 1,2, 3, 4,5, 6B, 7F, 8, 9N, 9V, 104, 11A, 12F, 14, 15B, 17F, 18C, 19A,
19F, 20, 22F, 23F, and 33F. None of these subjects had previously been vacci-
nated with a PPV. Blood samples were collected from the patients immediately
before vaccination and 1 month, 6 months, 1 year, and 2 years after vaccination.
Sera were separated by centrifugation, divided into small aliquots, and stored
frozen at —80°C until used. All of the subjects were evaluated for serotype-
specific IgG before and 1 moath after vaccination.

Samples from only 40 of 84 subjects were available for all time points, before
vaccination and 1 month, 6 months, 1 year, and 2 years after vaccination, because
7 subjects died during the 2-year period after vaccination and 37 of the remaining
subjects lacked at least one serum sample at 6 months, 1 year, or 2 years after
vaccination. The ages of these 40 subjects ranged from 40 to 80 years (mean, 67
years), and 25 (62.5%) were male. The chronic pulmonary diseases among these
subjects were COPD (n = 15), sequelae of pulmonary tuberculosis (n = 15),
bronchial asthma (n = 4), bronchiectasis (n = 3), and pneumoconiosis (n = 3).
All studies described herein were approved by the institutional review board of
each institution which is a member of the Pneumococcal Vaccine Trialist Group
in Kyushu and Okinawa, and a signed consent form was obtained from each
subject.

Measurement of anti-PPS IgG. Since the preabsorption of serum to both cell
wall polysaccharides (CWPs) and type 22F PPS could increase the correlation
between the levels of serotype-specific IgG in sera and the opsonophagocytic
activities of the IgG (10), the concentrations of serotype-specific IgG were
measured as previously described (31). The levels of IgG specific for the four
serotypes that are the most prevalent among adult patients with pneumococcal
infections in the United States and Japan were determined (15, 20). Briefly, each
well of a microtiter plate (Maxisorb; Nunc, Roskilde, Denmark) was coated with
100 pl of serotype-specific PPS antigen (ATCC, Rockville, MD), and the plate
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was then incubated at 37°C for 5 h in a humidified chamber. The U.S. reference
pneumococcal antiserum (89-SF), courtesy of Carl Frasch, was adsorbed to
CWPs, but all other samples were adsorbed to CWPs (5 pg/ml) and 22F PPS (10
wg/ml) in phosphate-buffered saline-0.05% Tween 20 at room temperature for
30 min. Fifty microliters of the adsorbed sera was diluted twofold and added to
the wells of a microtiter plate. The microtiter plates were incubated for 2 h at
room temperature. After washing of the plates, 100 pl of diluted goat anti-
human IgG-alkaline phosphatase conjugate was added to each well, and the
plates were incubated for 2 h at room temperature. After washing of the plates,
100 pl of substrate solution (1-mg/ml p-nitrophenyl phosphate) was added to
each well and the plates were again incubated for 2 h at room temperature. The
reaction was stopped by the addition of 50 pl of 3 M NaOH to all of the wells,
and the optical density at 405 nm was measured with a reference filter of 690 nm.
The concentrations of serotype-specific IgG were calculated based on a compar-
ison with the internal standard reference serum 89-SF. We defined individual
subjects as responders if they developed a twofold increase in serotype-specific
IgG for at least one of the four serotypes and as low responders if they developed
a twofold increase in serotype-specific IgG for none of the four serotypes at 1
month postvaccination.

Measurement of the avidity of anti-PPS IgG. The avidity of serotype-specific
IgG in sera was measured by using ELISA according to a previously described
method (2). Twenty-eight of the 40 patients subjected to the full course of
measurements of serotype-specific IgG in sera before vaccination and at 1
month, 6 months, 1 year, and 2 years were included in the avidity assay because
of the limited volume of stored serum. The serum samples preadsorbed to CWPs
and 22F PPS were added to the coated microtiter plates, and the plates were
incubated for 2 h at room temperature. After washing of the plates, 0.5 M sodium
thiocyanate was added to each well and the plates were incubated for 15 min at
room temperature. After washing of the plates, diluted goat anti-human IgG-
alkaline phosphatase conjugate was added to each well. After incubation for 2 h
at room temperature, the substrate solution was added to the plates, followed by
incubation for 2 h at room temperature. The optical density at 405 nm was
measured. The avidity index was expressed as the percentage of antibodies that
remained bound to the antigens after incubation with sodium thiocyanate.

Statistical analysis. The average antibody concentrations, increases (n-fold),
and absolute increases are expressed as the geometric means. Differences in
geometric mean concentrations (GMCs) of serotype-specific IgG over time were
assessed by using the Friedman test and the Wilcoxon signed-rank test, and the
differences in IgG levels between responders and low responders were assessed
by using the Mann-Whitney U test for independent samples.

RESULTS

Anti-PPS IgG levels before and 1 month after vaccination.
The GMCs of IgG antibodies specific for four serotypes in sera
before vaccination ranged from 3.05 pg/ml for serotype 23F to
6.35 pg/ml for serotype 14 (Table 2). When the threshold of
the protective levels of serotype-specific IgG against invasive
pneumococcal diseases in sera is assumed to be 1 wg/ml (24),
the percentages of patients who showed higher levels were
92% for serotype 6B, 99% for serotype 14, 96% for serotype
19F, and 92% for serotype 23F, much higher than those re-
ported previously for elderly subjects (24). One month after
vaccination, significant increases in the GMCs of serotype-
specific IgG for all serotypes compared to those before vacci-
nation were found for all subjects (P < 0.01) (Table 2). In-
creases in GMCs of serotype-specific IgG exceeding twofold
were, however, found only for serotypes 23F and 14.

Responders and low responders to PPV. With the definition
of responders and low responders in this study, the numbers of
responders and low responders were 58 (69.0%) and 26
(31.0%), respectively (Table 1). No significant differences in
age, sex, frequency of specific chronic pulmonary disease, and
steroid use were found between the two groups. Interestingly,
the prevaccination levels of serotype-specific IgG in low re-
sponders were higher than those in responders for all sero-
types, although no significant differences were found between
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TABLE 2. Comparison of GMCs and geometric increases (n-fold) in levels of serotype-specific IgG antibody in sera from all 84 subjects,
responders, and low responders before and 1 month after vaccination”

GMC of 1gG (pg/ml) (95% CI) in sera from:

Geometric mean increase (n-fold) (range)
in IgG in sera from:

Serotype Tupe
pomnt All subjects Responders Low responders All subjects Responders Low responders
(n = 84) (n = 58) (n = 26) (n = 84) (n = 58) (n = 26)

6B Pre 4.33 (3.51-5.36) 3.9 (3.01-5.04) 5.48 (3.80-7.89)

1 mo 6.44 (5.11-8.11)** 6.81 (5.04-9.21)** 5.68 (4.02-8.03) 1.49 (0.5-8.69) 1.75 (0.53-8.69) 1.04 (0.5-1.61)
14 Pre 6.35 (5.25-7.68) 5.82 (4.71-7.17) 7.73 (5.14-11.63)

1mo 14.84(11.51-19.14)** 18.42(13.45-25.22)** 9.16(6.17-13.60)*# 2.34 (0.6-46.33)  3.17(0.83-46.33) 1.19 (0.6-1.84)
19F Pre 5.25(4.29-6.43) 4.74 (3.70-6.07) 6.62 (4.62-9.48)

1 mo 7.27 (6.04-8.75)** 7.63 (6.09-9.55)** 6.53 (4.63-9.21) 1.38(0.35-11.41) 1.61 (0.82-11.41) 0.99 (0.35-1.82)
23F Pre 3.05 (2.53-3.67) 2.91(2.37-3.57) 3.37 (2.24-5.07)

1 mo 6.51 (5.01-8.46)** 8.39(6.10~11.52)** 3.7 (2.45-5.58)# 2.13(0.53-38.49) 2.88(0.67-38.49) 1.1(0.53-1.95)

4 Pre, prevaccination; CI, confidence interval; **, P < 0.01 (for comparison with prevaccination value); *, P < 0.05 (for comparison with prevaccination value); #,

P < 0.05 (for comparison with value for responders, at 1 month after vaccination).

the two groups. Significant increases in the GMCs of serotype-
specific IgG for all serotypes compared to those before vacci-
nation were found in responders 1 month after vaccination
(P < 0.01) (Table 2). In contrast, no significant increases in
IgG specific for serotypes 6B, 19F, and 23F were found at 1
month after vaccination, although a slight but significant in-
crease in the level of IgG specific for serotype 14 compared to
that before vaccination was found (P < 0.05) (Table 2). The
GMC:s for serotypes 14 and 23F were significantly higher in
responders than in low responders (P < 0.05) (Table 2).
Influence of steroid therapy. The geometric mean increases
(n-fold) in serotype-specific IgG for all serotypes 1 month after
vaccination among 28 patients receiving steroid therapy and 56
patients receiving no steroid therapy were compared. The geo-
metric mean increases (n-fold) among patients with steroid
therapy and those without steroid therapy were 1.48 and 1.49

for serotype 6B, 2.28 and 2.37 for seroype 14, 1.49 and 1.33 for
serotype 19F, and 2.24 and 2.08 for serotype 23F, respectively.
No significant differences in increases (n-fold) in the levels
of serotype-specific IgG for all serotypes between the two
groups were found, which is in agreement with the results of
previous studies with patients with COPD receiving steroid
therapy (12, 17).

Kinetics of anti-PPS IgG during 2 years after vaccination.
The GMCs of serotype-specific IgG for all serotypes decreased
significantly 6 months after vaccination (P, <0.05 for serotype
6B and <0.01 for serotypes 14, 19F, and 23F) (Table 3). The
GMC:s of serotype-specific IgG for all serotypes declined up to
68 to 81% between 1 month and 6 months after vaccination
(Table 3). The GMCs of IgG specific for types 6B and 19F
declined below prevaccination levels at 6 months postvaccina-
tion and those for type 23F at 2 years postvaccination (Table

TABLE 3. GMCs and geometric increases (n-fold) in levels of serotype-specific IgG in sera from 40 patients
before vaccination and 1 month, 6 months, 1 year, and 2 years after vaccination®

GMC of IgG (pg/ml)

Serotype Time point

Geometric mean increase Absolute increase

(95% CI) (n-fold) (range) (ng/ml) (range)
6B Pre 3.54 (2.6-4.81)
1 mo 5.03 (3.61-7.02)** 1.42 (0.5-6.13) 1.06 (—1.98-18.21)
6 mos 3.48 (2.46-4.92) 0.98 (0.09-3.33)
1yr 3.28 (2.445) 0.93 (0.25-2.67)
2 yrs 2.43(1.7-3.48) 0.69 (0.11-3.29)
14 Pre 5.47 (4.41-6.79)
1 mo 11.04 (8.24-14.78)** 2.02 (0.78-13.06) 1.12 (—2.75-85.13)
6 mos 8.96 (6.64-12.08)** 1.64 (0.41-9.33)
1yr 8.03 (6.12-10.54)** 1.47 (0.73-8.44)
2 yrs 6.92 (5.22-9.17)* 1.26 (0.27-8.14)
19F Pre 4.87 (3.75-6.31)
1 mo 6.56 (5.07-8.49)** 1.35 (0.67-11.41) 1.05 (—1.89-19.3)
6 mos 4.6 (3.51-6.03) 0.94 (0.14-12.25)
1yr 4.35 (3.46-5.48) 0.89 (0.35-4.35)
2 yrs 4.15 (3.19-5.41) 0.85 (0.22-5.46)
23F Pre 2.6 (2.03-3.32)
1 mo 5.54 (3.73-8.23)** 2.13 (0.67-38.49) 1.16 (—2.83-79.1)
6 mos 3.74 (2.61-5.37)* 1.44 (0.47-27.29)
lyr 3.28 (2.39-4.5)* 1.26 (0.39-18.54)
2 yrs 2.33(1.61-3.36) 0.90 (0.14-12.96)

@ Pre, prevaccination; CI, confidence interval; *, P < 0.05 (for comparison with prevaccination value); **, P < 0.01 (for comparison with prevaccination value).
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FIG. 1. Kinetics of GMCs of IgG specific for serotypes 6B (A), 14(B), 19F (C), and 23F (D) in responder (n = 27; open triangles) and
low-responder (n = 13; closed squares) groups before vaccination and 1 month, 6 months, 1 year, and 2 years after vaccination as determined by
ELISA. *, P of <0.05, and **, P of <0.01 (for comparison with prevaccination value); f, P of <0.05, and 1, P of <0.01 (for comparison with value
for 1 month after vaccination); #, P of <0.05, and ##, P of <0.01 (for comparison with prevaccination value).

3). The GMC:s of serotype 14-specific IgG 2 years postvacci-
nation were still significantly higher than prevaccination GMCs
(P < 0.05) (Table 3). The estimated time points after vaccina-
tion when the levels of serotype-specific IgG returned to the
prevaccination levels, calculated using the logarithmic trend
line, were 0.5 years for serotype 6B, 6.9 years for serotype 14,
0.6 years for serotype 19F, and 1.7 years for serotype 23F.
We next compared the kinetics of serotype-specific IgG in
sera from responders (r = 27) and low responders (n = 13)
during the 2-year period after vaccination (Fig. 1). The in-
creases in type-specific IgG for all serotypes in responders 1
month after vaccination were statistically significant. While a
moderate increase in IgG for serotype 6B or 19F was found, a
substantial increase in IgG for serotypes 14 and 23F at the
same time point was found. A rapid decline in serotype-specific
IgG in sera for all four serotypes in responders within 1 year
after vaccination was also found. In the case of the responders,
the time intervals required for the GMCs to return to prevac-

cination levels were calculated to be 0.87 years for serotype 6B,
8.3 years for serotype 14, 1.1 years for serotype 19F, and 2.5
years for serotype 23F. The persistence of serotype-specific
IgG above the prevaccination level was, therefore, highly var-
ied for each serotype. In contrast, no significant increases in
IgG specific for any of the serotypes in low responders at 1
month after vaccination were found. These levels remained
unchanged or decreased slightly compared to the prevaccina-
tion levels for serotypes 14 and 23F between 1 month and 2
years postvaccination, while these levels decreased significantly
compared to the prevaccination levels at 1 year and 2 years
after vaccination for serotype 19F and at 2 years after vacci-
nation for serotype 6B (P, <0.05 for serotype 19F; P, <0.01 for
serotype 6B).

Avidity index of anti-PPS IgG. The avidity indices of sero-
type-specific IgG for all four serotypes in sera from all subjects,
responders, and low responders before vaccination and 1
month and 2 years after vaccination are shown in Table 4.
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TABLE 4. Comparison of avidity indices of serotype-specific IgG in
sera from a total of 28 patients, responders, and low responders
before and after vaccination®

Avidity index * SD for sera from:

S Time
erotype point All subjects Responders Low responders
(n =28) (n = 20) (n=28)
6B Pre 6241 +19.05 63.05*21.11 60.81 + 13.64
1mo 61.73*+2043 61.88x2225 61.35*16.33
2yrs  55.66 =24.03 5997 *+25.03 44.88 * 18.48#*
14 Pre 843+ 1455 86.29+1479 7933 +13.53
1mo 8216+ 1808 84301590 76.78 = 22.98
2yrs 83741413 8598 x 1344  78.16 = 15.15
19F Pre 73.14 £ 20.81  73.62+21.26 71.96 £ 21.00
1mo 68.64 %1682 6761 +18.64 71.20=11.73
2yrs 6255+ 19.46* 64.05 = 19.82* 58.81 £19.28
23F Pre 71.25 £16.13  73.69 + 14.02  65.14 = 20.24
1mo 7457+x2328 7571 %x2394 71.72 x 2282
2yrs 6907 £2355 7466 = 21.84  55.11 = 23.07

“ Avidity indices are expressed as the percentages of antibodies that remained
bound to antigens after thiocyanate treatment. Pre, prevaccination; *, P < 0.01
(for comparison with prevaccination value); #, P < 0.01 (for comparison with
value for 1 month after vaccination).

Overall, no significant difference in the avidity indices for all
four serotypes in all subjects between the time points before
vaccination and at 1 month after vaccination was found. In
addition, the avidity indices for all subjects, responders, and
low responders for all four serotypes remained unchanged,
except those for serotype 6B in low responders and serotype
19F in all subjects and responders, for up to 2 years after
vaccination. The avidity indices were lower among low re-
sponders than among responders for all four serotypes, al-
though the differences were statistically insignificant before
vaccination and 1 month and 2 years after vaccination.

DISCUSSION

This study examined the differences in the clinical charac-
teristics and immune responses to PPV of responders and low
responders in a group of patients with chronic pulmonary dis-
eases over a 2-year period after vaccination. Although signifi-
cant increases in the levels of IgG specific for four major
serotypes were found after pneumococcal vaccination, the im-
mune responses to PPV were highly varied. Although 31% of
patients with chronic pulmonary diseases were defined as low
responders to PPV, no significant demographic feature was
found among these subjects. Rubins et al. reported that 20% of
elderly patients were found to be poor responders to PPV
while none of the healthy young aduits examined were poor
responders, but these investigators employed the second-gen-
eration ELISA and defined a poor responder as a patient who
developed a twofold increase in serotype-specific IgG for fewer
than two of seven serotypes tested at both 1 and 3 months after
vaccination (21). de Roux et al. also evaluated the nonre-
sponders to PPV of each serotype who developed neither a
twofold increase nor an increase of at least 1 pug/ml by using the
second-generation ELISA among patients with COPD who
were receiving inhaled steroids or systemic steroids (12). The
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frequencies of nonresponders who developed a twofold in-
crease for fewer than two of seven serotypes were 17% and
21% among COPD patients receiving inhaled steroids and
those receiving systemic steroids, respectively, in this study.
The frequency of low responders to PPV in our study, there-
fore, is somewhat higher than those reported in these studies
(12, 21). Although additional absorption to PPS 22F reduced
the levels of serotype-specific IgG, the prevaccination levels of
serotype-specific IgG in sera were higher than 1 pg/ml in nearly
all of our patients. A tendency for increased prevaccination levels
of serotype-specific IgG in the sera of low responders was also
found. A recent study similarly demonstrated that elderly sub-
jects with higher levels of serotype-specific IgG (=5 pg/ml) in
sera before vaccination tended to respond to PPV at a lower
magnitude (6). The high proportion of low responses in our
study may be due to the increased prevaccination levels of
serotype-specific IgG in the sera of patients with chronic pul-
monary diseases.

Another finding in this study is the rapid decline in the levels
of serotype-specific IgG in sera 6 months after vaccination in
patients with chronic pulmonary diseases. A previous study by
Davis et al. reported the kinetics of levels of pneumococcal
antibodies to 12 serotypes in sera from patients with COPD
after vaccination with 14-valent PPV (11). Using a radioimmu-
noassay, the authors similarly demonstrated a gradual decline
in PPS-specific antibody levels in sera over 2 years. The levels
of PPS-specific IgG at 2 years postvaccination were still higher
than the prevaccination levels. Sankilampi et al. also demon-
strated that the concentrations of serotype-specific IgG in the
elderly, as determined by the second-generation ELISA, de-
clined to levels similar to the prevaccination levels at 3.0 years
after vaccination with PPV for serotype 6B, 3.8 years for se-
rotype 19F, 4.7 years for serotype 23F, and 7.7 years for sero-
type 14 in the elderly (23). A recent study reported a rapid decline
of serotype 6B-specific IgG levels in sera, as determined by
second-generation ELISA, at 1 year postvaccination among
long-term-care residents who were 60 years of age or older (6).
These data and ours indicate a gradual decline in the levels of
serotype-specific IgG in sera, and these levels return to the
prevaccination levels within 1 to 4 years after pneumococcal
vaccination in patients with chronic pulmonary diseases or
elderly patients (6, 23). In addition, the levels in sera of IgG
specific for serotypes 6B, 19F, and 23F, which are weak vaccine
antigens, declined faster than those of IgG specific for serotype
14 among these subjects (14). More importantly, the present
study clearly demonstrates differences in the kinetics of sero-
type-specific IgG in sera from responders and low responders.
Since low responders exhibited no significant increases in the
levels of IgG specific for serotypes 6B, 19F, and 23F in sera at
1 month postvaccination, the frequency of low responders of
31% affected the kinetics of serotype-specific IgG in sera for all
study subjects. Nevertheless, we found that the time point for
the serotype-specific IgG to return to the prevaccination level
was less than 3 years for such weak vaccine antigens, even in
responders, while the time point for serotype 14 was longer
than 8 years in these subjects. These data suggest that pneu-
mococcal revaccination may be required especially for these
weak vaccine antigens as early as 3 years after the initial pneu-
mococcal vaccination for responders with chronic pulmonary
diseases. Although the use of pneumococcal conjugate vac-
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cines may be a possible strategy currently available for low
responders, revaccination with PPV may also be effective, es-
pecially for low responders whose levels of serotype-specific
IgG in sera are relatively reduced before revaccination.

The avidity indices of serotype-specfic IgG in prevaccination
sera determined for four serotypes in our study were similar to
data reported in a recent publication by Bogaert et al., who
used serum samples collected from patients with COPD (5). A
common finding in that study and ours is that the avidity index
is the highest for serotype 14 and the lowest for serotype 6B.
No significant increase in the avidity index of IgG specific for
any of the four serotypes was found before and 1 month after
vaccination with 23-valent PPV in this study. Although several
previous studies demonstrated significant increases in the avid-
ity indices among infants after immunization with a pneumo-
coccal conjugate vaccine (2, 32), the discrepancy between the
findings of these studies and ours may be due to differences in
the type of pneumococcal vaccine used or differences in target
subjects.

In summary, this study demonstrates differences in immune
responses to PPV between responders and low responders
among patients with chronic pulmonary diseases over a 2-year
period after pneumococcal vaccination. Our data suggest that
responders should be revaccinated at as early as 3 years post-
vaccination in order to increase the attenuated levels of sero-
type-specific IgG, especially for the weak vaccine antigens.
Further studies will be required to clarify the proportion of low
responders in other subsets of elderly or young adults for which
PPV is recommended (9).
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