£ 1 GAS, SDSE, GBS OHLuH 7%

GAS SDSE GBS
HLE S MIC range MIC., MIC range MICs MIC range MIC..
(xg/mL) {ug/mL) (g g/mL) {1tg/mL) {ug/'mL) (wg/mL)

1%

penicillin G 0.004~0.016 0.016 0.008~0.016 0.016 0.016~0.5 0.063

ampicillin 0.008~0.031 0.031 0.016~0.031 0.031 0.031~0.25 0.125

amoxicillin 0.008~0.031 0.031 0.016~0.031 0.031 0.031~0.25 0.125

cefdinir 0.002~0.016 0.016 0.008~0.031 0.016 0.016~0.25 0.063

cefditoren 0.002~0.016 0.016 0.008~0.016 0.016 0.016~0.25 0.031

levotloxacin 05~>16 4 0.5~>16 2 1~>16 >64

clarithromycin 0.063~ >64 >64 0.063~>64 >64 0.063~ >64 >64

clindamycin 0.063~ >64 >64 0.063~ >64 >64 0.063~ >64 >64
TS B

cefotaxime 0.002~0.031 0.016 0.008~0.031 0.016 0.016~0.125 0.063

panipenem 0.001~0.008 0.008 0.004~0.016 0.008 0.008~0.063 0.031

meropenem 0.004~0.031 0.031 0.008~0.016 0.031 0.031~1 0.063

vancomycin - 0.25~1 0.5 0.25~1 0.5 0.25~0.5 0.5

KFTRF MIC DR php2x IZEREZGT 5

(n)
40
_ O @R (=)
35 b I [
mef (A)
30 G| e B oerm (A) } 55.0% oeee
2 erm (B)
25 s - - - -
B e
15 - frr — - S - — -
10 o | [ - - -
5 OSSR — R SR— — S ——
[ l
0 ’ i ;
S P P L S v
Qéo Q\."\P Qq'p N i’ ©

MIC (ug/mL)

B5 GASOZ S au~<A 3 v B st (;7="131>

GBS T 2125 ETH 5. T d 4 47 & erm (B) BIZFOWTNAD b oTnbY,
g 5 &, WPERIEEIERICH 5. 5421, ML REEMYER2HMmL Tw b GAS

IS 3WHIZBITAH ML BRI St DA Z R L72DY, mef (A) fREFHIZ ML R
LB 12 &i, DML R HENE - FT 5 WDORIME, erm(A) & 50 erm(B) EFHEIZ

mef (A) #AZT, 2238 rRNA 2 F5 -+ % Jryaw 4y REIZHYEERT. Erm (A)
- M‘ésﬁaﬁ&m erm (A) #iz T, (ﬁiﬁﬁﬁﬁi’éiﬂ@ FERMBERTH L7720, MLAREIMh 3¢5

FEHR & B Vol3y GETI%) 201210.— 527 @039
—139—



EEEA D, Erm (B) &I L)L o &R
BERTOTHELZTERS R0,
@7 )LA0+ /0 (FQ) RNER

FQ REDMEbIE, FEREMITH S DNA ¥
YA L—=A%a— 35 grd, gwB#Efzf, b
FAVAT—=ENZ I~ VT D parC, parE #1z
FOF T PR E HIRI A U AR TR S
HYLRRIT, gurd WG T O Z O 2 Ak
b%tu&ﬂlﬂﬁélkﬁ%%ﬂfw%
5 DA TIL parC F 7213 gyrd B T2
2 FQ FHEMTER X GAS T 15%, SDSE T
GBS T53%THh - 7-.

147,

e FQ
h»léc‘:&ofu LT, A
ThY, ELIZFD 2%
INSDOBORERNZIZE A
Ll WAL O PR L E) )

ijftﬁ BRI L
HI 88k D 62% D31k
EE TR T 5.
ERTbHITH B,
WZHEENLETH D

oMk b :,ﬁ@mﬁm@%m
mmy&«wT®Mﬁﬁf§ o Tnh.
Fhe &bz, iz i%@ J%mm%&m
W7 E L T S S R R T A T
LAHIZY 7 PLTETWA, JRIZ, FRATIEY
g EEIRL, 20X Riltsl TEE
WIS ART A A T Il T\ B,

~F, AR TIEID L) ZTED BN

THhHLVbEL RV, =S 7 2 2D
'%%ﬂ@@&ﬁ&mﬁtﬁﬁ?%éﬁ,ﬁﬁ%
BT PEEE T2 E 2 IR T X 5005 b,
HARFN TN K B EARNT O3-S D IZaH

Thb.

BEMPEL Y BRI LT, ZORmEMER
B AR BURT 51208, WETHET 2720 Tk <,
MR TR Z DOREFDOZALITIBIZIZ WG LT €
BB O WRETHS .

BB BSR4 7L I L -

PR S 78 5 (H22- B - —#-013), BFJEaRE ©

040 @528 —pik L Bkdy  Vol3s (MRS 201210,

SFERO L B -

m%mﬁﬁ%ﬁrﬂ*éﬁwmfay

ADHEEE LW, TOBE - BRI AEE] 12D
[N A ARG =T) i"“ﬁ&‘ﬁ&fﬂfﬁfv % DAVAR DR 3

1

4)

@21

9)

10)

1D

—140—

) Wang B .

I (WHRALEE)
ﬁkfﬁlé%%\-fﬂ_ﬂ T o= A T 2 ADOHE & W

) EEMOL o ERE - B2
F DM HEZ T B,
)T ¥L: I S D s A ,,g;‘y;m
S, PN 22 EEERR KGR ZE HL

L—J IE

iR ER SR g
L G A b 72 0

Intracellular invasion by Streptococcus
. Invasins, host receptors, and relevance to
human  disease. 2nd  Edition, Gram-Positive
Pathogen, p29-36. Fischetti VA er al. ed. ASM
Press, Washington DC, 2006.

Lannergard J. Gustafsson MC, Waldemarsson ] er
al. © The Hypervariable
pvogenes M protein escapes antibody attack by an-
Cell

progenes

region of Streptococcus

tigenic variation and weak immunogenicity.
Host Microbe 10 © 147-157, 2011,

Shimomura Y. Okumura K, Murayama SY er al. ©
Complete genome sequencing and analysis of a
Lancefield group G Streprococcus dysgalactive subsp.
equisimilis strain causing streptococcal toxic shock
syndrome (STSS). BMC Genomics 12 - 17, 2011.
Sunaoshi K. Murayvama SY, Adachi K er af. © Mole-
cular emm genotyping and antibiotic susceptibility
ol Streptococcus  dvsgalactiae subsp.  equisimilis  iso-
lated from invasive and non-invasive infections. ./
Med Microbiol 39 © 82-88, 2010.

Madoff LC : Surface structures of group B strepto-
cocel important in human immunity. 2nd Edition,
Gram-Positive Pathogen, p169-185, Fischetti VA er
al. ed., ASM Press, Washington DC, 2006.

Beall B, Facklam R, Thompson T : Sequencing emm
-specific PCR products for routine and accurate
typing of group A streptococci. J Clin Microbiol 34 "
953-958, 1996. :
Steer AC, Law 1, Matatolu L er ol
type distribution of group A streptococci -
atic review and implications for vaccine develop-

Global emm
system-

ment. Lancet Infect Dis 9 611-616, 2009.
Luca-Harari B, Darenberg J, Neal S er «l. : Clinical
and microbiological characteristics of severe
Streptococeus  pvogenes  disease in LEurope. J Clin
Microbiol 47 1 1155-1165, 2009,

Broyles LN, Van Beneden C. Beall B e al. © Popul-

ation-based study of invasive disease due to beta-
hemolytic streptococci of groups other than A and
BB. Clin Infect Dis 48 1 706-712. 2009.

Poyart C, Tazi A, Reglier-Poupet H er af. - Multipl-
ex PCR assay for rapid and accurate capsular typ-
ing of group B streptococci. J Clin Microbiol 45 .



13)

14

19851988, 2007.
Murayvama SY. Seki C. Sakata H er «f . Capsular

tvpe and antibiotic  resistance in Streptococcus
agalactiae isolates from patients, ranging from new-
borns to the elderly, with invasive infections.

Antimicrob Agents Chemother 53 © 2650-26353, 2009.
Palys T. Nakamura LK, Cohan FM e «f. © Discove-
ry and classification of ecological diversity in the
bacterial world © the role of DNA sequence data.
Int J Svst Bacteriol A7 © 1145-1156, 1997.

Kimura K, Suzuki S, Wachino ] e aof. @ First mo-

lecular characterization of group B streptococcl
with reduced penicillin susceptibility.  Antimicrob
Agents Chemother 52 0 2890-2897, 2008,

%

167

17)

—141—

Wajima T. Muravama SY. Sunaoshi K er al. © Dist-
ribution of emm type and antibiotic susceptibility of
group A streptococcei causing invasive and noninva-
sive disease. J Med Microbiol 57 © 13831388, 2008.
Seppala H. Skurnik M. Soini H er ol © A novel
CermTR}
in Streptococcus pyogenes. Antimicrob Agents Chemo-
ther 42 7 257-262. 1998.

Yan SS. Fox ML, Holland SM ¢r «l.  Resistance 10
isolate of

erythromycin resistance methylase gene

multiple fluoroquinolones in a clinical

identification of gwrd and

Streptococcus  pyvogenes
parC and specification of point mutations associated
with resistance. Antimicrob Agents Chemother 44 .
3196-3198, 2000,

FIR 2 BUE Vol3g URFEY 201200 520 041



J Infect Chemother (2012) 18:853-857
DOI 10.1007/s10156-012-0426-3

Evaluation of intrapartum antibiotic prophylaxis
for the prevention of early-onset group B streptococcal infection

Hiroshi Sakata

Received: 28 February 2012/ Accepted: 25 April 2012/ Published online: 22 May 2012
© Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases 2012

Abstract We retrospectively assessed the medical records
of pregnant women who delivered at Asahikawa Kosei
Hospital during a period of 3 years between January 2009
and December 2011 and their neonates. Our prophylactic
measures against group B Streptococcus (GBS) infection
are based on the Japanese guidelines. More specifically, we
performed screening by examining bacterial cultures of
vaginal-perianal swabs from pregnant women between
gestational weeks 33 and 37. Then, sulbactam/ampicillin
(SBT/ABPC) was given at a dose of 1.5 g through a drip
intravenous infusion at delivery if pregnant women were
screened positive for GBS. For neonates born to GBS car-
rier women, bacterial cultures of pharyngeal swabs, vernix
caseosa, stool, and gastric juice were performed at birth.
There were 2,399 deliveries and 2,499 births at our hospital.
In 169 of the deliveries (175 of the births), GBS was iso-
lated from specimens obtained from gestational weeks
33-37. According to delivery mode, there were 42 cases of
cesarean section (45 births) and 127 cases of vaginal
delivery (130 births). The GBS-positive neonates accounted
for 4.1 % of all deliveries in pregnant women who tested
positive for GBS at gestational weeks 33-37. In neonates
born by vaginal delivery, the GBS-positive rate was 5.5 %.
Of the 2,499 neonates born at our hospital during a period of
3 years, early-onset GBS infection occurred in 1 neonate.
The incidence of early-onset GBS infection was 0.40 per
1,000 live births. From 1997 to 2001 (routine GBS
screening of mothers was not performed), there were 2,097
deliveries and 2,166 births. Early-onset GBS infection
occurred in 1 neonate during this period; thus, the incidence
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of early-onset GBS infection was 0.46 per 1,000 live births.
There were no significant differences in the two periods.
The present prophylactic measures such as screening of
maternal GBS carriers and intrapartum antibiotic adminis-
tration are inadequate to decrease the occurrence of early-
onset GBS infection.

Keywords Group B Streptococcus - Neonatal sepsis -
Antibiotic prophylaxis - Intrapartum antibiotic - Prenatal
culture

Introduction

Group B Streptococcus (GBS) is the major causative agent
of sepsis, pneumonia, and meningitis in neonates. GBS
infection is classified as “early-onset,” occurring within
3 days of birth, and “late-onset,” occurring more than
3 days after birth. Early-onset GBS infection is frequently
transmitted vertically via the maternal birth canal. If GBS
infection has manifested, the prognosis is frequently poor
despite adequate treatment. Thus, the Centers for Disease
Control and Prevention (CDC) of the United States pub-
lished guidelines for prophylactic measures against neo-
natal GBS infection in 1996 [1]. Specifically, the primary
measure is to intravenously administer penicillin antibiot-
ics at delivery to pregnant women with risk factors for GBS
infection such as fever and prolonged rupture of the
membranes. In 2002, the guidelines were revised, stating
that indications for antibiotic therapy should be determined
on the basis of vaginal culture screening results in pregnant
women [2]. In the United States, the incidence of early-
onset GBS infection in the early 1990s was 1.5-1.8 per
1,000 live births [3]. Since CDC published the guidelines
for the prevention of GBS infection in 1996, the incidence
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decreased to approximately 0.5 per 1,000 live births in
2000 and has remained constant at 0.34-0.37 since 2002
[3]. The Japan Society of Obstetrics and Gynecology and
the Japan Association of Obstetricians and Gynecologists
published “guidelines for obstetrical practice in Japan
2008” [4] (this guideline was revised in 2011 [5]), in
conformity with the CDC guidelines, which were revised in
2002. In the United States, surveillance for GBS infection
is performed every year, and the contents of the guidelines
are evaluated [3]. In Japan, however, there are very few
reports on neonatal GBS infection and the efficacy of
prophylactic measures. Thus, we conducted a screening
study of GBS infection at our hospital over a period of
3 years from 2009 through 2011. Herein, we report the
results of the present screening study, including the inci-
dence of neonatal GBS infection, with a discussion of
problems with the Japanese guidelines.

Subjects and methods

We retrospectively assessed the medical records of preg-
nant women, who delivered at Asahikawa Kosei General
Hospital during the 3-year period from January 2009
through December 2011, and their neonates.

Our prophylactic measures against GBS infection are
based on the Japanese guidelines [4, 5]. More specifically,
we performed screening by examining bacterial cultures of
vaginal-perianal swabs from pregnant women between
gestational weeks 33 and 37. Sulbactam/ampicillin (SBT/
ABPC) was then given at a dose of 1.5 g through a drip
intravenous infusion at delivery to any pregnant woman
who had screened positive for GBS, those who screened
negative for GBS but had previously delivered a neonate
with GBS infection, or those for whom screening had not
been conducted or the result was unknown. When delivery
was prolonged, additional SBT/ABPC was administered
over a period of 8-12 h at the attending physician’s dis-
cretion. If multiple screening tests for GBS were performed
before delivery, the latest result was used to determine
whether antibiotic therapy was necessary.

For neonates born to GBS carriers, bacterial cultures of
pharyngeal swabs, vernix caseosa, stool, and gastric juice
were performed at birth. If neonates had signs of infection,
such as respiratory disorder, fever, and asphyxia, we per-
formed blood as well as spinal fluid cultures, as necessary.
Neonates born to mothers negative for GBS were subjected
to bacteriological culture examination only when there were
signs of infection in either the mother or the neonate. The
incidence of GBS infection was calculated as the rate per
1,000 live births. For comparison with past results, we
determined the incidence rate of GBS infection during the
following two consecutive periods: one from 1997 to 2001,
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when routine GBS screening tests on pregnant women were
not undertaken, and the other from 2002 to 2008, when GBS
screening tests were routinely performed on pregnant
women yet without standardized measures to cope with
GBS-positive pregnant women and their neonates. During
the period from 1997 to 2011, one child in the years 1998,
2004, 2006, and 2009 developed early-onset GBS infection.

Results

During the 3-year period from 2009 to 2011, there were
2,399 deliveries (inclusive of 633 cesarean deliveries) and
2,499 births at our hospital. In 169 of these deliveries (175
of the births), GBS was isolated from specimens obtained
at gestational weeks 33-37. None of the women who had
not undergone screening tests for GBS and were examined
immediately before delivery were positive for GBS.

One premature infant who was found to be positive for
GBS was excluded from the present analysis because the
mother had not been examined between weeks 33 and 37 of
gestation. The mother of this baby became GBS positive at
week 23 of gestation, and the baby was delivered by
cesarean section at week 26. Vernix caseosa at birth was
positive for GBS, but there were no signs of infection.

According to delivery mode, there were 42 cesarean
sections (45 births) and 127 vaginal deliveries (130 births).
GBS was detected in 7 neonates delivered vaginally, as
summarized in the table, whereas no GBS was detected in
neonates born by cesarean section. The GBS-positive case
rate of newborns from mothers who were found to be GBS
positive between gestational weeks 33 and 37 was 7 of 169
neonates (4.1 %) overall and, when limited to vaginal
births, 7 of 127 neonates (5.5 %) (Table 1).

Seven neonates were positive for GBS, all of whom had
been born within 90 min after administration of antimi-
crobial agents. An infant delivered vaginally at a gesta-
tional age of 39 weeks (case 5) was noted to have signs of
infection such as asphyxia and respiratory disorder, and
GBS was demonstrated by blood cultures. Because cere-
brospinal fluid examination revealed no onset of meningitis
(cell counts, 19/pul; glucose, 26 mg/dl; protein, 111 mg/di),
GBS sepsis was diagnosed. The infant was treated with
ampicillin, to which the organism was sensitive, resulting
in a cure without sequelae. For the other six neonates, there
were no risk factors, such as premature rupture of mem-
branes or maternal fever, or any signs of infection. Among
the 2,499 neonates born at our hospital during the 3-year
period of this study, 1 neonate had early-onset GBS
infection. The incidence rate of early-onset GBS infection,
therefore, was 0.40 (95 % CI, 0.01-2.23) per 1,000 live
births. From 1997 to 2001, there were 2,097 deliveries and
2,166 births. Early-onset GBS infection occurred in 1
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Table 1 Characteristics of newborns from whom GBS was isolated from their mothers by screening by bacterial cultures of vaginal-perianal
swabs between gestational weeks 33 and 37

Case no. 1 2 3 4 5 6 7
Gestational age At screening 34 weeks 36 weeks + 34 weeks + 35 weeks + 35 weeks + 36 weeks + 33 weeks +
(weeks + days) + 1 day 6 days 0 day 0 day 6 day 4 days 6 days
At birth 38 weeks 37weeks + 38 weeks + 39 weeks + 39w + 37w + 40 weeks +
+ 2 days 4 days 5 days 0 day 0d 5 days 3 days
Intrapartum Drug SBT/ABPC SBT/ABPC SBT/ABPC SBT/ABPC SBT/ABPC  SBT/ABPC SBT/ABPC
antibiotics Dose (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Time from 90 20 42 49 83 69 80
administration
to delivery
(min)
Specimen isolated GBS Gastric Vernix Vernix Vernix Blood, Feces Vernix
fluid caseosa caseosa caseosa vernix caseosa
caseosa
Diagnosis Carrier Carrier Carrier Carrier Sepsis Carrier Carrier

GBS group B streptococcus, SBT/IABPC sulbactum/ampicillin

neonate during this period; thus, the incidence of early-
onset GBS infection was 0.46 (95 % CI, 0.03-2.57) per
1,000 live births. During the period from 2002 to 2008,
there were 3,746 births with 3,930 deliveries. Two of those
neonates developed early-onset GBS infection; thus, the
incidence rate was 0.51 (95 % CI, 0.06-1.84) per 1,000
live births. The incidence did not differ significantly
between these periods.

Discussion

There have been very few reports on the incidence of early-
onset GBS infection in Japan. Matsubara and Yamamoto [6]
performed a questionnaire survey among institutions pro-
viding neonatal care, mainly in the Kinki and Chugoku
regions, between 2000 and 2004. Based on the data on the
numbers of deliveries and patients with GBS infection
derived from the responses of 28 institutions, the incidence
of early-onset GBS infection was 0.10 per 1,000 live births,
which was lower than that in the United States [3].
According to our results, the incidence of GBS infection
was 0.46 per 1,000 live births during the period when no
specific prophylactic measures were taken and 0.40 during
the recent 3-year period with the implementation of pro-
phylactic measures; i.e., there was no marked difference
between the two periods. These incidence rates were
approximately the same as that in the United States and
were higher than the figure reported by Matsubara et al. [6].
Their results were derived from a questionnaire survey
involving multiple institutions in different regions of Japan,
whereas our results were obtained only from a single hos-
pital. Thus, a simple comparison of these results is difficult.

One of the cornerstones of the CDC guidelines for the
prevention of GBS infection is screening. More specifi-
cally, GBS screening by culturing vaginal-anal specimens
from all pregnant women at gestational weeks 35-37
should be performed to identify GBS-positive women.

The prevalence of GBS carriers among pregnant women
is recognized as ranging from 10 % to 37 % [3]. An
important issue is to determine the appropriate timing of
screening. Although GBS is essentially considered to be an
indigenous bacterium of the vagina and rectum, it does not
exist persistently; instead, it is considered to repeatedly
appear and disappear. Thus, a pregnant woman who is
negative for GBS at screening may well be positive for
GBS at delivery. Lin et al. [7] investigated the GBS carrier
trend among 5,497 pregnant women at 32 gestational
weeks or later. The results of their study showed that,
among 1,172 women who were positive for GBS during
pregnancy, 592 (approximately 50 %) were also positive
immediately before delivery. On the other hand, 291 of the
3,524 GBS-negative women were positive immediately
before delivery. Thus, the results differed markedly
depending on the timing of screening. Another important
issue in the prevention of infection is how to identify
pregnant women who are negative for GBS at screening
but positive immediately before delivery. According to the
Japanese guidelines [4, 5], screening should be performed
between gestational weeks 33 and 37, i.e., earlier than
recommended by the CDC guidelines [2, 3]. However,
because the presence of these bacteria is not constant, a
second test may be required if the screening is performed
relatively early in pregnancy.

Moreover, it remains unknown whether the aforemen-
tioned changes can be attributed to physiological
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alterations in the bacteria, differences among sampling
sites and methods, or the sensitivities of various bacterial
culture methods. Although GBS are always present, spec-
imens may be negative as a result of problems with testing
methods. Recently, polymerase chain reaction (PCR),
which is used in a wide variety of tests, has been shown to
be superior to culture in terms of sensitivity and speed [8].
However, PCR has not been widely used in Japan because
of the high cost of testing and the requirements for special
equipment. If antibiotic therapy can be administered based
on the results of PCR, it will be possible to identify preg-
nant women requiring antibiotic therapy with greater
accuracy and to avoid unnecessary therapy. Further dis-
semination of PCR is awaited.

Another cornerstone of the CDC guidelines [3, 4] for the
prevention of early-onset GBS infection is prophylactic
intravenous administration of antibiotics to pregnant
women at delivery. Lin et al. [9] reported that the mother-
to-infant transmission rate of GBS is 16.1 %. The trans-
mission rate from mothers not receiving antibiotics during
delivery to neonates was 38.2 %, whereas the transmission
rate from mothers receiving antibiotics to their neonates
was 6.3 %, revealing a significant difference between the
two groups (with versus without antibiotic therapy). The
CDC guidelines recommend that penicillin G (PCG) or
ABPC be administered at delivery to pregnant women with
a positive screening result or risk factors for GBS infection
[2, 3]. The Japanese guidelines {4, 5], which adhere to the
CDC guidelines [2, 3], recommend ABPC as the first
choice of antibiotic therapy, because the intravenous for-
mulation of PCG is not available in Japan. The CDC
guidelines recommend an initial dose of 2 g, followed by a
dose of 1 g repeated every 4 h, although the Japanese
guidelines ambiguously state that doses should be deter-
mined according to healthcare conditions. One report states
that the use of ABPC leads to an increased rate of neonatal
infection with p-lactamase-producing Escherichia coli
[10]; thus, we administer SBT/ABPC as the first choice at
conventional doses approved for adults in Japan.

The time from administration of antimicrobial agents
until delivery is also a problem. It has been described as
taking more than 4 h for the plasma ABPC concentration to
reach sufficient bactericidal levels against GBS in maternal
blood and fetal cord blood when the antibiotic is admin-
istered to pregnant women [11]. In a study reported by
Lijiroi et al. [12], the incidence of GBS-positive newborns
was 5 of 136 (3.7 %) for live births occurring >4 h after
administration of antimicrobial agents, differing signifi-
cantly from the 9 of 73 (12.3 %) for live births occurring
<4 h after administration of antimicrobial agents. All
seven neonates found to be positive for GBS in the present
series had been born within 4 h after administration of
antimicrobial agents. In the present study, all our seven
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neonates positive for GBS were born less than 4 h after
administration of antibiotics.

Furthermore, because the incidence of early-onset GBS
infection was originally not as high as that in the United
States, a definitive effect of prophylactic measures based
on the CDC guidelines could not be confirmed. Although
our administration dosage (i.e., 1.5 g SBT/ABPC) is dif-
ferent from that recommended by the CDC, we believe that
our treatment strategy is valid because there are no dif-
ferences in either the mother-to-infant transmission rate of
GBS or in the incidence of GBS infection, and these are
indicators for therapeutic efficacy of antibiotics at delivery.

In the future, it will be necessary to adopt prophylactic
measures for early-onset GBS infection. To this end,
examination procedures, such as PCR, that provide prompt
and highly sensitive/specific results should be introduced as
appropriate screening tests for GBS-positive women, and
such procedures should be performed at a time as close to
delivery as possible. It is also important to set the types and
doses of antibiotics to be administered at delivery. How-
ever, it should be kept in mind that GBS infection can still
occur because, for example, false-negative tests cannot be
completely avoided even with improved test accuracy, and
there may be only a short time from administration of
antimicrobial agents to parturition. Future studies should
examine alternative strategies, such as conducting GBS
tests on all neonates and using antimicrobial agents in
carrier cases.
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2006 £ 20 5 2011 4F % TR BRI S ER B RESGIE D/NR A & B & L7z Streptococcus  pneumoniae 76 BRIZ
DWTRAEEHIERE MIC) L&MRERE (MBC) zHlE LA BEOEMIERLIADIS 65
FTIHML, 1EIS0% (658%), 1MERMMNI04 (132%) L 1RUTT60H (791%) % &HDTW
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DWTIIF 2513 %k (171%), 14X 9%k (118%) THhotz. THMHABR I 7 F & ETNLMBERIZ55
B (724%) THolz. =) VHEEHREFERIC X 5548 T3 penicillin resistant S. pneumoniae
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susceptible S. pneumoniae (PSSP) #k 11 ¥k (11.8%) T& -7z, MIC«x/MBCw & ampicillin 4/4ug/mL, van-
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penem 0.5/05ug/mL, doripenem 0.25/0.25ug/mL T& - 7z.
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Wigeie & ORI S BRE KYEE (invasive pneumo-
coccal disease, IPD) % &723, /MNERMEB CIZEE
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% cephem FIZBEZEDMET LML, HBEIC
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FRIEERSE © (T078-8211) JBITH 14824 TH
JEJIE A e/ R xH E
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(ABPC), cefotaxime (CTX), ceftriaxone (CTRX),
panipenem ( PAPM ), meropenem ( MEPM ),
doripenem (DRPM), vancomycin (VCM) @ 8 3
FIZDWTHIE L7, PCG I3 % MIC 25 2ug/mL
LIk # penicillin resistant S. pneumoniae (PRSP), 0.1
wg/mL # % % penicillin susceptible S. prneumoniae
(PSSP), #[# % penicillin intermediate resistant S.
pneumoniae (PISP) & L7:.

B/NRHEEE (minimum  bactericidal concentra-
tion, MBC) & MICHlE%To727 L — b+ X MIC
VU EDBRED Y = VbR 10ul % FERIREE IS
B L, 35T T20~24 BHTFREER, Ju=—H
ZEEIL, REREL 99% U LB S E5BEL
L7

%% Pneumococcal antisera (Statens Serum
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RE (BAEE) 2HOTTo72. FORE»SEF
5 OME2ITE D WT, gPRSP, gPISP, gPSSP 24
HL7-.

A
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Fig. 1 Serotype distribution of Streptococcus pneumoniae isolated from children with
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Fig. 21 MIC and MBC distribution in Streptococcus pneumoniae isolated from children with

invasive pneumococcal disease
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Table 1 MIC and MBC in Streptococcus pneumoniae isolated
from children with invasive pneumococcal disease

MIC (ug/mL) MBC (ug/mL)

range MICo range MBCop
penicillinG 0.016 2 2 0.016 4 2
ampicillin 0.016 4 4 0.016 8 4
ceftriaxone 0.016 2 1 0.016 4 2
cefotaxime 0.016 4 1 0.032 8 2
meropenem 0.016 05 05 0.016 05 05
panipenem 0004 025 0.125 =0.004 0.25 0.125
doripenem 0.008 05 0.25 0.008 05 0.25
vancomycin 0.25 05 05 0.25 0.5 05

Zahd %5 MIC 2% L, MICwix ABPC 7% 2ug/mL,
CTX %% lug/mL, MEPM %% 05ug/mL, PAPM %
0063ug/mL &, FEEOEHLITIZT—HL Tz B
FEoXHic, FFOFRIEIMEE L ) RFE L 72k
DEBETIEH 5P, EENICHKEZ LD Chiba 5D
BAEY & AR I &R LT,

IPD % &7z L7#k7S, LHEERHEE > HRB &5
S. pneumoniae & THHEIRIEAS R R o TV BN TH 5755,
2006 2> 5 2010 4F F TIZ Y% 2% L 72/MNE DR
R & 58 X N7z S, preumoniae 2,407 ¥R O i ¥ 3
AR L7 T, PSSP 4% 1,099 ¥k (45.7%), PISP
3856 Bk (35.6%), PRSP 23452 %% (188%) TH b,
SHOEBELIFIZ—HKLTBY, IPDE &/2FS.
pneumoniae |2 B\ THHEDTE A & &8 O BRIIE D
ARPOBIBENLRERZIEMBBELN LD o
7z.

FEH I DA, 2003 A5 2005 4E F T2 IPD O/MNE
o oHES N7z S, pneumoniael6 BRIZ D\ C4A B & [
AR Z2T-oTn5a". ZOREO MICwid ABPC 28
4ng/mL, CTX %% lpg/mL, CTRX %% lug/mL, MEPM
A% 05ug/mL, PAPM %% 0.25ug/mL, VCM 7% 05pg/
mL & SEEIZIZRROBEEAETH Y, FIZThTho
FHOBEZEPBETLTVEHRIZED SN2 h o
7.

IPD TH, mDERIICHEL 25 DIHIRETH
B, BERICHTHMBEEOEROEMEL LTI,
MBC MW 2 &, BBE~OBITHNRVWI L, BH
BERPBENZ LR ERBITONS. IBEIHEE
ZRTICIEEEE O MBC @ 10 5 2L _E o> B 8 B A
VELEINTWS. 4H MBC 2l LR ES,
FICRERDOBRICHCONAERTH LY, D%
TR D MBCMEA 2 72DIEXPAPM TH o 72, K
ETIZ PAPM ARG ENTW W 2 H D, HE
RKOBEFIZIE VEM BHVB LN S Z L PZ WIS, VCM
@ MBCy i3 05ug/mL, PAPM @ MICy 12 0.125ng/mL

ERERENRDOLN, FLEN» 513 PAPM ZE%
FTREELBbh

HEE HOSEE VLW, EREARRE 2%
WALk, MBINERKFEREE, ARENSHEE ER
i ambe, WEEERBREOZ/NBE O AT S
WwizLET.

MEZHE L 72w db BRI E A a5
WA A FREICHRHF LT T,
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Susceptibility in Parenteral Antibiotics in Streptococcus pneumoniae Isolated from Children with
Invasive Pneumococcal Disease

Hiroshi SAKATA
Department of Pediatrics, Asahikawa Kosei Hospital

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of commonly
used clinical antimicrobial drugs were examined for 76 strains of Strepfococcus pneumoniae isolated between
2006 and 2011 from pediatric patients with invasive pneumococcal infection. Patients from whom bacterial
strains were isolated ranged from 4 months to 6 years old and included 50 infants (65.8%) 1 year old and 10
(13.2%) less than 1 year old, i.e., 79.1% of all patients studied. In diagnosis, 38 (50.0%) had occult bacteremia,
34 (44.7%) pneumonia, 3 (3.9%) meningitis, and 1 (1.3%) sepsis. Infections in all but one case who died of sep-
sis were treated without sequelae. The most frequent capsular serotype among isolates was 6B (20 strains,
26.3%), followed by 19 F (13 strains, 17.1%) and 14 (9 strains, 11.8%). Serotypes for 55 strains (72.4%) corre-
sponded to those contained in heptavalent pneumococcal conjugate vaccine. In classification by resistance
based on mutations in penicillin-binding protein genes, 32 were penicillin-resistant S. pneumoniae (42.1%), 35
penicillin intermediate-resistant S. pneumonise (46.1%), and 11 penicillin-susceptible S. pneumoniae (11.8%).
MICw/MBCyw of drugs were as follows : ampicillin 4/4ug/mL, cefotaxime 0.5/05ug/mL, ceftriaxone 1/2ug/
mL, panipenem 0.125/0.125pg/mL, meropenem 0.5/0.5ug/mL, and doripenem 0.25/0.25ug/mL.
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Serotype-specific protective immunity in pediatric patients with invasive pneumococcal disease (IPD)
has not been fully investigated. To determine the protective immunity to the infecting serotype, the
serotype-specific immunoglobulin G (IgG) levels and opsonization indices (Ols) were examined in 24
Japanese pediatric patients whose serum was collected within one month of an IPD episode between
May 2008 and June 2011. The median age (range) of IPD patients was 17 (10-108) months and 63% were
boys. In all 17 patients tested, the levels of serotype-specific IgG to the infecting serotype were higher
than 0.2 pg/ml, but the Ols to the infecting serotype were <8. The avidities of 19F- or 6B-specific IgG in
patients with levels higher than 5.0 pg/ml, but with undetectable Ols, were confirmed to be lower than
those in patients with high Ols. Our data demonstrated that although the levels of serotype-specific IgG
to the infecting serotype were higher than 0.2 pg/ml in sera of pediatric patients with IPD, the Ols were
low one month after the IPD episode. Low opsonic activities in these patients may, in part, be explained
by the low avidity of serotype-specific IgG.
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Opsonophagocytic activity
Pneumococcal vaccine
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1. Introduction

Streptococcus pneumoniae is a leading human pathogen that
causes a wide variety of diseases, ranging from otitis media to
pneumonia, bacteremia, and meningitis in both children and adults
[1]. Antibodies to pneumococcal capsular polysaccharide (CPS) and
complement provide protection against pneumococcal strains with
homologous or cross-reactive capsular serotypes [2]. Seven-valent
pneumococcal conjugate vaccine (PCV7; Prevnar®, Pfizer) has been
used for children in the USA since 2000 [3], and the incidence of
invasive pneumococcal disease (IPD) caused by the seven vaccine

* Corresponding author at: Infectious Disease Surveillance Center, National Insti-
tute of Infectious Diseases, Tokyo, Japan. Tel.: +81 3 5285 1111;
fax: +813 5285 1129.
E-mail address: oishik@nih.go.jp (K. Oishi).
1 See Appendix A.

0264-410X/$ - see front matter © 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.vaccine.2012.11.010

serotypes (VTs) has declined markedly, although the incidence of
non-VT infection has not declined [4-6]. A recent study reported
that the incidence rate of IPD in children less than 5 years old was
12.6-13.8 per 100,000 in Chiba prefecture, Japan, before the intro-
duction of PCV7 [7]. However, no information is available regarding
a possible high-risk population for IPD in Japan, as was reported for
Navajo children in the United States [8].

PCV7 was licensed in Japan in October 2009, and a 3 + 1 schedule
(three doses for the primary series and one booster) was approved
and implemented (http://idsc.nih.go.jp/vaccine/dschedule.html).
Further, the Japanese government decided in November 2010 to
subsidize PCV7 for children below 5 years of age.

Vaccine-induced protective immunity is currently esti-
mated by measuring the concentrations of serotype-specific
immunoglobulin G (IgG) using enzyme-linked immunosor-
bent assay (ELISA) [9] and the opsonization index (OI) using a
multiplex-opsonophagocytic assay (MOPA) [ 10]. The World Health
Organization working group suggested a serotype-specific IgG of
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concentration of 0.35 pg/ml as a putative measure of protection
at a population level against invasive disease in infants after
immunization with pneumococcal conjugate vaccine [11]. This
working group also reported that antibody concentrations of
0.2-0.35 pg/ml measured with the ELISA using serum without
serum absorption with 22F polysaccharide correlated best with
an OI of 8, which in turn correlates best with protective efficacy.
Henckaerts et al. proposed a protective threshold concentration
of 0.20 p.g/ml assessed with ELISA using serum absorption with
22F polysaccharide as a measure of the serotype-specific IPD
efficacy for the pneumococcal conjugate vaccine [12], with the
exception of serotype 19F [13]. A recent study also reported that
the serological response rate following a three-dose PCV7 primary
vaccination as determined using a threshold of >0.2 p.g/ml IgG and
an Ol > 8 corresponded well with overall effectiveness against IPD
[14]. Although this threshold may not be necessarily applicable
to individual patients, it is of interest to determine the protective
immunity to the infecting serotype in sera collected during the
acute phase in pediatric patients with IPD.

In this study, we therefore examined the IgG levels and Ols to the
infecting serotype in sera of pediatric patients within one month
of an IPD infectious episode. We report that the opsonic activity to
the infecting serotype is low in sera obtained within one month of
an episode of IPD.

2. Materials and methods
2.1. Patients

Thirty-two pediatric patients, whose cultures from sterile sites,
such as blood or cerebrospinal fluid, were positive for S. pneumo-
niae between May 2008 and January 2012 at 22 hospitals in Japan,
were investigated in this study. All patients were enrolled in this
study when their attending doctors requested the measurement of
the antipneumococcal antibodies in their sera. Sera were obtained
from these 32 patients after the episode of IPD. All of the pneu-
mococcal isolates were serotyped using coagglutination tests with
rabbit antisera (Statens Serum Institute, Copenhagen, Denmark) at
the Department of Bacteriology I, National Institute of Infectious
Diseases. Serotype 6C was confirmed by an in-house factor anti-
serum [15]. All eight patients were excluded from our studies of
the protective immunity to the infecting serotype: six patients for
whom sera were collected more than one month after the onset of
the IPD, one patient who received intravenous immunoglobulinasa
treatment of IPD, and one patient with an underlying hypogamma-
globulinemia. Consequently, we evaluated antipneumococcal IgG
and the OIs to the infecting serotype in 24 pediatric patients with
IPD. This study was reviewed and approved by the Ethics Commit-
tee of the RIMD, Osaka University, and conducted according to the
principles expressed in the Declaration of Helsinki.

2.2. ELISA

Antipneumococcal IgG antibodies were measured with the
WHO approved ELISA using a standard reference serum (89-SF) and
C-polysaccharide and 22F polysaccharide absorptions as previously
described [9,16]. The levels of serotype-specific IgG for the infect-
ing serotypes including 6B, 9V, 14, 19F and 23F were determined
according to the WHO protocol [a detailed protocol is available at
www.vaccine.uab.edu/ELISAProtocol (89SF)].

2.3. MOPA
A multiplexed opsonophagocytic killing assay (MOPA) for the

infecting serotype based on antibiotic-resistant target bacteria
was performed at the Research Institute for Microbial Diseases,

Osaka University, as previously described [10]. The quality con-
trol serum was prepared from pooled sera of adults vaccinated
with the 23-valent pneumococcal polysaccharide vaccine (PPV23;
Pneumovax®, MSD), and this was used in each assay. The Ol was
defined as the serum dilution that killed 50% of bacteria, and the Ols
were determined using opsotiter3 software according to the WHO
protocol (at www.vaccine.uab.edu/UAB-MOPA). Only the Ol results
for the infecting serotypes including 6B, 6C, 14, 19A, 19F and 23F
were used in this study. '

2.4. Measurement of protective immunity

Neither the serotype-specific IgG nor the Ol was available in one
patient with serotype 15B and another with serotype 24F infec-
tion. Only the OI was available in three patients with serotype
19A and two patients with serotype 6C infection. The Ols were not
determined in another five patients because their sera contained
antibiotics. Consequently, the level of serotype-specific IgG or Ol to
the infecting serotype was measured in 17 patients, and both the
levels of serotype-specific IgG and Ols were measured in only 14
patients.

2.5. Avidity of serotype-specific IgG

The avidity of the serotype-specific IgG in sera was evaluated
using ELISA by the previously published method with a minor
modification [17]. Serumn samples that had been preadsorbed C-
polysaccharide and 22F CPS were added to the coated microtiter
plates, and the plates were incubated for 1 h at 37 °C. After washing
the plates, sodium thiocyanate (NaSCN) at concentrations from 0
to 1.0 M 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 HRP-conjugate was added to each well. After
incubation for 1 h at room temperature, the substrate solution was
added to the plates, followed by incubation for 20 min at room
temperature. The optical density at 405 nm was measured. The
avidity of serotype-specific IgG was expressed as the percentage
of absorbance remaining after treatment with different concentra-
tions of NaSCN.

3. Results

The clinical characteristics of the 24 pediatric patients with IPD
are shown in Table 1. The diagnosis of these patients included
meningitis (n=11), bacteremia (n=10), and bacteremic pneumo-
nia (n=2)and septic arthritis (n=1). The median age (range) was 17
(10-108) months, and 63% were boys. Four patients (17%) had asso-
ciated comorbid conditions including immune thrombocytopenia
and splenectomy, meningoencephalocele, asplenia and single ven-
tricle, and hydrocephalus (V-P shunt). In the 24 examined, the most
common infecting serotype was 6B (9 isolates, 38%), followed by
19F (4 isolates, 17%), 19A (3 isolates, 13%), 6C and 14 (2 isolates
each 8%) and one isolate each of 9V, 15B, 23F and 24F (4%). The
median (range) period from the onset of IPD to the time of serum
collection was two (0-23) days.

Three patients received PPV23 due to pre-existing medical con-
ditions (Table 1). Before their episode of IPD, two patients infected
with serotype 19F and one patient infected with serotype 9V
received PPV23. Because PPV23 contains serotypes 19F and 9V,
all three cases were considered PPV23 vaccine failure (VF). Ten
patients received one to three doses of PCV7 at various ages as
shown in Table 1. Only one patient (Case 18) completed a course of
three doses of PCV7 between 2 and 6 months of age. The other
nine patients were immunized with PCV7 during the catch-up
phase. PCV7 breakthrough infection (BTI) was defined where a
patient who received at least one dose of PCV7 had an episode
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Table 1

Clinical characteristics of 24 pediatric patients with invasive pneumococcal disease (IPD).

No. Age Sex  Diagnosis Comorbid condition Infecting Serum obtained  Antibody to the Vaccination before Age at each Category of IPD  Category of IPD Outcome
(months) serotype days after IPD infecting serotype IPD (doses) dose (month)  after PPV23 after PCV7
IgG (pg/ml) 01
1 108 M Meningitis ITP, splenectomy 19F 10 6.53 2 PPV23(1) 62 Vaccine failure  NA Alive
2 50 M Meningitis Meningoencephalocele 19F 17 5.1 2 PPV23(1) 42 Vaccine failure NA Alive
3 75 M Bacteremia Asplenia, single )% 1 0.57 NT  PPV23(1) 24 Vaccine failure ~ NA Dead
ventricle
4 14 M Bacteremia None 6B 11 0.34 2 None - NA NA Alive
5 38 M Meningitis None 19F 4 1.08 2 None - NA NA Alive
6 14 M Bacteremia None 14 5 2.1 5 None - NA NA Alive
7 13 M Bacteremia None 6B 4 225 NT  None - NA NA Alive
8 12 M Meningitis None 6B 20 1.81 7 PCV7(1) 10 NA Breakthrough Alive
infection
9 10 M Meningitis None 19F 0 0.85 NT  None - NA NA Alive
10 17 M Bacteremic None 19A 2 NA NT  None - NA NA Alive
pneumonia
11 30 M Bacteremic None 6B 0 0.53 2 PCV7(1) 28 NA Vaccine failure Alive
pneumonia
12 17 F Meningitis None 24F 1 NA NA  PCV7(1) 16 NA Non-VT infection Alive
13 12 F Meningitis None 6B 12 0.78 2 None - NA NA Alive
14 10 M Meningitis None 15B 2 NA NA  None - NA NA Alive
15 30 F Bacteremia None 6B 0 1.18 2 PCV7(1) 26 NA Vaccine failure Alive
16 26 F Bacteremia None 19A 1 NA 2 None - NA NA Alive
17 15 F Bacteremia None 14 0 1.75 2 None - NA NA Alive
18 10 M Bacteremia None 19A 0 NA 2 PCV7(3) 4,5,6 NA Non-VT infection Alive
19 30 F Meningitis Hydrocephalus (V-P 6B 23 0.92 2 PCV7(1) 28 NA Vaccine failure Alive
shunt)
20 17 F Meningitis None 68 0 1.38 2 PCV7(2) 9,11 NA Breakthrough Alive
infection
21 11 F Septic arthritis None 23F 0 0.55 2 PCV7(3) 7.8,9 NA Breakthrough Alive
infection
22 16 F Bacteremia None 6B 0 5.62 2 None - NA NA Alive
23 49 M Meningitis None 6C 1 NA 2 PCV7(1) 36 NA Non-VT infection Alive
24 14 M Bacteremia None 6C 7 NA NT  PCV7(2) 9,10 NA Non-VT infection Alive

0], opsonization index; ITP, immune thrombocytopenia; PPV23, 23-valent pneumococcal polysaccharide vaccine; PCV7, 7-valent pneumococcal conjugate vaccine; NA, not applicable; NT, not tested because of antibiotic use;

VT, vaccine type.
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Fig. 1. Avidity of serotype 19F-specific IgG (A) and serotype 6B-specific 1gG (B) in sera from pediatric patients with invasive pneumococcal diseases. Two serum samples
from Case 1 (closed diamond) and Case 2 (closed square), and the positive control serum (closed triangle) from Case 6 (four months after the episode of IPD and one month
after two doses of PCV7 vaccination) were examined for the avidity of serotype 19F-specific IgG. Two serum samples from Case 22 before (open diamond) and after (open
square) two doses of PCV7 vaccination, and a positive control serum (open triangle) collected from Case 6 after two doses of PCV7 were used to test the avidity of serotype

6B-specific IgG.

of IPD for which the pneumococcal isolate was a PCV7 serotype,
and PCV7 VF was defined as the subset of BTI in which the patient
had completed the Advisory Committee on Immunization Practice
(ACIP)-recommended PCV7 vaccine schedule at least two weeks
before the IPD [18,19]. An instance of an IPD patient who had had
at least one dose of PCV7 and for whom the pneumococcal isolate
was not a PCV7 serotype was defined as PCV7 non-VT infection. Of
10 patients who received PCV7 previously, three cases (Cases 11,
15 and 19) were classified as PCV7 VF, and three cases (Cases 8, 20
and 21) were classified as PCV7 BTIL The other four cases (Cases 12,
18, 23 and 24) were classified as PCV7 non-VT infection.

The level of serotype-specific IgG or the Ol for the infecting
serotype was determined for 17 of 24 cases. The levels of specificIgG
for the infecting serotype ranged widely from 0.34 to 6.53 pg/ml.
In all 17 cases, the level of specific IgG for the infecting serotype
was higher than 0.20 pg/ml, the putative threshold for preventing
IPD [12,14]. The geometric mean concentration for the 17 cases was
1.35 pg/ml. In contrast, the OI for the infecting serotype was <8 in
all of 17 cases. In particular, obvious discrepancies were found in
two patients with serotype 19F (Cases 1 and 2) and one patient with
serotype 6B (Case 22) who had serotype-specific IgG higher than
5 pg/ml and undetectable OL

To investigate these discrepancies, we next examined the avidi-
ties of serotype 19F-specific IgG in sera from Cases 1 and 2, and
the avidities of serotype-6B specific IgG in sera from Case 22. The
percentages of remaining absorbance to 19F CPS of the positive
control serum (IgG 7.25 pg/ml, Ol 2336) collected from a patient
(Case 6) after two doses of PCV7 vaccination were 100-75% at
concentrations of 0.25-1.0M of NaSCN (Fig. 1A). In contrast, the
percentages of remaining absorbance to 19F CPS of sera from Cases
1 (IgG 6.53 pg/ml, OI 2) and 2 (IgG 5.10 pg/ml, OI 2) to 19F CPS
were 74-44% and 71-26% at concentrations of 0.25-1.0 M of NaSCN,
respectively.

The percentages of remaining absorbance to 6B CPS of the pos-
itive control serum (IgG 4.16 p.g/ml, Ol 4626) collected from Case
6 after two doses of PCV7 99-59% at concentrations of 0.4-1.0M
of NaSCN (Fig. 1B). In contrast, the percentages of remaining
absorbance of serum from Case 22 before PCV7 vaccination (IgG
5.62 pwg/ml, OI 2) and after two doses of PCV7 vaccination (IgG
2.37 ng/ml, Ol 562) were 71-25% and 81-34% at concentrations
of 0.4-1.0M of NaSCN.

4. Discussion

In pediatric patients with IPD, the serum Ols for the infecting
serotype within one month after the infectious episode were <8

in all 17 patients tested for OI, although the levels of IgG for the
infecting serotype were higher than 0.2 ug/ml in all 17 patients
tested for serotype-specific IgG. Undetectable Ols suggest that the
serotype-specific IgG in their sera are largely nonfunctional. Soini-
nen et al. similarly reported that sera from unimmunized children
without nasopharyngeal carriage contained serotype-specific IgG,
but infrequently had serotype-specific opsonic activity [20].

Three patients received PPV23 before PCV7 was licensed in
Japan in 2009 because they were at increased risk for pneumococ-
cal disease. Although the current guideline of the ACIP recommends
that children aged 2-18 years with underlying medical conditions
should receive PPV23 after completing all recommended doses of
PCV13 [21], pediatricians should be aware of the possible induction
of nonfunctional IgG by PPV23 in high-risk children aged >2 years.
Two patients with PCV7 BTl received one or two doses of PCV7 9-11
months after birth, and two patients with PCV7 VF received only
one dose of PCV7 26-28 months after birth. All four of these patients
comprised the catch-up cases for PCV7. Interestingly, all cases with
BTI or VF were caused by serotype 6B. A recent study from the US
reported that 155 of 753 (21%) pediatric IPD cases were PCV7 BTIs
caused predominantly by serotypes 6B (32%) and 19F (29%) [18].
The PCV7 BTIs caused by serotype 6B were more likely to have
occurred in children who received only one or two PCV7 doses (84%)
compared with infections caused by other VTs (61%). Rennels et al.
also reported a low immune response to 6B and other serotypes,
including 9V and 18C in children who received fewer than three
doses of PCV7 [22].

Our data demonstrated that sera collected from Cases 1, 2 and
22 containing 19F- or 6B-specific IgG levels higher than 5.0 pg/ml,
but lacking opsonic activity, contained lower avidity of serotype-
specific IgG than the positive control sera with high Ols. An
improvement of the avidity of 6B-specific IgG was confirmed in
the sera with a high Ol from Case 22 by two doses of PCV7 vacci-
nation. Two previous studies using sera from healthy adults with
or without vaccination with PPV23 demonstrated that higher avid-
ity antibodies were more effective than lower avidity antibodies
in in vitro complement-dependent opsonophagocytosis and for
in vivo protection against pneumococcal infection in mice [23,24].
These data are, partially, in agreement with our findings of high
levels of serotype-specific IgG with low avidity in serum from
pediatric patients within one month after IPD. The low avidity of
serotype-specific IgG levels may explain the undetectable Ols in
sera collected from Cases 1, 2 and 22 within one month of an IPD
episode.

O’Brien et al. recently reported the pneumococcal antibody sta-
tus in a child with of PCV7 vaccine failure caused by serotype 14
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[25]. In this patient, the serotype-specific IgG and the Ols in serum
were 4.98 pg/ml and 1024, respectively, 35 days after the adminis-
tration of three doses of PCV7. However, this patient developed
occult bacteremia at 9.6 months of age, 53 days after the third
dose of PCV7. Because of a slightly decreased serotype-specific IgG
(4.25 pg/ml) and a significantly decreased Ol of 4 in the serum of
this patient after this episode of IPD, the authors suggested that the
functional antibodies existing during infection with consumed by
binding to the serotype 14 antigen. This finding also suggests that
the ELISA assay detected some nonspecific or nonfunctional IgG in
the serum of this patient, and is in agreement with the findings in
the sera of our pediatric patients with IPD.

The limitations of our study are the small number of IPD cases
examined and the variable timing of serum collection, although
the sera were all collected within one month after the IPD episode.
These limitations meant that we were unable to compare the induc-
tion of opsonic activity to the infecting serotype between the acute
phase and the convalescence phase in pediatric patients with IPD.

In conclusion, in all of 17 patients tested within one month
of an IPD episode, the serum Ols to the infecting serotype were
<8, whereas the levels of serotype-specific IgG were higher than
0.2 pg/ml. Low avidity of the serotype-specific IgG were confirmed
in three patients associated with the serotype-specific IgG levels
higher than 5 pg/ml, but with undetectable Ols.
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A multiplex PCR was developed to detect 15 serotypes of Streptococcus suis. This multiplex

PCR was separated into two reaction sets. The first set identified nine serotypes (serotypes 1/2,
1,2,3,4,7,9, 14 and 16) and the second set identified six serotypes (serotypes 5, 8, 10, 19, 23
and 25). This assay correctly detected serotypes 2, 5 and 14 in human isolates, and serotypes 1,
2,1/2,3,4,5,7,9, 14, 16 and 19 in pig isolates from Thailand. No cross-reaction was observed
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Accepted 22 August 2012 and pig isolates of S. suis.

with other streptococcal species. This assay may be useful for the serotype surveillance of human

INTRODUCTION

METHODS

Streptococcus suis is a zoonotic pathogen that causes invasive
infections in humans who have been in close contact with
infected pigs or contaminated pork-derived products, and
these infections have received increasing attention world-
~ wide (Gottschalk et al,, 2010). S. suis serotype 2 is the most
prevalent serotype in humans, but human cases of serotypes
1, 4, 5, 14, 16 and 24 have also been reported (Kerdsin et al.,
2009, 2011a, b; Nghia et al., 2008).

Thirty-three S. suis serotypes have been identified based on
their capsular polysaccharides (Hill et al., 2005). However,
the identification of S. suis serotypes using the antiserum of
each serotype is laborious and expensive. Thus, PCR is a
more attractive alternative because of its rapid analytical
capacity and low cost. PCR-based identification of S. suis
serotypes 1, 14, 1/2, 2, 7, 9 and 16 has been reported
previously (Kerdsin et al, 2009; Marois et al, 2004;
Okwumabua et al. 2003; Smith et al, 1999a, b; Silva et al,,
2006; Wang et al., 2011a; Wisselink et al., 2002). However,
the genetic sequences of 15 S. suis capsule loci are available
in GenBank (Wang et al, 2011b), so we developed a
multiplex PCR to identify these 15 S. suis serotypes using
two reactions.

Bacterial strains. Between 2006 and 2008, we collected 33 serotypes
of S. suis reference strains, comprising serotypes 1/2, 1-31 and 33,
together with 179 human isolates (Kerdsin et al., 2009, 2011a, b) and 109
S. suis strains isolated from the tonsils of clinically healthy pigs in Khon
Kaen province in 2008 (n==47) and Phayao province in 2010 {(n=62) in
Thailand. The 179 human isolates have been serotyped previously
(Kerdsin et al., 2009, 2011a, b) and comprised 165 serotype 2 strains, 12
serotype 14 strains and one isolate each of serotypes 5 and 24. We also
used the reference strains of other streptococcal species: Streptococcus
pyogenes SF370, Streptococcus agalactise ATCC 13813, Streptococcus
dysgalactiae subsp. equisimilis CCUG 36637, Streptococcus dysgalactiae
subsp. dysgalactiae ATCC 43078, Streptococcus porcinus ATCC 43138,
Streptococcus pneumoniae ATCC 33400, Streptococcus bovis ATCC 33317,
Streptococcus oralis ATCC 35037, Streptococcus mitis ATCC 6249,
Streptococcus sanguinis ATCC 10556, Streptococcus gordonii ATCC
10558, Streptococcus mutans ATCC 25175, Streptococcus constellatus
subsp. pharyngis CCUG 46377 and Streptococcus anginosus ATCC 33397.

Primer design. The sequences of the capsule (¢ps) loci of S. suis
serotypes 1, 3, 4, 5, 7, 8, 9, 10, 14, 19, 23, 25 and 1/2 were retrieved
from GenBank under accession numbers JF273644~JF273656 (Wang
et al., 2011b). The cps loci sequences of S. suis serotypes 2 and 16 were
retrieved from GenBank under accession numbers AF118389 (Smith
et al., 2000) and HQ694980 (Wang et al. 2011a), respectively.

All ¢ps loci were aligned and compared with each other using the
Artemis Comparison Tool (Carver et al., 2005). The specific sequences
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of each serotype were identified and retrieved. These sequences were
used as templates for design of primers with the Primer-BLAST program
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/). Specific PCR amp-
lification of the S. suis glutamate dehydrogenase (gdh) gene, which hasa
695 bp PCR product, was also carried out according to a previously
published method, with the minor modification of adding nucleotides
at the 5’ position of primers in the gdh gene to increase the melting
temperature and allow the use of a higher annealing temperature
during multiplex PCR (Okwumabua et al, 2003). The primer
sequences used for the multiplex PCR are shown in Table 1.

We also retrieved the functional information of the products of each
target gene for the binding of these primers from GenBank under
accession numbers JF273644-JF273656, AF118389 and HQ694980
and from previously published reports (Wang et al, 2011a, b; Smith
et al., 2000). These products included glycosyltransferase for cpsi],
cpsl14], cps1/2, cps2, cps7H, cps9H and cps16K, glycosyltransferase-like
family 2 for ¢ps3], polysaccharide biosynthesis protein for cps3K,
cps4M and cpsIOP, polysaccharide pyruvyltransferase for cps23K,
UDP-glucose/GDP-mannose dehydrogenase family for cps4N, and
CDP-glycerol : poly(glycerophosphate) glycerophosphotransferase for
¢ps10Q and cps25N. However, the products of the target gene for each
of ¢ps5N, cpsI9L, cps23] and cps25M remain unknown.

Serotyping by multiplex PCR. The multiplex PCR was separated
into two primer sets. Set 1 comprised the primers for serotypes 1/2, 1,

2,3,4,7,9, 14 and 16, whilst set 2 comprised the primers for serotypes 5,
8, 10, 19, 23 and 25. The PCR mixture contained 1 x KAPA2G Fast
multiplex PCR mix (Kapa Biosystems) and 0.2 uM each primer for each
primer set. The PCR thermal profile was as follows: initial activation of
DNA polymerase at 95 °C for 3 min, followed by 30 cycles of
denaturation at 95 °C for 20 s, primer annealing at 58 °C for 30 s and
extension at 72 °C for 40 s, with a final extension at 72 °C for 5 min. The
PCR products were analysed by gel electrophoresis for 30 min using 2 %
agarose gels and 0.5 x TBE buffer. The gels were stained with ethidium
bromide and visualized under UV light (GeneGenius Bioimaging
System; SynGene). The sizes of the PCR products were determined by
comparison with a molecular size standard {GeneRuler 100 bp plus
DNA ladder; Thermo Fisher Scientific).

Serotyping of S. suis isolates from pigs using antisera. The
serotyping of S. suis strains isolated from pig tonsils was achieved by
co-agglutination using rabbit antisera (Statens Serum Institut). The
results were confirmed by Dr M. Gottschalk at the International
Reference Laboratory, Université de Montréal, Canada.

RESULTS AND DISCUSSION

We used 33 S. suis reference strain serotypes to verify the
multiplex PCRs. As shown in Fig. 1, only the 15 target

Table 1. Primers and target genes used in the multiplex PCRs

F, Forward; R, reverse.

Serotype(s) Sequence (5"—3’) Gene(s) Primer set PCR product (bp)

1 and 14 F: AATCATGGAATAAAGCGGAGTACAG cpsl] 1 550
R: ACAATTGATACGTCAAAATCCTCACC

2 and 1/2 F: GATTTGTCGGGAGGGTTACTTG cps2] 450
R: TAAATAATATGCCACTGTAGCGTCTC

3 F: TGGGAGAAGGCAGAAAGTACGAGA cps3J-cps3K 1 1273
R: ACCCCCAGAAGAGCCGAAGGA

4 F: ACTTGGAGTTGTCGGAGTAGTGCT cpsdM—cpsdN 1 783
R: ACCGCGATGGATAGGCCGAC

5 F: TGATGGCGGAGTTTGGGTCGC cps5N 2 166
R: CGTAACAACCGCCCCAGCCG

7 F: GATGATTTATGGCACCCGAGTAAGC cps7H 1 150
R: AGTCACAATTGCTGGTCCTGACACC

8 F: ATGGGCGTTGGCGGGAGTTT cps8H 2 320
R: TTACGGCCCCCATCACGCTG

9 F: GGGATGATTGCTCGACAGAT cps9H 1 300
R: CCGAAGTATCTGGGCTACTG

10 F: TCGCTCTGCGTTCGTCGAGT cps10P-cps10Q 2 1756
R: GCCCACCCGCCACGAGAAAG

16 F: TGGAGGAGCATCTACAGCTCGGAAT cps16K 1 202
R: TTTGTTTGCTGGAATCTCAGGCACC

19 F: AGCAGGGTTGCGTATGGCGG cpsI9L 2 1024
R: ACAAGCACCAGCAAAGACCGCA

23 F: GCGGGCATATGCAGTGGGCA cps23]-cps23K 2 825
R: ACCGAATGCCACATCGGGTG

25 F: GGAGGAGCTGCGGGCTCATA cps25M—cps25N 2 1211
R: TGGCCACAACCTGGATGCGTT

All F: TTCTGCAGCGTATTCTGTCAAACG* gdh 1 and 2 695
R: TGTTCCATGGACAGATAAAGATGG*

*Modified from Okwumabua et al. (2003).
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