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Transplacental Transfer and Age-Related Levels of Serum IgG
Antibodies to the Capsular Polysaccharides of Streptococcus

pneumoniae Types 14 and 19 in Korea

Litile is known about the prevalence of naturally acquired IgG antibodies to
the capsular polysaccharides of Streptococcus pneumoniae (pneumococcal IgG)
in Korea. In the present study, we investigated transplacental transfer and age-
related levels of pneumococcal IgG to provide background seroepidemiologic
data for S. pneumoniae in Korea. One hundred thirty eight sera were assayed
by ELISA for IgG to pneumococcal polysaccharide capsular serotypes 14 and
19, the predominant serotypes for under 15 yr of age in Korea. The subjects
were divided into 7 subgroups according to age. The cord/maternal geometric
mean fiter of pneumococcal were 4.471+5.88/5.21+5.88 for serotype 14, and
4.68 +5.55/6.55+6.92 for serotype 19 (mean + standard deviation, p.g/mL). After
birth, the geometric mean titers of pneumococcal IgG for serotypes 14 and 19
expressed in pg/mL were 1.18 22,12 and 1.41:2.17 in the 0-6 months group,
0.27+0.19 and 0.69+0.93 in 7-12 months, 0.21 +0.22 and 0.64+1.32 in 1-2
yr, 0.69+0.78 and 2.65+2.46 in 3-6 yr, 252+2.72 and 8.29+4.24 in 7-10
yr, respectively. In conclusion, reduced transplacental transfer and very low
serum concentrations of pneumococcal IgG may contribute to the susceptibility
of neonates, infants, and young children to S. pneumoniae infection.
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INTRODUCTION

Even with the advent of antibiotics, Streptococcus pnen-
moniae infection persists as an important cause of mot-
bidity and mortality of infants and children in all so-
cieties. With the introduction and wide spread usage of
efficacious vaccines against the Haemophilus influenzae
type b, another major cause of invasive infections in chil-
dren, the relative importance of S. prenmoniae as a cause
of invasive infections is obviously incteasing. The annual
incidence of invasive infections caused by S. puewmoniae
ranges between 45.3-104 per 100,000 in childten younger
than 5 yr of age (1, 2).

The need for a vaccine to prevent pneumococcal dis-
ease in children has been emphasized by the fact that
preumonia, often caused by pneumococdi, is a common
cause of infant mortality in developing countries and by
the emergence of pneumococcal strains resistant to anti-
mictobials in developed countties (3). Curtently available
preumococcal vaccine consists of putified capsular poly-
sacchatides of 23 S. pneumoniae serotypes. However, pu-
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rified capsular polysaccharide vaccine is a poor immuno-
gen in children, especially in regard to pneumococcal
serotypes 6, 14, 19 and 23 commonly responsible for se-
vete infections in children (4-6). This low efficacy is due
to polysaccharide antigens’ inability to stimulate T helper
cells (7). To enhance immunogenicity and to improve
vaccines for pediatric use, capsular polysaccharides have
been conjugated to protein antigens. The first polysac-
chatide-protein conjugate vaccine, H. influenzae type b
vaccine, has already been shown to be immunogenic and
protective among infants (8, 9). Most tecently pneumo-
coccal conjugate vaccines have been undergoing clinical
trials (3, 10-12).

Since it is likely that a pneumococcal conjugate vaccine
will be available in the near future in Korea, setoepi-
demiologic data of S. pueumoniae will be needed to aid
in planning the use of such a vaccine. In the present
study we applied the ELISA method to investigate trans-
placental transfer and age-related levels of serum IgG
antibodies to the capsular polysaccharides of S. prenmo-
niae types 14 and 19 (pneumococcal I1gG) to provide
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background seroepidemiologic data for S. prewmoniae and
to be served for the design of new vaccination program
of pneumococcal conjugate vaccine in Kotea.

MATERIALS AND METHODS

Serum specimens

Sera were obtained from nineteen mothets at full term
delivery and from the umbilical vein of their healthy
neonates. And one hundred infants and children aged 0
month to 10 yr were selected at random from the nursery
and well baby clinic of Kotea University Medical Center
and an elementaty school in Seoul, which is the capital
city of Kotea. The subjects were divided into 7 subgtroups
according to age, that is, mother (adult), cord, 0-6
months, 7-12 months, 1-2 yr, 3-6 yr, 7-10 yr of age
(Table 1). We obtained 3 mL of blood from subjects and
the blood samples were immediately centrifuged and
stored at -70C.

Reagents

Types 14 and 19 pneumococcal capsular polysaccha-
tides (PPS) were purchased from the American Type Cul-
ture Collection (Rockville, MD, U.S.A.). Cell wall poly-
saccharide (CWPS) was obtained from American Cyan-
amid Company Lederle-Praxis Biological Division (West
Henrietta, NY, U.S.A.). Alkaline phosphatase-conjugated
antisera (affinity purified goat anti-human IgG) were pur-
chased from Jackson Immunotesearch Labs, Inc. (West
Grove, PA, US.A.). Pneumococcal standard was a mix-
tute of 90 serum samples tested against the reference
serum 89SF received from US Food and Drug Adminis-
tration (Bethesda, MD, U.S.A.). After a minimum of 20
assays, an IgG value was assigned for each serotype to
be tested.

ELISA

Microtiter plates (Polysotp; Nunc, Roskilde, Denmatk)
were coated with the PPS (ATCC, Rockville, MD, U.S.A.)
in pyrogen-free PBS (14, 1 pg/mL; 19, 10 ug/mL) by in-
cubating for 12 hr at 37C. Plates wete stored at 4.

Sera and pneumococcal standard were diluted 1:50 in
PBS/0.05% Tween 20 containing 500 pg/mL CWPS to
neutralize anti-CWPS antibodies. After 30 min of incu-
bation with the CWPS at room temperature, three se-
quential dilutions were made in PBS/0.05% Tween 20
on the dilution plate.

After four washings of the microtiter plates with PBS/
0.1% Tween 20, we transferred 50 mL of diluted pneu-
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Table 1. Number of subjects

Groups Male Female Total
Cord 9 10 19
0-6 month 12 8 20
7-12 month 18 2 20
1-2 yr 11 9 20
36 yr 14 6 20
7-10 yr 1 9 20
Mother (Adult) 19 19
Total 75 63 138

mococcal standards and sera from dilution plate to the
cotresponding wells of each of the microtiter plates, which
wete incubated for 2 hr at room temperature. Alkaline
phosphatase-conjugated antthuman IgG was diluted in
PBS§/0.05% Tween 20. Plates were washed four times as
above, then conjugate was added to each well and plates
wete incubated for 2 hr at room temperatute. P-nitro-
phenyl phosphate substrate (Sigma, St. Louis, MO, US.A.)
was diluted in diethanolamine buffer and was added to
each well and plates were incubated for 40 min at room
tempetature. After substrate incubation 3 N NaOH was
added to each well and incubated for 5 min at room tem-
petature.

Plates wete read at 405 nm on an EIA reader (EL 311
SX mictowell reader). Kinetical calculator program was
used to calculate results. Pneumococcal IgG concentra-
tions wete calculated by comparing the titers of the
pneumococcal standards. Results were given as micto-
gram per milliliter calculated on the basis of the assigned
IgG value of the 89 SF reference serum. We rejected the
run if the correlation coefficient was less than 0.995.
Coefficient of variation between assays was less than

25%.

Statistical methods

Statistical compatisons were made with Student t test
ot paired t test and correlation test. Results were given
as geometric mean titers (GMTs), and propottions of
children with =1 pg/mL antibody.

RESULTS

Transplacental transfer of pneumococcal 1gG

The cord sera had lower levels of type 14 and 19
preumococcal IgG concentrations than paired maternal
sera at 4.4775.88 vs. 5.211+5.88 and 4.685.55 vs.
6.5516.92 ug/ml, respectively (Table 2, Fig. 1). But the
difference was significant only for type 19 (p<0.001).
The mean cord:maternal ratios of serum concentrations
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Table 2. Geometric mean titers of pneumococcal IgG in cord
and maternal blood

Serotype Cord Mother Cord/Mother ratio
14 4.47+5.88* 5.21£5.83 0.78+0.42
19 468+555" 6.55+6.92" 0.64+0.22

*Antibody levels are in pg/mL; Tp<0.01

of pneumococcal IgG were 0.780.42 for type 14 and
0.647%0.22 for type 19. There was significant cotrelation
between pneumococcal IgG concentration of maternal
serum and cord serum for both type 14 (+=0.85, p<
0.001) and 19 (+=0.98, p<0.001) (Fig. 2).

Age-related levels of pneumococcal IgG

Geometric mean titers (GMTs) of pneumococcal IgG
according to age for each of the pneumococcal serotype
14 and 19 are shown in Table 3 including those of cord
and maternal serum (Table 3). From birth the GMTs of
pneumococcal IgG decreased with age and reached a

nadir between ages 1 and 2 yr. Thereafter they increased
with ages.

According to age, the proportion of children with >1
pg/mL pneumococcal IgG showed a tendency similar to
GMTs of pneumococcal IgG (Table 3). At a nadir be-
tween ages 1 and 2 yr there were no children with >1
pg/mL pneumococcal IgG to setotype 14 and only 10%
of childten with =1 ug/mL pneumococcal IgG to seto-
type 19.

There was significant cotrelation between age and con-
centration of pneumococcal IgG after birth for both type
14 (t=0.35, p<0.001) and type 19 (r=0.67, p<0.001)
(Fig. 3).

DISCUSSION

Neonatal antibody concentrations reflect maternal an-
tibody production and placental transport during gesta-
tion (13, 14). Maternal IgG transfer to the fetus across
the placenta begins in 16th week of gestation and is
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Fig. 1. Transplacental transfer of pneumococcal IgG to serotype 14 and serotype 19.
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Fig. 2. Correlation between maternal and cord blood of pneumococcal IgG to serotype 14 and serotype 19.
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Table 3. Geometric mean titers of pneumococcal IgG in groups
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Serotype 14

Serotype 19

Groups - -
GMT* % with >1.0 pg/mL GMT % with >1.0 pg/mL

Cord 447+588 68.4 468+555 73.7
0-6 month 1.18£212 20 1.41£217 35
7-12 month 0.27£0.19 0 0.69£0.93 20
1-2 yr 0.21£0.22 0 0.64+1.32 10
36 yr 0.69=£0.78 10 265*2.46 65
7-10 yr 2521272 65 8201424 100
Mother 521£583 94.7 6.55+£6.92 947
*GMT: geometric mean titers in pg/mL
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Fig. 3. Correlation between age and pneumococcal IgG to serotype 14 and serotype 19.

mainly completed during the last 6 weeks of gestation
(15). As for specific IgG transfer, it is controversial
whether the neonatal: maternal serum ratio of specific
antibodies is higher, similar, ot lowet as compared with
that of total antibodies (16-20). Sato et al. (16) showed
that higher concentrations of neutralizing antibodies to
measles, mumps, and rubella vituses were present in cord
sera than in paited maternal sera. Qur previous studies
of measles and rubella antibodies have shown similar
results (19-20). However, in the present study the cord
serum had lower concentrations of specific antibodies to
type 14 and 19 pneumococcal capsular polysaccharide
than paited maternal setum. Our finding of reduced
transfer of specific antibodies to pneumococcal capsular
polysaccharides is consistent with data from others.
Chudwin et al. (21) reported that the maternal-fetal
transfer of total IgG was higher than the transfer of the
7F pneumococcal polysaccharide specific IgG. Antibody
against pneumococcal capsular polysaccharide may be
largely of the IgG, subclass. Our finding of reduced
maternal-fetal transfer of pneumococcal capsular polysac-
chatide antibodies support the possibility of reduced
transport of specific [gG, antibodies across the placenta
(22, 23).

Mechanism of action for production of natural specific
immunity is probably through antigenic stimulation by

homologous or cross-reacting antigens. Nasopharyngeal
catriage of pneumococd in childhood has been shown to
be associated with acquisition of serum antibody (24) and
cross-reactivity has been teported between pneumococcal
capsular polysaccharide and surface antigens of Klebsiella
species, Escherichia coli, and some strains of @-hemolytic
and nonhemolytic streptococd (25, 26). Again the impot-
tance of age as a factor in immunity to pneumococc
should be considered. Gwaltney et al. (24) noted that
production of type-specific antibodies in response to naso-
pharyngeal colonization appeated to be strongly corre-
lated with age. However, duting the first 2 yr of life anti-
body production was untelated to nasophatyngeal preu-
mococcal carriage. Therefore, anti-polysacchatide antibody
titets reach a nadir between ages 6 and 18 months be-
cause of the disappearance of matetnal antibody and the
slow maturation of the infant’s anti-polysaccharide anti-
body production (27). In the present study, there was
a tendency for the GMTs of pneumococcal IgG to de-
ctease with age after birth with a nadir reached between
ages 1 and 2 yr.

In previous studies, it was demonstrated that pneumo-
coccal antibody level steadily increased with age (6) and
reached a plateau around the 10 yr of age (28). The rea-
son for this phenomenon was also attributed to nasal
catriage of pneumococci. Paton et al. (28) demonstrated
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that nasal carriage of a particular pneumococcal serotype
cotrelates well with a significantly increased serum anti-
body level to that type. Loda et al. (29) reported that
the pneumococcal cartiage rate in white children in
Notth Carolina remained steady at approximately 50%
up to the age of 6 yr but decreased to 12% at 8 to
10 yt of age. Thus there is an approximate cotrelation
between the age at which natural acquisiion of type-
specific antibody ceases and the age at which antigenic
stimulation through cartiage of pneumococci diminishes.
Our data in this study supports the results published
from previous studies. The GMTs of pneumococcal IgG
to serotype 14 and 19 have shown the tendency to in-
crease with age until the age group 7-10 yr in which
the GMTs were not significantly differed from those of
adults both for serotype 14 and 19.

The protective level of ELISA antibody levels is not
known and it may, indeed, differ according to the pneu-
mococcal setotypes and clinical entities. Serum concentra-
tons of 1.0 ug/mL have been repotted to be protective
against pneumococcal otitis media in an animal model
(30). Although the level of >1.0 yg/mL in this study
and several others has not been demonstrated to be asso-
clated with protection, using 1.0 pyg/mL as an atbitraty
cutoff seems reasonable and conservative undl newer data
are available.

Pneumococcal conjugate vaccines have recently been
produced based on the technology and experience from
H. influenzae type b conjugate vaccines. A conjugate vac-
cine can probably not be a 23-valent because of logistical
difficulties in the manufacturing process and the atten-
dant high cost. Therefote, the most impottant types must
be chosen for conjugation. The goal is to have a 7- to
10-valent vaccine containing the most frequent pediattic
preumococcal types, to cover the majotity of invasive and
noninvasive infections (31). Which leaves us with the
difficult question of how to design a single pneumococcal
conjugate vaccine suitable for pediatric use conferring
protection against the 90 pneumococcal serotypes? The
distribution of serotypes that cause invasive disease in
children and otids media differ according to the popu-
lations (32-36). Moteover, the differences in the serotypes
of invasive disease isolates in developed and developing
countries suggests that it may be necessary to formulate
different vaccines for use in different populations. Unfor-
tunately, epidemiological data for most patts of the wotld
are insufficient. Epidemiological data on the occutrence
and risk factors of these diseases are needed to aid in
planning for use of conjugate pneumococcal vaccine. In
Kotea, Park et al. (37) reported that serotypes GA, 6B,
14, 19F, and 23F comprised 67% of all isolates from
pediatric patients and 82% of these serotypes wete as-
sociated with significant tesistance to cutrent antibiotics

therapy.

In conclusion, we have shown that reduced transpla-
cental transfer and very low serum concentrations of IgG
antibodies to the casular polysaccharide of S. prewmoniae
types 14 and 19. To protect infants and young children
from pneumococcal infection, the development and evalu-
ation of pneumococcal conjugate vaccine in Korea is
mandatory. Keeping in mind of possible future devel-
opment of conjugate vaccines, further studies must ex-
plote nationwide epidemiological data on invasive pneu-
mococcal infections in neonates, infants, and children in
Korea.
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