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The highest incidence of severe pneumococcal infections in children occurs in the first 6 months of life;
however, immunization of infants with the existing polysaccharide vaccines is ineffective. We wished to
determine the prevalence of immunoglobulin G (IgG) pneumococcal antibodies in unimmunized Brazilian
mothers and their transplacental transmission to term and preterm infants. Total IgG, IgG1 and -2 subclass
levels, and IgG antibodies against Streptococcus pneumoniae serotypes 1, 3, 6B, 9V, and 14 were determined in
15 pairs of mothers and term newborns (gestational age, >37 weeks) and in 18 pairs of mothers and preterm
newborns (gestational age, 32 to 36 weeks). Serotype-specific anti-pneumococcal antibodies were detected by a
recently standardized enzyme-linked immunosorbent assay calibrated with the 89-SF reference serum. Varying
percentages of the mothers had antibody concentrations below arbitrarily defined protective levels: 33% for
serotype 1, 67% for serotype 3, 30% for serotype 6B, 52% for serotype 9V, and 22% for serotype 14. In term
newborns, IgG1 concentrations were slightly higher than maternal concentrations; in preterm newborns, the
concentrations were much lower. Concentrations of IgG2 in term and preterm infants were significantly lower
than in the mothers. Transplacental transmission of antibodies to serotypes 3 and 14 was clearly different from
that of antibodies to serotypes 1, 6B, and 9V. Concentrations of IgG antibodies against serotypes 3 and 14 were
similar to or higher than those of the mothers; against serotypes 1, 6B, and 9V they ranged from 77 to 83% of
maternal concentrations in term newborns and also in preterm infants, although transplacental transmission
of antibodies was proportionally lower for each specific serotype in preterm than in term infants. These data
are relevant for developing strategies to protect infants against pneumococcal infections in the first months of
life. Our findings and a review of existing information stress the importance of understanding the relationships
among pneumococcal immunization, IgG subclass antibodies to individual serotypes, transplacental transport,
half-life, and antibody function and their protective values against infection.

Pneumococcal infections cause high morbidity and mortality
in children during the first 2 years of life, with the highest
incidence of severe, systemic pneumococcal infections occur-
ring in the first year of life (15, 18). Immunization of infants
with the existing polysaccharide vaccines, however, becomes
effective only after 2 years of age.

Conjugate pneumococcal vaccines containing five or seven
polysaccharides have been found to be immunogenic in the
first year of life in several studies (1, 3, 31). However, these
vaccines are still experimental and the small number of sero-
type polysaccharides included in the vaccines may limit the
coverage they offer. A 10-year study of 308 cases of meningitis
in children under 2 years of age in São Paulo, Brazil (48),
reveals that vaccine formula B, which includes serotypes 1, 5,
6B, 14, 18C, 19F, and 23F (47), would cover only 68% of the
infections caused by 42 different strains, even taking into ac-
count the cross-reactivity of vaccine and nonvaccine serotypes
(41). Two recent studies in Brazil estimate that the 23-valent
polysaccharide vaccine offers protection against 85.7 and
89.6% of these infections, respectively, if vaccine-related cross-
reactive serotypes are taken into account (11, 44).

The diversity of serotypes causing invasive infections in Bra-
zil, the limitations affecting the development of conjugated

vaccines to multiple serotypes, and the cost of a single poly-
saccharide conjugate vaccine (28) led us to explore other ave-
nues for protecting infants against pneumococcal infections.
One of these strategies is the immunization of mothers to
provide passive immunization to infants (45).

As a preliminary step in evaluating the possibility of increas-
ing infant protection against invasive pneumococcal infections
through maternal immunization, we determined the presence
of pneumococcal immunoglobulin G (IgG) antibodies in an
unimmunized population of Brazilian mothers and studied the
transplacental transmission of these antibodies in term and
preterm deliveries.

MATERIALS AND METHODS

Population. The study involved 33 mother-child pairs. All mothers were well
nourished. None of the mothers had been immunized with a pneumococcal
vaccine. Gestational age was estimated by a neonatologist based on a somatic
and neurological examination (12). Fifteen mothers (age range, 18 to 38 years)
had term pregnancies ($37 weeks); 18 mothers (age range, 18 to 37 years) had
preterm pregnancies (32 to 36 weeks). After informed consent was obtained,
blood samples were collected from the mothers at the time of delivery and from
the umbilical cords of their infants. The serum was frozen at 220°C until anal-
ysis. All mother-infant pairs were analyzed simultaneously.

IgG subclass determinations. IgG subclass concentrations (in milligrams per
deciliter) were measured by the single radial immunodiffusion technique with the
following specific monoclonal antibodies: clone JL512 for IgG1 and clone GOM1
for IgG2 (Unipath, Hampshire, United Kingdom) (20). The results were cali-
brated with the standard serum WHO 67/97, and secondary controls were kindly
provided by Lars A. Hanson, Göteberg University, Sweden.

Pneumococcal polysaccharide antibody assay. Using a modified enzyme-
linked immunosorbent assay (ELISA) protocol (25, 40), we measured IgG an-
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tibodies against pneumococcal serotypes 1, 3, 6B, 9V, and 14, which include some
of the most prevalent serotypes isolated from children with invasive infections in
the São Paulo area of Brazil (8, 10). This procedure involves the binding of
optimal concentrations of individual pneumococcal serotype polysaccharides
(American Type Culture Collection, Rockville, Md.) on the surface of microtiter
plates (Nunc Maxisorp catalog no. 439454). Standard, control, and serum sam-
ples, diluted in 0.01 M phosphate-buffered saline containing 0.05% polyoxyeth-
ylenesorbitan monolaurate (Tween 20) and 1.0% bovine serum albumin, were
preabsorbed for 30 min at 37°C with Streptococcus pneumoniae C polysaccharide
(500 mg/ml in undiluted serum) (Statens Seruminstitut, Copenhagen, Denmark).
Four twofold dilutions of both patient and control samples were then added to
their respective wells, and the plates were incubated for 2 h at room temperature.
The wells were then washed three times with phosphate-buffered saline–0.05%
Tween 20. A titrated amount of horseradish peroxidase-labeled mouse anti-
human IgG Fc monoclonal antibody (HP6043HRP; Hybridoma Reagent Labo-
ratories, Baltimore, Md.) was added, and the plates were incubated in the dark
for 2 h at room temperature. Following another washing step, the bound enzyme
was detected by the addition of tetramethyl-benzidine-dihydrochloride (Sigma
Chemical Co., St. Louis, Mo.) in citrate phosphate buffer. The serotype-specific
IgG antibody concentration (in micrograms per milliliter) was calculated by
measuring the absorbance (optical density at 450 nm) against a standard curve
obtained by using twofold serial dilutions of a serum pool (standard) prepared
from six healthy adults who had been immunized with the 23-valent polysaccha-
ride vaccine (Lederle-Praxis Biologicals, West Henrietta, N.Y.). Serotype-spe-
cific IgG levels in this standard had been previously determined with the FDA
89-SF reference sample Center for Biological Evaluation and Research, U.S.
Food and Drug Administration, Rockville, Md.). The concentration of antibody
against serotype 3, which is not included in the conjugate vaccines, was deter-
mined by cross-standardization of our standard against the assigned IgG values
for the other serotypes in the FDA 89-SF sample. Prior to clinical use, evaluation
of linearity in this assay showed an excellent correlation (r 5 0.99) between
observed and expected results, with minimum detectable concentrations ranging
from 0.04 to 0.1 mg/ml for all nine serotypes tested. The interassay precision
(percent coefficient of variation), determined by assaying a sample in 20 separate
tests, ranged from 10.2 to 14.4%, for the same serotypes.

Statistical methods. All results of IgG subclass and specific antibody concen-
trations were analyzed by following logarithmic transformation in order to de-
crease the influence of a few extreme measurements. The results were expressed
as geometric means and confidence intervals (CI). Maternal and newborn IgG
subclass and serotype-specific antibody concentrations were compared by the
nonparametric Wilcoxon signed-rank test. Transplacental transmission of IgG
subclasses and specific antipneumococcal antibodies was calculated by dividing
the cord blood concentrations by the concentration found in the corresponding
maternal blood. Since the ratios were normally distributed, means and standard
deviations were used for the description of results. Least-squares linear regres-
sion was used for mother-newborn pair correlations.

RESULTS

All mothers studied had IgG subclass concentrations within
the normal limits established for the Brazilian population (Ta-
ble 1). The concentrations of IgG1 in term newborns were
similar to the maternal concentrations (P 5 0.4631), while the
concentrations in preterm newborns were significantly lower
than those in the mothers (P 5 0.0019). The concentration of
IgG2 in term infants was significantly lower than in the moth-
ers (P 5 0.0302), with an even larger difference between ma-
ternal and newborn concentrations in preterm pregnancies
(P 5 0.0006).

The geometric mean maternal pneumococcal antibody con-

centrations (in micrograms per milliliter) varied for the five
serotypes studied: serotype 1, 1.54 (95% CI, 1.50 to 2.89);
serotype 3, 0.96 (95% CI, 0.81 to 2.67); serotype 6B, 1.96 (95%
CI, 1.95 to 2.67); serotype 9V, 1.13 (95% CI, 1.19 to 2.52); and
serotype 14, 2.93 (95% CI, 2.49 to 6.32). A detailed analysis of
the distribution of maternal antibody concentrations reveals
varying percentages of mothers in arbitrarily-defined groups
(Fig. 1). Concentrations of antibodies against the different
serotypes of #1.2 mg/ml were found in 22 to 67% of the
unimmunized mothers studied: 33% for serotype 1, 67% for
serotype 3, 30% for serotype 6B, 52% for serotype 9V, and
22% for serotype 14.

In term newborns, concentrations of serotype-specific IgG
antibodies against serotypes 3 and 14 were similar to or higher
than those of the mothers (Table 2); however, the mean per-
centage of transmission of antibodies against serotypes 1, 6B,
and 9V ranged from 77 to 83%. A difference in the transpla-
cental transmission between serotypes 3 and 14 and serotypes
1, 6B, and 9V was also noted in preterm infants (Table 3). The
ratios of transplacental transmission were lower for preterm
newborns than for term newborns for each of the serotypes
studied (Tables 2 and 3). There was a significant correlation
between maternal and infant antibody concentrations for both
term and preterm infants (Tables 2 and 3). There was no
difference between the transplacental transmissions of high
and low maternal antibody concentrations (data not shown).
There was no correlation between serotype-specific antibody
concentrations and IgG1 or IgG2 subclass concentrations in
either the mothers or the newborns or between the ratios of

TABLE 1. Transplacental transmission of IgG1 and IgG2 in preterm and term pregnancies

Concn (mg/dl)

Parameter
Term (n 5 15) Preterm (n 5 18)

IgG1 IgG2 IgG1 IgG2

GMa (CI)
Mothers 758 (640–1,017) 164 (134–236) 751 (650–960) 168 (144–218)
Newborns 852 (764–993) 112 (86–180) 423 (360–594) 83 (74–96)
Ratio 112 (95–145) 68 (56–99) 58 (50–77) 47 (41–62)

r 0.4976 0.6077 0.4224 0.0849
Correlation P value 0.0591 0.0163 0.0912 0.7460

a GM, geometric mean.

FIG. 1. Distribution of concentrations of pneumococcal antibodies against
five serotypes in 33 unimmunized Brazilian women.
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transplacental transmission of specific antibodies and IgG sub-
classes (data not shown).

DISCUSSION

All serotypes included in this study can cause invasive dis-
ease in infants (11, 23, 44, 48). Four of these serotypes are
included in the new experimental conjugate vaccines proposed
for different areas of the world (47). This study was performed
with unimmunized Brazilian women. Immunization with a 23-
valent polysaccharide vaccine is likely to increase serotype-
specific antibody concentrations. Maternal immunization dur-
ing pregnancy was shown to significantly increase the
geometric mean titers against serotypes 6B and 19F in one
study in Bangladesh (45) and to five of six serotypes tested in
The Gambia (38). Since the serotypes tested in these studies
are no more immunogenic than other serotypes included in the
23-valent vaccine, antibody concentrations to other serotypes
are also likely to increase after immunization.

There was a significant correlation between maternal and
newborn antibodies for all serotypes in both term and preterm
pregnancies. The ratios of transplacental transmission, how-
ever, followed two distinct patterns, one similar to the trans-
mission of total IgG1 for serotypes 3 and 14 and another
similar to the transmission of IgG2 for serotypes 1, 6B, and 9V.
In some studies, transplacental transmission of IgG2 has been
found to be less efficient than that of other IgG subclasses (9,
14, 22), probably due to the low binding ability of placental
immunoglobulin receptors for IgG2 (35). Other studies of

transplacental transmission have established low ratios for an-
tibodies to serotype 7F (0.63) (13), for antibodies to native type
III group B streptococcus polysaccharide (5), and for anti-
group A streptococcal polysaccharide antibodies (16). Our re-
sults showing different ratios for serotypes 6B and 14 are in
agreement with those of Anderson et al., who found much
lower transmission ratios for antibodies to serotype 6A (0.54)
than for serotype 14 (0.89) (4). Earlier studies measuring both
IgM and IgG antibodies had shown transmission ratios lower
than 50% for several serotypes (21); however, only IgG anti-
bodies are transmitted transplacentally and measured in cord
blood.

The predominant isotype of pneumococcal IgG antibodies is
IgG2 (7, 33, 34, 46). However, anti-pneumococcal serotype
antibodies have also been found in all other IgG subclasses (6).
The preponderance of IgG2 subclass antibodies may be more
pronounced in older individuals than in children (19, 33) and
may also be more pronounced in the responses to certain
serotypes (19). To what extent immunization may alter the
isotype and therefore the transplacental transmission pattern
for each serotype-specific antibody has yet to be determined.
Conjugate Haemophilus influenzae type b vaccines adminis-
tered during the last trimester of pregnancy resulted in signif-
icantly higher PRP antibodies in infants at birth and at 2
months of age than did polysaccharide vaccine (17), suggesting
that the immunization of women with conjugate pneumococcal
vaccines should be considered in the future.

After transplacental transmission, the half-life of anti-pneu-
mococcal antibodies has been estimated at 35 days (45); the

TABLE 2. Transplacental transmission of pneumococcal serotype antibodies in term newborns

Parameter
Value in serotype:

1 (n 5 15) 3 (n 5 15) 6B (n 5 15) 9V (n 5 15) 14 (n 5 14)

Mothers
GMa (mg/ml) 1.73 0.94 2.09 1.30 3.21
95% CI 1.28–4.14 0.44–2.48 1.63–5.00 0.92–3.44 1.95–6.98

Infants
GM (mg/ml) 1.38 1.03 1.60 0.98 3.09
95% CI 0.87–3.53 0.17–3.25 0.99–4.00 0.63–2.59 2.24–5.76

P valueb 0.0151 0.5995 0.0031 0.0012 0.9515
Ratioc (mean % 6 SD) 83 6 23 116 6 44 79 6 20 77 6 18 99 6 24

a GM, geometric mean.
b P value represents the comparison of maternal and infant antibody concentrations (Wilcoxon signed-rank test).
c There was a high correlation (r $ 0.884; P , 0.0001) between maternal and term-newborn antibody concentrations for the serotypes tested (least-squares linear

regression).

TABLE 3. Transplacental transmission of pneumococcal serotype antibodies in preterm newborns

Parameter
Value in serotype:

1 (n 5 18) 3 (n 5 18) 6B (n 5 18) 9V (n 5 18) 14 (n 5 9)

Mothers
GMa (mg/ml) 1.40 0.98 1.87 1.01 2.34
95% CI 1.18–2.34 0.41–3.55 1.41–3.61 0.84–2.33 0.61–8.02

Infants
GM (mg/ml) 0.70 0.69 0.82 0.52 1.82
95% CI 0.54–1.22 0.35–2.02 0.64–1.53 0.40–1.18 0.78–4.67

P valueb 0.0007 0.4376 0.0007 0.0007 0.0977
Ratio (Mean % 6 SD) 58 6 32 94 6 69 53 6 30 61 6 34 86 6 44
r 0.837 0.551 0.693 0.849 0.963
P valuec ,0.0001 0.0179 0.0014 ,0.0001 ,0.0001

a GM, geometric mean.
b P value represents the comparison of maternal and infant antibody concentrations (Wilcoxon signed-rank test).
c P value for the correlation between maternal and infant antibody concentrations.
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half-life is approximately 30 days after passive administration
of intravenous IgG to patients with antibody deficiency syn-
dromes (43). This half-life may be affected by the IgG subclass
to which the antibodies belong (36).

Transplacental transmission of high maternal antibody con-
centrations may permit the postponement of infant immuniza-
tion, which would allow a maturation of the response to pro-
tein-polysaccharide conjugates, possibly through enhanced
priming for the protein carrier function by diphtheria, pertus-
sis, and tetanus immunization (39). This may be particularly
important for preterm infants, whose response to the first
doses of a conjugate H. influenzae vaccine was found to be
significantly lower than that of older infants (26). The risk of
high concentrations of anti-polysaccharide antibodies interfer-
ing with the response to immunization with conjugate vaccines
is negligible or nonexistent (27, 32).

Antibody concentrations needed for the protection of in-
fants against invasive pneumococcal disease have not yet been
defined with the ELISA employed in our study. Antibody con-
centrations of $200 ng/ml were correlated with protection
against sepsis in adults and with decreased nasopharyngeal
colonization with specific pneumococcal serotypes in children
(29, 30). This antibody concentration is approximately equiv-
alent to a concentration of 1.3 mg/ml measured by the ELISA
(21a). According to our results, few infants born to unimmu-
nized mothers in Brazil would have antibody concentrations
sufficient to offer protection. However, these results will have
to be reinterpreted once a better definition of protective con-
centrations of antibodies against the various S. pneumoniae
serotypes has been formulated.

The evaluation of opsonic activity may also allow the assess-
ment of the protection conferred by transplacentally transmit-
ted antibodies. A correlation between the measurement of
opsonic activity in vitro and protection against infection has
been established for mice (2). In one study of humans, no
correlation was found between opsonization and antibody lev-
els in unimmunized adults. After immunization, most sera had
increased antibody titers and opsonic activity, but a lack of
correlation persisted for individual sera (37). In another study,
IgG2 antibodies correlated better with opsonic activity than
IgG1 antibodies (24). Recently, we have shown that immuni-
zation with a conjugate heptavalent pneumococcal vaccine in-
creases opsonophagocytic activity to some vaccine serotypes
(42). We are now extending these studies of opsonophagocy-
tosis to mothers and infants followed during the first year of
life.

We conclude that a relatively high percentage of this study
population of unimmunized Brazilian mothers have low anti-
body concentrations against several pneumococcal serotypes.
These data are relevant for future strategies for protection
against pneumococcal infections in the first months of life.
Immunization of pregnant women in high-risk groups may
protect both the mother and the infant. Our findings and a
review of existing information stress the importance of future
studies to clarify the relationships among pneumococcal im-
munization, IgG subclass antibodies to individual serotypes,
transplacental transport, half-life, and antibody function and
their protective values against infection.
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