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Abstract
Background—Our understanding of the mother-to-child transfer of serotype-specific
pneumococcal antibodies is limited in non-immunized, HIV-positive women.

Methods—We compared geometric mean antibody concentrations (GMCs), geometric mean
transplacental cord:maternal ratios (GMRs) and proportions of samples with protective antibody
concentration (≥ 0.35 μg/ml) to serotypes 1, 4, 5, 6B, 9V, 14, 18C, 19F, 23F between 74 HIV-
infected and 98 HIV-uninfected mother-infant pairs who had not received pneumococcal
immunization in South Asia. Multivariable analysis was performed to assess the influence of HIV
on protective antibody concentrations.

Results—HIV-infected mothers and their infants exhibited lower GMCs and GMRs than their
uninfected counterparts. This was significant for all serotypes except maternal GMC to serotype 1
and GMR for serotype 6B. In multivariate analysis, HIV was significantly associated with reduced
odds of having protective pneumococcal IgG levels; 56–73% reduction for 3 maternal serotypes
(4, 5, 23F) and 62–90% reduction for all cord samples except serotype 6B.

Conclusions—Maternal HIV infection is associated with lower levels of maternal
pneumococcal antibodies and disproportionately lower cord antibodies, relative to maternal
antibodies, suggesting that HIV infection compromises transplacental transfer. Reassessment of
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maternal and/or infant pneumococcal immunization strategies is needed in HIV-infected women
and their infants.
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pneumococcus; antibodies; serotypes; maternal; cord; transplacental transfer; HIV; India;
Bangladesh

Background
Diseases caused by Streptococcus pneumoniae (Spn), also known as pneumococcus, kill
700,000 to 1 million people annually, and contribute to 11% of all deaths in children under
5. [1] India shoulders the largest number of pneumococcal cases and deaths in children.[1, 2]
Pneumonia, bacteremia, and meningitis are the most common manifestations of invasive
pneumococcal disease (IPD). Spn within the respiratory tract can also cause otitis media,
sinusitis or bronchitis. In non-immunized populations, Spn accounts for approximately 15–
50% of community-acquired pneumonia, 30–50% of acute otitis media, and a significant
proportion of meningitis and bacteremia events globally. Children less than 2 years are at
greatest risk for pneumococcal infection, particularly IPD. [1, 3]

Serotypes represented in current pneumococcal vaccines (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F, and 23F) account for more than 80% of IPD.[4, 5] Serotypes 6B and 14 are
also important in otitis media and nasopharyngeal colonization, respectively. Several factors
are associated with increased risk of pneumococcal infection, including HIV disease,
nasopharyngeal colonization and low anti-capsular specific IgG antibody levels.[6, 7]
Protection of young infants, who are at high risk of pneumococcal disease, depends to a
large extent on Spn IgG antibodies acquired from maternal-fetal transfer. Transfer of these
antibodies occurs late in pregnancy and is generally protective during the first 3–6 months of
life in infants (median antibody half-life is 35 days). [8, 9] The umbilical cord IgG antibody
concentrations are a standard measure of maternally acquired IgG antibodies.

Previous research has shown that HIV is associated with reduced levels of pneumococcal
antibodies in women, but the effect of HIV on transplacental transfer of serotype-specific
antibodies—including whether the amount transferred to the infant is sufficient to protect
against disease—is less clear. Studies from South Africa and Brazil reported decreased
mother-to-infant transfer of total anti-polysaccharide pneumococcal IgG in HIV-infected
versus uninfected women, but did not stratify by serotype. [31, 34] Another study in Brazil
showed decreased transplacental antibody transfer of serotypes 6B, 9V and 14, but did not
examine the impact of maternal HIV infection. [29].

India does not routinely provide pneumococcal vaccination for children or HIV-infected
adults. Therefore, the objectives of our study were to: (1) determine levels of naturally
occurring maternal serotype-specific Spn antibodies in HIV-infected versus HIV-uninfected
pregnant women; (2) determine the degree of transplacental transfer of these antibodies from
mother to infant; and (3) assess if the degree of transplacental antibody transfer should
confer protection to infants against Spn serotypes associated with IPD and pneumococcal
nasopharyngeal colonization. To assess the impact of HIV on transplacental antibody
transfer, we also performed the same measurements in HIV-negative women in neighboring
Bangladesh, for whom data were readily available. Demonstrating low levels of natural
protection against pneumococcus would emphasize the need to develop novel immunization
strategies for HIV-infected mothers and their HIV-exposed newborns to reduce Spn-related
morbidity and mortality in these high-risk populations.
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Methods
Study population

We retrospectively analyzed maternal-cord serum samples from 74 HIV-infected women
who were enrolled into a prevention of mother-to-child HIV transmission trial (SWEN) in
India. The eligibility criteria and parent study methods are described in detail elsewhere.
[10] Pregnant women were at least 18 years of age, HIV-infected and enrolled at Byramjee
Jeejeebhoy Government Medical College (BJGMC), a 1300-bed public hospital in Pune,
India, between August 2002 and September 2007.[10] Samples were tested for Spn IgG
levels as described below. None of the women had received the pneumococcal vaccine, as
per standard of care in India. For the purposes of this analysis, we included the available
subset of maternal serum samples that were collected within 4 weeks (median days since
delivery: 0, IQR 0–1 day). The cord blood sample was collected after early clamping and
cutting of the cord. Serum was separated and stored at −70°C. Socio-demographic and
clinical data from antenatal visits, delivery and infant birth were collected as part of the
SWEN trial. We compared the maternal and cord Spn IgG levels of our subjects to those of
98 HIV-uninfected Bangladeshi mothers and their children who participated in an influenza
vaccine trial, methods of which have been described elsewhere.[11] The Bangladeshi
women were enrolled between August 2004 through May 2005. Those included in this
analysis received the influenza vaccine, but not pneumococcal vaccination. The maternal
serum samples from the Bangladeshi women were collected and stored at the time of
delivery. Cord samples were processed as described above. Based on limited available data,
the serotypes and burden of pneumococcus in the Bangladeshi population is similar to that
of the Indian population [12–15].

Laboratory methods
We performed multiplex bead-based immunoassay (MBIA) tests to measure maternal and
cord geometric mean antibody concentrations (GMCs) and geometric mean ratio (GMR) of
cord: maternal antibody concentrations of Spn IgG specific for serotypes 1, 4, 5, 6B, 9V, 14,
18C, 19F and 23F.[16] A set of standard sera with known Spn IgG concentrations were used
as controls in the assay. The tested serotypes represent 9 of the 13 serotypes included in the
new conjugate pneumococcal vaccines that were developed for children below 3 years of
age and for which our laboratory had assays readily available. These serotypes also
represent 6 of the 7 most common serotypes globally among children under 5.[17] The
World Health Organization (WHO) proposes a cutoff of 0.35 μg/ml as the minimum
antibody concentration conferring protection against IPD caused by any serotype.[18, 19]
Other guidance suggests using a cutoff of 5.0 μg/ml for serotype 14, as this is the minimum
antibody concentration conferring protection against pneumococcal nasopharyngeal
colonization.[20, 21]

Statistical Analysis
Characteristics of mother-infant pairs were compared using Wilcoxon rank-sum test for
skewed continuous data, and Pearson's chi-square test and Fisher's exact test for
dichotomous data as appropriate. For each serotype, GMCs and GMRs were first log-
transformed and then were compared using student's t-test. Proportions of maternal and cord
samples with antibody levels above the proposed cutoff for protection against IPD (≥0.35
μg/ml) were compared by Chi-squared test. Six cord samples (2 HIV-infected, 4 HIV-
uninfected) had undetectable levels of IgG in the assay and were assigned zero values.
Multivariate logistic regression models were fit to assess the influence of maternal HIV
infection on the odds of having Spn IgG level ≥0.35 μg/ml for each serotype among mothers
and infants. Maternal models were adjusted for maternal age, and education greater than
primary education. Infant models were adjusted for maternal age and gravidity, infant Apgar
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score ≥ 7 and birth weight (Kg). Among HIV-infected mother-infant pairs, clinical factors
that could impact differences in serotype-specific antibody GMCs and mean GMRs were
explored by using log-transformed data and student's t-test. Factors assessed included
maternal HIV-1 quantitative RNA viral load level (VL) and CD4 cell count closest to
delivery, infant birth weight< 2500 grams (LBW), and HIV-infection status at birth.
Maternal HIV RNA VL and CD4 cell count were dichotomized close to median values at
20,000 copies/ml and 350 cells/mm3, respectively. All statistical tests were two-tailed and
significance level was set 0.05.

Results
Study population characteristics

Seventy-four HIV-infected mother-infant pairs and 98 HIV-uninfected mother-infant pairs
were included. Among the HIV-infected pregnant women, 7 (9.4%) were taking ART. The
median CD4 cell count was 365 cells/mm3, the median HIV VL at delivery was 20,285
copies/ml, and 10 (13.5%) infants were HIV-infected at birth. Compared with HIV-
uninfected women, HIV-infected women were younger (median age 22 years vs 24.5 years,
p<0.01), less educated (60.8% vs 95.9% received more than four years of education,
p<0.01), and were less urban (91% vs 100%, p=0.002), but otherwise did not differ
significantly. Compared with infants born to HIV-uninfected women, a higher proportion of
infants born to HIV-infected women had low Apgar scores (< 7) at one minute postpartum
(53.1% vs 9.3%, p<0.01) and had low birth weight (<2500 grams) (17.6% vs 1.0%, p<0.01)
(Table 1).

Spn IgG geometric mean concentrations (GMC) and transplacental transfer (GMR) by
serotype and by HIV status

All HIV-infected maternal GMCs1 except for serotype 1 were significantly lower than those
of HIV-uninfected women.(Figure 1a) Even for serotype 1, HIV-infected samples were still
lower than HIV-uninfected, but not significantly so (0.17 μg/ml in HIV-infected vs. 0.21 μg/
ml in HIV-uninfected, p=0.40). Similarly, among HIV-exposed infants, all cord GMCs were
significantly lower than their unexposed counterparts.(Figure 1b). GMRs were significantly
lower among HIV-infected pairs (range 0.37–0.55) than HIV-uninfected pairs (range 0.66–
0.79). This was statistically significant for all serotypes except serotype 6B (p=0.14). The
percent reduction in GMRs between HIV-infected and uninfected pairs ranged from 23% to
48% (Figure 1c).

Samples reaching protective levels of Spn IgG
The proportions of samples that had the minimum Spn IgG for IPD protection varied by
serotype and by maternal HIV status. In all mother-infant pairs, the highest proportion above
0.35 μg/ml was for serotype 14 (HIV: 85.1% maternal, 81.1% cord; HIV-uninfected: 93.9%
maternal, 91.8% cord). But HIV-infected mother-infant pairs had the lowest percent
protection for serotype 4 (20.3% maternal, 9.5% cord), while HIV-uninfected pairs had the
lowest percent protected against serotype 1 (34.7% maternal, 31.6% cord). (Figure 2) The
proportion of maternal and cord samples with Spn IgG ≥ 0.35 μg/ml was significantly lower
among HIV-infected mother-infant pairs than HIV-uninfected pairs for all serotypes, except
for serotypes 1, 6B and 14 among maternal samples.

The proportion of samples with antibody concentration to serotype 14 ≥ 5.0 μg/ml, the
threshold for reduced risk of pneumococcal nasopharyngeal carriage, also differed by

1One maternal-cord pair did not have serotypes 1, 5, 18C and 23F tested.
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maternal HIV status. HIV-infected maternal samples had lower protective levels than HIV-
uninfected (35.1% vs 49.0%, p=0.07) and, similarly, antibody levels in HIV-infected cord
samples were significantly lower than HIV-uninfected (21.6% vs 40.8%, p<0.01)

Unadjusted and adjusted analyses assessing influence of HIV on maternal and cord Spn
IgG

In unadjusted logistic regression, HIV was significantly associated with reduced odds (OR
0.51–0.72) of having a maternal Spn IgG >= 0.35 μg/ml for six of nine serotypes (4, 5, 9V,
18C, 19F, 23F). HIV was also significantly associated with reduced odds (OR 0.49–0.86) of
having a cord Spn IgG ≥ 0.35 μg/ml for all nine serotypes. After adjusting for maternal age
and maternal education for maternal models and maternal age, gravidity, Apgar score at 1
minute and infant birth weight for cord models, HIV infection remained significantly
associated with reduced odds of having protective levels (> 0.35 μg/ml) of IgG for 3
maternal serotypes (4, 5, 23F) (OR 0.56–0.73) and 8 cord serotypes (all except 6B) (OR
0.62–0.90). (Table 2)

Among HIV-infected mother-infant pairs, serotype-specific GMCs and GMRs did not differ
significantly by maternal CD4 cell count or HIV-1 RNA VL, or infant factors such as LBW,
or HIV infection at birth (data not shown). We observed lower GMRs across all serotypes
among infants with LBW, although none reached statistical significance at the p < 0.05 level
(data not shown).

Discussion
We found substantially lower levels of maternal, cord and transplacental transfer of
pneumococcal capsular antibodies in the HIV-infected pregnant Indian cohort than in the
uninfected Bangladeshi women. Furthermore, HIV-exposed infants were more likely to have
antibody levels below the cutoff of protection against all serotypes associated with IPD and
nasopharyngeal colonization. To our knowledge, these are the first data that specifically
address the impact of HIV on transplacental transfer of pneumococcal antibodies by
serotype. These are also the first data of its kind from India, a country with one of the
highest burdens of pneumococcal disease in children under 5 years of age [1] and the third
highest absolute burden of HIV globally. [21] Unimmunized HIV-infected Indian women
and their infants remain at high risk for pneumococcal disease.

HIV, alone, is associated with increased risk of pneumococcal disease. Compared to HIV-
uninfected adults and children, HIV-infected adults have a 6- to 324-fold increased risk of
disease and HIV-infected children have a 9- to 43-fold increase, respectively.[22] HIV
infection is also associated with increased risk of repeated episodes of pneumococcal
disease. Our finding that HIV infection is associated with lower maternal and cord Spn IgG
antibody concentrations supports this phenomenon. Using the WHO recommended 0.35μg/
ml cutoff value against IPD, we found that HIV infection reduces the odds of having
protective maternal and cord pneumococcal antibody levels by more than 50%. As HIV can
impact the functional quality of antibody transferred [23], the percent of HIV-exposed
infants with protective levels of antibody in our study may still be an overestimate.

Our data showing transplacental transfer of Spn IgG antibodies from 66% to 79% in
Bangladeshi HIV-uninfected non-immunized women is in line with previous studies, which
have found effective transplacental passage of maternal IgG antibodies of up to 85%.[9, 24,
25] In our HIV-infected mother-infant pairs, on the other hand, the transfer rate was only
37% to 55%. Studies in HIV-infected mothers from South Africa and Brazil reported a
respective 15% and 76% reduction in total anti-polysaccharide pneumococcal IgG. [26, 27]
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Other studies in Brazil and Sub-Saharan Africa have reported similar findings for reduced
transfer of measles and tetanus antibodies in HIV-infected women as well. [26–32]

Transplacental transfer of IgG antibodies is an active process mediated by Fc receptors.
Several factors likely influence the process. Maternal hypergammaglobulinemia, for
example, is commonly observed among HIV-infected individuals and can saturate the Fc
receptor, impairing active transfer of IgG [33] High HIV VL has also been associated with
reduced transfer.[ 28,34–35] Our data did not suggest any clear association between the
degree of transplacental transfer of antibody and maternal HIV VL or other maternal factors
such as CD4 cell count, though this study was likely underpowered to detect any such
associations. There was a suggestion that LBW infants had lower Spn IgG GMRs, but this
finding did not reach statistical significance. It is unclear if the association was with HIV or
with LBW itself, because 13 of the 14 LBW infants were born to HIV-infected mothers.
Delivery by C-section may decrease antibody transfer [36–37], though the role of delivery
type in antibody transfer is debated [38–39]. In our study, HIV-uninfected mothers had a
higher rate of C-sections and their infants had significantly higher levels of antibody than
HIV-exposed infants. If C-sections do in fact lower antibody transfer, our results would only
further emphasize the negative impact of maternal HIV on infant antibody levels.

In addition to protection against invasive pneumococcal disease, we also studied protective
serum Spn IgG levels against nasopharyngeal carriage. Concentration of Spn IgG to
serotype 14 ≥5μg/ml is associated with protection against nasopharyngeal carriage [20].
Though this cutoff has not been validated clinically, nasopharyngeal carriage is an
immediate and necessary precursor to pneumococcal disease. [40–41] Serotype 14 accounts
for 19–24% of global burden of invasive pneumococcal disease among children under 5
[17], but only 21.6% of HIV-exposed infants in our study achieved protective levels to
serotype 14 for nasopharyngeal carriage. This suggests a significant risk for serious
pneumococcal disease in this population.

Due to the small number of samples, we did not have adequate sample size to determine
other sociodemographic and clinical factors associated with low Spn IgG antibody levels.
We did not, for example, assess for gamma globulin levels and malnutrition. Another
limitation is that Bangladeshi women did not undergo HIV testing. In Bangladesh, however,
the prevalence of HIV is <0.1% [42], making it very unlikely that more than one woman in
the HIV-uninfected cohort was misclassified. Finally we were unable address the
relationship between low antibody levels and development of pneumococcal disease.
Despite these limitations, however, the results demonstrate inadequate natural immunity in
both HIV-infected mothers and their infants.

India is estimated to account for a significant proportion of global pneumococcal cases and
HIV-infected persons are at especially high risk for IPD and other manifestations of
pneumococcal disease. Pneumococcal vaccination is recommended for HIV-infected
persons in the US and Europe but has not been convincingly shown to be advantageous in
resource-constrained settings. [43] Pneumococcal vaccination is likely safe during
pregnancy [44], but an increase in maternal antibodies may impair the infant's response to
the pneumococcal vaccine in the future [45]. The NIH-funded IMPAACT P1091 study is
currently studying the safety and immunogenicity of the conjugated versus polysaccharide
pneumococcal vaccine among HIV-infected pregnant women and their infants in an
international setting, including assessment of transplacental transfer of Spn anti-capsular
IgG antibodies. An alternative strategy is neonatal vaccination. HIV-exposed infants had
robust responses to pneumococcal vaccination at 6 weeks. [23, 26] Vaccine administration
may also be effective at birth but this would have to be weighed against potential decreased
responses to other vaccinations, including tetanus and Haemophilus influenzae b [46]. These
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preliminary data from South Asia, where 27% of all births take place [47] and 16% of all
HIV-infected people live [48], should encourage others to evaluate the use of pneumococcal
and other vaccines to protect HIV-infected mothers and their children.
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Highlights

We compared maternal and cord pneumococcal antibodies by HIV status in South
Asia.

HIV-infected mothers had >50% reduction in anti-pneumococcal antibodies.

HIV significantly decreased transfer of antibodies from mother to infant.

HIV-exposed infants were less likely to have protective antibody levels.
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Figure 1a–c.
Comparisons of Maternal and Cord Pneumococcal Antibody Geometric Mean
Concentrations (GMC) and Transplacental Antibody Transfer (GMR) between HIV-infected
and HIV-uninfected Mother-Infant Pairs
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Figure 2.
Percentage of Maternal and Cord Samples with Protective Level of Pneumococcal Capsular
Antibody (≥ 0.35 μg/ml)
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Table 1

Characteristics of the HIV-infected and HIV-uninfected mother-infant pairs

Characteristics HIV-infected (N=74) HIV-uninfected (N=98) p-value

Median maternal age (IQR) 22 (21 – 26) 24.5 (22 – 28) <0.01

Urban residence 67 (91%) 98 (100%) 0.002

Maternal education (> primary education)
a 45 (62.5%) 94 (95.9%) <0.01

Primigravida 31 (41.9%) 42 (42.9%) 0.89

Taking ART 7 (9.4%) NA -

Median maternal CD4 cells/mm3 (IQR) 365 (253 – 496) NA -

Median maternal HIV viral load, RNA copies/ml (IQR) 20,285 (1,727 – 50,344) NA -

Vaginal delivery 58 (78.4%) 58 (59.1%) 0.008

Preterm (GA<37 weeks) 3 (4.1%) 2 (2.0%) 0.65

Low birth weight <2500 grams 13 (17.6%) 1 (1.0%) < 0.01

Female infant 40 (54.1%) 44 (44.9%) 0.23

Apgar score at 1minute >7 35 (47.9%) 88 (90.7%) <0.01

HIV infected at birth
b 10 (13.5%) NA -

Abbreviations: IQR, inter-quartile range; ART: Antiretroviral therapy; GA: gestational age.

a
> 4 years of education

b
DNA PCR+ at 48 hours, confirmed by quantitative HIV RNA assay using standard methods
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Table 2

Association between HIV infection and protective levels of pneumococcal capsular IgG antibodies (≥ 0.35 μg/
mL) by serotype.

Serotype Maternal Samples Cord Samples

OR (95%CI) aOR (95% CI)
a OR (95%CI) aOR (95% CI)

b

1 0.98 (0.52–1.86) 0.84 (0.40–1.74) 0.34 (0.16–0.76)* 0.20 (0.07–0.56)*

4 0.30 (0.15–0.60)* 0.28 (0.12–0.63)* 0.18 (0.07–0.43)* 0.10 (0.03–0.33)*

5 0.40 (0.22–0.75)* 0.44 (0.22–0.90)* 0.14 (0.07–0.29)* 0.13 (0.05–0.34)*

6B 0.68 (0.37–1.25) 0.81 (0.41–1.63) 0.51 (0.27–0.95)* 0.61 (0.26–1.40)

9V 0.46 (0.25–0.85)* 0.53 (0.26–1.05) 0.31 (0.16–0.59)* 0.38 (0.16–0.87)*

14 0.37 (0.13–1.06) 0.33 (0.11–1.02) 0.38 (0.15–0.96)* 0.26 (0.07–0.93)*

18C 0.49 (0.26–0.93)* 0.59 (0.28–1.22) 0.25 (0.13–0.48)* 0.28 (0.12–0.64)*

19F 0.43 (0.20–0.90)* 0.45 (0.19–1.02) 0.20 (0.10–0.38)* 0.12 (0.05–0.32)*

23F 0.28 (0.15–0.53)* 0.27 (0.13–0.57)* 0.19 (0.09–0.36)* 0.15 (0.06–0.39)*

OR: odds ratio; CI: confidence interval; aOR: adjusted odds ratio

a
adjusted for maternal age and maternal education (> primary education)

b
adjusted for maternal age, maternal gravidity, normal Apgar score at 1 minute postpartum (≥ 7) and infant birth weight (Kg)

*
indicates significantly reduced odds of having protective pneumococcal capsular IgG antibody level ≥ 0.35 μg/ml
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