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Abstract

Background—Pneumococcal infections are a significant cause of morbidity and mortality, and

young infants are particularly vulnerable to infection. Maternal immunization can protect infants,

but there are limited data on the duration of pneumococcal vaccine antibody in pregnant women.

We report on maternal antibody concentrations one year after immunization with 23-valent

pneumococcal polysaccharide (23vPPS) vaccine.

Method—The Mother's Gift study randomly assigned 340 pregnant Bangladeshi mothers

between ages 18 and 36 to receive either inactivated influenza vaccine (Fluarix®) or the 23vPPS

vaccine (Pneumovax®) during the third trimester. Sera were collected before immunization, at

delivery, and at one year post-delivery. We determined anti-capsular IgG antibody to 9

pneumococcal serotypes by a multiplex Luminex ELISA. We report antibody geometric mean

concentrations (GMCs) for 9 serotypes, 12 month/delivery geometric mean ratios (GMRs) and

proportions seroprotected (>0.35 mcg/mL) in 23vPPS vaccine recipients and controls at delivery

and at 12 months.

Results—Among pneumococcal vaccinees, GMCs remained stable, with an overall 12 month/

delivery GMR of 0.83 (95% CI, 0.75–0.92). In the control group, GMCs increased with a mean

ratio of 1.98 (95% CI, 1.81–2.17; P < 0.0001). GMCs in these vaccinees did not decline

significantly in the 12 months after antenatal immunization.
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Conclusion—GMCs in these adult vaccinees and controls did not decline significantly in the 12

months after antenatal immunization. Interestingly, mothers who did not receive 23vPPS in

pregnancy show a substantial increase of GMC for most serotypes in the first year after

immunization. Further studies are needed to determine the need for repeat doses of 23vPPS

vaccine in subsequent pregnancies more than a year later.
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1. Background

Streptococcus pneumoniae remains an important cause of pneumonia, meningitis, and

bacteremia, especially in resource-limited countries. The World Health Organization

estimates an annual mortality secondary to pneumococcal disease of 1.6 million people, and

children less than two years of age and elderly people carry the major burden of disease [1].

Rates of pneumococcal disease are particularly high in young infants. Some regions

demonstrate invasive pneumococcal incidence rates of up to 363 cases per 100,000 children

2–5 months of age [2]. In Burkina Faso and Togo, 35% of acute bacterial meningitis cases in

infants less than one year of age were due to S. pneumoniae [3]. Similar proportions of

pneumococcal meningitis cases affect infants in East Africa and Mozambique [4].

Unfortunately, although pneumococcal disease is frequent in this young age group, a recent

report of vaccine trials of conjugate pneumococcal vaccine given in infancy show that there

is no reduction of pneumococcal disease in vaccinees before six months of age [2]. The

strategy of maternal antepartum immunization has been suggested as an approach to protect

young infants from pneumococcal disease, similar to the strategy of maternal antepartum

tetanus immunization to prevent tetanus in the new-born and young infant, followed by

active immunization of the infant [5].

Maternal immunization can protect young infants against tetanus and influenza [6], but there

are limited data on pneumococcal immunization in pregnant women. A few studies have

demonstrated that maternal immunization with pneumococcal vaccine can provide increased

infant antibody concentrations and decreased nasophargyngeal colonization of infants

[5,7,8], though a study from Brazil did not demonstrate a decrease in infant colonization

with pneumococcus after maternal immunization [9]. Maternal immunization with the

polysaccharide pneumococcal vaccine increases pneumococcal antibody concentrations in

breast milk [5,10], but there are limited data on duration of elevated maternal pneumococcal

serum antibody levels in vaccinated pregnant women. It is not clear if pneumococcal

immunization is needed with each pregnancy to assure that antibodies are transferred to the

neonate. This would be important information to have, because pneumococcal immunization

could be added to routine antepartum tetanus toxoid programs. Santosham et al. reported

that women immunized before pregnancy did not have significantly elevated concentrations

of pneumococcal antibody at delivery, and their infants had pneumococcal antibody

concentrations similar to those of infants born to unimmunized mothers [11]. We

investigated maternal pneumococcal antibody concentrations for 12 months after delivery

among Asian women immunized with 23vPPS vaccine during the third trimester, in order to
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define the duration of likely passive protection in young infants and need for re-vaccination

of mothers.

2. Methods

2.1. Study design

We conducted a prospective, individually randomized, double-blinded, parallel group trial to

assess antibody concentrations in South Asian women who were vaccinated with either

23vPPS vaccine or inactivated trivalent influenza vaccine (control) during the third trimester

and were followed for one year after delivery. Detailed clinical methods and statistical

analyses for the trial have been described [6]. The current analysis reports the levels of anti-

capsular IgG antibodies to 9 pneumococcal serotypes.

This study was conducted using sera obtained from pregnant women in the Mother's Gift

study (ClinicalTrials.gov number, NCT00142389) [6]. Briefly, we recruited mothers at three

clinics in Dhaka, Bangladesh, during the third trimester of pregnancy. After obtaining

written informed consent, we randomly assigned 340 pregnant women aged 18–36 to

receive either 23vPPS or influenza vaccine (control) during the third trimester of pregnancy.

The randomization sequence was computer-generated, stratified according to clinic, and

blocked in groups of four; sequentially numbered opaque envelopes with data regarding

assignments to study groups were provided to each clinic. Mothers, families, and study staff

who collected data were unaware of the study-group assignments. Blood was collected from

mothers before immunization, at delivery, and at approximately one year post delivery.

The project protocol was reviewed and approved by the institutional review boards at the

International Centre for Diarrheal Disease Research, Bangladesh, and the Bloomberg School

of Public Health at Johns Hopkins University, Baltimore. Use of study vaccines was

approved by the Directorate of Drug Administration, the Government of the People's

Republic of Bangladesh.

2.2. Study vaccines

Mothers were randomly assigned to receive one dose of the 23-valent polysaccharide

pneumococcal vaccine, Pneumovax® (lot number, 0987N; Merck & Co., Inc.) or the

inactivated influenza virus vaccine, Fluarix® (lot number, AFLUA004BC;

GlaxoSmithKline Biologicals). Fluarix® contained the WHO-recommended influenza

antigens for the southern hemisphere: A/New Caledonia (H1N1), A/Fujian (H3N2), and B/

Hong Kong. All study vaccines were purchased from the manufacturers. The Pneumovax®

was given subcutaneously with a 0.5 cm insulin needle, while the Fluarix® was given

intramuscularly with a 1.5 cm needle. All women received tetanus toxoid vaccines at the

time of vaccine administration. There were no cold chain or storage effects, as all vaccines

were stored and administered in the clinic. All vaccine recipients were healthy, pregnant

Bangladeshi women with no underlying diseases and no history of drug or tobacco use.
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2.3. Antibody assay

Blood samples were collected by venipuncture from all participants at birth, and at one year

post delivery. Anti-capsular IgG antibodies to 9 of the 23 serotypes were determined by a

multiplex Luminex enzyme-linked immunosorbent assay (ELISA) [12].

2.4. Statistical analysis

We calculated geometric mean concentrations (GMC) and geometric mean ratios (GMR) for

sixty 23vPPS recipients and sixty controls (influenza vaccine recipients) for 9 selected

serotypes. As a way of summarizing change in antibody concentrations over time, GMRs

represent the ratio of GMCs of antibodies at delivery to GMCs 12 months after delivery. For

a comparison of pneumococcal vaccinees and controls, we used the Student's t test to

compare the antibody GMC and the 12 month/delivery GMR. We also compared the

proportions of pneumococcal vaccinees and controls with antibody levels ≥0.35 mcg/mL,

which may correlate with protection against pneumococcal disease [13], for each serotype at

delivery and 12 months post-partum using two-sided chi-square and Fisher's exact tests.

3. Results

3.1. Antibody concentrations

Antibody concentrations before immunization were similar among both groups (P ≥ 0.4) but

significantly different at delivery (P < 0.0001) and at 12 months post-delivery (P ≤ 0.0013).

Among pneumococcal vaccinees, there was an overall slight decrease in antibody

concentrations between delivery and 12 months postpartum. Antibody concentrations

against serotypes 1 and 5 increased between delivery and 12 months (Fig. 1) with GMRs of

1.32 and 1.09, respectively. Antibodies to the other seven serotypes decreased during the

one-year time period with a mean 12-month to delivery GMR for all 9 serotypes of 0.83

(95% CI, 0.75–0.92). Among the mothers who did not receive pneumococcal vaccine,

GMCs for all serotypes doubled (Fig. 1), with a mean 12-month to delivery GMR of 1.98 (P

< 0.0001 compared to pneumococcal vaccine group; 95% CI, 1.81–2.17). The rises in

antibody levels in the control group were statistically significant (P < 0.05) for all serotypes

(Table 1).

3.2. Seroprotective titers

The proportion of subjects at one year with seroprotective titers >0.35 mcg/mL for

individual serotypes ranged from 85 to 100% for the vaccinated mothers and from 53 to

100% for the control mothers (Table 1). The percentage of mothers in the control group with

antibody levels above the 0.35 mcg/mL threshold increased during the 12 month postpartum

period. Percentage increase from delivery to 12 months post-delivery ranged from 3.4% to

83.3% for individual serotypes.

4. Discussion

Our study examined maternal pneumococcal antibody concentrations during the postpartum

year after immunization of pregnant Asian women with either 23vPPS vaccine or influenza

vaccine. To our knowledge, this is the first report of pneumococcal immunization in

Schlaudecker et al. Page 4

Vaccine. Author manuscript; available in PMC 2014 August 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



pregnant women with follow-up of vaccine recipients more than 12 months after

immunization. Antibody concentrations in vaccinees did not decline substantially during the

12 months after antenatal immunization, in contrast to previous studies that demonstrated a

significant decline in post-immunization anti-pneumococcal antibodies in adults over one to

two years [11,14]. Musher et al. demonstrated a post-immunization decline of anti-

pneumococcal antibody responses in adults greater than 50 years of age [14]. Primary

immunization or re-immunization of the adult subjects with 23vPPS resulted in significant

increases in IgG to all serotypes peaking at 30–60 days after immunization and declining

over the next one to two years. However, the durability of antibody responses in later years

of life may not apply to young adult women.

Santosham, et al. vaccinated non-pregnant, healthy women 18–40 years of age from the Gila

River Indian Community in Arizona in a study of antibody persistence following

pneumococcal polysaccharide or Haemophilus influenzae type b (Hib) immunization [11].

Women were vaccinated prior to pregnancy and followed through pregnancy for a total

observation period of 37 months from the time of immunization. Post-immunization

pneumococcal antibodies declined 30–60% in pregnant women and their infants. Infants

born to women immunized pre-partum with pneumococcal vaccine had pneumococcal

antibody concentrations similar to those of infants born to unimmunized mothers.

Interestingly, in the current study, women who did not receive 23vPPS during pregnancy

showed a substantial increase of GMC for most serotypes in the first year after

immunization. This suggests that natural exposure to their infants colonized with

pneumococcus stimulates maternal antibody production. However, infants in the Mother's

Gift study were randomized to receive either pneumococcal conjugate vaccine or

Haemophilus influenzae type b (Hib) conjugate vaccine, potentially altering the acquisition

of vaccine serotypes in mothers. Similar maternal antibody findings were demonstrated by

Goldblatt et al. in the United Kingdom [15]; these family studies showed substantial

increases in maternal antibody levels in association with infant colonization. In 121 families

participating in the study, 3767 nasopharyngeal swabs were collected, revealing 932 (25%)

culture-positive for S. pneumoniae in all family members. Mean carriage was highest (52%)

in children 0–2 years of age, and documented carriage of a particular serotype in any one

family member resulted in a significant increase in the antibody concentration for that

serotype in adults living in the same household.

Our study had several potential limitations. Data from this South Asian setting may have

limited generalizability, as S.pneumoniae appears to colonize infants at much earlier ages in

low-resource environments [2,3]. The high prevalence of maternal and infant maternal nasal

colonization may affect serum antibody concentrations. We are currently awaiting further

analysis of maternal and infant nasal colonization data from the Mother's Gift study to

evaluate nasal pneumococcal colonization rates in this tropical setting.

Maternal immunization with 23vPPS increases anti-pneumococcal antibody concentrations,

and while the maternal antibody concentrations decline slightly, they tend to be maintained

above putative protective antibody thresholds for at least one year. The overall concentration

of antibodies in the pneumococcal immunization group was higher than that in controls
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throughout the study period. These data of sustained presence of maternal serum anti-

pneumococcal antibodies for at least one year in both vaccination groups suggest that further

studies are needed to determine the need for repeat doses of 23vPPS vaccine in subsequent

pregnancies more than a year later. Because hyporesponsiveness to previous polysaccharide

vaccine has been reported after repeat immunization of adults, additional data are needed to

determine the optimal interval for maternal antenatal immunization. We have undertaken an

evaluation of an additional 23vPPS dose several years after the antenatal dose.
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Fig. 1.
Geometric mean concentrations in pneumococcal vaccinees and controls (influenza

vaccinees) at delivery vs. 12 months post-delivery. Abbreviations: 23vPPS, 23-valent

pneumococcal polysaccharide.
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Table 1

12 Month/delivery geometric mean ratios of antibody titers and seroprotection at delivery vs. 12 months post-

delivery by pneumococcal serotype.

Percent of mothers with titers >0.35 mcg/mL

12 month/delivery geometric mean ratios Delivery 12 months post-delivery

Serotype 23vPPS vaccinees Controls P value 23vPPS Control P value 23vPPS Control P value

4 0.67 1.76 0.0003 86.4 30.0 <0.0001 88.3 55.0 <0.0001

6B 0.80 2.16 <0.0001 91.5 61.7 0.0001 95.0 90.0 0.2985

9V 0.77 1.80 <0.0001 96.6 71.7 0.0002 96.7 93.3 0.4022

14 0.72 1.74 <0.0001 93.2 66.7 0.0003 90.0 85.0 0.4076

19F 0.58 1.44 0.0001 91.7 40.0 <0.0001 85.0 53.3 0.0002

18C 0.93 2.18 <0.0001 88.3 51.7 <0.0001 86.7 73.3 0.0679

23F 0.82 2.28 <0.0001 90.0 65.0 0.001 95.0 78.3 0.0072

1 1.32 2.25 0.0162 100.0 96.7 0.1538 100.0 100.0 N/A

5 1.10 2.47 <0.0001 100.0 85.0 0.0018 98.3 95.0 0.3091

Mean GMR 0.83 1.98 <0.0001

Abbreviations: 23vPPS, 23-valent pneumococcal polysaccharide; GMR, geometric mean ratio.
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