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SUMMARY

Background: Pneumococcal vaccines are administered to pregnant women with HIV without
recognizing the effect on the immunogenicity of PCV in their infants.

Methods: The immunogenicity of two doses of PCV-10 was compared in HIV-exposed uninfected
infants (HEU) born to mothers randomized 1:1:1 to receive PCV-10, PPV-23 or placebo during
pregnancy (NCT02717494). The primary outcomes in this report were infant antibody levels against
seven serotypes common to PCV-10 and PPV-23 and seroprotection (antibodies =0.35ug/ml) after
vaccination. Exploratory objectives included B and T cell memory responses and the effect of infant
inflammation on antibody responses to PCV-10.

Findings: After the last dose of PCV-10, infants in the maternal PCV-10 group had significantly lower

antibody levels against five serotypes compared to infants in the maternal PPV-23 group; against two
serotypes compared to the maternal placebo group; and did not have higher antibody levels against
any serotypes. Antibody levels were similar in infants in the maternal PPV-23 and placebo groups.
The rate of seroprotection against all seven serotypes was 50% in infants in the maternal PCV-10
compared to 71% in each of the maternal PPV-23 and placebo groups (p<0.0001). Increased
inflammation in infants was associated with decreased antibody responses.

Interpretation: Antibody responses to PCV-10 in HEU and seroprotection decreased with maternal
administration of PCV-10 during pregnancy and infant inflammation. Administration of PPV-23 during

pregnancy did not affect the immunogenicity of PCV-10 in HEU, indicating that PPV-23 is preferrable
over PCV-10 in pregnancy.

Funding: Eunice Kennedy Shriver National Institute of Child Health & Human Development.



INTRODUCTION

Despite successful use of pneumococcal conjugate vaccines in children, Streptococcus
pneumoniae still represents the leading cause of lower respiratory tract infection morbidity and
mortality globally and mainly in less than one-year-old children living in underprivileged
populations.! Infants born to mothers with HIV, even when they escape infection by this virus, are
especially vulnerable to respiratory and other infections 2 due to multiple factors such as low levels
of protective antibodies acquired transplacentally from their mothers °, lack of breastfeeding in some
areas, intrauterine exposure to HIV and antiretrovirals,® increased inflammation,” and decreased
immune responses to natural infection and/or vaccines.2® Maternal immunization is part of the
global efforts to reduce neonatal and young infant infectious morbidity and mortality through
increasing pathogen-specific passive immunity in the infant before protection can be acquired

through infant immunization.

Before our study, several trials evaluated the 23-valent pneumococcal (PNC) polysaccharide
vaccine (PPV-23) and a single study 9-valent PNC conjugate vaccine (PCV-9) in healthy pregnant
women.'° Both vaccines were considered safe and immunogenic, although a definitive role in
preventing infant infection was not confirmed.'* In mothers living with HIV, a single PPV-23 trial
was conducted before our study, which showed poor immunogenicity and transplacental transport
of maternal antibodies.'? Importantly, the study was performed before universal use of highly
effective antiretroviral therapy (ART) in pregnancy. We conducted a randomized study of PCV-10,
PPV-23 and placebo administered to pregnant women with HIV on ART, in which we assessed
differences in transplacental transport of maternal antibodies associated with vaccination.* We
found that infants born to immunized mothers had significantly higher proportions of seroprotective
antibody levels against maternal vaccine serotypes than those born to placebo-recipients at birth

and eight weeks of life, but no differences between PPV-23 and PCV-10 cohorts.

Although generally protective, maternally-acquired antibodies interfere with infant responses to
childhood vaccine, particularly if the maternal antibodies are directed against epitopes in childhood
vaccines.'* The blunting of infant antibody production after vaccination has been ascribed to
negative maternal antibody interference based on the association of higher concentration of

maternally-derived antibodies at birth with lower antibody concentrations after infant vaccination.>1¢

In this study we assessed the potential interference of maternal PNC antibodies with vaccine-
related anti-capsular antibody responses in HIV-exposed uninfected infants (HEU) whose mothers
received PCV-10, PPV-23 or placebo during pregnancy. In an exploratory analysis, we evaluated

the effect of inflammatory markers on infant antibody responses to PCV-10 and compared the B-



and T- cell responses in infants born to mothers who received PCV-10, PPV-23 or placebo during

pregnancy.
Participants and Methods

Study design: This study addressed secondary objectives of a double-blind, placebo-controlled,
randomized trial of the safety, immunogenicity and transplacental transport of maternal antibodies
after PNC vaccination of pregnant women with HIV (NCT02717494). In the parent study, 346
women with HIV received PCV-10, PPV-23 or placebo after being randomized at a 1:1:1 ratio
between 214 and <34 weeks gestational age. The results of the primary objectives, including

maternal antibody levels in infants up to 8 weeks of life were published elsewhere.'3

The outcomes of the current study were the comparison of immune responses to the standard of
care administration of two doses of PCV-10 in infants exposed to the three maternal immunization
regimens. The study was conducted at eight NICHD clinical trial sites in Brazil under approval of

national and local regulatory review boards.

All liveborn infants were eligible to the study. They had interval histories, physical exams including
anthropometric data, and diagnoses at birth, 8 weeks of life (< 7 days before the 1% dose of PCV-
10), 16 weeks of life (< 7 days before the 2nd dose of PCV-10), and 24 weeks of life (28 to 117 days
after the 2nd dose of PCV-10

Infant blood obtained at 0, 8, 16 and 24 weeks of life was used for anti-PNC antibody quantification.
Nasopharyngeal swabs collected in skim milk-tryptone-glucose-glycerin (STGG) broth at 8 weeks
and 16 weeks of life in infants were used to measure PNC colonization. Plasma and cryopreserved

PBMC were obtained at birth and 24 weeks of life for immunologic assays.

Antibody measurements. Serum antibodies for serotypes 4, 7F, 23F (common to both vaccines) and

33F (PPV-23 only) were measured at the WHO reference laboratory at the University College of
London by previously described enzyme-linked immunosorbent assay (ELISA) .2” Antibodies for
serotypes 1, 5, 6B and 14 (common to both vaccines) were measured at the University of Colorado
Denver Anschutz Medical Campus using a chemiluminescent multiplex assay
(MesoScaleDiscovery) as previously described .*® Seroprotection against IPD was defined by

antibody concentrations 20.35 pg/ml.

PNC colonization. STGG was used for PNC isolation. Serotypes were determined by Quellung

reaction using serotype-specific antisera (Serum Statens Institute) on pure isolate cultures.®



B and T cell testing

B- and T-cells were measured in PBMCs collected from infants at Weeks 0 and 24.

Fluorospots: Cyropreserved PBMC were thawed in RPMI (Corning)/10% FBS (Gemini Bio) plus 50
U/mL Benzonase (Sigma). Cells with viability 260% were counted, resuspended in RPMI1/10%
FBS/PenStrep (Gemini Bio)/HEPES (Corning) complete media and split into two. One half was
rested overnight at 37°C. The other half was stimulated with R848 (Mabtech) at 1ug/mL and
recombinant human IL-2 (Mabtech) at 100ng/mL and incubated at 37°C for 7 days. Overnight rested
cells with viability 260% were plated onto IFNy/IL-17A fluorospot plates (Mabtech Cat# FS-0103) at
250,000 cells for well with media or media plus 500,000 cfu Pn1 culture (courtesy of Dr. Steve
Pelton’s laboratory), and 100,000 cells for PHA (Sigma) wells. Plates were incubated overnight at
37°C and developed according to the manufacturer’s instructions. The 7-day stimulation cells were
plated onto IgG/IgA Fluorospot plates (Mabtech cat# FS-05R06G) at 250,000 cells/well coated with
25ng PnPS1 (ATCC) and 50,000 cells/well coated with anti- IgG/IgA monoclonal antibodies. Plates
were incubated overnight at 37°C and developed as per manufacturer’s instructions. Developed
plates were imaged and counted on ImmunoSpot analyzer (C.T.L.). Results were recorded as spot
forming cells (SFC)/10° PBMC. PNC-specific T cell results were reported as SFC/10° PBMC in
antigen-stimulated wells after subtraction of unstimulated controls. There were no exclusionary
criteria based on responses to PHA. B-cell results for which the companion total IgG was <2 spot-

forming cells were flagged as invalid and excluded from analysis.

Soluble factors. These included CCL-2 (MCP-1), CCL-3 (MIP-1a), CCL-4 (MIP-1b), CCL-11
(eotaxin-1), CCL-13 (MCP-4), CCL-17 (TARC), CCL-23 (MDC), CCL-26 (eotaxin-3), CXCL-10 (IP-
10), GM-CSF, IFNg, IL-1a, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-8(HA), IL-10, IL-12/p40 IL-
12/p70, IL-13, IL-15, IL-16, IL17A, TNFa, TNFB and VEGF) were measured in plasma using the V-
PLEX Human Cytokine 30-plex kits (MesoScale Discovery cat # K15054D). Cytokine Panel 1
plates (GM-CSF, IL-1a, IL-5, IL-7, IL-12/IL-23p40, IL-15, IL-16, IL-17A, TNF-B, and VEGF) were run
at 1:2 plasma dilution. Chemokine Panel 1 plates (Eotaxin, MIP-1p, Eotaxin-3, TARC, IP-10, MIP-
la, IL-8, MCP-1, MDC, and MCP-4) were run at 1:4 plasma dilution. Proinflammatory Panel 1
plates (IFN-y, IL-18, IL-2, IL-4, IL-6, IL-8, il-10, IL-12p70, IL-13 and TNF-a) were run at 1:2 plasma

dilution with a 4° overnight incubation on the plate. Plates were read and analyzed on MESO
QuickPlex SQ 120 instrument. Results were reported in pg/mL. Three biomarkers (IL-8HA, IL-1a,
and IL-1B) were excluded from analysis due to 230% of the samples being below the lower level of
guantification of the assay. In addition, TNFB was excluded from the analysis for lack of historical

interest. IL-12p40 was excluded due to redundancy with IL-12p70.

Statistical analysis. The study was powered (>80% with a=0.05) only to detect 220% differences in

infant seroprotection between any 2 treatment groups. The study was not powered for the



secondary or exploratory analyses. All infants born alive on study were included in the baseline
summaries. Analyses of immunology data were restricted to infants with non-missing data and who
received PCV-10 vaccinations per protocol. In addition, one infant per four sets of twins was
randomly included in the analyses. Anti-PNC antibody concentrations were compared overall
among all three treatment arms using a Kruskal-Wallis test. When significant, we examined pairwise
comparisons, using a Wilcoxon test.

Proportions of seroprotection, defined by anti-PNC antibody concentrations >0.35 pg/ml, were
calculated to each individual serotype, and overall, to all seven serotypes included in both vaccines
(excluding serotype 33F). Overall comparisons among all three treatment arms used a Chi-square
test. When significant, we examined pairwise comparisons, using a Fisher’'s Exact test, due to low
counts in many cells. Proportions of infants with nasopharyngeal PNC colonization were calculated
and compared between groups in a similar way. We used Spearman correlations to assess
relationships between antibodies pre- and post-vaccination. Infants had samples collected for B and
T cell testing and soluble biomarkers. Due to poor viability after thawing, only a small number of
infants provided adequate samples for these analyses which appeared to have happened randomly
across the treatment arms. The resulting set of participants may no longer represent a randomized
sample. The logie-transformed inflammatory biomarkers concentrations were further transformed by
a principal component analysis (PCA). The first 5 principal components were retained and used,
along with infant antibody concentrations at 8 weeks of life and maternal treatment, as explanatory
variables in linear regression models with stepwise selection for each antibody serotype. In each
model, the antibody concentrations after 2" dose of PCV-10 were used as the response variable.

Statistical analyses were performed using SAS (SAS Institute, Inc., Cary, NC, USA) version 9.4.

RESULTS

Characteristics at birth and PCV-10 vaccination of infants

The study included 347 liveborn neonates born to 346 women who received study treatment
antepartum (Figure 1). Birth characteristics did not differ across maternal immunization arm with
the exception of prematurity, which was less frequent in the maternal PCV-10 arm compared to
PPV-23 or placebo arms [2 (2%) vs. 13 (13%) vs. 12 (12%), respectively (Table 1)]. Pregnant
women received other vaccines as per standard of care: DTPa (40%), Td (10%), Influenza (25%),
and Hepatitis B (18%) with similar frequencies among maternal immunization arms (Table S1).
Infants included in the analysis of pneumococcal antibody responses received PCV-10 per the

Brazilian immunization schedule at 8 (range: 7-16) weeks and 16 (range: 16-35) weeks of life.



Comparison of antibody levels before and after infant vaccination according to the maternal

immunization arm

Figure 2 and Table S2 show antibody titers against the pneumococcal polysaccharide serotypes 1,
6B, 14, 5, 7F, 23F, 4, and 33F detected in infants at birth, 8, 16, and 24 weeks of age according to
the maternal immunization arm. The distribution of the antibody levels restricted to term infants was
similar to that observed for all infants (data not shown). Overall, at 16 weeks, at a median of 61
days (25"-75" percentiles:59-63) after the first PCV-10 dose, antibodies significantly increased for
serotypes 1, 5, 7F, and 4 but not for serotypes 6B, 14, and 23F. Nevertheless, at a median of 40
days (25"-75" percentiles:30-51) after the second dose of PCV-10, antibody levels increased for all

the seven serotypes common to both vaccines.

Infant antibodies for serotypes 1 and 7F at weeks 16 and 24 were similar across maternal
immunization arms. At week 16, antibody levels against serotypes 4, 5, 6B and 23F were higher in
infants born to PPV-23- than in those born to PCV-10-recipient mothers, while the antibody levels
for the latter group were similar to those in infants of placebo-recipient mothers. Antibodies for
serotype 14 had the same trend (PPV-23>PCV-10; PCV-10~Placebo) but did not reach statistical
significance. At week 24, the same pattern (PPV-23>PCV-10; PCV-10~Placebo) was observed for
serotypes 4, 5 and 23. For serotypes 6B and 14, the antibody levels in infants born to PPV-23- and

to placebo-recipients were both higher than those in infants born to PCV-10-recipients.

In general, protective antibody levels (=0.35ug/mL) were observed for a median of two serotypes
before vaccination (week 8) in infants born to immunized mothers and for no serotypes in those
born to placebo-recipient mothers. The first dose of PCV-10 vaccination induced protective levels
against a median of five to six serotypes, and the second dose to seven serotypes independently of
the maternal immunization arm (data not shown). Seroprotection against all seven serotypes
common to both vaccines studied was equally uncommon at 8 weeks of life in infants from all
maternal treatment arms (0 to 2%) (Table 2). However, at 16 weeks infants born to mothers who
received PPV-23 had higher proportion of seroprotection (24%) compared with infants born to PCV-
10 recipients (11%) or placebo recipients (17%). Notably, at 24 weeks, only 50% of infants born to
PCV-10 recipients achieved seroprotection against the seven vaccines-serotypes studied,

compared to 71% in each of the PPV-23 and placebo arms.
Correlations between pre- and post-immunization antibody concentrations

In infants born to mothers immunized with PCV-10, higher antibody levels at week 8 pre-vaccination
were associated with lower antibody responses to infant PCV-10 at week 24 for 5 out of 7 serotypes

measured in this study (1, 6B, 5, 23F and 4; Table 3). Negative correlations between weeks 8 and



16 antibody levels were also detected for 3 out of 7 serotypes in the maternal PCV-10 cohort (1, 7F,
and 4; data not shown). There were no significant correlations between pre- and post-immunization

antibody concentrations in infants born to mothers who received PPV-23. In infants born to placebo-
recipients, serotype 14 antibody concentrations at weeks 24 and 8 were negatively correlated and

for serotype 7F were positively correlated.
Memory B and T cell responses to vaccination

Memory responses against PNC serotypes were measured by FLUOROSpot in PBMCs collected at
24 weeks of age from a subset of 126 infants roughly equally distributed across maternal treatment
arms (Table S3). After exclusion of twins, samples with viability <60% or lack of responses in the
positive controls (total IgG for B cell memory and PHA stimulation for T cell memory), a total of 27
results were available for IgG and IgA memory B cells and 35 for IFNy- and IL17-secreting T cells
(Table 4). Overall, memory responses were very low or undetected and did not show discernible
differences by maternal treatment group. Due to the low responses, potential correlations between

memory B and T cells and antibody responses were not investigated.
Effect of inflammatory factors on antibody responses to PCV-10

We measured the plasma levels of 30 biomarkers associated with inflammation in a subset of 113
infants at 24 weeks of life. The demographic characteristics of the infant subset did not appreciably
differ from those of the entire cohort (Table S4). After exclusion of redundant biomarkers or those
with >30% of results below the level of detection of the assay, 25 biomarkers remained in the
statistical analysis (Table S5). To decrease the dimensionality of the dataset, remaining biomarkers
were grouped using PCA (Table 5). The scores of the first 5 components, which explained 57% of
the variance in the dataset, were used in regression analyses in which the outcome measures were
infant antibody concentrations to each of the seven PNC vaccine serotypes after the second dose of
PCV-10 (Table 6). The regression analyses also included maternal vaccination arm and infant
antibody concentrations at the time of administration of the 1 dose of PCV-10 (8 weeks of life),
which were shown above to significantly affect the PCV-10 immunogenicity in infants. The results
showed that high scores in components 2 and 5, which included high loadings for CXCL-10, GM-
CSF, IL-2, IL-5, IL-6, IL-10, IL-15, IFNy and TNFa, were associated with low antibody
concentrations for serotypes 4, 5, 6B and/or 7F; high antibody levels pre-vaccination (week 8) were
associated with low antibody levels for serotypes 6B, 14 and 23F; and maternal receipt of PPV-23

was associated with higher serotype 4 antibody levels.



Pneumococcus colonization and disease

Few (46/324, 14%) infants were colonized at week 8 before the first PCV-10 dose or at week 16
(57/320, 18%) after this dose (Table S6), independently of the maternal immunization arm. Among
colonized infants at week 8, 17% had serotypes included in both vaccines, 39% were only in PPV-
23 and 43% were in neither vaccine. At 16 weeks, corresponding numbers were 9%, 26% and 65%,
respectively. Although there were no significant differences in overall colonization according to
maternal vaccination regimen, infants born to mothers who received PPV-23 during pregnancy
tended to have lower level of colonization with PPV-23 serotypes compared with the PCV-10 group
(p of 0.047 at 8 weeks and 0.13 at 16 weeks) and compared with the placebo group (p of 0.11 at 8

weeks and 0.09 at 16 weeks).

During the follow up period, 59 (17.4%) infants were diagnosed with an infection or infestation, but
none of these were documented pneumococcal infections. Among syndromic diagnoses of interest,
there were 10 neonatal sepsis, 2 bacterial sepsis, 10 bacterial pneumonia, 21 bronchiolitis, and 1

acute sinusitis. These episodes were similarly distributed across the maternal treatment arms.
DISCUSSION

As part of the first randomized, double-blind, placebo-controlled study comparing PCV-10 with PPV-
23 and placebo in women living with HIV, we investigated the effect of maternal immunization on
the immunogenicity of PCV in HEU infants. We determined that infants born to PCV-10 recipient
mothers had lower vaccine-related serotype anti-capsular antibody levels and seroprotection rates
after the second dose of PCV-10 than those whose mothers received PPV-23 or placebo. The
blunting effect of maternal PCV on infant’s antibody response to PCV was associated with a
consistent negative correlation between pre- and post-immunization antibody concentrations.
Importantly, similar correlations were not detected in infants born to PPV-23 or placebo recipient
mothers even for serotypes for which pre-vaccination antibody levels did not differ between infants
born to PCV-10 and PPV-23 recipient mothers (three of the seven studied serotypes) or were higher
in PPV-23 compared with PCV-10 group (one serotype). This suggests that the mechanism
underlying the negative interference of maternal antibodies generated by PCV-10 with the infant
antibody responses to PCV-10 are not exclusively a function of antibody concentrations. It is
conceivable that some mother-infant pairs may share the antigenic dominance in their antibody
responses against PCV-10, which contributes to the negative effect of maternal antibodies.
However, this still fails to explain the persistence of the negative interference on the second dose of

PCV-10, when maternal antibodies were very low or undetected.



Negative interference of maternal vaccination on infant responses to vaccines have been identified
for almost all routinely used vaccines in infancy, #2°2! including pertussis, tetanus and influenza .
For pertussis, the negative interference was shown to affect the infant response to the 1-year
booster dose.?? This tampering has been demonstrated when similar antigens or carrier proteins are
included in maternal and infant vaccines,***® including Influenza vaccination in HIV-infected mother-
infant pairs.?®> Several mechanisms for the molecular and cellular basis for this interference have
been proposed, although it remains incompletely understood. The main point would be the
presence of maternal antibodies with characteristics that could mask epitopes and inhibit B cell
responses through interactions with cell receptors, induce removal of vaccine antigens by
macrophages or neutralize vaccine virus, among others.?* Also, difference in IgG subclasses or
other structural characteristics in induced antibodies by different vaccines may affect their

interference with the biological mechanisms and should be additionally studied.

Compared with the available immunogenicity data after a 3-dose course of PCV-10 primary
vaccination in HEU born to unvaccinated mothers,?® the antibody levels and seroprotection rates for
specific serotypes in this study tended to be lower in HEU infants born to PCV recipient mothers. In
contrast, the values in infants born to PPV and placebo-recipient mothers were comparable to those
obtained in HEU infants born to unvaccinated mothers and in infants born to unvaccinated mothers
without HIV, who received 2 doses of PCV-10 using the same schedule of immunization and post-

vaccine evaluation timing that we used in our study .26

Altered immune responses to the conventional pneumococcal vaccination in infancy have been
reported in babies born to healthy mothers who received PCV-9.28 To our knowledge, no other data
on PCV response on infants of pneumococcal immunized mothers living with HIV is available. It has
been shown that maternal antibodies induced by tetanus-diphtheria-acellular pertussis (TdaP)
immunization during pregnancy also inhibit the infant PCV vaccine responses,® possibly mediated
by antibodies against the same carrier protein of the pneumococcal conjugate vaccine or other
vaccine epitope-masking antibodies. 2* Approximately half of the mothers participating in our study
received other vaccines per standard of care, such as TdaP, Influenza, tetanus/diphtheria, and
hepatitis B. However, the randomized study allocation balanced their distribution among groups,
supporting the notion that the infant response's blunting effect was solely attributable to the

maternal PCV-10 vaccination.

Inflammatory markers have been associated with decreased responses to vaccines in older adults
and in adults living with HIV. We have previously shown HEU infants have enhanced activation and
expression of proinflammatory cytokines, and oxidative stress.”?® To explore the potential
associations of inflammatory biomarkers on infant responses to vaccination, we measured cytokines

and chemokine levels using a panel of 25 soluble biomarkers grouped in 5 principal components.
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The regression analysis including the prevaccination antibody levels and maternal immunization
group showed that high levels of CXCL-10, GM-CSF, IL-2, IL-5, IL-6, IL-10, IL-15, IFNy and

TNFa had a negative effect on the infants’ response to two PCV-10 doses suggesting, for the first
time, that this might be an essential mechanism involved in the altered response to vaccines in HEU

as compared to HIV-unexposed infants.®

In a previous study, a decade ago, in HUE infants <6 months of age from the same population, we
found increasing rates of colonization with age (26%, 37%, and 48% at weeks 8, 16, and 24,
respectively) ,*° which were twice more frequent than those found in the current study. Since S.
pneumoniae nasopharyngeal carriage varies mainly due to environmental factors, this decline might
result from the widespread implementation of PCV-10 vaccination in infancy in the country during
the last ten years and its indirect effect on PNC carriage in the population. In the present study,
while most colonized infants carried a PNC serotype not present in either of the maternal vaccines,
likely due to the few numbers of colonized infants, we could not show an effect of the maternal
immunization on the overall or vaccine serotype-related PNC carriage. However, we detected a
trend of a lower level of colonization with PPV-23 serotypes in infants born to PPV-23 recipient
mothers as compared with the PCV-10 or placebo groups. Previously, only a study in healthy
mothers vaccinated with PPV-23 demonstrated lower infant colonization frequency than those born

to unvaccinated ones. 3!

Limitations of this study included the fact that participants were from a single geographic location,
and the low representation of Asians and American Indians. We also did not verify if the negative
effect of maternal PCV-10 immunization on infant antibody responses persisted even after a booster

dose.

In conclusion, administration of PCV-10 to pregnant women with HIV decreased the infant antibody
responses to the full primary immunization regimen with PCV-10, whereas administration of PPV-23
did not. Additionally, considering that PPV-23 provides broader serotype coverage, these data
support preferential administration of PPV-23 to women with HIV during pregnancy. The biological
impact of PPV-23 maternal vaccination of mothers living with HIV for preventing infant

pneumococcal infection warrants further investigation.
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Figure legends

Figure 1. Consort diagram

Figure 2. Kinetics of the anti-PNC antibody serum concentrations from birth to 24 weeks of
age in infants born to vaccine and placebo recipient-mothers.

Geometric mean titers (ug/mL) and 95% confidence intervals of pneumococcal antibody levels
according to infants age (at birth=week 0; before PCV10 vaccination=week8; after the 1% dose of
PCV-10=week16; and after the 2" dose of PCV10=week24) are shown for each of eight
pneumococcal polysaccharide serotypes. The abscissa shows the time points of each

measurement. The ordinate shows antibody concentrations in pg/mil.
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Table 1- Birth characteristics of 347 infants born to HIV-infected mothers according to the maternal immunization arm.

Maternal immunization arm

Birth Characteristics PCV-10 (N=116) PPV-23 (N=112) Placebo (N=119)

Gestational age (wks)

Median (range) 39 (36, 41) 39 (32, 41) 38 (33, 42)

N missing 18 14 16
Prematurity*

Yes 2 (2%) 13 (13%) 12 (12%)

No 96 (98%) 85 (87%) 91 (88%)

Small for gestational age

Yes 7 (6%) 10 (10%) 14 (13%)

No 102 (94%) 95 (90%) 97 (87%)
Birth weight (g)

Median (range) 3115 (2180, 4290) 3150 (1005, 4390) 2980 (1455, 4240)

N missing 1 0 0

PCV-10: 10-valent pneumococcal conjugate vaccine, PPV-23: 23-valent pneumococcal polysaccharide vaccine;
*ysquare test: overall, p=0.01; PPV-23 vs. PCV-10 p=0.003; PCV-10 vs Placebo p=0.008; PPV-23 vs. Placebo p=0.73



Table 2. Seroprotection (antibody levels > 0.35 pug/ml) before and after PCV-10 vaccination in infants according to serotype and the maternal vaccination arm.
Maternal Vaccination Arm

PCV-10 PPV-23 Placebo P value**
Infants with pneumococcal antibody N Percent (95%CI) N Percent (95%Cl) N Percent (95%Cl)
values > 0.35 mg/ml

At week 8 (before PCV-10 vaccination)
All seven serotypes 108 0(0,3) 104 2(0,7) 109 0(0,3) 0.10
Serotype 1 108 21 (14,30) 104 38 (28,48) 109 2 (0,6) <.0001%£$
Serotype 4 108 41 (31,51) 104 15 (9,24) 109 1 (0,5) <.0001%£%
Serotype 5 108 22 (15,31) 104 19 (12,28) 109 5(2,10) 0.0002£%
Serotype 6B 108 47 (38,57) 104 51 (41,61) 109 6 (3,13) <.0001£%
Serotype 7F 107 24 (17,34) 104 38 (28,48) 109 4(1,9) <.0001£%
Serotype 14 108 75 (66, 83) 104 69 (59,78) 109 39 (29,48) <.0001£%
Serotype 23F 106 36 (27,46) 104 35 (26,45) 109 4(1,9) <.0001%%

At week 16 (after PCV-10 first dose)
All seven serotypes 100 11 (6,19) 100 24(16,34) 101 17 (10,26) 0.001%
Serotype 1 100 78 (69,86) 100 89 (81,94) 101 82 (73,89) 0.10
Serotype 4 98 78 (68,85) 100 93 (86,97) 101 87 (79,93) 0.007*
Serotype 5 100 62 (52,72) 100 81 (72,88) 101 62 (52,72) 0.004%%
Serotype 6B 100 41 (31,51) 100 58 (48,68) 101 36 (26,46) 0.004%%
Serotype 7F 97 82 (73,89) 100 88 (80,94) 101 83 (74,90) 0.51
Serotype 14 100 84 (75,91) 100 87 (79,93) 101 85 (77,91) 0.84
Serotype 23F 91 31 (22,41) 91 49 (39,60) 97 37 (28,48) 0.03%

At week 24 (after PCV-10 second dose)
All seven serotypes 103 50 (40-60) 102 71 (61-79) 103 71 (61-79) <.0001%
Serotype 1 103 91 (84,96) 102 94 (88-98) 101 95 (89,98) 0.59
Serotype 4 102 92 (85,97) 101 100 (96,100) 103 96 (90,99) 0.007*
Serotype 5 103 87 (79,93) 101 95 (89,98) 101 95 (89,98) 0.08
Serotype 6B 103 79 (69,86) 102 92 (85,97) 101 87 (79,93) 0.02"
Serotype 7F 102 95 (89,98) 101 99 (95,100) 103 95 (89,98) 0.24
Serotype 14 103 90 (83,95) 102 98 (93,100) 101 96 (90,99) 0.05"
Serotype 23F 97 84 (75,90) 92 90 (82,95) 100 91 (84,96) 0.23

* Data were derived from 7 serotypes common to PCV-10 and PPV-23; * Fisher's Exact Test comparing all three treatment arms. Significance comes from PPV vs. PCV (#),
PPV vs placebo ($) and/or PCV vs placebo (£).
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Table 3 — Correlations between pneumococcal IgG antibodies measured at weeks 8 (before

vaccination) and 24 (after two doses of PCV-10) according to serotype.

Spearman
Maternal Correlation
Serotype vaccination arm coefficient P value N

1 PCV-10 -0.214 0.03136 101
Placebo 0.071 0.49274 96
PPV-23 -0.042 0.67936 97
4 PCV-10 -0.357 0.00027 100
Placebo -0.089 0.38605 98
PPV-23 -0.143 0.16544 96
5 PCV-10 -0.255 0.00998 101
Placebo -0.069 0.50376 96
PPV-23 -0.083 0.41838 97
6B PCV-10 -0.199 0.04567 101
Placebo -0.012 0.90696 96
PPV-23 -0.165 0.10533 97
7F PCV-10 -0.114 0.26145 99
Placebo 0.199 0.0491 98
PPV-23 -0.108 0.29664 96
14 PCV-10 -0.170 0.08948 101
Placebo -0.290 0.00414 96
PPV-23 -0.147 0.15121 97
23F PCV-10 -0.349 0.00056 94
Placebo -0.071 0.49468 95

PPV-23 -0.202 0.06117 87




Table 4. Infant B and T cell memory responses to pneumococcal serotype 1 after the second dose of PCV10.

Cell panel Analyte Maternal vaccination arm N Median (Q1,Q3)*
B cells IgA PCV-10 6 1(0,4)
PPV-23 8 1(0,3)
Placebo 13 0(0,2)
Overall 27 0(0,2)
lgG PCV-10 6 1 (0,4)
PPV-23 8 2(0,2)
Placebo 13 0(0,2)
Overall 27 0(0,2)
T cells IL17 PCV-10 7 0 (0,0)
PPV-23 11 0 (0,2)
Placebo 17 0(0,2)
Overall 35 0 (0,2)
IFNg PCV-10 7 0(0,2)
PPV-23 11 2(0,2)
Placebo 17 0(0,2)
Overall 35 0(0,2)

Numbers represent mean spot forming cells (SFC)/10® PBMC in antigen-treated wells after
subtraction of SFC in media control wells.



Table 5 — Inflammatory Biomarkers Principal Components Weights

Principal Component

Biomarker (pg/ml) 1 2 3 4 5
CCL-2 (MCP-1) 0.2843  0.0774 0.1886 -0.2302 0.1170
CCL-3 (MIP-1a) 0.2555  0.0438 -0.1451 -0.2211 -0.2044
CCL-4 (MIP-1B) 0.2679  -0.1122 -0.1080 -0.2245 -0.0986
CCL-11 (eotaxin-1) 0.2161 -0.2572 0.3700 -0.0768  0.0313
CCL-13 (MCP-4) 0.2232 -0.3006 0.3132 -0.0302 0.0737
CCL-17 (TARC) 0.1940 -0.2957 -0.1942 -0.1598  0.0953
CCL-23 (MDC) 0.1610 -0.1931 -0.1494 0.0075  0.2055
CCL-26 (eotaxin-3) 0.1855 -0.2805 0.4128  0.0437 -0.0038
CXCL-10 (IP-10) 0.1832  0.3675 0.2073  0.0076  -0.1146
GM-CSF 0.2081 -0.0496 -0.0346 0.2928 0.1634
IFNy 0.2168  0.3387 0.2196  0.0293  -0.0416
IL-2 0.1085 0.1332 0.1092 -0.0107 0.4137
IL-4 0.1227 -0.0647 0.0773  0.3329 -0.0110
IL-5 0.1487 -0.0161 -0.0319 0.3867  0.2202
IL-6 0.1583  0.2695 0.0124 -0.1352 -0.0370
IL-7 0.2328  -0.0587 -0.2032 -0.0402 0.1753
IL-8 0.2330 -0.0990 -0.1780 -0.2662 -0.3637
IL-10 0.2249  0.2940 0.0484 0.0984 -0.1368
IL-12/p70 0.1029  -0.0312 0.0790 0.4755 -0.3508
IL-13 0.1982 -0.0920 -0.0353 0.2030  -0.4065
IL-15 0.1757  0.2517  0.0737 -0.1384  0.2956
IL-16 0.1220  0.0534 -0.3157 0.1332  0.1097
IL-17a 0.1577  0.0839 -0.2279 0.2426  0.1974
TNFa 0.2419  0.2283 -0.2058 0.0030 -0.0683
VEGF-A 0.2273  -0.1952 -0.2695 0.0519  0.0366

Note: Component weights with magnitude =0.2 are shown in bold.
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Table 6- Effect of inflammation on infant antibody responses after the 2™ dose of PCV-10 (Linear regression

models results for each serotype)

Serotype N Variable Coefficient p-value

1 103 -

4 103 Component 5 -0.08 0.017

PCV-10 -0.04 0.664

PPV-23 0.24 0.014

5 103 Component 5 -0.08 0.012

6B 103 Week 8 antibody level -0.15 0.022

Component 2 -0.06 0.031

7F 103 Component 5 -0.06 0.021

14 103 Week 8 antibody level -0.16 0.009

23F 95 Week 8 antibody level -0.27 0.028
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