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Abstract

Background: Streptococcus pneumoniae is a leading cause of severe infections among children.
Despite vaccination, HIV-exposed, uninfected (HEU) children have a higher incidence of invasive
pneumococcal disease than HIV-unexposed, uninfected (HUU) children. We sought to compare
the immunogenicity of 13-valent pneumococcal conjugate vaccine (PCV-13) in HEU and HUU
infants.

Methods: We conducted a prospective cohort study of 134 mother-infant dyads in Botswana.
Infants received PCV-13 doses at 2, 3, and 4 months through routine clinical care. We measured
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IgG antibodies specific to vaccine serotypes in sera collected from infants at 0, 5, and 12 months
of age. We calculated the proportion of infants with protective 1gG levels (=0.35 pg/mL) to
specific pneumococcal serotypes.

Results: At birth, fewer than half of infants had protective IgG levels to serotypes 1 (38%), 3
(46%), 4 (33%), 5 (23%), 6B (40%), 7F (44%), 9V (44%), and 23F (46%). Compared to HUU
infants (n=97), HEU infants (n=37) had lower antibody concentrations at birth to serotypes 5
(p=0.046) and 19A (p=0.008) after adjustment for maternal age and infant birth weight. More than
80% of HEU and HUU infants developed protective antibody levels to each of the 13 vaccine
serotypes following PCV-13 vaccination. Median concentrations of antibodies to pneumococcal
serotypes declined by 55-93% between 5 and 12 months of age, with fewer than half of infants
having protective antibody levels to serotypes 1 (47%), 3 (28%), 9V (44%), 18C (24%), and 23F
(49%) at 12 months of age.

Conclusions: Both HEU and HUU infants developed protective antibody responses to PCV-13
administered in a 3+0 schedule. However, antibody concentrations to many pneumococcal
serotypes waned substantially by 12 months of age, suggesting that a PCV-13 booster dose in

the second year of life may be needed to maintain protective pneumococcal antibody levels in
older infants and young children.

Keywords

HIV-exposed; uninfected; children; Streptococcus pneumoniae ; 13-valent pneumococcal
conjugate vaccine

INTRODUCTION

Globally, 1.4 million women with human immunodeficiency virus (HIV) give birth each
year [1]. Fortunately, improved access to antiretroviral therapy during pregnancy has
substantially reduced vertical transmission of HIV, resulting in a growing population of
infants born to mothers with HIV who do not themselves acquire the virus. Despite

the absence of HIV infection, these HIV-exposed, uninfected (HEU) infants have

higher infectious morbidity and mortality than the children of mothers without HIV
(HIV-unexposed, uninfected; HUU) [2]. HEU infants are recognized to have immune
defects resulting from Jin utero exposure to HIV or antiretroviral medications including
abnormalities of lymphocyte number and function, lower neutrophil counts, and lower levels
of maternally derived antibodies to several common childhood pathogens [3, 4]. Moreover,
although most studies suggest that HEU infants generate immune responses to common
childhood vaccines that are comparable to those of HUU infants [4-7], several studies
reported lower quantitative or qualitative antibody responses to vaccination among HEU
infants [8-10].

Streptococcus pneumoniae is a leading cause of severe infections among children, resulting
in more than 300,000 child deaths each year [11]. S. pneumoniae causes a broad range of
infections ranging from mild respiratory illnesses to invasive pneumococcal disease (IPD),
which includes life-threatening illnesses such as bloodstream infection and meningitis [12].
Pneumococcal conjugate vaccines effectively prevent IPD caused by vaccine serotypes [13,
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14]. However, despite vaccination, HEU children have higher incidences of hospitalization
and mortality from IPD than HUU children during the first year of life [15], suggesting that
HEU infants may acquire lower levels of maternally-derived pneumococcal antibodies or
have less robust immune responses to pneumococcal conjugate vaccination. The incidence
of severe pneumococcal disease is particularly high in sub-Saharan Africa, where more than
4 million pneumococcal infections occur each year among children [16]. We previously
demonstrated that introduction of 13-valent pneumococcal conjugate vaccine (PCV-13) was
associated with substantial reductions in pneumonia hospitalizations and deaths among
children in Botswana [17]. Notably, HIV exposure data were missing from most children
hospitalized during the prevaccine period in this study, precluding evaluation of the
association between PCV-13 introduction and pneumonia hospitalizations and deaths in
HEU children [17].

In the current study, we evaluated the association between HIV exposure and pneumococcal
antibody concentrations at birth and after PCV-13 vaccination in a cohort of 134 HEU and
HUU infants in Botswana. As a secondary objective, we compared vaccine-elicited 1gG
subclass-specific pneumococcal antibodies in sera from 56 infants (28 HEU, 28 HUU) after
PCV-13 vaccination.

METHODS

Setting

Botswana is a landlocked country in southern Africa with a semi-arid climate and a short
rainy season that typically occurs from November to March. The country’s under-five child
mortality rate was estimated to be 41.6 per 1,000 live births in 2019 [18]. Gaborone,

the capital and largest city in Botswana, is located in the country’s South-East district

and was estimated to have a population of 231,626 in 2011 [19]. In July 2012, 13-valent
pneumococcal conjugate vaccine (Prevnar 13®, Pfizer; PCV-13) was included in the national
immunization program as a 3-dose primary series without a booster (3+0 schedule) with
doses administered at 2, 3, and 4 months of age. There was no national program for
vaccination of adults or pregnant women against pneumococcus during the study period.
The HIV prevalence among individuals 15 to 49 years of age in Botswana was 20.7% in
2019 [20]. More than 95% of pregnant women with HIV in Botswana receive antiretroviral
therapy, and the vertical HIV transmission rate is estimated to be less than 2% [20].

Data and sample collection

Mother-infant dyads were recruited within 72 hours of delivery at an academic hospital

and two public clinics near Gaborone, Botswana between February 2016 and January 2020,
as previously described [21]. Exclusion criteria included maternal age less than 18 years,
infant birth weight less than 2000 grams, multiple gestation pregnancy, and Caesarian
delivery. Participants were seen for monthly study visits until the infant was six months

of age and every other month thereafter until the infant was 12 months of age. Mid-upper
arm circumference (MUAC) was measured at all visits starting at 6 months of age, and
current World Health Organization (WHO) guidelines were used to classify infants as having
moderate (MUAC between 11.5 cm and 12.5 cm) or severe (MUAC less than 11.5 cm)
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malnutrition [22]. Serum samples were collected from infants at 0, 5, and 12 months of age.
A dried blood spot was collected from HIV-exposed infants by heel prick at two months of
age and, for infants who were breastfed for any duration, again at 12 months of age. These
samples were tested for HIV-1 DNA using the Cobas AmpliPrep/Cobas TagMan HIV-1
Qualitative Assay, version 2.0 (Roche) [23]. The analyses presented herein were limited to
HEU or HUU infants who received 3 doses of PCV-13 prior to 150 days of age with the 3
dose being administered 14 days or more prior to collection of the 5-month serum sample.

Measurement of pneumococcal immunoglobulin G antibodies

Enzyme-linked immunosorbent assays (ELISA) were developed based on the WHO protocol
and used to measure immunoglobulin G (IgG) binding to the 13 pneumococcal serotypes
included in PCV-13 [24]. High-binding 384-well plates were coated with optimized
concentrations of 5 ug/ml or 10 pg/ml of pneumococcal serotype-specific carbohydrates
(ATCC, Rockville, MD, USA) and incubated for 5 hours at 37°C and 5% CO» and
subsequently stored overnight at 4°C. Sera from HEU and HUU infants (1:50, 1:250, 1:1000
dilutions) were prepared in assay diluent (1xPBS, 0.05% Tween, 5 pug/ml of pneumococcal
cell wall polysaccharide and serotype 22F pneumococcal capsular polysaccharide) and
incubated for 30 minutes. Diluted sera were then transferred to the plate and incubated

for 2 hours at 20°C. 1gG was detected by a horse radish peroxidase-conjugated goat
anti-human 1gG polyclonal antibody (Jackson ImmunoResearch, West Grove, PA, USA).
WHO international standard 007SP, a sample of pooled sera from humans immunized

with Pneumovax Il (National Institute for Biological Standards and Control, Hertfordshire,
England), was used as a positive control [25]. ELISA plates were developed with SureBlue
Reserve TMB substrate for 5 minutes (KPL Inc., Gaithersburg, MD, USA). Plates were

read immediately after addition of stop solution at 450 nm on a SpectraMax Plus 384
microplate reader (Molecular Devices, Sunnyvale, CA, USA). Softmax Pro 6.3 software was
used to interpolate concentrations from standard curves. Antibody concentrations that were
above (or below) levels that could be quantitated were set to the upper (or lower) limit of
quantification (Supplemental Table 1).

Measurement of pneumococcal immunoglobulin G antibody subclasses

Measurement of 1gG subclass-specific pneumococcal antibodies was performed on sera
collected from infants at 5 months of age using a previously described binding antibody
multiplex assay [26]. Briefly, the 13 pneumococcal serotypes tested above were coupled to
carboxylated fluorescent beads (Bio-Rad Laboratories, Inc., Hercules, CA, USA) following
the DMTMM-coupling protocol [27]. The coupled beads were incubated with diluted
plasma (at 1:100 dilution) for 30 minutes at 20°C. Antigen-specific subclass response was
detected using biotin-conjugated mouse anti-human IgG1 (BD Pharmingen, San Diego,
CA, USA; 4 ug/L), 1gG2 (Southern Biotech, Birmingham, AL, USA; 5 pg/mL), 1gG3
(Calbiochem, San Diego, CA, USA,; 2 ug/mL), or 1IgG4 (BD Pharmingen; 2 ug/mL) and
tertiary detection agent streptavidin-phycoerythrin (BD Biosciences, Franklin Lakes, New
Jersey, USA) at 5 ug/mL. Beads were washed and read on a Bio-Plex 200 instrument (Bio-
Rad Laboratories, Inc.). 1gG levels were expressed as mean fluorescence intensity (MFI) and
all MFI values were corrected by subtracting the intensity of a blank control. IgG levels
below 100 MFI were considered to be below the lower limit of quantitation for the assay.
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Consistency between assays was measured by tracking the 50% effective concentration,
MFI, and area under the curve of the positive control (007SP) by Levey-Jennings charts.

Statistical analysis

Sociodemographic characteristics of HEU and HUU infants were compared using Wilcoxon
rank-sum tests for continuous variables and Chi-squared tests or Fisher’s exact tests for
categorical variables. Antibody concentrations for each serotype and at each time point were
compared between HEU and HUU infants using Wilcoxon rank-sum tests. Proportions of
infants with protective antibody concentrations to pneumococcal serotypes were determined
based on the protective threshold of =0.35 pg/mL proposed by the WHO [28]. Chi-squared
tests were used to evaluate associations between HIV exposure status and the presence of
protective antibody concentrations to pneumococcal serotypes at each time point. Linear
regression models were fit to evaluate associations between HIV exposure status and the
log-transformed serum concentrations of antibodies to each serotype at birth, adjusting for
infant birth weight and maternal age. Because concentrations of antibodies to different
pneumococcal serotypes were anticipated to be correlated in a given infant, analyses were
performed without adjustment for multiple comparisons. Analyses were conducted using R
version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient characteristics

Of 134 infants, 37 (28%) were HEU and 97 (72%) were HUU (Table 1); no infants tested
positive for HIVV by DNA PCR. Median [interquartile range (IQR)] birth weight was 3225
(2940-3440) grams and 70 (52%) infants were female. One-third (34%) of infants resided in
arural area and 9 (7%) infants met criteria for moderate malnutrition at one or more study
visits. Of 37 mothers with HIV, 36 (97%) received antiretroviral therapy during pregnancy
for a median (IQR) duration of 9 (5, 9) months; the most common maternal antiretroviral
regimens were tenofovir disoproxil fumarate, emtricitabine, and efavirenz (n=17, 46%)
and tenofovir disoproxil fumarate, emtricitabine, and dolutegravir (n=10, 27%). Median
(IQR) CD4 count was 455 (300, 646) cells/uL, and 29 of 30 (97%) mothers with available
data had undetectable viral loads (<400 copies/mL) during pregnancy. Compared to HUU
infants, HEU infants had lower birth weight (p=0.01), were less likely to be ever breastfed
(p<0.0001), and had older mothers (p=0.0003) who were less likely to have completed
secondary or tertiary education (p=0.03). No episodes of invasive pneumococcal disease
were identified among infants in the study population.

Serum antibody concentrations to pneumococcal serotypes among infants at birth

Serum concentrations of 1gG antibodies specific to pneumococcal serotypes among infants
are shown in Figure 1. In multivariable linear regression models adjusting for maternal
age and infant birth weight, infant HIV exposure was independently associated with lower
concentrations of antibodies to pneumococcal serotypes 5 (p=0.046) and 19A (p=0.008) at
birth (Table 2). No significant associations were observed between maternal age or infant
birth weight and antibody levels to pneumococcal serotypes at birth (data not shown).
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Pneumococcal antibody responses following receipt of PCV-13

Both HEU and HUU infants mounted robust antibody responses to 3 doses of PCV-13.

At 5 months of age, corresponding to 1 month after completion of the 3-dose primary
vaccination series, the proportion of infants with protective antibody concentrations to
specific pneumococcal serotypes was 83%-100% (Figure 2), and 59% of infants developed
protective antibody concentrations to all 13 vaccine serotypes. No significant differences

in antibody concentrations to any of the 13 vaccine serotypes were found between HEU

and HUU infants at 5 months of age (Figure 1). Between 5 and 12 months of age, median
serum concentrations of antibodies specific to pneumococcal serotypes declined by 55-93%,
with marked differences in the degree of antibody waning by pneumococcal serotype (Table
3). For instance, the concentration of antibodies specific to pneumococcal serotype 18C
declined by a median (IQR) of 93% (86%-97%) between 5 and 12 months of age, while

the concentration of antibodies specific to serotype 6A declined by a median (IQR) of 55%
(8%—75%) over this same time period. No consistent trend was observed in the degree of
antibody waning by infant HIV exposure status, although serum concentrations of antibodies
to pneumococcal serotype 19F did decline to a greater extent among HEU infants than
among HUU infants [median (IQR): 90% (74-95%) vs. 77% (50%-90%); p=0.04]. At 12
months of age, fewer than half of infants had protective antibody levels to serotypes 1
(47%), 3 (28%), 9V (44%), 18C (24%), and 23F (49%) (Figure 2).

Pneumococcal antibody subclasses

To further evaluate the association between HIV exposure and immune responses to
PCV-13, we measured levels of IgG subclass antibodies to each pneumococcal serotype
contained within PCV-13 in sera from 56 infants (28 HEU, 28 HUU) at 5 months of age
(Figure 3, Supplemental Table 2). We observed no significant differences in the total 1gG
subclass-specific antibody to pneumococcal serotypes contained in PCV-13. Notably, for
most pneumococcal serotypes, a majority of infants had levels of 1IgG3 and 1gG4 antibodies
below the level of quantitation for the assay following PCV-13 vaccination. Levels of 1gG1
and 1gG2 antibodies specific to pneumococcal serotypes were broadly similar in HEU and
HUU infants, although HEU infants developed statistically higher levels of 1gG2 subclass
antibodies specific to serotype 23F (p=0.02).

DISCUSSION

In this longitudinal study of 134 infants in Botswana, both HEU and HUU infants developed
protective humoral immune responses after three doses of PCV-13 administered at 2, 3, and
4 months of age (3+0 schedule). However, serum concentrations of antibodies to specific
pneumococcal serotypes declined by 55-93% between 5 and 12 months of age, with fewer
than half of infants having protective antibody levels to many vaccine serotypes at 12
months of age.

Prior studies indicate that HEU infants generally mount robust humoral immune responses
to other childhood vaccines, including vaccines for pertussis, tetanus, hepatitis B, and
Haemophilus influenzae type b [4-6]. However, few prior studies compared the immune
responses of HEU and HUU infants to pneumococcal conjugate vaccines. In a study of 109
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mother-infant dyads in South Africa, HEU infants had higher concentrations of antibodies
to pneumococcus than HUU infants two weeks after receipt of a second dose of 7-valent
pneumococcal conjugate vaccine (PCV-7) when all infants were approximately four months
of age [4]. Subsequent studies reported similar concentrations of antibodies to specific
pneumococcal serotypes in HEU and HUU infants receiving PCV-7 at 4 to 6 months of age
[7, 8]; however, these studies evaluated antibody responses after a three-dose primary series
of PCV-7. Notably, evaluation of antibody-mediated opsonophagocytic activity in HEU

and HUU infants suggested that pneumococcal conjugate vaccines may induce antibodies
with different functional profiles in HEU and HUU infants [8]. Our study provides the

first comparative data on the quantitative antibody responses of HEU and HUU infants to
PCV-13. We demonstrate that infant HIV exposure does not influence total serum 1gG or
IgG subclass responses to serotypes contained in PCV-13.

We observed lower pre-vaccination levels of antibodies against pneumococcal serotypes

5 and 19A among HEU infants compared with HUU infants. In the aforementioned

study of mother-infant dyads in South Africa, HEU infants were found to have lower

levels of 1gG antibodies to pneumococcal polysaccharide at birth [4]. Similarly, Madhi

and colleagues observed lower pre-vaccination antibody concentrations to most vaccine
serotypes among HEU infants compared with HUU infants immunized with PCV-7;
antibodies to pneumococcal serotypes 5 and 19A were not measured in this study because
PCV-7 does not include capsular polysaccharide for these serotypes [7]. These subtle
differences in findings across studies may reflect variability in the age of infants at

the time of sera collection, differences in the immune statuses of mothers with HIV,
variable pneumococcal immunization statuses of mothers, or differences in the timing of
these studies relative to introduction of pneumococcal conjugate vaccine in these settings,
which could influence the risk of maternal colonization or infection by circulating vaccine
serotypes. HEU infants were also previously reported to have lower pre-vaccination levels of
antibodies to several other pathogens, including Haemophilus influenzae type B, pertussis,
and tetanus [4-7]. This is believed to result from reduced acquisition of maternal antibodies
because of lower levels of pathogen-specific antibodies among mothers with HIV or
impaired transplacental antibody transfer [29, 30]. Importantly, because infants do not begin
most childhood vaccine series until the first or second month of life, these differences in
acquisition of maternal antibodies suggest that HEU infants may be particularly vulnerable
to vaccine-preventable infections in early infancy.

We observed that both HEU and HUU infants exhibited marked declines in pneumococcal
antibody levels between 5 and 12 months of age. Interestingly, the degree of decline in
pneumococcal antibodies varied markedly by serotype. Differences in serotype-specific
waning have previously been reported in a post-licensure observational cohort study [31],
and these findings have important implications for serotype-specific susceptibility to both
pneumococcal colonization and infections. Importantly, children are at greatest risk of
IPD during the first year of life, particularly from pneumococcal serotypes for which
antibodies may wane rapidly after vaccination [32]. The World Health Organization’s
Strategic Advisory Group of Experts on Immunization recommends administration of 10-
valent or 13-valent pneumococcal conjugate vaccines as either a 2-dose primary series
with a booster dose (2+1 schedule) or as a 3-dose primary series without a booster (3+0

Vaccine. Author manuscript; available in PMC 2023 August 05.
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schedule), while acknowledging that 3+1 schedules are also used in some countries [33].
However, recent data from several countries indicate that a 3+0 schedule may be associated
with a higher incidence of breakthrough IPD in older children and continued circulation

of vaccine serotypes. In Australia, reductions in vaccine-type IPD following the sequential
introductions of PCV-7 and PCV-13 in a 3+0 schedule were inferior to those seen in other
high-income settings using schedules that included a booster dose [34]. Moreover, high
vaccine efficacies were seen for PCV-7 and PCV-13 among Australian infants, but the odds
of vaccine-type IPD increased more than 5-fold starting 12 months after completion of

the primary vaccine series [35]. High levels of residual circulation of vaccine serotypes
have persisted in Malawi despite >90% coverage of infants with PCV-13 administered in

a 3+0 schedule [36], and we recently reported similar findings among infants and young
children in Botswana [37]. In response to these observations, many countries have shifted
or are considering shifting to a 2+1 schedule, despite a lack of direct comparative data

on 2+1 and 3+0 schedules for pneumococcal conjugate vaccines. Although our study did
not evaluate for IPD in the study population, the marked decrease in protective levels of
antibodies against pneumococcal serotypes among both HEU and HUU infants suggests that
a booster dose of PCV-13 in the second year of life may be needed to maintain protective
pneumococcal antibody levels in older infants and young children [24, 35].

We observed only slight differences in the levels of pneumococcal antibody subclasses
between HEU and HUU infants following PCV-13. Though levels of 1gG1 and 1gG2
antibodies to specific pneumococcal serotypes were broadly similar in HEU and HUU
infants, we did observe higher levels of serotype 23F-specific 1gG2 in HEU infants
compared to HUU infants. Serotype 23F polysaccharide has previously been shown to
induce poor antibody responses in young children [38], and this serotype is highly prevalent
among children with pneumococcal carriage [39]. A previous study that measured antibody
levels at 6 weeks of age among HEU and HUU infants in Malawi found lower levels of 1gG2
in HEU infants, indicating that maternal HIV infection may be associated with decreased
placental transfer of the 1gG2 subclass or could alternatively reflect lower breastfeeding rates
among mothers living with HIV [40]. It is possible that lower levels of maternally derived
1gG2 at birth may result in a more robust antibody response to vaccination due to decreased
maternal antibody interference [41].

Our study has several strengths and limitations. Strengths of this study include the evaluation
of a large cohort with longitudinal data from birth through 12 months of age. Though

the overall cohort is large, it is limited by a relatively small number of HEU infants,

which potentially reduced our ability to detect differences in vaccine responses to individual
pneumococcal serotypes by infant HIV exposure status. Moreover, sera was not available
from mothers and we were thus unable to determine if differences in the serum antibody
concentrations to pneumococcal serotypes at birth were related to lower maternal antibody
concentrations or reduced placental antibody transfer. The assays that we used to measure
antibody concentrations are subject to both lower and upper limits of detection, limiting our
ability to fully observe true concentration levels for some infants and potentially lessening
our ability to detect biological differences that exist by HIV exposure status. In addition,
given the number of pairwise comparisons performed, there is a reasonably high probability
of false-positive findings; however, this may have been mitigated to some extent by the fact

Vaccine. Author manuscript; available in PMC 2023 August 05.
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that the comparisons were not independent. We did not assess for cross-reactivity between
serotypes in the multiplex assays that were used to measure pneumococcal serotype-specific
IgG subclasses. However, prior studies that have used this technology for measurement

of serum pneumococcal antibodies have generally only observed cross-reactivity between
structurally related serotypes such as 6A and 6B [42, 43]. Finally, we did not assess
neutralization or opsonization activity, and thus were unable to determine if functional
differences in the antibody responses to PCV-13 may exist by HIV exposure status. Despite
these limitations, this study provides valuable insights into the immune responses of HEU
infants to PCV-13.

In conclusion, we demonstrated that both HEU and HUU infants in Botswana developed
robust antibody responses to a 3-dose primary series of PCV-13. Given the rapid decline in
antibodies to multiple pneumococcal serotypes by 12 months of age, it may be necessary to
provide a booster dose to optimize protection of children after the first year of life.

Supplementary Material
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ABBREVIATIONS
cm centimeter
ELISA enzyme-linked immunosorbent
HEU HIV-exposed uninfected
HIV human immunodeficiency virus
HUU HIV-unexposed uninfected
19G immunoglobulin G
IOR interquartile range
IPD invasive pneumococcal disease
MFI mean fluorescence intensity
mL milliliter
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PCV-13 13-valent pneumococcal conjugate vaccine
WHO World Health Organization
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HIGHLIGHTS

HEU and HUU infants develop protective antibodies to PCV-13 given in a
3+0 schedule

Levels of pneumococcal IgG subclass antibodies were similar in HEU and
HUU infants

Pneumococcal antibodies following PCV-13 waned substantially by 12
months of age
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Figure 1. Serum concentrations of antibodies to pneumococcal serotypes among 134 infants
immunized with PCV-13 in Botswana by infant HIV exposure status.

Box plots depict natural log-transformed serum antibody concentrations (pg/mL) to each of
the 13 vaccine serotypes in HIV-exposed, uninfected (HEU) and HIV-unexposed, uninfected
(HUU) infants receiving PCV-13 in a 3+0 schedule with doses at 2, 3, and 4 months of

age. Each point represents the concentration in a single sample; boxes represent the 25t

to 75t percentile with median values shown as a line. The dark purple points and boxes
correspond to antibody concentrations of HEU infants and the light purple points and boxes
correspond to antibody concentrations of HUU infants. Statistical comparisons of serum
antibody concentrations by HIV exposure status were performed using linear regression
adjusting for infant birth weight and maternal age with significant differences indicated by
asterisks. MO, birth (0 months); M5, 5 months of age; M12, 12 months of age
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Figure 2. Proportion of infants with protective concentrations of serum antibodies to specific

pneumococcal serotypes.

Bar charts depict the proportion of infants with serum antibody concentrations at or above

a protective threshold of 0.35 pg/mL. The dark purple bars correspond to HIVV-exposed,
uninfected (HEU) infants and the light purple bars correspond to HIV-unexposed uninfected
(HUU) infants. Error bars are shown representing the 95% confidence interval for each

proportion.
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Figure 3. Serum immunoglobulin G subclass antibodies among 56 infants following PCV-13

vaccination.

Radar plots depict median fluorescence intensities of 1gG subclass antibodies to each of the
13 serotypes contained within 13-valent pneumococcal conjugate vaccine. The green points
and corresponding shaded areas represent the median antibody levels for HIV-exposed,
uninfected (HEU) infants. The pink points and corresponding shaded areas represent

the median antibody levels for HIV-unexposed, uninfected (HUU) infants. 1gG4 subclass
antibodies are not shown because of the high proportion of infants with values below the

level of quantitation for the assay.
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Sociodemographic characteristics of the study population by HIV exposure status

Table 1.

Overall

HEU Infants

HUU Infants

(n=134) (n=37) (n=97) P
Infant sex, n (%) 0.40
Female 70 (52%) 22 (59%) 48 (49%)
Male 64 (48%) 15 (41%) 49 (51%)
Infant birth weight (g), median (IQR) | 3225 (2940-3440) | 3040 (2745-3285) | 3275 (2970-3560) | 0.01
Infant breastfeeding, n (%) 109 (81%) 13 (35%) 96 (99%) <0.0001
Nutritional status? >0.99
No malnutrition 120 (93%) 34 (94%) 86 (92%)
Moderate malnutrition 9 (7%) 2 (6%) 7 (8%)
Maternal age, median (IQR) 26.8(22.8-31.8) | 31.1(254-36.1) | 25.9(22.6-30.1) | 0.0003
Maternal education, n (%) 0.03
None or primary 9 (7%) 6 (16%) 3 (3%)
Secondary 109 (81%) 26 (70%) 83 (86%)
Tertiary 16 (12%) 5 (14%) 11 (11%)
Location of residence, n (%) 0.62
Rural 46 (34%) 11 (30%) 35 (36%)
Urban 88 (66%) 26 (70%) 62 (64%)
Household size, median (IQR) 5.5 (4.0-9.0) 6.0 (4.0-8.0) 5.0 (4.0-9.0) 0.71

HEU, HIV-exposed uninfected; HUU, HIV-unexposed uninfected; IQR, interquartile range

a . . .
Data on nutritional status were missing for 5 infants
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Serum concentrations of immunoglobulin G antibodies to pneumococcal serotypes among 126 infants with
sera at birth by HIV exposure status

Median (IQR) Serum Antibody a
Serotype Concentration (ug/mL) Padj
HEU Infants HUU Infants
(n=35) (n=91)
1 0.20 (0.03-0.46) | 0.25(0.03-0.53) | 0.59
0.34 (0.25-0.61)
3 0.31 (0.17-0.49) 0.26 (0.12, 0.40) 0.50
0.22 (0.11-0.42)
4 0.03 (0.03, 0.23) 0.26 (0.12-0.40) 0.64
0.03 (0.03-0.24)
5 0.27 (0.21, 0.69) 0.22 (0.05-0.37) | 0.046
6A 0.38(0.28-0.78) | 0.70 (0.41-1.13) | 0.09
0.27 (0.21-0.69)
6B 0.19 (0.15, 0.54) 0.21 (0.21-0.64) 0.84
7F 0.25 (0.04-0.69) | 0.33(0.15-0.73) | 0.06
0.30 (0.15-0.72)
9V 0.19 (0.15-0.54) 1.60 (1.13, 2.82) 0.20
1.60 (1.14-2.82)
14 027 (0,07, 0560) | 226 (1:22-451) | 039
0.27 (0.07-0.60)
18C 0.79 (0.33, 2.57) 0.40 (0.16-0.91) 0.13
1.46 (0.81-2.08) | 1.85 (1.22-3.38)
19A 0.24 (0.14,0.83) | 0.32(0.14, 0.94) | 0008
19F 0.79 (0.33-2.57) | 0.90 (0.33-2.23) | 0.66
23F 0.25(0.14-0.83) | 0.32(0.14-0.94) | 0.27

IQR, interquartile range; ug, microgram; mL, milliliter; HEU, HIV-exposed uninfected; HUU, HIV-unexposed uninfected

a, . . . . . -
Adjusted p values were estimated from linear regression models evaluating associations between HIV exposure status and log-transformed serum
antibody concentrations and adjusted for infant birth weight and maternal age
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Waning of serum concentrations of antibodies to specific pneumococcal serotypes following PCV-13

Table 3.

vaccination
Serotype Medéa:)rhgle(gthLtSig;u(nJgﬁglt_l?ody Median (IQR)
Early Post-Vaccine | Late Post-Vaccine Percent Decline
(Age 5 Months) (Age 12 Months)
1 1.66 (0.51-4.97) 0.34 (0.06-0.66) | 83% (67%-90%)
3 1.04 (0.60-1.71) 0.24 (0.17-0.37) | 75% (58%-86%)
4 4.34 (2.20-8.57) 0.37 (0.18-0.80) | 91% (82%-96%)
5 1.96 (1.14-3.29) 0.37 (0.21-0.63) | 83% (69%-90%)
6A 2.29 (0.97-4.37) 0.86 (0.58-1.61) | 55% (8%-75%)
6B 3.82(1.51-10.10) 0.43 (0.21-1.10) 86% (62%-93%)
7F 3.32 (1.91-5.26) 0.58 (0.38-0.96) | 81% (68%-89%)
WV 3.38 (1.42-5.75) 0.30 (0.15-0.56) 90% (82%-94%)
14 8.10 (2.40-13.35) 2.42 (1.19-5.12) | 59% (18%-81%)
18C 2.99 (1.29-4.71) 0.17 (0.06-0.33) 93% (86%-97%)
19A 4.71 (2.41-6.88) 1.39 (0.76-4.78) | 62% (0%-85%)
19F 6.24 (2.96-11.55) 1.08 (0.52-2.47) | 84% (61%-93%)
23F 2.32 (1.21-4.21) 0.34 (0.14-0.70) | 85% (61%-94%)

IQR, interquartile range; ug, microgram; mL, milliliter
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