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Background. Pneumococcal vaccination is recommended in people with HIV, prioritizing PCV. We compared the immunoge-
nicity of PCV-10 and PPV-23 administered antepartum or postpartum.

Methods. This double-blind study randomized 346 pregnant women with HIV on antiretrovirals to PCV-10, PPV-23, or placebo
at 14-34 weeks gestational age. Women who received placebo antepartum were randomized at 24 weeks postpartum to PCV-10 or
PPV-23. Antibodies against 7 serotypes common to both vaccines and 1 serotype only in PPV-23 were measured by ELISA/chemi-
luminescence; B- and T-cell responses to serotype 1 by FLUOROSPOT; and plasma cytokines/chemokines by chemiluminescence.

Results. Antibody responses were higher after postpartum versus antepartum vaccination. PCV-10 generated lower antibody
levels than PPV-23 against 4 and higher against 1 of 7 common serotypes. Additional factors associated with high postvaccination
antibody concentrations were high prevaccination antibody concentrations and CD4+ cells; low CD8+ cells and plasma HIV RNA;
and several plasma cytokines/chemokines. Serotype 1 B- and T-cell memory did not increase after vaccination.

Conclusions. Antepartum immunization generated suboptimal antibody responses, suggesting that postpartum booster doses
may be beneficial and warrant further studies. Considering that PCV-10 and PPV-23 had similar immunogenicity, but PPV-23 cov-

ered more serotypes, use of PPV-23 may be prioritized in women with HIV on antiretroviral therapy.
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Pneumococcus is a leading cause of bacterial pneumonia in
individuals with human immunodeficiency virus (HIV). Even
with the widespread use of antiretroviral therapy (ART), the in-
cidence of invasive pneumococcal disease (IPD) remains higher
in people with HIV compared with same-age adults without
HIV [1, 2]. IPD is also more common in pregnant and early
postpartum women compared with nonpregnant women of re-
productive age in the absence of HIV infection [3, 4].

IPD is a vaccine-preventable condition [5]. There are 2 types
of antipneumococcal vaccines: PPV-23, which is a polysaccha-
ride vaccine containing 23 capsular serotypes, and 2 conjugated
vaccines, PCV-10 and PCV-13, containing 10 and 13 serotypes,

Received 17 August 2021; editorial decision 10 November 2021; accepted 12 November 2021;
published online 6 November 2021.

Correspondence: Adriana Weinberg, MD, University of Colorado Anschutz Medical Campus,
Mail Stop 8604, 12700 E 19th Ave, Aurora, CO 80045 (adriana.weinberg@ucdenver.edu).

The Journal of Infectious Diseases® 2022;225:1021-1031

© The Author(s) 2021. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
https://doi.org/10.1093/infdis/jiab567

respectively. The efficacy of PPV-23 in preventing IPD in people
with HIV was demonstrated in several nonrandomized studies,
but the only randomized, placebo-controlled trial failed to
show a decrease in all-cause pneumonia [6, 7]. Importantly, the
study also showed that the failure of PPV-23 to protect against
pneumonia was associated with low antibody responses to the
vaccine [8]. The efficacy of PCV-9 and PCV-7 was demon-
strated in children and adults with HIV, respectively [9, 10].
PPV-23, PCV-7, PCV-9, and PCV-13 were generally safe and
equally immunogenic in people with HIV except for individ-
uals with low CD4" T cells and high HIV plasma RNA, who had
higher antibody responses to PCV-7 compared with PPV-23
[11-14]. In the United States, the Centers for Disease Control
and Prevention recommends administration of PCV-13 fol-
lowed 2 8 weeks later by PPV-23 in people with HIV, including
pregnant women [15].

Only 2 studies have addressed the safety and immunoge-
nicity of pneumococcal vaccines during pregnancy in women
with HIV, including the study reported here [16, 17]. In the first
report that resulted from this study, we showed that PCV-10
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and PPV-23 were equally safe and immunogenic in pregnant
women with HIV and were associated with similar levels of
transplacental antibody transport [17]. Neither vaccine affected
pneumococcus carriage in women, but maternal administra-
tion of PPV-23 tended to decrease carriage of vaccine serotypes
in infants in an exploratory analysis [17].

The effect of pregnancy on vaccine immunogenicity has been
debated in the medical literature, with most studies focusing
on influenza vaccination and showing conflicting results [18,
19]. In women with HIV, there are additional considerations
that may factor into the decision of when to administer vac-
cines. Immunogenicity of vaccines in people with HIV gener-
ally increases with higher CD4" and lower CD8" T-cell counts
and with lower HIV replication [11, 14, 17]. Pregnancy is as-
sociated with decreased CD4" T-cell counts and mild immune
suppression, suggesting that vaccines may not achieve optimal
immunogenicity [20, 21]. Conversely, use of ART is associated
with increased CD4" and decreased CD8" T-cell counts and de-
creased HIV replication and, therefore, has an indirect boosting
effect on the immunogenicity of vaccines in women with HIV.
Several studies conducted before the recommendation of uni-
versal ART administration to people with HIV showed that the
use of ART decreased postpartum, complicating the identifi-
cation of the optimal time to administer vaccines to pregnant
women with HIV [22].

In this article, we report the results of secondary objectives
of a much larger study. This report includes the effect of preg-
nancy, CD4" and CD8" T-cell counts, and plasma HIV viral
load on the immunogenicity of PCV-10 and PPV-23 in women
with HIV in the current landscape of universal ART recom-
mendation in people with HIV. We also explored the associ-
ation of inflammatory biomarkers on the immunogenicity of
the vaccines.

METHODS

Study Design and Participants
This double-blind study (NCT02717494) randomized preg-
nant women with HIV 1:1:1 to receive PCV-10 (Glaxo Smith-
Kline), PPV-23 (Merck), or placebo. The study was conducted
at 8 clinical sites in Brazil, under approval of national and local
regulatory review boards. All participants signed informed
consent. Key inclusion criteria were pregnancy complicated
by HIV, use of ART, gestational age 2 14 and < 34 weeks, and
no prior pneumococcal immunization. The gestational age
was chosen to avoid immunization in the first trimester and
to allow enough time between immunization and delivery for
transplacental antibody transport. Randomization was central-
ized. After unblinding, the site principal investigators received
information on treatment allocations and letters were sent to
participants notifying them of the treatment received.

At entry, participants received 1 dose of PCV-10, PPV-23,
or placebo. At 24 weeks postpartum, placebo recipients were

randomized to receive PPV-23 or PCV-10. Adverse events
collected antepartum were reported elsewhere [17]. Adverse
events were not collected postpartum because the safety of
pneumococcal vaccines in young adults, including women,
with HIV was well accepted before the initiation of this study.
Antipneumococcal antibody concentrations against 8 serotypes
were measured in all participants. Memory B- and T-cell re-
sponses were measured against a single serotype using cryopre-
served peripheral blood mononuclear cells (PBMC) collected
from the first 150 participants before and 4 weeks after vacci-
nation antepartum and all participants vaccinated postpartum.
Plasma samples from the same participants who contributed
PBMC were used to measure inflammatory biomarkers. CD4"
and CD8" T-cell numbers and HIV plasma RNA were measured
at the time of vaccination antepartum and postpartum.

Serum Antibodies

Serum antibodies for serotypes 4, 7F, 23F, and 33F were meas-
ured by enzyme-linked immunosorbent assay (ELISA) at the
World Health Organization reference laboratory at University
College London, United Kingdom using methods previously
described [23]. Antibodies for serotypes 1, 5, 6B, and 14 were
measured at the University of Colorado Anschutz Medical
Campus using a chemiluminescent multiplex assay (Meso Scale
Discovery) as previously described [24]. Serotype 33F is in-
cluded only in PPV-23.

Memory T Cells

We measured interferon-y (IFN-y) and interleukin 17A
(IL-17A) memory responses against serotype 1, because T
helper 17 (Th17) responses were previously shown to contribute
to protection against pneumococcus colonization and IFN-y
responses generally increase after administration of T-cell de-
pendent vaccines [25]. PBMC were collected in tandem with the
aforementioned plasma samples and were cryopreserved for vi-
ability at local laboratories certified by the Immunology Quality
Assurance Program (National Institutes of Health Division of
AIDS) using the International Maternal Pediatric Adolescent
AIDS Clinical Trials Network/AIDS Clinical Trials Group/
HIV Prevention Trials Network standard operating procedure
(https://www.hanc.info/resources/sops-guidelines-resources/
laboratory/cross-network-pbmc-processing-sop.html). PBMC
were shipped on liquid nitrogen to the testing laboratory.
PBMC at 250000 cells/well in dual-color FLUOROSPOT
plates (Mabtech; catalog number FS-0103) were stimulated
with 500000 colony-forming units/well of pneumococcus se-
rotype 1 (gift of Dr S. Pelton), medium, or 2 ug/mL phytohe-
magglutinin A (Sigma) overnight. Assays were revealed as per
manufacturer’s instructions. Results were reported in spot-
forming cells (SFC)/10° PBMC in pneumococcus serotype
1-stimulated or phytohemagglutinin A-stimulated wells after
subtraction of background SFC in medium-stimulated wells.
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Memory B Cells

Memory B cells were measured as previously described using
a dual-color IgG/IgA FLUOROSPOT plates (Mabtech; catalog
number FS-05R06G) with the following modification: the an-
tigen wells were coated with 25 ng/well pneumococcal poly-
saccharide 1 (American Type Culture Collection) [26]. Results
were reported in SFC/10° PBMC.

Soluble Inflammatory Factors

V-PLEX Human Cytokine 30-plex kits (Meso Scale Discovery;
catalog number K15054D) was used on plasma according to the
manufacturer’s instructions.

Statistical Analysis

The primary outcomes in this report were antibody responses
at 4 weeks after administration of PCV-10 or PPV-23 ante-
partum and postpartum. Outcome measures included antibody
concentrations, frequency of 2 2-fold increase in antibodies
postvaccination over prevaccination, and frequency of anti-
body concentrations 2 0.35 pg/mL (protective against IPD in
infants), 21 pg/mL (arbitrary level frequently used in adults),
and 2 4 pg/mL (associated with protection against pneumo-
coccus colonization) [25, 27, 28]. Additional outcomes were
IgG and IgA memory B cells and IFN-y and IL-17A memory
T cells to serotype 1. To identify the factors that contributed
to the antipneumococcal antibody responses to vaccination,

we performed multivariable regression analyses including vari-
ables significantly associated with antibody responses in uni-
variate analyses, such as prevaccine antibody concentrations,
type and timing of vaccine (PCV-10 vs PPV-23, antepartum vs
postpartum), CD4" and CD8" T-cell counts, and plasma HIV
viral load at the time of vaccination. In each model, the anti-
body concentrations after vaccination in the case of linear re-
gressions, or the binary outcomes described above in the case of
logistic regressions, were used as response variables. Antibodies
and HIV RNA were log,  transformed.

For the inflammatory marker analyses, concentrations were
log,, transformed and markers were grouped using principal
component analysis. The first 5 principal components, which
explained > 50% of the variance, were used as explanatory vari-
ables in linear regression models for each antibody serotype.
Statistical analyses were performed using SAS version 9.4 (SAS
Institute, Inc).

RESULTS

Characteristics of the Study Population

We enrolled 347 pregnant women with HIV, including 115 who
received PCV-10, 115 PPV-23, 116 placebo, and 1 participant
who did not receive study medication antepartum. Of the 116
antepartum placebo recipients, 53 received PCV-10 and 53
PPV-23 at 24 weeks postpartum (Figure 1). The demographic
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hxciudlgc‘i:ln :t e tudy product and discontinued stud Fxclued:n =10
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Antepartum Postpartum
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Figure 1. Consort diagram.
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Table 1. Demographic and HIV Disease Characteristics

Antepartum Postpartum

Characteristic PCV-10 (n = 115) PPV-23 (n = 115) PCV-10 (n = 53) PPV-23 (n = 63)
Race, No. (%)

Black 51 (44) 57 (60) 23 (43) 31 (58)

White 24 (21) 19 (17) 12 (23) 11 (21)

American Indian 0 (0) 0 (0) 1(2) 0 (0)

Other 40 (3b) 36 (31) 16 (30) 11 (21)

Unknown 01(0) 3(3) 1(2) 0(0)
Ethnicity, No. (%)

Latino 112 (97) 110 (96) 50 (94) 53 (100)

Not Latino 1(1) 1(1) 1(2) 0(0)

Unknown 2(2) 4(3) 2 (4) 0(0)
Age at randomization, y, mean (SD) 27 (6) 28 (6) 29 (6) 28 (6)
Gestational age at randomization, wk, mean (SD) 26 (5) 25.2 (5) NA NA
CD4*T cell %, mean (SD)? 32 (9) 32 (9) 33 (10) 31 (11)
CD4* T cells/uL, mean (SD)* 596 (243) 585 (257) 716 (302) 707 (385)
CD4* T cells > 200 cells/uL® 109 (95) 113 (98) 50 (94) 49 (92)
CD8*T cells/ulL, mean (SD)® 772 (279) 785 (345) 847 (364) 869 (315)
HIV RNA copies/mL of plasma®

Median (Q1-Q3) 39 (39-96) 39 (39-103) 39 (39-39) 39 (39-82)

No. missing 1 3 1 0
HIV RNA < 40 copies/mL of plasma®

No. (%) 72 (63) 69 (62) 41 (79) 39 (74)

No. missing 1 3 1 0
ART, No. (%) 115 (100) 115 (100) 50 (94) 49 (92)

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; NA, not applicable; Q1 and Q3, 25th and 75th percentiles.

?Obtained at the time of immunization.

characteristics were similar in the PPV-23 and PCV-10 re-
cipients at each time point (Table 1). Combining the vaccine
groups, the following differences were observed in participants
who were immunized antepartum versus postpartum: (1) the
mean CD4" T-cell counts was 590 cells/uL antepartum and 711
cells/pL postpartum; (2) mean CD8" T cells/pL was 778 ante-
partum and 858 postpartum; (3) 62% of participants had HIV
plasma RNA <40 copies/mL antepartum versus 76% post-
partum; and (4) 100% of women were on ART antepartum and
93% postpartum.

Immunogenicity of PCV-10 and PPV-23 Administered Antepartum or
Postpartum

PCV-10 and PPV-23 robustly increased antibody concentra-
tions against the vaccine serotypes tested both antepartum and
postpartum, but antibody concentrations were generally lower
antepartum compared to postpartum and in PCV-10 compared
to PPV-23 (Figure 2 and Supplementary Table 1). To determine
if these observations were independent of prevaccination anti-
body concentrations, which were also lower antepartum com-
pared to postpartum, and to identify additional factors that
contributed to the antibody responses to vaccination, we per-
formed multivariable regression analyses including factors pre-
viously shown to be associated with antibody responses, such as
CD4" and CD8" T-cell counts and plasma HIV load at the time
of vaccination (Table 2) [17]. The adjusted analyses showed that

high prevaccination antibody concentrations were significantly
associated with increased concentrations postvaccination for all
serotypes and with higher proportions of women reaching pre-
defined response thresholds. In contrast, high prevaccination
antibodies were associated with lower vaccine response rates
defined by > 2-fold increase in antibody concentration at 4
weeks postvaccination compared to prevaccination. Compared
to postpartum, antepartum vaccination was significantly asso-
ciated with lower antibody concentrations and/or lower odds of
women reaching predefined response thresholds and/or lower
vaccine response rates for 7 out of 8 serotypes tested. Overall,
PCV-10 was less immunogenic than PPV-23 for serotypes 1,
6B, 7F, and 14, and more immunogenic for serotype 4. Higher
CD4" T-cell counts, lower CD8" T-cell counts and/or lower
HIV plasma viral load at the time of immunization were asso-
ciated with higher antibody responses to 6 of 8 serotypes (1, 4,
7F 14, 23F, and 33F).

Antepartum and Postpartum Memory B- and T-Cell Responses to Serotype
1 After PCV-10 and PPV-23

We analyzed B- and T-cell memory responses to serotype 1
in a subset of 38 women who received PCV-10 and 37 PPV-
23 antepartum, and in 35 women who received PCV-10 and
29 PPV-23 postpartum. The demographic characteristics of
this subset did not appreciably differ from those of the entire
study population (Supplementary Table 2). After exclusion
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Figure 2.  Antibody responses to PCV-10 and PPV-23 administered antepartum or postpartum. Data were derived from 336 women with HIV randomly assigned to PCV-10
antepartum (n = 115), PPV-23 antepartum (n = 115), PCV-10 postpartum (n = 53), and PPV-23 postpartum (n = 53). The following serotypes showed significant differences
(P<.03) in the unadjusted nonparametric comparison of week 4 postvaccination antibody concentrations antepartum versus postpartum: 1, PCV-10 and PPV-23; 4, PCV-10
and PPV-23; 5, PCV-10 and PPV-23; 7F, PPV-23; 14, PPV-23; 23F, PPV-23; and 33F, PPV-23. The following serotypes showed significant differences in the unadjusted compar-
ison of PCV-10 versus PPV-23 antibody concentrations at 4 weeks after vaccination: 1, antepartum and postpartum; 4, antepartum and postpartum; 7F, postpartum; and 14,
postpartum. Maternal geometric means and 95% confidence intervals are shown.
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of samples with poor PBMC viability, results were available
for 17 PCV-10 and 17 PPV-23 antepartum vaccine recipients
and for 18 PCV-10 and 14 PPV-23 postpartum recipients.
Before antepartum vaccination, women had a median of 0
(range, 0-4) IgA and 2 (range, 0-34) IgG SFC/10° PBMC, and
6 (range, 0-172) IFN-y and 4 (range, 0-144) IL-17A SFC/10°
PBMC (Supplementary Table 3 presents results separated by
vaccine). Corresponding numbers postpartum were 0 (range,
0-8) IgA and 2 (range, 0-26) IgG SFC/10° PBMC, and 10
(range, 0-164) IFN-y and 6 (range, 0-128) IL-17A SFC/10°
PBMC. Although a few participants had increases in memory
B- and/or T-cell responses to serotype 1, overall, there were
no appreciable increases in memory responses in any vaccine
group (Supplementary Table 3).

Effect of Cytokines and Chemokines on Antibody Responses to PCV-10 and
PPV-23

To investigate the potential effect of inflammatory markers
on antibody responses to pneumococcal vaccines in women
with HIV, we measured a panel of 30 cytokines/chemokines
at 4 weeks after vaccination in 76 women vaccinated

antepartum and 53 postpartum. The timing and sample size
were dictated by convenience. The demographic characteris-
tics of this subset of women did not appreciably differ from
the parent groups (Supplementary Table 4). Five analytes,
IL-8HA, granulocyte-macrophage colony-stimulating factor
(GM-CSF), IL-1P, tumor necrosis factor-p (TNEF-pB), and
IL12p40, were excluded from analysis due to = 30% of the
samples below the lower level of quantification of the assay
or redundancy with other analytes. Supplementary Table 5
shows the concentrations of the remaining 25 analytes. To re-
duce the dimensionality of the dataset, cytokines/chemokines
were grouped using principal component analysis (Table 3)
[29]. Next, we assessed the relationship between antibody
concentrations at week 4 postvaccination with each principal
component in a regression analysis that also included vaccine
type, prevaccination antibody concentrations, numbers of
CD4" and CD8" T cells/uL, and HIV plasma RNA copies/mL
at the time of vaccination (Table 4). Antibody responses for
6 of 8 serotypes showed significant effects of 1 or more of the
principal components in which the cytokines/chemokines
were grouped, but only after postpartum vaccination.
Opverall, principal components with high positive loadings for

Table 3. Biomarker Principal Component Eigenvectors

Biomarker, pg/mL

Principal Components Antepartum

Principal Components Postpartum

1 2 3 4
CCLM 0.26 0.36 -0.04 0.12
CCL-13 (MCP-4) 0.24 0.37 -0.01 0.14
CCL-17 0.1 0.24 -0.01 -0.10
CCL2 (MCP-1) 0.15 0.26 -0.17 0.23
CCL-22 (MDC) 0.02 0.20 0.10 -0.10
CCL-26 (Eotaxin 3) 0.26 0.30 -0.10 0.19
CCL3 (MIP-1a) 0.38 -0.16 -0.08 -0.15
CCL4 (MIP-1B) 0.34 -0.15 -0.31 -0.11
CXCL:10 (IP-10) 0.14 0.00 0.44 0.18
IFN-y 0.18 -0.22 0.13 0.30
110 0.09 -0.04 -0.07 0.29
1:12p70 0.11 -0.30 -0.05 0.34
113 0.05 -0.19 -0.09 0.20
I-15 0.12 0.01 0.17 -0.01
116 -0.02 0.17 0.32 0.18
I17A -0.005 -0.21 0.15 0.37
IL1a 0.21 0.003 0.41 -0.19
-2 0.14 -0.15 0.15 0.01
-4 0.16 0.04 -0.04 0.30
115 0.07 -0.21 0.21 -0.02
L6 0.10 -0.09 0.04 -0.15
IL7 0.22 0.12 0.03 -0.12
I8 0.34 -0.13 -0.26 -0.23
TNF-a 0.31 -0.27 -0.03 -0.07
VEGFA 0.22 0.03 0.40 -0.25
Explained variation, % 16.63 12.22 8.54 7.30

5 1 2 3 4 5
-0.15 0.32 -0.22 -0.29 0.01 -0.10
-0.07 0.37 -0.23 -0.19 0.06 0.04

0.43 0.21 -0.33 0.14 -0.09 -0.06
0.15 0.26 -0.09 -0.31 -0.08 -0.04
0.27 0.12 -0.004 0.04 -0.12 0.03
-0.20 0.33 -0.20 -0.23 0.12 -0.002
-0.04 0.12 0.10 -0.10 0.15 0.32
0.01 0.1 -0.12 0.12 0.28 0.35
0.16 0.32 0.23 0.07 0.03 -0.03
0.04 0.24 0.29 0.05 0.07 0.001
0.22 0.27 0.25 -0.11 -0.10 0.12
-0.21 0.08 0.06 0.29 0.35 -0.24
0.09 0.04 -0.07 0.22 0.55 -0.06
0.08 0.13 0.18 0.19 -0.07 0.31
-0.12 0.17 -0.04 0.15 -0.15 -0.24
0.35 0.12 0.38 0.07 -0.04 -0.12
-0.20 0.05 0.05 0.14 -0.39 0.40
0.05 0.09 0.27 0.14 0.03 -0.26
-0.22 -0.09 0.03 -0.02 0.31 0.26
-0.06 0.04 0.07 0.13 -0.10 0.36
0.33 0.17 0.22 -0.07 0.23 0.17
0.38 0.14 -0.30 0.39 -0.18 0.04
-0.04 0.15 -0.17 0.20 0.1 0.14
0.03 0.30 0.24 0.10 -0.13 -0.20
-0.17 0.13 -0.17 0.46 -0.08 -0.07
7.03 19.25 11.36 9.28 7.64 6.89

The table shows the eigenvectors (weights) of the different cytokines/chemokines on principal components 1-5. Weights indicate the relative importance of each cytokines/chemokines in
forming each of the first 5 principal components. Loadings with magnitude > 0.2 are shown in bold because they were considered substantial.

Abbreviations: CCL, CC chemokine ligand; CXCL, C-X-C motif chemokine ligand; IFN-y, interferon-y; IL, interleukin; IP-10, inducible protein 10; MCE, monocyte chemoattractant protein; MDC,
macrophage-derived chemokine; MIP. macrophage inflammatory protein; TNF-a, tumor necrosis factor-a; VEGFA, vascular endothelial growth factor A.
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Table 4.

Effect of Cytokines/Chemokines on Pneumococcal Antibody Responses to Postpartum Vaccination

Linear Regression®

Sero- No.
type Variable Used Coefficient Estimates (95% Cl) P Value
1 Principal component 4 51 0.10 (.02 to .18) .012
4 Principal component 1 49 -0.06 (-.12 to -.01) .014
Principal component 4 49 0.11 (.02 to .20) .016
Principal component 5 49 -0.09 (-.17 to -.01) .026
B Principal component 4 51 0.07 (.01 to .14) .027
7F Principal component 2 51 0.08 (.01 to .16) .030
Principal component 4 51 0.15 (.06 to .25) .003
14 Principal component 4 51 0.14 (.001 to .27) .048
23F Principal component 5 47 -0.09 (-.17 to -.01) .031

Principal components 1, 2, and 5 were associated with lower antibody responses. These principal components included overall substantial positive loadings of CCL-2, CCL-3, CCL-4, CCL-26,
CXCL10, I:1a, 14, IL5, IL= 6, 1110, 1113, 1L:15, IFN-y, and TNF-a, suggesting that these cytokines and chemokines were associated to lower antibody responses. Principal components 1, 2,
and 5 also included substantial negative loadings of IL-7 and IL-16, suggesting that these cytokines were associated with higher antibody responses. Conversely, principal component 4 was
associated with higher antibody responses and included substantial positive loadings of CCL4, IL-12p70, 11-13, IL-4, and IL-6, and negative loading of IL-1a.

Abbreviations: CCL, CC chemokine ligand; CXCL, C-X-C motif chemokine ligand; IFN-y, interferon-y; IL, interleukin; TNF-a, tumor necrosis factora.
“The regression analysis included cytokine/chemokine principal components, vaccine type, prevaccination antibody levels, plasma HIV RNA, and CD4* and CD8* T-cell counts

IL-2,1L-6, IL-13, IL-12p70, and/or IL-17A and negative load-
ings for IL-7, CC chemokine ligand 11 (CCL-11), CCL-13,
and CCL-17 were associated with higher antibody responses,
whereas principal components with high positive loadings
for IL-1a, IL-5, CCL-3, and CCL-4 and negative loadings of
IL-12/p70, IL-16, and IL-2 were associated with lower an-
tibody responses. The effect of cytokines/chemokines that
positively loaded on principal components with both positive
and negative associations with the antibody production were
considered uninterpretable.

DISCUSSION

Our study showed that antibody responses to both PCV-10
and PPV-23 were notably higher, both from statistical and bi-
ological standpoints, when the vaccines were administered
postpartum compared with antepartum after controlling for
potential confounders in the statistical analysis. It is important
to note that the volume of antibody distribution was higher
antepartum versus postpartum. This difference most likely af-
fected the antibody concentrations, but not the antibody fold-
rise postvaccination compared with prevaccination. Previous
studies comparing immunogenicity of vaccines in pregnant and
nonpregnant women were restricted to influenza vaccines [30,
31]. These studies were not randomized and showed conflicting
results across influenza strains in the vaccines and in the com-
parison of antepartum with postpartum immunization. Our
study was the first to compare antepartum and postpartum vac-
cine responses in a randomized trial setting, which increased
the likelihood of evaluating a homogeneous population ante-
partum and postpartum. Other differences that may have con-
tributed to the discrepant results between our and previous
studies included the antigens (pneumococcus versus influenza)
and the fact that our participants had HIV infection. Of note,
although PPV-23 is deemed to generate T-cell-independent an-
tibody responses, both PCV and influenza vaccines are deemed

to generate T-cell-dependent antibody responses. Collectively,
our results suggest that the immunogenicity of the pneumo-
coccal vaccines antepartum compared with postpartum may
derive from the immune suppression that accompanies preg-
nancy [31].

Our study compared for the first time the immunogenicity of
vaccines administered to women with HIV antepartum versus
postpartum. Previous reports indicated much lower compli-
ance with ART postpartum compared with antepartum, with
accompanying increase of viral replication and deterioration
of the immune system [22]. Because responses to vaccines in
people with HIV generally increase with control of HIV replica-
tion, this observation has prompted providers to preferentially
complete immunizations antepartum. However, in our study,
most participants continued on ART postpartum, the propor-
tions of women with virologic control and the mean percentage
of CD4" T cells were similar antepartum and postpartum, and
the mean CD4" and CD8" T cells were higher postpartum com-
pared with antepartum. These results support postpartum ad-
ministration of vaccines that are not specifically reccommended
in pregnancy. Additional studies are needed to confirm our
results and identify the vaccines that may benefit from post-
partum administration.

A surprising finding in our study was that PPV-23 gener-
ated higher antibody concentrations than PCV-10 against most
pneumococcus serotypes common to both vaccines and lower
concentrations against a single serotype. Previous studies in
people with HIV showed similar or higher antibody responses
to PCV-7 compared with PPV-23 [11, 32]. Our study population
consisted of young women, including = 92% participants with
CD4" T-cell counts > 200 cells/pL, which may explain some of
the differences between our and previous results. Although our
study is the first to compare PCV-10 with PPV-23 in people with
HIV, previous investigations showed similar immunogenicity of
PCV-10 compared to PCV-7 or PCV-13 in children, suggesting
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that the type of PCV might not have played a role in the dis-
crepancy between our results and those of previous studies [33,
34]. Moreover, we previously reported that the persistence of
antibodies generated by the 2 vaccines was similar and in the
current study neither vaccine generated memory B- or T-cell
responses against serotype 1, failing to establish advantages of
one vaccine over the other [17]. We also measured and previ-
ously reported similar opsonophagocytic activity indices after
antepartum vaccination with PCV-10 or PPV-23 [17]. Because
opsonophagocytic activity is considered the best measure of
antipneumococcal antibody functionality, our findings indicate
that PCV-10 and PPV-23 generate antibodies with similar func-
tionality in young women with HIV on ART [35]. Collectively,
these results show that the administration of PCV-10 to young
women with HIV on ART may not have any advantages com-
pared with PPV-23.

An important feature of HIV pathogenesis is inflammation.
In fact, most of the complications of HIV infection in people
on effective ART have been ascribed to persistent inflamma-
tion. Previous studies showed negative associations between
high plasma inflammatory markers and antibody responses
in older adults, including people with and without HIV [36].
Our investigation showed both positive and negative asso-
ciations of plasma levels of cytokines and chemokines with
antipneumococcal antibody responses, but only postpartum.
Among the analytes positively correlated with antibody produc-
tion, IL-2, IL-6, and IL-13 are known to increase B-cell function
and IL-12p70 to stimulate Th1 cells, suggesting a direct relation-
ship with antibody responses to vaccination, including T-cell-
dependent antibody responses. Among cytokines/chemokines
associated with lower production of antibodies, IL-1a is a bona
fide inflammatory cytokine, suggesting that increased inflam-
mation may decrease antibody responses to vaccines.

Limitations of this study included measuring antibody and
B- and T-cell memory responses against a single serotype.
Moreover, the poor quality of many of the PBMC collected for
B- and T-cell memory responses substantially decreased our
ability to obtain robust results.

In conclusion, the immunogenicity of both PPV-23 and
PCV-10 were highest postpartum, and when HIV replication
and CD8" T-cell counts were low and CD4" T-cell counts were
further restored, which generally occurs a few months after in-
itiation of ART. However, delaying pneumococcus immuniza-
tion in pregnant women with HIV needs to be balanced against
the risk of intercurrent IPD. A potential strategy to mitigate the
decreased immunogenicity of vaccines during pregnancy may
be to administer an additional dose postpartum. This strategy
deserves to be further studied, as well as the optimal schedule
of administration of other vaccines recommended in women
with HIV that are not specifically indicated during pregnancy.
In addition, we found that PPV-23 was at least as immuno-
genic as PCV in women with HIV on ART, but had broader

pneumococcus serotype coverage, suggesting that administra-
tion of PPV-23 may be prioritized in this group.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Supplementary materials consist of
data provided by the author that are published to benefit the
reader. The posted materials are not copyedited. The contents of
all supplementary data are the sole responsibility of the authors.
Questions or messages regarding errors should be addressed to
the author.
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