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Abstract
Background: Phase III, open-label, single-center, controlled study in South Africa (ClinicalTrials.gov: NCT00829010) to evaluate
immunogenicity, reactogenicity, and safety of the 10-valent pneumococcal non-typeable Haemophilus influenzae protein D
conjugate vaccine (PHiD-CV) in human immunodeficiency virus (HIV)-infected (HIV+), HIV-exposed-uninfected (HEU), and HIV-
unexposed-uninfected (HUU) children.

Methods:Children stratified by HIV status received PHiD-CV primary vaccination (age 6/10/14 weeks; coadministered with routine
childhood vaccines) and booster dose (age 9–10 months). Immune responses, assessed using enzyme-linked immunosorbent and
functional assays, and safety were evaluated up to 14 months post-booster.

Results: Of 83, 101, and 100 children enrolled in HIV+, HEU, and HUU groups, 70, 91, and 93 were included in according-to-
protocol immunogenicity cohort. For each vaccine-serotype, percentages of children with antibody concentrations≥0.2mg/mLwere
≥97% 1 month post-primary vaccination and ≥98.5% 1 month post-booster (except for 6B and 23F at both timepoints). Post-
primary vaccination, functional antibody responses were lower in HIV+ children: for each vaccine-serotype, percentages of children
with opsonophagocytic activity (OPA) titres ≥8 were ≥72%, ≥81%, and ≥79% for HIV+, HEU, and HUU children. Post-booster,
≥87% of children in each group had OPA titres ≥8. Reactogenicity was similar across groups. Thirty one (37%) HIV+, 25 (25%) HEU,
and 20 (20%) HUU children reported ≥1 serious adverse event. Five HIV+ and 4 HEU children died. One death (sudden infant death
syndrome; HEU group; 3 days post-dose 1) was considered potentially vaccine-related.

Conclusion: PHiD-CV was immunogenic and well-tolerated in HIV+, HEU, and HUU children, and has the potential to provide
substantial benefit irrespective of HIV infection status.

Abbreviations: AE = adverse event, ART = antiretroviral therapy, CI = confidence interval, DNA-PCR = deoxyribonucleic acid
polymerase chain reaction, DTPw-HBV/Hib = diphtheria-tetanus-whole cell pertussis-hepatitis B vaccine combined with lyophilized
Hib tetanus conjugate vaccine, ELISA = enzyme-linked immunosorbent assay, GMC = geometric mean concentration, GMT =
geometric mean titre, HAART = highly active antiretroviral therapy, HEU = HIV-exposed-uninfected, HIV = human immunodeficiency
virus, HIV+ = HIV-infected, HUU = HIV-unexposed-uninfected, IgG = immunoglobulin G, IPD = invasive pneumococcal disease,
OPA = opsonophagocytic activity, OPV = oral polio vaccine, PCV = pneumococcal conjugate vaccine, PCV7 = 7-valent PCV,
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Madhi et al. Medicine (2017) 96:2 Medicine
event, SAS = Statistical Analysis System, SIDS = sudden infant death syndrome, WHO = World Health Organization.

Keywords: 10-valent pneumococcal conjugate vaccine, acquired immunodeficiency syndrome, Africa, HIV, immunization, infant,
safety
1. Introduction

Streptococcus pneumoniae is a leading cause of bacterial invasive
disease, upper respiratory tract infections and pneumonia in
young children, with a higher risk in human immunodeficiency
virus (HIV)-infected and HIV-exposed-uninfected (HEU) chil-
dren.[1,2] Despite significant declines in respiratory disease and
invasive pneumococcal disease (IPD) morbidity after introduc-
tion of highly active antiretroviral therapy (HAART) in Africa,
HIV-infected (HIV+) children remain a high-risk group for
respiratory illnesses and IPD.[3]

After global implementation of Prevention of Mother-to-Child
Transmission programmes, most children born to HIV-infected
women will not be infected themselves. Nevertheless, these HEU
children are at higher risk of morbidity and mortality than
children born to HIV-uninfected mothers.[4–6] Moreover, HEU
children responded differently to Bacille Calmette-Guérin vaccine
than HIV-unexposed-uninfected (HUU) children, indicating
potential alterations in their immune systems.[7]

Pneumococcal conjugate vaccines (PCVs) using the non-toxic
cross-reactive mutant of diphtheria toxin CRM197 as carrier
protein have been shown to prevent a substantial burden of
pneumococcal disease in HIV-infected children not managed
with HAART, despite lower vaccine efficacy and immune
response compared toHIV-uninfected infants.[8–10] An ecological
study from South Africa reported 85% reduction in the incidence
of IPD caused by 7-valent PCV (PCV7) serotypes among HIV-
uninfected children below 2 years of age, within 4 years after
PCV introduction. Among HIV-infected children younger than
2 years, where the rate of disease was 25 times higher than among
HIV-uninfected children, PCV7-serotype IPD declined by 86%.
A reduction of approximately 55% of PCV7-serotype IPD was
attributable to vaccination.[11]

For the 10-valent pneumococcal non-typeable Haemophilus
influenzae protein D conjugate vaccine (PHiD-CV) which uses
non-typeableH. influenzae protein D as carrier protein for 8 of its
10 pneumococcal serotypes, we present here results from the first
Figure 1. Study design of HIV-exposed and HIV-unexposed children vaccinated
vaccine. DTPw-HBV/Hib=diphtheria-tetanus-whole cell pertussis-hepatitis B vac
rotavirus vaccine; M=month; PHiD-CV=10-valent pneumococcal non-typeable H
sample. For other coadministrated vaccines refer to Supplementary methods (Su
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study assessing its immunogenicity and safety in HIV-infected
and HIV-exposed infants.
2. Patients and methods

2.1. Study design and participants

This phase III, open, single-center, controlled study was
conducted in South Africa between February 2009 and June
2012. The study was partially randomized; only HUU children
were randomized to assess different PHiD-CV vaccination
schedules (these results will be reported elsewhere).
Eligible participants were infants between and including 6 to

10 weeks of age at first vaccination, without any known or
suspected health problems (other thanHIV infection or exposure)
that would contraindicate initiation of routine immunizations.
Infants were excluded if they had moderately or severely
symptomatic HIV infection (stages 3 and 4 according to the
World Health Organization [WHO] classification[12]). The study
included 3 populations of children, based on HIV status of
mother and child: HIV+ (HIV-positive mother, and infant
confirmed as HIV-infected by HIV deoxyribonucleic acid
polymerase chain reaction [DNA-PCR] at screening and HIV
viral load test at visit 1), HEU (HIV-positive mother, and infant
confirmed as HIV-uninfected by HIV DNA-PCR at screening),
and HUU (HIV-negative mother and infant, confirmed as HIV-
uninfected by HIV enzyme-linked immunosorbent assay [ELISA]
after 24 weeks of gestation for the mother and at visit 1 for the
infant). Detailed inclusion/exclusion criteria and HIV assess-
ments can be found in Supplemental Digital Content 1, http://
links.lww.com/MD/B513. The study comprised 10 visits (Fig. 1);
for each participant, study duration was approximately
24 months. For HIV+ children, CD4 percentages, viral load,
WHO HIV clinical staging, and antiretroviral therapy (ART)
were tabulated when data were available.
The study was conducted according to the principles of Good

Clinical Practice and the Declaration of Helsinki, and with the
with 10-valent pneumococcal non-typeable H. influenzae protein D conjugate
cine combined with lyophilized Hib tetanus conjugate vaccine; HRV=human
. influenzae protein D conjugate vaccine; W=week; vaccination; blood
pplemental Digital Content 1, http://links.lww.com/MD/B513).
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approval of an independent ethics committee (Wits Human
Research Ethics Committee). Written informed consent was
obtained from the parent(s) or legally acceptable representative(s)
of each child before any study-specific procedures. An indepen-
dent data monitoring committee provided oversight of the study
by assessing potential treatment harm and reviewing all-cause
mortality and morbidity.
This study has been registered at www.clinicaltrials.gov

(NCT00829010). A protocol summary is available at www.
gsk-clinicalstudyregister.com (study ID: 111634).

2.2. Study objectives

The primary objectivewas to evaluate immune responses to PHiD-
CV at 1 month after 3-dose primary vaccination in HIV+, HEU,
and HUU infants. Secondary objectives included assessment
of antibody persistence approximately 6 months post-primary
vaccination, immune responses to a PHiD-CV booster dose,
antibody persistence 14 months post-booster, and evaluation of
safety and reactogenicity. Other secondary objectives, including
assessment of nasopharyngeal carriage and immunogenicity and
safety of coadministrated vaccines, will be reported elsewhere.

2.3. Treatment allocation and study vaccines

Treatment allocation at investigator site was performed using a
central randomization and treatment allocation system on the
internet (SBIR); randomization was only performed for HUU
children, to receive different PHiD-CV vaccination schedules.
Infants were stratified into 3 groups according to their HIV

status (HIV+, HEU, HUU). HIV+ and HEU children received 3
primary doses of PHiD-CV (SynflorixTM; GSK Vaccines,
Belgium) at 6, 10, and 14 weeks of age, and a booster dose at
9 to 10 months of age. PHiD-CV consists of 1mg capsular
polysaccharide for serotypes 1, 5, 6B, 7F, 9V, 14, and 23F, and
3mg for serotype 4, each individually conjugated to non-typeable
H. influenzae protein D, and 3mg of capsular polysaccharide of
serotypes 18C and 19F conjugated to tetanus and diphtheria
toxoids, respectively.
HUU children were randomized (1:1:1) into 3 subgroups with

different PHiD-CV vaccination schedules: 3 primary doses plus
booster (3+1), 3 primary doses without booster (3+0), and 2
primary doses plus booster (2+1). A randomization blocking
scheme was used to ensure that balance between treatments was
maintained. While results for the groups receiving 3 primary
PHiD-CV doses are presented here, results on different dosing
schedules in HUU groups will be reported elsewhere. Post-
primary immunogenicity results of pooled HUU (3+1) and HUU
(3+0) groups, referred to as HUU (3+1/3+0), were used for
exploratory between-groups assessment as children in these
groups had the same HIV status and primary vaccination
regimen. Other routinely coadministered vaccines, including
diphtheria-tetanus-whole cell pertussis-hepatitis B vaccine com-
bined with lyophilized Hib tetanus conjugate vaccine (DTPw-
HBV/Hib), human rotavirus vaccine, measles and oral polio
vaccine (OPV), are detailed in Supplemental Digital Content 1,
http://links.lww.com/MD/B513.

2.4. Immunogenicity assessment

Blood samples for serology assessment were taken pre-vaccina-
tion, 1 month post-primary vaccination, pre-booster, and 1 and
14months post-booster of PHiD-CV, as well as pre- and 1month
post-booster vaccination of coadministered vaccines.
3

Immunoglobulin G (IgG) antibodies against vaccine-serotypes
and vaccine-related serotypes 6A and 19A (belonging to the same
serogroup as vaccine-serotypes) were quantified using GSK’s
22F-ELISA (cut-off: 0.05mg/mL). Immune response was de-
scribed in terms of percentages of children with IgG concen-
trations ≥0.2mg/mL (equivalent to antibody concentrations
≥0.35mg/mL measured by the non-22F ELISA of the WHO
reference laboratory[13]).
Opsonophagocytic activity (OPA) was measured by a

pneumococcal killing assay using an HL-60 cell line (cut-off
titre: 8).[14] Results are presented as the reciprocal of the dilution
of serum (opsonic titre) able to sustain 50% killing of
pneumococci under assay conditions.
Anti-protein D antibodies were quantified using an ELISA

assay developed by GSK (cut-off: 100 ELISA Units/mL).
2.5. Safety assessment

Solicited local and general adverse events (AEs), which are
detailed in Supplemental Digital Content 1, http://links.lww.com/
MD/B513, were recorded within 4 days post-vaccination, and
unsolicited AEs within 31 days post-vaccination. Serious adverse
events (SAEs), defined as any medical occurrence that resulted in
death, disability, or incapacity, was life-threatening, required
hospitalization or was considered serious by the investigator,
were recorded during the entire study.
2.6. Statistical analysis

Per group, 100 children were planned to be enrolled, resulting in
80 evaluable children in the according-to-protocol cohort with an
exclusion rate of 20%. The study had no confirmatory objectives
which would drive its sample size. All objectives including the
primary objective were descriptive.
Safety analyses were performed on the total vaccinated cohort,

including all children with ≥1 administered vaccine dose.
Immunogenicity analyses were performed on the according-to-
protocol immunogenicity cohort, comprising vaccinated children
who met all eligibility criteria, complied with the protocol-
defined procedures, and with assay results available for anti-
bodies against ≥1 study vaccine antigen.
Geometric mean antibody concentrations (GMCs) and

geometric mean OPA titres (GMTs) were calculated for each
serotype or antigen with 95% confidence intervals (CIs) by taking
the anti-log of the mean of the log antibody concentration or titre
transformations. Antibody concentrations and OPA titres below
assay cut-offs were given an arbitrary value of half the cut-off for
GMC and GMT calculations. Percentages of children with
serological results above respective thresholds were calculated
with 95% CIs.
In exploratory group comparisons, potential group differences

were highlighted when the 95% CI on GMC and GMT ratios
excluded 1, or the 95% CI on differences in percentage of
children with antibody concentrations or OPA titres above cut-
offs excluded 0. GMC and GMT ratios with 95% CIs were
obtained using an analysis of variance model (including only the
vaccine group as fixed effect) on logarithm-transformed antibody
concentrations and OPA titres. No adjustment for multiplicity of
comparisons or baseline serology was performed.
Statistical analyses were performed using Statistical Analysis

System (SAS) Drug andDevelopment web portal version 3.5, SAS
version 9.2, and Proc StatXact-8.1 procedure on SAS (SAS
Institute Inc., Cary, NC, USA).

http://www.clinicaltrials.gov/
http://www.gsk-clinicalstudyregister.com/
http://www.gsk-clinicalstudyregister.com/
http://links.lww.com/MD/B513
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3. Results

3.1. Study participants

All groups reached the expected number of 100 participants,
except for the HIV+ group (83 participants) (Fig. 2). All groups
were comparable in terms of age, ethnicity, and sex. Mean body
weight throughout the study tended to be lower in the HIV+
group (see Supplemental Digital Content 2, http://links.lww.com/
MD/B513). The majority of HIV+ children maintained a good
CD4 cell count during the study (see Supplemental Digital
Content 3, http://links.lww.com/MD/B513). HAART were
reported by 72% to 96% of HIV+ children during the primary
series and by 100% post-booster, leading to a decrease in viral
load over time (see Supplemental Digital Content 3, http://links.
lww.com/MD/B513). Four infants initially considered HIV+
were reallocated as HEU, because they were born to an HIV-
positive mother, confirmed as being HIV-infected by HIV
DNA-PCR at screening, but had undetectable viral load at visit
Figure 2. Participant flow of HIV-exposed and HIV-unexposed children vaccinated
vaccine. ATP=according-to-protocol; N =number of children; n=number with th
HIV-unexposed-uninfected; SAE=serious adverse event; TVC= total vaccinated
presented elsewhere. Thirteen children with subject numbers were not vaccinate

4

1 (3 children) or undetermined HIV status at retesting (1 child).
One child, who was wrongly randomized in the HUU (3+1)
group, was also considered HEU for the analysis.

3.2. Immunogenicity results
3.2.1. Post-primary vaccination results.One month post-dose
3, for each vaccine-serotype, ≥97% of children had antibody
concentrations ≥0.2mg/mL, except for 6B (≥80%) and 23F
(≥89%). For vaccine-related serotypes, percentages ranged from
28% to 33% for 6A, and from 38% to 57% for 19A. All
children, except 1 in the HEU group, had measurable antibody
concentrations against protein D (Table 1).
Exploratory group comparisons did not suggest any differ-

ences between HIV+ and HUU (3+1/3+0) groups, except for
percentages of children with antibody concentrations ≥0.2mg/
mL for serotypes 9V, 19F, and 19A (Fig. 3A) and antibody
GMCs for serotype 19F, which tended to be lower in the HIV+
group, and antibody GMCs for serotype 14, which tended to be
with 10-valent pneumococcal non-typeable H. influenzae protein D conjugate
e characteristic; HEU=HIV-exposed-uninfected; HIV+=HIV-infected; HUU=
cohort. ∗Only primary and first persistence analysis presented here. †Results
d; they did not contribute to results.

http://links.lww.com/MD/B513
http://links.lww.com/MD/B513
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Table 1

Serotype-specific pneumococcal and protein D antibody responses (ATP cohort for immunogenicity).

Percentage of children with IgG ≥0.2mg/mL (95% CI) GMC (95% CI)

HIV+ N=70 HEU N=91 HUU (3+1) N=93 HIV+ HEU HUU

Vaccine serotypes
1 1M post-pri 98.6 (92.3–100) 98.9 (94.0–100) 100 (96.1–100) 4.0 (3.3–4.8) 3.8 (3.3–4.5) 3.4 (2.9–3.9)

pre-bst 83.3 (72.1–91.4) 96.6 (90.4–99.3) 88.2 (79.8–93.9) 0.5 (0.4–0.7) 0.8 (0.7–1.0) 0.6 (0.5–0.7)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 6.6 (5.2–8.5) 8.6 (7.1–10.5) 5.4 (4.5–6.5)
14M post-bst 74.6 (62.1–84.7) 86.0 (76.9–92.6) 73.9 (63.7–82.5) 0.5 (0.3–0.8) 0.7 (0.6–0.9) 0.4 (0.3–0.5)

4 1M post-pri 98.6 (92.3–100) 98.9 (94.0–100) 100 (96.1–100) 3.7 (2.8–4.8) 3.1 (2.6–3.8) 2.7 (2.3–3.2)
pre-bst 90.8 (81.0–96.5) 97.7 (92.0–99.7) 94.6 (87.9–98.2) 1.0 (0.8–1.3) 1.4 (1.1–1.7) 0.9 (0.7–1.1)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 7.0 (5.7–8.5) 8.0 (6.7–9.7) 6.1 (5.1–7.2)
14M post-bst 79.4 (67.3–88.5) 86.0 (76.9–92.6) 72.8 (62.6–81.6) 0.6 (0.4–0.8) 0.6 (0.5–0.7) 0.4 (0.3–0.6)

5 1M post-pri 100 (94.9–100) 98.9 (94.0–100) 100 (96.1–100) 5.0 (4.0–6.2) 4.8 (4.0–5.8) 4.4 (3.8–5.1)
pre-bst 87.7 (77.2–94.5) 97.7 (92.0–99.7) 98.9 (94.2–100) 1.0 (0.7–1.3) 1.4 (1.1–1.7) 1.0 (0.9–1.2)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 7.9 (6.2–9.9) 9.5 (7.8–11.5) 8.0 (6.7–9.7)
14M post-bst 79.4 (67.3–88.5) 90.7 (82.5–95.9) 85.9 (77.0–92.3) 0.8 (0.5–1.1) 0.8 (0.6–1.0) 0.7 (0.6–0.9)

6B 1M post-pri 87.1 (77.0–93.9) 87.9 (79.4–93.8) 79.6 (69.9–87.2) 1.0 (0.7–1.4) 0.9 (0.7–1.2) 0.6 (0.5–0.9)
pre-bst 84.8 (73.9–92.5) 93.2 (85.7–97.5) 88.2 (79.8–93.9) 0.5 (0.4–0.7) 0.8 (0.6–1.0) 0.6 (0.5–0.7)
1M post-bst 95.5 (87.3–99.1) 96.6 (90.5–99.3) 93.5 (86.5–97.6) 2.3 (1.7–3.0) 2.6 (2.0–3.2) 2.0 (1.6–2.7)
14M post-bst 73.0 (60.3–83.4) 86.0 (76.9–92.6) 85.9 (77.0–92.3) 0.7 (0.4–1.1) 0.7 (0.6–1.0) 0.6 (0.5–0.8)

7F 1M post-pri 98.6 (92.3–100) 98.9 (94.0–100) 100 (96.1–100) 4.9 (3.8–6.4) 3.7 (3.1–4.4) 3.6 (3.1–4.2)
pre-bst 92.4 (83.2–97.5) 100 (95.9–100) 100 (96.1–100) 1.3 (1.0–1.6) 1.5 (1.3–1.8) 1.4 (1.2–1.6)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 9.9 (7.9–12.5) 11.0 (9.3–13.1) 9.0 (7.6–10.6)
14M post-bst 93.7 (84.5–98.2) 97.7 (91.9–99.7) 97.8 (92.4–99.7) 1.2 (0.9–1.7) 1.2 (1.0–1.4) 1.1 (0.9–1.3)

9V 1M post-pri 97.1 (90.1–99.7) 98.9 (94.0–100) 100 (96.1–100) 4.5 (3.4–6.0) 4.2 (3.5–5.2) 3.0 (2.5–3.7)
pre-bst 92.4 (83.2–97.5) 100 (95.9–100) 97.8 (92.4–99.7) 1.3 (1.0–1.8) 1.7 (1.4–2.1) 1.5 (1.2–1.8)
1M post-bst 98.5 (91.8–100) 100 (95.9–100) 100 (96.1–100) 10.1 (7.6–13.3) 10.9 (9.1–13.0) 9.5 (8.1–11.3)
14M post-bst 87.3 (76.5–94.4) 98.8 (93.7–100) 97.8 (92.4–99.7) 1.1 (0.8–1.7) 1.3 (1.0–1.6) 1.0 (0.9–1.3)

14 1M post-pri 98.6 (92.3–100) 98.9 (94.0–100) 100 (96.1–100) 7.2 (5.4–9.8) 6.8 (5.4–8.4) 3.8 (3.2–4.7)
pre-bst 100 (94.6–100) 98.9 (93.8–100) 96.8 (90.9–99.3) 4.2 (3.3–5.4) 3.9 (3.2–4.7) 2.6 (2.0–3.3)
1M post-bst 100 (94.6–100) 98.9 (93.9–100) 98.9 (94.2–100) 11.5 (9.2–14.4) 10.6 (8.6–13.0) 7.3 (5.9–9.0)
14M post-bst 100 (94.3–100) 98.8 (93.7–100) 96.7 (90.8–99.3) 2.6 (2.0–3.4) 2.1 (1.7–2.6) 1.3 (1.1–1.6)

18C 1M post-pri 100 (94.8–100) 98.9 (94.0–100) 100 (96.1–100) 9.5 (7.2–12.7) 9.5 (7.4–12.1) 10.1 (8.2–12.3)
pre-bst 96.9 (89.3–99.6) 100 (95.9–100) 100 (96.1–100) 2.3 (1.7–3.3) 2.6 (2.0–3.3) 3.1 (2.5–3.8)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 20.3 (16.1–25.4) 19.7 (15.9–24.3) 25.5 (21.7–29.8)
14M post-bst 98.4 (91.5–100) 95.3 (88.5–98.7) 97.8 (92.4–99.7 2.0 (1.4–2.9) 1.6 (1.2–2.1) 1.9 (1.6–2.3)

19F 1M post-pri 97.1 (90.1–99.7) 98.9 (94.0–100) 100 (96.1–100) 5.7 (4.1–8.0) 11.1 (8.9–14.0) 8.7 (7.4–10.4)
pre-bst 90.9 (81.3–96.6) 100 (95.9–100) 97.8 (92.4–99.7) 1.9 (1.3–2.8) 3.1 (2.7–3.7) 2.3 (1.9–2.8)
1M post-bst 98.5 (91.8–100) 100 (95.9–100) 98.9 (94.2–100) 8.0 (5.9–10.9) 12.5 (10.5–14.8) 8.9 (7.4–10.7)
14M post-bst 92.1 (82.4–97.4) 98.8 (93.7–100) 96.7 (90.8–99.3) 2.0 (1.3–3.1) 2.3 (1.7–3.0) 2.5 (1.9–3.3)

23F 1M post-pri 90.0 (80.5–95.9) 92.3 (84.8–96.9) 89.2 (81.1–94.7) 1.7 (1.2–2.4) 1.5 (1.1–2.0) 0.9 (0.7–1.2)
pre-bst 80.3 (68.7–89.1) 90.9 (82.9–96.0) 82.8 (73.6–89.8) 0.6 (0.4–0.8) 0.8 (0.6–1.1) 0.5 (0.4–0.7)
1M post-bst 90.9 (81.3–96.6) 95.5 (88.9–98.8) 92.5 (85.1–96.9) 4.0 (2.7–5.9) 5.9 (4.4–8.0) 3.8 (2.8–5.1)
14M post-bst 73.0 (60.3–83.4) 87.2 (78.3–93.4) 76.1 (66.1–84.4) 0.7 (0.5–1.1) 0.8 (0.6–1.1) 0.5 (0.4–0.7)

Vaccine-related serotypes
6A 1M post-pri 32.9 (22.1–45.1) 27.5 (18.6–37.8) 28.0 (19.1–38.2) 0.1 (0.1–0.2) 0.1 (0.1–0.1) 0.1 (0.1–0.1)

pre-bst 34.8 (23.5–47.6) 40.9 (30.5–51.9) 29.0 (20.1–39.4) 0.1 (0.1–0.2) 0.2 (0.1–0.2) 0.1 (0.1–0.1)
1M post-bst 75.8 (63.6–85.5) 74.2 (63.8–82.9) 63.4 (52.8–73.2) 0.5 (0.3–0.7) 0.6 (0.4–0.8) 0.4 (0.3–0.5)
14M post-bst 41.3 (29.0–54.4) 50.0 (39.0–61.0) 51.1 (40.4–61.7) 0.2 (0.1–0.4) 0.2 (0.2–0.3) 0.2 (0.1–0.3)

19A 1M post-pri 37.7 (26.3–50.2) 57.1 (46.3–67.5) 54.8 (44.2–65.2) 0.2 (0.1–0.2) 0.3 (0.2–0.4) 0.2 (0.2–0.2)
pre-bst 61.5 (48.6–73.3) 67.0 (56.2–76.7) 46.2 (35.8–56.9) 0.3 (0.2–0.4) 0.3 (0.2–0.4) 0.2 (0.1–0.2)
1M post-bst 78.8 (67.0–87.9) 86.5 (77.6–92.8) 75.3 (65.2–83.6) 1.0 (0.6–1.6) 1.5 (1.1–2.1) 0.8 (0.6–1.1)
14M post-bst 55.6 (42.5–68.1) 65.1 (54.1–75.1) 66.3 (55.7–75.8) 0.4 (0.3–0.8) 0.5 (0.3–0.7) 0.5 (0.3–0.8)

Protein D Percentage of children with Ab conc ≥100EL.U/mL (95% CI) GMC (95% CI)

1M post-pri 100 (94.9–100) 98.9 (94.0–100) 100 (96.1–100) 4215.1 (3622.3–4905.0) 3397.6 (2917.2–3957.1) 3431.8 (2955.1–3985.4)
pre-bst 98.5 (91.8–100) 100 (95.9–100) 100 (96.1–100) 1020.7 (803.4–1296.8) 930.7 (782.7–1106.6) 827.7 (701.3–976.8)
1M post-bst 100 (94.6–100) 100 (95.9–100) 100 (96.1–100) 5443.1 (4705.0–6297.0) 5018.3 (4335.7–5808.5) 4576.5 (3938.2–5318.3)
14M post-bst 96.8 (89.0–99.6) 95.3 (88.5–98.7) 97.8 (92.4–99.7) 748.2 (581.8–962.3) 615.3 (495.8–763.4) 503.2 (421.0–601.5)

Primary study outcome is highlighted in bold. The 3 primary PHiD-CV doses were administered at age 6, 10, and 14 weeks; the booster dose at age 9 to 10 months. 1M post-pri=1 month post-primary (age 18
weeks); pre-bst=pre-booster (age 9–10 months); 1M post-bst=1 month post-booster (age 10–11 months); 14M post-bst=14 months post-booster (age 24–27 months); Ab conc= antibody concentration;
ATP= according-to-protocol; CI=confidence interval; ELISA= enzyme-linked immunosorbent assay; EL.U=ELISA units; GMC=geometric mean concentration; HEU=HIV-exposed-uninfected children; HIV+=
HIV-infected children; HUU=HIV-unexposed-uninfected children; IgG= Immunoglobulin G; N=number of children.
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higher in theHIV+ group (Fig. 3B). Differences betweenHEU and
HUU (3+1/3+0) groups were not observed, except for antibody
GMCs for serotype 14, which appeared higher in the HEU group
(Fig. 3B).
Figure 3. Exploratory between-group comparisons of immunogenicity post-primar
or HEU minus HUU; ratios: HIV+ or HEU divided by HUU. Post-primary, the HUU
booster, the HUU group consists of the HUU (3+1) group (panels E–F). AT
concentration; GMT=geometric mean titer; HEU=HIV-exposed-uninfected; HIV+
activity; PD=protein D.

6

For each vaccine-serotype, ≥82% of children had OPA titres
≥8, except for 6B (≥72%) and 23F (77% for HIV+) (Table 2).
Percentages of children with OPA titres ≥8 tended to be lower in
the HIV+ group; exploratory comparisons suggested differences
y and post-booster vaccination (ATP immunogenicity cohort). Differences: HIV+
group consists of the pooled HUU (3+1/3+0) groups (panels A–D), and post-
P=according-to-protocol; CI=confidence interval; GMC=geometric mean
=HIV-infected; HUU=HIV-unexposed-uninfected; OPA=opsonophagocytic



Table 2

Functional immune response assessed by opsonophagocytic activity (OPA) assay (ATP cohort for immunogenicity).

Percentage of children with OPA ≥8 (95% CI) GMT (95% CI)

HIV+ N=70 HEU N=91 HUU (3+1) N=93 HIV+ HEU HUU

Vaccine serotypes
1 1M post-pri 82.4 (71.2–90.5) 86.8 (78.1–93.0) 82.8 (73.6–89.8) 139.7 (85.2–229.0) 147.6 (102.9–211.7) 127.2 (86.1–187.8)

pre-bst 54.7 (41.7–67.2) 52.9 (41.8–63.9) 41.3 (31.1–52.1) 19.7 (13.2–29.6) 21.5 (14.8–31.2) 14.1 (10.0–19.8)
1M post-bst 95.2 (86.7–99.0) 97.6 (91.8–99.7) 100 (96.0–100) 1061.5 (680.5–1655.8) 1377.8 (984.9–1927.4) 1014.8 (768.4–1340.3)
14M post-bst 54.2 (40.8–67.3) 47.6 (36.6–58.8) 46.1 (35.4–57.0) 36.7 (19.5–68.9) 28.1 (17.4–45.4) 22.8 (14.9–34.9)

4 1M post-pri 94.0 (85.4–98.3) 97.8 (92.3–99.7) 100 (96.1–100) 671.6 (430.7–1047.5) 1518.1 (1149.7–2004.4) 1711.9 (1367.7–2142.9)
pre-bst 75.4 (62.7–85.5) 72.9 (62.2–82.0) 64.0 (53.2–73.9) 55.1 (33.5–90.7) 89.7 (55.8–144.5) 47.6 (30.2–74.8)
1M post-bst 100 (94.2–100) 100 (95.8–100) 98.9 (94.0–100) 2034.2 (1593.5–2596.9) 3259.0 (2579.2–4117.9) 2484.7 (1919.0–3217.1)
14M post-bst 62.3 (47.9–75.2) 75.7 (64.3–84.9) 64.6 (53.3–74.9) 76.6 (36.8–159.5) 141.7 (79.2–253.5) 125.5 (69.1–228.2)

5 1M post-pri 91.2 (81.8–96.7) 94.5 87.6–98.2) 94.6 (87.9–98.2) 105.7 (73.8–151.4) 128.6 (97.5–169.5) 107.4 (81.8–141.0)
pre-bst 68.3 (55.3–79.4) 74.4 (63.9–83.2) 56.2 (45.3–66.7) 22.8 (15.7–33.0) 25.1 (18.7–33.9) 18.2 (13.2–25.0)
1M post-bst 98.4 (91.5–100) 100 (95.8–100) 100 (96.0–100) 540.4 (366.4–796.9) 531.1 (397.3–710.0) 630.2 (447.5–887.6)
14M post-bst 57.9 (44.1–70.9) 63.4 (52.0–73.8) 61.4 (50.4–71.6) 22.5 (13.7–37.0) 19.0 (13.8–26.2) 19.5 (14.2–26.7)

6B 1M post-pri 72.1 (59.9–82.3) 81.1 (71.5–88.6) 79.3 (69.6–87.1) 239.7 (122.9–467.3) 480.5 (282.1–818.5) 499.5 (286.1–872.2)
pre-bst 74.1 (61.0–84.7) 75.9 (65.3–84.6) 68.2 (57.4–77.7) 119.4 (61.0–233.7) 142.6 (82.0–248.0) 155.3 (86.5–278.8)
1M post-bst 91.7 (81.6–97.2) 95.2 (88.3–98.7) 92.0 (84.3–96.7) 853.0 (467.8–1555.3) 986.6 (667.6–1457.9) 1047.2 (679.3–1614.4)
14M post-bst 74.1 (60.3–85.0) 69.1 (57.9–78.9) 67.5 (56.1–77.6) 100.0 (48.8–204.7) 75.5 (44.2–128.8) 116.6 (63.7–213.3)

7F 1M post-pri 98.5 (92.1–100) 100 (96.0–100) 100 (96.1–100) 4025.2 (2609.7–6208.4) 10158.3 (7772.0–13277.2) 5910.5 (4696.9–7437.6)
pre-bst 98.4 (91.5–100) 100 (95.8–100) 100 (95.9–100) 1522.3 (1024.9–2261.0) 2796.7 (2137.5–3659.2) 2257.7 (1738.2–2932.6)
1M post-bst 100 (94.3–100) 100 (95.8–100) 100 (95.9–100) 10656.1 (7729.9–14690.0) 18816.6 (14352.2–24669.7) 12108.8 (9922.1–14777.4)
14M post-bst 100 (93.5–100) 100 (95.5–100) 100 (95.5–100) 6367.5 (4511.3–8987.6) 7396.6 (5736.2–9537.6) 6365.0 (5177.2–7825.4)

9V 1M post-pri 95.6 (87.6–99.1) 95.6 (89.0–98.8) 97.8 (92.4–99.7) 1197.2 (796.2–1800.1) 1736.5 (1224.1–2463.4) 1672.2 (1243.6–2248.4)
pre-bst 85.5 (74.2–93.1) 94.0 (86.7–98.0) 94.3 (87.2–98.1) 198.5 (118.5–332.4) 395.7 (286.1–547.4) 520.3 (366.4–738.9)
1M post-bst 98.4 (91.6–100) 100 (95.8–100) 100 (96.0–100) 2436.8 (1736.5–3419.6) 3215.4 (2515.8–4109.5) 4250.1 (3493.4–5170.8)
14M post-bst 96.2 (87.0–99.5) 93.8 (86.0–97.9) 96.5 (90.0–99.3) 507.6 (315.2–817.5) 598.6 (396.9–902.7) 1060.7 (761.2–1478.1)

14 1M post-pri 95.6 (87.6–99.1) 100 (96.0–100) 95.7 (89.2–98.8) 2656.2 (1686.7–4183.0) 3175.1 (2472.8–4077.0) 1902.7 (1300.9–2782.9)
pre-bst 92.1 (82.4–97.4) 94.2 (87.0–98.1) 95.3 (88.4–98.7) 420.9 (266.4–664.8) 463.6 (332.8–645.8) 440.5 (317.8–610.4)
1M post-bst 100 (94.5–100) 100 (95.8–100) 100 (95.9–100) 2205.9 (1570.2–3099.0) 2374.3 (1923.2–2931.2) 2180.0 (1781.9–2667.0)
14M post-bst 89.3 (78.1–96.0) 89.9 (81.0–95.5) 85.7 76.4–92.4) 452.0 (270.6–755.0) 472.8 (305.1–732.6) 362.3 (229.7–571.6)

18C 1M post-pri 92.6 (83.7–97.6) 97.8 (92.3–99.7) 98.9 (94.0–100) 438.7 (284.1–677.3) 575.9 (442.9–748.8) 1046.9 (802.6–1365.5)
pre-bst 62.3 (49.0–74.4) 79.0 (68.5–87.3) 79.5 (69.6–87.4) 35.7 (21.4–59.4) 54.1 (36.2–81.1) 65.2 (43.5–97.8)
1M post-bst 100 (94.2–100) 100 (95.8–100) 100 (96.0–100) 1039.3 (770.2–1402.3) 1036.5 (800.1–1342.6) 1344.4 (1074.6–1681.9)
14M post-bst 58.9 (45.0–71.9) 63.4 (51.1–74.5) 71.3 (60.0–80.8) 21.1 (13.0–34.4) 26.7 (17.1–41.6) 48.7 (30.4–78.1)

19F 1M post-pri 82.4 (71.2–90.5) 94.5 (87.6–98.2) 98.9 (94.1–100) 228.6 (132.5–394.4) 590.3 (418.9–831.6) 511.9 (394.0–664.9)
pre-bst 80.3 (68.2–89.4) 90.7 (82.5–95.9) 75.8 (65.7–84.2) 54.7 (34.5–86.8) 67.2 (49.8–90.7) 40.2 (28.3–57.2)
1M post-bst 86.9 (75.8–94.2) 97.7 (91.9–99.7) 95.5 (88.9–98.8) 488.2 (275.3–865.9) 1357.5 (976.2–1887.8) 730.8 (516.5–1034.1)
14M post-bst 70.9 (57.1–82.4) 86.5 (76.5–93.3) 74.4 (63.9–83.2) 41.8 (23.5–74.4) 73.2 (47.0–114.0) 52.5 (33.2–83.1)

23F 1M post-pri 76.5 (64.6–85.9) 84.3 (75.0–91.1) 86.4 (77.4–92.8) 338.0 (174.1–656.2) 769.6 (451.1–1312.9) 864.1 (511.2–1460.6)
pre-bst 55.7 (42.4–68.5) 61.8 (50.0–72.8) 54.8 (43.5–65.7) 39.5 (20.8–75.0) 72.0 (38.6–134.3) 59.9 (32.3–110.8)
1M post-bst 88.9 (78.4–95.4) 94.3 (87.1–98.1) 90.0 (81.9–95.3) 1327.4 (736.2–2393.5) 2120.6 (1359.4–3308.1) 2144.8 (1312.5–3504.8)
14M post-bst 52.8 (38.6–66.7) 60.3 (48.5–71.2) 42.5 (31.5–54.1) 97.6 (38.2–249.6) 154.7 (71.7–334.2) 69.6 (31.7–153.1)

Vaccine-related serotypes
6A 1M post-pri 14.9 (7.4–25.7) 20.9 (13.1–30.7) 23.6 (15.2–33.8) 7.7 (5.2–11.5) 11.5 (7.4–17.9) 12.1 (7.7–18.9)

pre-bst 27.0 (16.6–39.7) 28.9 (19.5–39.9) 22.4 (14.0–32.7) 10.8 (6.7–17.3) 15.5 (9.5–25.5) 11.2 (7.3–17.2)
1M post-bst 42.2 (29.9–55.2) 47.7 (36.8–58.7) 47.0 (35.9–58.3) 26.4 (14.7–47.3) 38.6 (22.2–67.0) 40.4 (22.9–71.4)
14M post-bst 24.5 (13.8–38.3) 29.1 (19.4–40.4) 35.4 (25.0–47.0) 14.2 (7.5–27.2) 15.7 (9.4–26.2) 20.4 (12.2–34.3)

19A 1M post-pri 25.8 (15.8–38.0) 41.8 (31.5–52.6) 32.3 (22.9–42.7) 9.5 (6.4–14.0) 15.2 (10.4–22.2) 10.6 (7.7–14.7)
pre-bst 30.6 (19.6–43.7) 27.9 (18.8–38.6) 12.5 (6.4–21.3) 9.2 (6.4–13.4) 9.1 (6.6–12.6) 5.7 (4.6–7.1)
1M post-bst 65.1 (52.0–76.7) 76.7 (66.4–85.2) 58.4 (47.5–68.8) 42.0 (24.8–71.2) 101.8 (63.9–162.3) 38.3 (24.1–60.9)
14M post-bst 44.6 (31.3–58.5) 39.2 (28.4–50.9) 47.5 (36.2–59.0) 19.9 (11.4–34.8) 15.8 (10.0–24.8) 25.1 (15.1–41.9)

The 3 primary PHiD-CV doses were administered at age 6, 10, and 14 weeks; the booster dose at age 9 to 10 months. 1M post-pri=1 month post-primary (age 18 weeks); pre-bst=pre-booster (age 9–10
months); 1M post-bst=1 month post-booster (age 10–11 months); 14M post-bst=14 months post-booster (age 24–27 months); ATP= according-to-protocol; CI= confidence interval; GMT=geometric mean
titre; HEU=HIV-exposed-uninfected children; HIV+=HIV-infected children; HUU=HIV-unexposed-uninfected children; N=number of children; OPA=opsonophagocytic activity.
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between HIV+ and HUU (3+1/3+0) groups for serotypes 4, 6B,
18C, 19F, and 23F (Fig. 3C). Moreover, OPA GMTs seemed
lower in the HIV+ than HUU (3+1/3+0) group for all serotypes
except 1, 5, 14, and 19A (Fig. 3D). Differences between HEU and
HUU (3+1/3+0) groups were not observed for most serotypes,
except for percentages of children with OPA titres ≥8 for
serotypes 4 and 19F (Fig. 3C) and OPA GMTs for serotype 18C,
which tended to be lower in the HEU group, and OPA GMTs for
serotypes 7F and 14, which tended to be higher in the HEU group
(Fig. 3D).
At 6 months post-primary vaccination, for each vaccine-

serotype, ≥80%, ≥91%, and ≥83% of children had antibody
concentrations ≥0.2mg/mL, and ≥55%, ≥53%, and ≥41% had
OPA titres ≥8 in HIV+, HEU, andHUU (3+1) group, respectively
7

(Tables 1 and 2). All children except 1 in the HIV+ group had
measurable antibodies against protein D (Table 1).
Post-primary and pre-booster vaccination antibody concen-

trations and OPA titres for the HUU (3+1/3+0) group are
presented in Supplemental Digital Content 4, http://links.lww.
com/MD/B513.

3.2.2. Post-booster vaccination results. For each vaccine-
serotype, ≥99% of children had antibody concentrations ≥0.2m
g/mL 1 month post-booster, except for 6B (≥94%) and 23F
(≥91%). This percentage ranged from 63%–76% and
75%–87% for vaccine-related serotypes 6A and 19A, respec-
tively. All children had measurable antibodies against protein D
(Table 1).

http://links.lww.com/MD/B513
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Exploratory comparisons suggested no differences between
HIV+ and HUU (3+1) groups, except for antibody GMCs for
serotype 14 which tended to be higher in HIV+ children. No
differences were observed between HEU and HUU (3+1) groups,
except for antibody GMCs for serotypes 1, 14, 19F, and 19A
which tended to be higher in the HEU group (Fig. 3E).
For each vaccine-serotype, ≥87% of children had OPA titres

≥8 (Table 2). No differences between HIV+ and HUU (3+1)
groups were suggested by exploratory comparisons, except OPA
GMTs for serotype 9V which appeared to be lower in the HIV+
group. OPA GMTs for serotypes 7F, 19F, and 19A appeared
higher in the HEU than HUU (3+1) group (Fig. 3F).
At 14 months post-booster, for each vaccine-serotype, ≥75%,

≥86%, and ≥73% of children had antibody concentrations
≥0.2mg/mL, and ≥53%, ≥48%, and ≥43% hadOPA titres ≥8 in
the HIV+, HEU, and HUU (3+1) group, respectively (Tables 1
and 2). In each group, ≥95% of children had measurable
antibodies against protein D (Table 1).
3.3. Safety results

In all groups, pain was the most frequently reported solicited
local symptom at the PHiD-CV injection site. Post-primary
vaccination, the most common solicited general symptom in all
groups was irritability (see Supplemental Digital Content 5,
http://links.lww.com/MD/B513). During the 4-day post-vaccina-
tion period, antipyretic treatments were taken after 31%, 33%,
and 48% of all primary doses, and after 23%, 27%, and 29% of
booster doses in the HIV+, HEU, and HUU (3+1) group,
respectively.
Incidences of unsolicited symptoms were in similar ranges in

the HIV+, HEU, and HUU (3+1) groups (88%, 91%, and 93%
after all primary doses; 46%, 49%, and 51% post-booster), with
cough being the most common in all groups.
At least 1 SAE was reported by 31 (37%) HIV+, 25 (25%)

HEU, and 20 (20%)HUU (3+1) children. Nine children died: 5 in
the HIV+ group (bronchopneumonia; convulsion; unknown
cause; sudden death possibly due to pneumonia; and sudden
death due to unknown cause) and 4 in the HEU group (sudden
infant death syndrome [SIDS]; measles and bronchopneumonia;
diarrhoea; and encephalopathy, gastroenteritis, kwashiorkor,
anaemia, and renal impairment). One of these fatalities (SIDS in
the HEU group) was considered to be possibly related to
vaccinations due to its temporal association (3 days post-dose 1
of PHiD-CV coadministered with DTPw-HBV/Hib and OPV).
Two other non-fatal SAEs were also considered by the
investigator to be temporally related to vaccinations (gastroen-
teritis in an HIV+ child and febrile convulsion in an HUU child;
both resolved).
4. Discussion

This is the first report on PHiD-CV in HIV-infected and HIV-
exposed-uninfected children. Exploratory analyses did not
suggest differences in immune response between HIV+ and
HUU children for most vaccine-serotypes post-primary vaccina-
tion and for all vaccine-serotypes post-booster, or between HEU
and HUU children both post-primary and post-booster vaccina-
tion, even if post-booster antibody GMCs for serotypes 1, 14,
19F, and 19A tended to be higher in the HEU group.
Exploratory analyses indicated lower OPA GMTs in HIV+

compared with HUU children for most vaccine-serotypes post-
primary vaccination. However, these differences should be
8

interpreted cautiously because no adjustment was made for
multiplicity of comparisons or baseline serology, the study was
not powered for group comparisons to draw conclusions, and the
clinical relevance of such differences in OPA titres is unknown.
Post-booster OPA GMTs were in similar ranges in HIV+ and
HUU children for all vaccine-serotypes, except for 9V.
Although HEU infants may have lower maternal antibody

acquisition, similar or even better immune responses have been
reported in these children post-primary vaccination;[15–17] higher
antibody levels in HEU children could be due to less interference
by maternal antibodies. However, concerns have risen about the
waning of immunity in HEU children, as shown for measles
vaccination.[17] Here, antibodyGMCs inHEU andHUU children
were in similar ranges for all vaccine-serotypes at 14months post-
booster.
Immune responses in HIV+ children with percentages of CD4+

cells ≥25% (signifying immuno-competence) have been previ-
ously assessed for PCV7;[16,18] higher antibody concentrations
were observed post-primary vaccination in HIV+ children on
ART than in HUU children, with similar OPA titres (except for
19F and 23F).[16]

The strengths of our study are that we did not pre-select for
CD4+ level, although moderately and severely clinically
symptomatic children were excluded, and HAART were used
as part of standard-of-care and according to the latest WHO
recommendations, making our results more generalizable. A past
study on 9-valent PCV showed waning of immunity and
protection at 5 to 6 years of age in HIV+ children who were
not on ART.[9] Here, antibody GMCs for all serotypes were in
similar ranges in HIV+ and HUU children at 14 months post-
booster; antibody persistence follow-up will continue up to 5
years. Immune response in HIV+ children and adolescents has
also been assessed for 13-valent PCV; children with perinatally-
acquired HIV had mounted robust serotype-specific IgG
responses 1 month after a single 13-valent PCV dose, persisting
up to 6 months for most serotypes.[19]

Reactogenicity in our study was similar to that previously
observed in African settings with DTPw-HBV/Hib co-
administration.[20–22] Separate assessment of PHiD-CV safety
was limited to local reactogenicity only; systemic AEs were also
recorded albeit after coadministration of other vaccines. The
obtained results are relevant as coadministration of various
vaccines is common in vaccination programmes. Out of the 284
children, 9 died, which was not unexpected considering the
underlying conditions of these children and the reported
mortality rates in South Africa.[23,24]

One case of SIDS in an HEU infant occurred 3 days after the
first doses of PHiD-CV coadministered with DTPw-HBV/Hib
and OPV; no autopsy was performed, and the mother reported
that the infant had been well post-vaccination. Due to its
temporal association, the investigator considered that a causal
association with the study vaccines or the concomitant OPV
could not be excluded.
PHiD-CV vaccine efficacy against pneumococcal disease has

been shown in efficacy trials,[25–27] as well as in post-marketing
studies,[28–31] but was not evaluated here. We assessed
immunogenicity in terms of percentages of children reaching
antibody concentrations of 0.2mg/mL for our 22F-ELISA
(corresponding to the WHO-recommended threshold of 0.35m
g/mL); recent data suggest that this threshold may underestimate
efficacy for some serotypes (6A, 6B, 18C, and 23F), while over-
estimating for others (1, 3, 7F, 19A, and 19F).[32] Given the
comparability of immune responses between the different groups,
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it seems reasonable to conclude that PHiD-CV may provide
protection against pneumococcal disease in HIV+ children.
Other study limitations include the absence of a confirmatory

objective despite the relatively large HIV+ infant group, the long
recruitment period for the HIV+ group due to successful
programmes aimed at reducing mother-to-child HIV transmis-
sion, and the open design that could cause a biased reactogenicity
assessment.
5. Conclusion

PHiD-CV was immunogenic and had a clinically acceptable
safety profile in HIV+, HEU, and HUU South African infants.
The PHiD-CV safety and reactogenicity profile was similar in all
groups. Our results suggest that in HIV+ infants on ART, who
remain at high risk for pneumococcal disease,[3] PHiD-CV may
confer levels of protection in similar ranges as in uninfected and
unexposed infants.
Synflorix, Tritanrix-HepB/Hib, and Rotarix are trademarks of

the GSK group of companies.
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