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Objectives: To evaluate safety and immunogenicity of V114 [15-valent pneumococcal
conjugate vaccine (PCV) containing serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, 22F, 23F, and 33F], followed by 23-valent pneumococcal polysaccharide vaccine
(PPSV23) 8 weeks later, in adults living with HIV.

Design: In this phase 3 study (V114-018; NCT03480802), pneumococcal vaccine-
naive adults with HIV (CD4þ cell count�50 cells/ml, plasma HIV RNA<50 000 copies/
ml, receiving antiretroviral therapy) were randomized 1 : 1 to receive one dose of V114
or licensed 13-valent PCV (PCV13) on day 1; participants received PPSV23 at week 8.

Methods: Adverse events and serotype-specific opsonophagocytic activity (OPA) and
immunoglobulin G (IgG) antibodies were evaluated after each vaccination.

Results: Of 302 participants enrolled, 292 (96.7%) completed the study. Proportions of
participants experiencing at least one adverse event were 73.0 and 62.7% in the V114
and PCV13 groups following PCV and 60.7 and 71.6% following PPSV23. Most solicited
adverse events were of mild or moderate severity and short duration. OPA geometric
mean titers (GMTs) and IgG geometric mean concentrations (GMCs) were generally
comparable between groups for shared serotypes at day 30 and maintained at week 12.
OPA and IgG responses for additional serotypes in V114 (22F, 33F) were higher following
V114 than PCV13 at day 30 but comparable at week 12, 30 days post-PPSV23.

Conclusion: In pneumococcal vaccine-naive adults living with HIV, V114 was well
tolerated and induced immune responses for all 15 pneumococcal serotypes. V114 can
be followed by PPSV23 8 weeks later to broaden serotype coverage.
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Introduction
People with HIVare at an increased risk of pneumococcal
disease, with an incidence of invasive pneumococcal
disease (IPD) 30 times higher than uninfected individuals
(300 vs. 10 per 100 000 person-years) [1,2]. Risk factors
for increased incidence of IPD in individuals living with
HIV include CD4þ cell counts less than 500 cells/ml and
HIV RNA loads greater than 50 000 copies/ml [2].

Pneumococcal conjugate vaccines (PCVs) protect against
recurrent IPD in adults living with HIV [3] and are
recommended as sequential vaccination followed at least
8 weeks later by PPSV23 [4,5]. This strategy induces a T-
cell-dependent response [6] and provides broad protec-
tion against pneumococcal disease caused by serotypes
included in the two vaccines.

Since the introduction of PCVs into national infant
immunization programs, pneumococcal disease caused by
serotypes not included in licensed vaccines has become a
public health concern [7,8]. Of serotypes not included in
currently licensed PCVs, serotype 22F is among the most
common cause of IPD in the United States, Europe, and
Canada in recent years [7–11], and serotype 33F, which is
associated with multidrug antibiotic resistance, has also been
frequently associated with IPD in young children in the
United States and Canada. V114 is a 15-valent vaccine
containing the 13 serotypes included in the licensed 13-
valent PCV (PCV13) as well as serotypes 22F and 33F; it is
being developed to provide broader serotype coverage while
maintaining strong immune responses to serotypes included
in licensed PCVs. This studyevaluated immunogenicity and
safety of V114 followed by PPSV23 8weeks later in
pneumococcal vaccine-naive adults living with HIV.
Methods

Study design
This was a phase 3, multicenter, randomized, double-
blind, active comparator-controlled, descriptive study to
evaluate safety, tolerability, and immunogenicity of V114
or PCV13, followed by PPSV23 8 weeks later, in
pneumococcal vaccine-naive adults living with HIV
(Protocol V114-018; NCT03480802; EudraCT 2017-
001909-32). The study was conducted from July 2018 to
January 2020 at 13 sites worldwide (Supplementary Table
16, http://links.lww.com/QAD/C389).

The study used central randomization and assignment to
vaccination group that was implemented using an
interactive response technology system. Vaccines were
dispensed and administered by unblinded study personnel
who were not involved in any subsequent participant
assessments. V114 and PCV13 were administered in a
blinded fashion, and PPSV23 was administered open
label. The study was conducted in accordance with the
principles of Good Clinical Practice and was approved by
appropriate institutional review boards. Written
informed consent was obtained from each participant
prior to any study procedure.

Participants were randomized in a 1 : 1 ratio to receive a
single dose of either V114 or PCV13 on day 1 followed by
PPSV23 at week 8. PCV13 was included to serve as a
reference for the expected safety and immunogenicity
profile of PCVs in this population. Randomization was
stratified by CD4þ cell count (�50 to <200, �200 to
<500, and �500 cells/ml), with at least 50% of
participants to be enrolled into the at least 200 to less
than 500 cells/ml stratum. Blood samples were obtained
for immunogenicity assays and/or CD4þ cell count and
HIV RNA testing prevaccination on day 1, on day 30,
and at week 12.

Participants
Pneumococcal vaccine-naive adults at least 18 years of age
living with HIV, with CD4þ cell count at least 50 cells/ml
and plasma HIV RNA less than 50 000 copies/ml at
screening, were eligible for the study. All participants
were receiving stable combination antiretroviral treat-
ment (ART) for at least 6 weeks prior to enrollment.
Key exclusion criteria included: history of IPD or other
culture-positive pneumococcal disease within the
previous 3 years, opportunistic infections within the
previous 12 months, noninfectious AIDS-related illness
and other immunocompromising conditions or therapies.

Vaccines and administration
V114 (VAXNEUVANCE; Merck Sharp & Dohme
Corp., a subsidiary of Merck & Co., Inc., Kenilworth,
New Jersey, USA) is a 15-valent PCV containing capsular
polysaccharide from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F, 23F, 22F, and 33F adjuvanted with
aluminium phosphate [12–14]. PCV13 (Prevnar 13;
Wyeth LLC, marketed by Pfizer, New York, New York,
USA) is a 13-valent PCV containing capsular poly-
saccharide from serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F, and 23F adjuvanted with aluminium
phosphate [15]. PPSV23 (PNEUMOVAX23; Merck
Sharp & Dohme Corp., a subsidiary of Merck & Co.,
Inc., Kenilworth, New Jersey, USA) is an unadjuvanted
23-valent pneumococcal polysaccharide vaccine contain-
ing capsular polysaccharide from serotypes 1, 2, 3, 4, 5,
6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A,
19F, 20, 22F, 23F, and 33F [16].

All vaccines were supplied in prefilled syringes and stored
at 2–8 8C. They were all administered intramuscularly as
0.5 ml doses.

Safety assessments
Participants recorded postvaccination complaints using an
electronic Vaccination Report Card (eVRC), which were
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subsequently assessed by study investigators to determine
if they met protocol-defined adverse event criteria.
Injection-site reactions (injection-site pain, injection-site
swelling, and injection-site erythema) occurring from
days 1–5 postvaccination and systemic adverse events
(muscle pain/myalgia, joint pain/arthralgia, headache,
and fatigue) occurring from days 1 to 14 postvaccination
were solicited.

Daily body temperature was measured on days 1–5
postvaccination. Participants were also followed for
nonsolicited adverse events from days 1 to 14 post-
vaccination. Serious adverse events (SAEs) and deaths,
regardless of whether the events were considered to be
vaccine-related by study investigators, were collected
from time of signed consent through to end of study
(approximately 6 months after the first vaccination).

All solicited and nonsolicited events were assessed by
investigators for severity using adapted US Food and
Drug Administration guidance on toxicity grading for
vaccine trials [17].

All injection-site adverse events were considered to be
vaccine-related. For systemic adverse events, relatedness
to study vaccine was assessed by study investigators. The
Medical Dictionary for Regulatory Activities version
22.1 was used in the reporting of this study.

Immunogenicity assessments
Serum samples were drawn prevaccination with PCV on
day 1, 30 days postvaccination with PCV (day 30), and
30 days following vaccination with PPSV23 (week 12) to
assess immune responses. Functional antibodies were
measured using serotype-specific opsonophagocytic
killing activity using a validated microcolony multiplexed
opsonophagocytic assay (mMOPA) [18]. Serotype-
specific pneumococcal capsular polysaccharide immuno-
globulin G (IgG) antibodies were evaluated using a
validated electrochemiluminescence (ECL) assay [19].

Study endpoints and statistical methods

Determination of study sample size
This descriptive study aimed to randomize approximately
300 participants overall, with 150 per vaccination group.
The sample size was selected to achieve a reasonably sized
safety database in this population of pneumococcal
vaccine-naive adults living with HIV. It was assumed that
135 participants per vaccination group would be
evaluable for immunogenicity analyses at day 30 (based
on a 90% evaluability rate).

Analysis populations
Safety analyses were conducted on the All-Participants-
as-Treated (APaT) population, consisting of all random-
ized participants who received relevant study vaccine for
timepoint of interest.
The per-protocol population was the primary population
used for analysis of immunogenicity data, consisting of all
randomized participants without protocol deviations that
could substantially affect results of immunogenicity
endpoints.

Primary and secondary safety endpoints and statistical
methods
Primary safety endpoints were assessed following
administration of V114 or PCV13, and secondary safety
endpoints were assessed following administration of
PPSV23. Safety endpoints included proportions of
participants with: solicited injection-site adverse events
from days 1 to 5 postvaccination, solicited systemic
adverse events from days 1 to 14 postvaccination, and any
adverse event or SAE, including vaccine-related SAEs.
Confidence intervals (CIs) were provided for each
treatment group for proportions of participants with
adverse events using the method proposed by Clopper
and Pearson [20], without multiplicity adjustments.

Primary and secondary immunogenicity endpoints and
statistical methods
Primary immunogenicity objective was to evaluate the
serotype-specific opsonophagocytic activity (OPA) geo-
metric mean titers (GMTs) for all 15 serotypes included in
V114 at day 30 within each vaccination group separately.
Secondary immunogenicity endpoints included observed
serotype-specific IgG geometric mean concentrations
(GMCs), OPA GMTs, and IgG GMCs at week 12, as well
as geometric mean fold rises (GMFRs), and proportions
of participants with at least a four-fold rise in OPA and
IgG responses between day 1 and day 30 (prevaccination
and postvaccination with PCV) and between day 1 and
week 12 (prior to any vaccination and 30 days
postvaccination with PPSV23) within each vaccination
group separately. Within-group CIs were computed
without multiplicity adjustment based on t distribution
and the method proposed by Clopper and Pearson [20]
for continuous and dichotomous endpoints, respectively.
For comparison of OPA GMTs and IgG GMCs between
vaccination groups, OPA GMTs/IgG GMCs and OPA
GMT ratios/IgG GMC ratios (with corresponding 95%
CIs) were estimated using serotype-specific constrained
longitudinal data analysis models [21].

All analyses were performed using SAS� software, version
9.4 (SAS Institute Inc., Cary, North Carolina, USA).
Results

Study population
Of 302 randomized participants, all received either V114
or PCV13 and were included in the APaT population
(Fig. 1). In total, 298 (98.7%) received PPSV23 and 292
(96.7%) completed the study. The number of study
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Randomized to V114: 
152

Randomized to PCV13: 
150

Vaccinated with V114 
(Day 1): 152 (100%)

Vaccinated with PCV13 
(Day 1): 150 (100%)

Vaccinated with PPSV23 
(Week 8): 150 (98.7%)

Vaccinated with PPSV23 
(Week 8): 148 (98.7%)

Completed study:
145 (95.4%)

Completed study:
147 (98.0%)

Discontinued: 3 (2.0%)
Lost to follow-up: 1 (0.7%)
Withdrawal by subject: 1 (0.7%)
Other: 1 (0.7%)

Discontinued: 7 (4.6%)
Lost to follow-up: 5 (3.3%)
Withdrawal by subject: 2 (1.3%)
Other: 0

Fig. 1. Participant disposition. PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal poly-
saccharide vaccine; V114, 15-valent pneumococcal conjugate vaccine.
discontinuations and reasons for study discontinuation
were similar across vaccination groups.

Demographic and baseline characteristics were generally
comparable between vaccination groups (Table 1). The
majority of participants (78.8%) were men. Approxi-
mately half of participants (50.3%) had a CD4þ cell count
at least 200 to less than 500 cells/ml and only two
participants in each vaccine group had a CD4þ cell count
less than 200 cells/ml. The majority (>75%) of study
participants had undetectable blood HIV RNA
(<20 copies/ml).
Table 1. Participant demographics and baseline characteristics.

Characteristic

Age, mean (range) (years)
Sex [n (%)]

Male
Female

Race [n (%)]
Black or African American
White
Multiple
Asian
Native Hawaiian or other Pacific Islander
American Indian or Alaska native

Ethnicity [n (%)]
Not Hispanic or Latino
Hispanic or Latino
Not reported

Antiretroviral therapy [n (%)]
CD4þ T-cell count [n (%)]
�500 cells/ml
�200 to <500 cells/ml
�50 to <200 cells/ml

HIV RNA [n (%)]
<20 copies/ml
�20 copies/mla

CD, cluster of differentiation; PCV13, 13-valent pneumococcal conjugat
conjugate vaccine.
aMaximum less than 50 000 copies/ml, per protocol.
Safety following vaccination with V114 or
PCV13
Both V114 and PCV13 were generally well tolerated.
Overall, 73 and 62.7% of participants in the V114 and
PCV13 groups, respectively, experienced at least one
adverse event. The proportion of participants experi-
encing solicited adverse events was generally higher in the
V114 group than the PCV13 group, although no
statistical comparisons were made (Table 2). Overall,
66.4% in the V114 group and 58.7% in the PCV13 group
experienced an adverse event deemed to be related to
study vaccine (Table 2).
V114 (n¼152) PCV13 (n¼150)

42.4 (23–74) 41.3 (21–69)

120 (78.9) 118 (78.7)
32 (21.1) 32 (21.3)

51 (33.6) 43 (28.7)
41 (27.0) 48 (32.0)
36 (23.7) 26 (17.3)
24 (15.8) 30 (20.0)
0 (0.0) 2 (1.3)
0 (0.0) 1 (0.7)

102 (67.1) 104 (69.3)
49 (32.2) 45 (30.0)
1 (0.7) 1 (0.7)

152 (100) 150 (100)

74 (48.7) 72 (48.0)
76 (50.0) 76 (50.7)
2 (1.3) 2 (1.3)

123 (80.9) 114 (76.0)
29 (19.1) 36 (24.0)

e vaccine; RNA, ribonucleic acid; V114, 15-valent pneumococcal
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Table 2. Adverse events after vaccination.

Adverse events after vaccination with V114 or PCV13 Adverse events after vaccination with PPSV23

V114 (n¼152) PCV13 (n¼150) V114 (n¼150) PCV13 (n¼148)

n (%) 95% CI n (%) 95% CI n (%) 95% CI n (%) 95% CI

Any AE 111 (73.0) 65.2–79.9 94 (62.7) 54.4–70.4 91 (60.7) 52.4–68.5 106 (71.6) 63.6–78.7
Injection site 97 (63.8) 82 (54.7) 83 (55.3) 96 (64.9)
Systemic 65 (42.8) 54 (36.0) 49 (32.7) 51 (34.5)

Any vaccine-related AE 101 (66.4) 58.3–73.9 88 (58.7) 50.3–66.6 87 (58.0) 49.7–66.0 99 (66.9) 58.7–74.4
Injection site 97 (63.8) 82 (54.7) 83 (55.3) 97 (65.5)
Systemic 40 (26.3) 36 (24.0) 34 (22.7) 36 (24.3)

Any SAE 3 (2.0) 0.4–5.7 0 (0.0) 0.0–2.4 2 (1.3) 0.2–4.7 6 (4.1) 1.5–8.6
Any vaccine-related SAE 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.5
Death 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.4 0 (0.0) 0.0–2.5
Solicited injection-site AEs (days 1–5)

Injection-site pain 87 (57.2) 49.0–65.2 77 (51.3) 43.0–59.6 80 (53.3) 45.0–61.5 91 (61.5) 53.1–69.4
Injection-site swelling 18 (11.8) 7.2–18.1 6 (4.0) 1.5–8.5 30 (20.0) 13.9–27.3 43 (29.1) 21.9–37.1
Injection-site erythema 7 (4.6) 1.9–9.3 5 (3.3) 1.1–7.6 15 (10.0) 5.7–16.0 18 (12.2) 7.4–18.5

Solicited systemic AEs (days 1–14)
Fatigue 31 (20.4) 14.3–27.7 20 (13.3) 8.3–19.8 19 (12.7) 7.8–19.1 16 (10.8) 6.3–17.0
Headache 20 (13.2) 8.2–19.6 14 (9.3) 5.2–15.2 17 (11.3) 6.7–17.5 18 (12.2) 7.4–18.5
Myalgia 19 (12.5) 7.7–18.8 14 (9.3) 5.2–15.2 13 (8.7) 4.7–14.4 13 (8.8) 4.8–14.6
Arthralgia 5 (3.3) 1.1–7.5 6 (4.0) 1.5–8.5 4 (2.7) 0.7–6.7 2 (1.4) 0.2–4.8

AE, adverse event; CI, confidence interval; PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide
vaccine; SAE, serious AE; V114, 15-valent pneumococcal conjugate vaccine.
The most commonly reported solicited adverse event in
both groups was injection-site pain, and the most
commonly reported solicited systemic adverse event
was fatigue (Fig. 2). The majority of solicited adverse
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The proportion of participants who experienced SAEs
following either V114 or PCV13 was low (�2%) (Table
2) and none were considered by study investigators to be
related to study vaccine. No participant discontinued the
study because of an adverse event following PCV
vaccination.

V114 was generally well tolerated across subgroups based
on sex, age, CD4þ cell count, or HIV viral load
(Supplementary Tables 1–3, http://links.lww.com/
QAD/C389).

Safety following vaccination with PPSV23
Following vaccination with PPSV23, 60.7% of partici-
pants in the V114 group and 71.6% in the PCV13 group
experienced at least one adverse event. In contrast to
observations following V114/PCV13 vaccination, after
vaccination with PPSV23, the proportion of participants
experiencing adverse events was generally higher in the
PCV13 group, although no statistical comparisons were
made (Table 2).

Adverse events considered to be related to PPSV23 were
reported by 58.0 and 66.9% of participants in the V114
and PCV13 groups, respectively (data not shown).

Consistent with observations following V114/PCV13
vaccination, the majority of solicited adverse events after
PPSV23 were of short duration (�3 days), and less than
3% of participants in either vaccination group reported
solicited adverse events that were graded as severe (data
not shown). The proportion of participants who
experienced SAEs was low (<5%) in both intervention
groups (Table 2) and none were considered by study
investigators to be related to study vaccine.

Immunogenicity
Both V114 and PCV13 were immunogenic, as assessed by
OPA GMTs and IgG GMCs at 30 days postvaccination
for all serotypes contained in each vaccine (Fig. 3a and b;
Supplementary Tables 4 and 5, http://links.lww.com/
QAD/C389). OPA GMTs and IgG GMCs for the two
serotypes unique to V114 (22F and 33F), were higher
in recipients of V114 than PCV13 at 30 days post-
vaccination. Although OPA GMTs and IgG GMCs were
generally comparable between recipients of V114 and
PCV13 for most shared serotypes, differences in mean
antibody titers were observed and 95% CIs did not
overlap across groups for three shared serotypes, favoring
either PCV13 (serotype 4 IgG GMC and OPA GMT) or
V114 (serotype 3 OPA GMT and serotype 18C OPA
GMT). This study was not powered to show statistical
differences between groups.

V114 and PCV13 were immunogenic across subgroups
by age, sex, race ethnicity, viral load, and CD4þ cell count
at 30 days postvaccination. A trend towards higher OPA
GMTs and IgG GMCs at day 30 was observed in
participants with a CD4þ cell count of at least 500 cells/ml
and participants with plasma HIV RNA concentrations of
less than 20 copies/ml, when compared with those with
CD4þ cell count less than 500 cells/ml or HIV RNA at
least 20 copies/ml, across both vaccination groups
(Supplementary Tables 6–9, http://links.lww.com/
QAD/C389).

At week 12 (30 days post-PPSV23), serotype-specific
OPA and IgG responses were generally comparable to
those observed at 30 days postvaccination with PCV for
all 15 serotypes in the V114 group [which includes 14
shared serotypes between V114 and PPSV23 and one
serotype unique to V114/PCV13 (serotype 6A)] and in
the PCV13 group for all 13 serotypes in PCV13 (Fig. 3c
and d, Supplementary Tables 10 and 11, http://
links.lww.com/QAD/C389). PPSV23 elicited an
immune response for serotypes 22F and 33F in the
PCV13 group, as assessed at 30 days postvaccination with
PPSV23, reaching levels comparable to those observed in
the V114 group at both timepoints.

The majority of participants achieved robust serotype-
specific GMFRs and at least a four-fold rise in OPA GMT
or IgG GMC from baseline to day 30 and week 12 for
most serotypes in each vaccine (Supplementary Tables
12–15, http://links.lww.com/QAD/C389). Reverse
cumulative distribution curves showed that distributions
of OPA and IgG responses were generally comparable
between the two groups (Supplementary Figure 1 and 2,
http://links.lww.com/QAD/C389). Serotype-specific
OPA GMTs and IgG GMCs were generally comparable
across vaccination groups for the 13 shared serotypes, and
higher in the V114 group than in the PCV13 group for
serotypes 22F and 33F (Supplementary Figure 3 and 4,
http://links.lww.com/QAD/C389).
Discussion

In this study of pneumococcal vaccine-naive adults
living with HIV receiving ART, V114 was generally
well tolerated and induced immune responses for all
15 pneumococcal serotypes included in the vaccine, as
assessed by OPA and IgG responses at 30 days post-
vaccination. Responses were comparable to those
observed in the PCV13 group for shared serotypes and
greater for serotypes 22F and 33F. Sequential administra-
tion of PPSV23 8 weeks after V114 or PCV13 was well
tolerated, with maintained immune responses to most
serotypes shared with both PCVs and no clear evidence of
hyporesponsiveness. Compared with PCV13, V114
therefore has the potential to broaden protection against
pneumococcal disease caused by two important serotypes
(22F and 33F). As part of a sequential regimen that
includes PPSV23, V114 provides earlier coverage against
serotypes 22F and 33F than PCV13. The findings of this

http://links.lww.com/QAD/C389
http://links.lww.com/QAD/C389
http://links.lww.com/QAD/C389
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study are consistent with HIV management guidelines
recommending sequential administration of PCV13 and
PPSV23 in many countries [4,5,22].

Reactogenicity was generally comparable for V114 and
PCV13. Although there was a trend toward a higher
proportion of participants experiencing adverse events
with V114 than PCV13 after the initial vaccination, the
reverse was observed after PPSV23 vaccination. These
differences are unlikely to be of clinical significance, as the
majority of adverse events reported were of mild-to-
moderate severity and short duration. Although small
differences in proportions of participants reporting
adverse events were observed in some racial and ethnic
subgroups, the number of participants in many subgroups
was small.

For most shared serotypes, antibody responses were
generally comparable across the two vaccine groups at
30 days after vaccination with V114 or PCV13. Although
differences were observed in OPA GMTs and IgG GMCs
between recipients of V114 and PCV13 for some shared
serotypes (i.e. serotypes 3, 4, and 18C), the clinical
significance of these differences in this descriptive study is
unclear, given the number of endpoints examined and the
absence of a defined correlate of protection in adults.

At week 12 (30 days after PPSV23 administration),
antibody responses were generally comparable between
the V114 and PCV13 groups for all 15 serotypes. Findings
were consistent with a previous study evaluating
sequential vaccination with PCV13 and PPSV23 in
people with HIV, in which antibody levels were
comparable or moderately increased after PPSV23
compared with post-PCV13 levels [23]. Although
immune responses to serotypes 22F and 33F were greater
in the V114 group than the PCV13 group at day 30,
responses were generally comparable across groups at
week 12 as they were maintained in the V114 group and
induced in the PCV13 group to levels generally
comparable to those observed in the V114 group at
both timepoints. The lack of difference between groups at
week 12 is likely because of the fact that participants in the
V114 group had higher levels of antibodies to serotypes
22F and 33F than the PCV13 recipients pre-PPSV23
administration, resulting in a lower response to PPSV23
compared with those who were still vaccine-naive to
these serotypes. This is supported by results from the
aforementioned previous study in individuals living with
HIV, in which antibody levels after three doses of PCV13
were similar to those observed after sequential adminis-
tration of three doses of PCV13 followed by PPSV23
[23]. Notably, in this study, immune responses to
serotypes 22F and 33F were similar at day 30 in the
V114 group and week 12 in the PCV13 group, suggesting
that PPSV23 elicits a similar response to PCVs in people
previously naive to these vaccine serotypes, consistent
with other studies in adults living with HIV [24].
However, as immune responses immediately prior to
administration of PPSV23 were not measured in the
current study, the magnitude of the ‘boost’ response to the
shared serotypes is unknown.

A trend towards higher immune responses in participants
with CD4þ cell counts at least 500 cells/ml or HIV RNA
concentrations less than 20 copies/ml compared with
those with CD4þ cell counts of less than 500 cells/ml or
HIV RNA at least 20 copies/ml, respectively, was
observed. Although these correlations have not been
consistently observed in previous studies of pneumococ-
cal vaccines in individuals living with HIV [25], several
studies of other vaccines in people with HIV have
reported similar observations [26–28].

Limitations to this study include the small sample size
and the challenges experienced recruiting participants
to the lowest CD4þ cell count stratum, which resulted in
only four participants with a CD4þ cell count less than
200 cells/ml. Participants with low CD4þ cell counts were
less likely to meet other inclusion criteria. This limits the
generalizability of our findings to adults living with HIV
with higher degrees of immunosuppression. Furthermore,
immune responses to pneumococcal serotypes unique to
PPSV23 were not measured, and immunogenicity was
not assessed beyond 12 weeks following administration of
V114. In addition, the descriptive nature of the trial did
not allow for a formal statistical comparison between
the safety and immunogenicity profiles of V114 and
PCV13. A formal statistical comparison of these features
between these two vaccines was evaluated in a larger
study in adults�50 years of age (V114-019) [29]. Finally,
our study did not evaluate the protective benefits of
immune responses afforded by study vaccines as we did
not evaluate vaccine effectiveness against pneumococcal
disease.

In conclusion, in pneumococcal vaccine-naive adults
living with HIV, V114 was generally well tolerated and
induced immune responses for all 15 pneumococcal
serotypes. V114 can be followed by PPSV23 at 8 weeks, as
the immune response was maintained for shared serotypes
and sequential administration was well tolerated.
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