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Background: Native American populations experience a substantial burden of pneumococcal disease
despite use of highly effective pneumococcal conjugate vaccines (PCVs). Protein-based pneumococcal
vaccines may extend protection beyond the serotype-specific protection elicited by PCVs.
Methods: In this phase IIb, double-blind, controlled trial, 6–12 weeks-old Native American infants ran-
domized 1:1, received either a protein-based pneumococcal vaccine (dPly/PhtD) containing pneumolysin
toxoid (dPly, 10 mg) and pneumococcal histidine triad protein D (PhtD, 10 mg) or placebo, administered
along with 13-valent PCV (PCV13) at ages 2, 4, 6 and 12–15 months. Other pediatric vaccines were given
per the routine immunization schedule. We assessed vaccine efficacy (VE) against acute otitis media
(AOM) and acute lower respiratory tract infection (ALRI) endpoints. Immunogenicity, reactogenicity
and unsolicited adverse events were assessed in a sub-cohort and serious adverse events were assessed
in all children.
Results: 1803 infants were randomized (900 dPly/PhtD; 903 Control). VE against all episodes of American
Academy of Pediatrics (AAP)-defined AOM was 3.8% (95% confidence interval: �11.4, 16.9). Point esti-
mates of VE against other AOM outcomes ranged between 2.9% (�9.5, 14.0) and 5.2% (�8.0, 16.8).
Point estimates of VE against ALRI outcomes ranged between �4.4% (�39.2, 21.8) and 2.0% (�18.3,
18.8). Point estimates of VE tended to be higher against first than all episodes but the confidence intervals
included zero. dPly/PhtD vaccine was immunogenic and had an acceptable reactogenicity and safety pro-
file after primary and booster vaccination in Native American infants.
Conclusions: The dPly/PhtD vaccine was immunogenic and well tolerated, however, incremental efficacy
in preventing AAP-AOM over PCV13 was not demonstrated.
Clinical trials registration: NCT01545375 (www.clinicaltrials.gov)
� 2019 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
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1. Introduction

Routine use of licensed pneumococcal conjugate vaccines
(PCVs) has led to a substantial reduction in invasive pneumococcal
disease (IPD) among vaccinated and unvaccinated individuals [1].
However, currently available vaccines protect against only a frac-
tion of the more than 90 pneumococcal serotypes. Streptococcus
pneumoniae remains an important cause of IPD, pneumonia, and
acute otitis media (AOM). In 2015, there were an estimated 3.7
million episodes of severe pneumococcal disease globally, in a set-
ting where 129 countries had included PCV as part of the infant
vaccination programs [1,2]. Prior to the use of PCVs, the rate of
IPD among Native Americans was one of the highest in the world
[3–6]. While use of PCVs has greatly reduced the burden of IPD,
disparities persist. Age-group specific IPD incidence among Native
Americans in the southwest United States remains 2–4-fold higher
than the general US population; the majority of this residual pneu-
mococcal disease is caused by serotypes not covered by currently
available pneumococcal vaccines [7–9].

Protein antigens that are conserved across pneumococcal sero-
types may offer an alternative to serotype-restricted vaccination
strategies [10]. Two such proteins are pneumolysin (Ply) – a cyto-
lytic protein that contributes to the host inflammatory response,
facilitates colonization and plays a role in acute lung injury – and
pneumococcal histidine triad protein D (PhtD), which has a role
in ion homeostasis and pneumococcal virulence [11–13]. Alone
or in combination Ply and PhtD have demonstrated protection
against pneumococcal disease or carriage in in vitro and animal
studies and were selected by GSK for clinical development
[12,14–18]. Vaccines containing dPly (a pneumolysin toxoid), PhtD
and 10 serotype-specific polysaccharide conjugates of the pneu-
mococcal non-typeable Haemophilus influenzae protein D conjugate
vaccine (PHiD-CV, Synflorix, GSK) were found to be immunogenic
and well-tolerated in children and infants; however, efficacy
against pneumococcal nasopharyngeal carriage prevalence, den-
sity, acquisition or clearance was not observed [19–22]. We report
results of a phase IIb randomized controlled trial that assessed the
incremental efficacy (over 13-valent PCV [PCV13], Prevenar 13/Pre-
vnar 13, Pfizer) of an investigational pneumococcal protein-based
vaccine, dPly/PhtD, against AOM and acute lower respiratory tract
infection (ALRI) in Native American infants. We also report
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2. Material and methods

We conducted this study between May 2012 and July 2016 at
five sites on the Navajo Nation and White Mountain Apache tribal
lands in the southwest United States. Health care is administered
free of charge to tribal members through the Indian Health Service
(IHS). The institutional review boards of the Johns Hopkins Bloom-
berg School of Public Health, the Navajo Nation, the Phoenix Area
Indian Health Service, and the Tribal Council of the White Moun-
tain Apache Tribe approved the study. The study was conducted
in accordance with Good Clinical Practice guidelines and the prin-
ciples of the Declaration of Helsinki. Written informed consent was
obtained from a parent or legally-authorized representative of each
infant before enrollment. An independent data monitoring com-
mittee was charged with oversight of participant safety. This study
was registered at www.clinicaltrials.gov (NCT01545375). A proto-
col summary is available at www.gsk-studyregister.com (study ID:
115597).

Eligible infants aged 6–12 weeks were randomized 1:1 to
receive dPly/PhtD vaccine or placebo (Control group) at ages 2, 4,
6 and 12–15 months, each co-administered with PCV13 (Fig. 1).
Inclusion and exclusion criteria are listed in Supplementary Text.
A subset of children was enrolled into the immunogenicity/reacto-
genicity sub-cohort. Randomization was stratified by site with a
block size of six and treatment allocation at the investigator site
for dPly/PhtD was performed using a central randomization system
on the internet. All study participants, investigators, funding staff,
and monitoring staff were masked to drug allocation. dPly/PhtD
vaccine and placebo were supplied to the site in identical-looking
and -labelled vials in coded kits and stored at 2–8 �C until the time
of dosing. The investigational pneumococcal vaccine (dPly/PhtD)
contained dPly and PhtD at 10 mg each, adsorbed on aluminum
phosphate (vaccine adjuvant; aluminum content 500 mg). The pla-
cebo contained 500 mg aluminum phosphate. The placebo was
visually indistinguishable from the dPly/PhtD vaccine. Study pro-
duct (vaccine or placebo) was administered intramuscularly into
the right thigh (primary vaccination) or deltoid (booster vaccina-
tion). Co-administered PCV13 was given intramuscularly on the
onal arm (dPly/PhtD + PCV13) 

m (AlPO4 Placebo + PCV13)

6 7 12–15 13–16 18–22 24–27

Efficacy follow-up (TVC)
Efficacy follow-up (ATP)

SAE repor�ng

 repor�ng, Day 0 – Day 3

AE repor�ng, Day 0 – Day 30

in D; PCV13, 13-valent pneumococcal conjugate vaccine; AOM, acute otitis media;
ent; SAE, serious adverse event.

http://www.clinicaltrials.gov
http://www.gsk-studyregister.com


7484 L.L. Hammitt et al. / Vaccine 37 (2019) 7482–7492
opposite side. All other vaccines were given according to the rec-
ommended childhood immunization schedule in the United States,
including influenza vaccine for children �6 months old which was
allowed during the influenza seasons, as per Advisory Committee
on Immunization Practices recommendations [23].

2.1. Study endpoints

We assessed dPly/PhtD vaccine efficacy (VE) against all epi-
sodes of clinically diagnosed AOM meeting the 2004 American
Academy of Pediatrics criteria (AAP-AOM [2004]; primary objec-
tive) and other AOM and ALRI endpoints (Table 1) [24]. In addition,
we report on the following secondary objectives: the safety of the
dPly/PhtD vaccine in all participants in terms of serious adverse
events (SAEs) and the immunogenicity and reactogenicity of the
dPly/PhtD vaccine in a sub-cohort of participants. Results of other
objectives (i.e., immunogenicity of co-administered pneumococcal
and Hib vaccines, and bacterial nasopharyngeal carriage) will be
described elsewhere.
Table 1
Case definitions for efficacy endpoints.

AAP, American Academy of Pediatrics; MA, medically-attended; ALRI, a
2.2. Study procedures

Active surveillance for any medical event was conducted by
study staff at study facilities and other facilities providing care in
the study communities starting from administration of the first
dose through study end for each participant to identify SAEs and
episodes of AOM or ALRI. Immunogenicity and unsolicited adverse
events (AEs) occurring within one month following administration
of each dose of study vaccine were assessed in the immunogenic-
ity/reactogenicity sub-cohort (N = 400). Solicited local and general
AEs were documented on a diary card during 4 days post-
vaccination by the parent/guardian of each participant in the
immunogenicity/reactogenicity sub-cohort. Participants in this
sub-cohort also had blood collected at five timepoints (prior to
dose 1, one month post-dose 3, prior to the booster vaccination,
one month and 12 months post-booster vaccination). Samples
were centrifuged and serum was stored at �20 �C or colder until
assayed for anti-Ply and anti-PhtD antibodies by GSK using an in-
house enzyme linked immunosorbent assay (ELISA) [25].
cute lower respiratory tract infection; HCP, health-care provider.
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2.3. Sample size and statistical analysis

The primary objective was to demonstrate that the VE induced
by the dPly/PhtD vaccine against clinical AOM diagnosed and ver-
ified using AAP criteria was greater than 0%, as compared to the
Control group. Sample size calculations were based on the assump-
tion that, among AOM, approximately 60% is bacterial, of which
40% is pneumococcal [26–28]. True VE against pneumococcal
AOM was estimated to be similar to the observed PCV VE against
vaccine-type pneumococcal AOM (approximately 50–60%)
[26,29–31]. Based on 1800 enrolled participants (i.e., 1537 pro-
jected evaluable participants), the study had 97.2% power to
demonstrate AOM VE >0% based on a true VE of 17%, an incidence
rate in the control group of 0.6 episodes per child-year, an over-
dispersion of 1.4 and a one-sided test, nominal type I error of
17.8%. The interim analysis is presented in the Supplementary
Text.

The primary efficacy analysis was based on (i) the occurrence of
the primary endpoint (i.e., AAP-AOM 2004) anytime from two
weeks after the administration of the third primary dose of the
study vaccine up to the final study visit or the time of censoring
(e.g., for participants with non-compliance with the protocol) or
up to the time of withdrawal (e.g., if a participant withdrew before
completing the study) and (ii) the modified according-to-protocol
(mATP) cohort for efficacy analysis which included all participants
from the ATP cohort for efficacy analysis and participants for
whom non-compliance with the vaccination intervals during pri-
mary vaccination constituted the only elimination criterion from
ATP cohort for efficacy analysis. The other cohorts analyzed are
described in Supplementary Text.

Time-to-occurrence of primary endpoint events during the
defined efficacy follow-up period was compared between groups
by estimating VE and its 95% confidence interval (CI) using the
Anderson & Gill model, with a robust sandwich estimator for vari-
ance matrix considered as a generalization of the Cox proportional
hazard model, taking into account recurrent events [32]. VE was
defined as (1 � hazard ratio) � 100%.

Antibody geometric mean concentrations (GMCs) and percent-
age of infants with antibody concentration above pre-specified
cut-offs (12 ELISA units[EL.U]/mL for Ply and 17 EL.U/mL for PhtD)
were assessed. For the purpose of GMC calculation, antibody con-
centrations below the lower limit of quantification (LLOQ) of the
assay were given an arbitrary value of half the LLOQ and those
above the upper limit of quantification (ULOQ) were assigned a
value equivalent to the ULOQ.

Because acquired maternal antibodies may inhibit the infant
immune response to primary immunization, we assessed as
exploratory analyses the relationship between pre- and post-
immunization anti-Ply and anti-PhtD antibody levels using scatter
plots [33]. Further, the impact of post-primary series anti-Ply and
anti-PhtD antibody levels on VE was assessed by dividing partici-
pants into ‘‘low” and ‘‘high” categories based on the median anti-
body concentration.

Influenza disease and vaccination may impact the incidence of
AOM and ALRI, and may consequently bias estimates of VE against
these diseases [34,35]. Therefore, we also assessed the effect of
seasonality and influenza vaccination in a post-hoc exploratory
analysis. The influenza season was defined from November 30 to
May 31 and, in any given season, VE against AOM and ALRI end-
points was assessed in the total vaccinated cohort (TVC) and mATP
cohort for efficacy. For each participant, VE follow-up duration for
a given season was defined as shown in Supplemental Fig. 1. VE
was computed within each subgroup (seasonal influenza-
vaccinated or seasonal influenza-unvaccinated) to assess the effi-
cacy of dPly/PhtD versus the Control group.
VE was estimated using the generalized Cox regression model,
by using time-to-event; the point estimates were not adjusted
for multiplicity.

The statistical analyses were performed using the Statistical
Analysis System (SAS) in the SAS Drug Development environment.
3. Results

Of the 1803 infants in the TVC, 900 were in the Investigational
group (dPly/PhtD + PCV13) and 903 in the Control group (Placebo +
PCV13) (Fig. 2). 808 infants in the Investigational group and 831 in
the Control group were included in the mATP cohort for efficacy.
Demographic characteristics and duration of follow-up were simi-
lar in the two groups (Supplemental Tables 1 and 2). In the mATP
cohort for efficacy, 485 AAP-AOM events were detected in the dPly/
PhtD group and 518 in the Control group, giving an incidence of
0.43 and 0.44 episodes/child-year, respectively (Table 2); the pro-
portion of participants experiencing 3 or more episodes of AAP-
AOM was 5.1% in the dPly/PhtD group and 4.8% in the Control
group. 5.7% and 5.9% of children experienced recurrent AOM diag-
nosed by a health-care provider (HCP) in the dPly/PhtD and Control
groups, respectively (Supplemental Table 3). For both groups, the
peak incidence of AOM occurred at 6–12 months of life. There were
163 medically-attended (MA)-ALRI events in the dPly/PhtD group
and 165 in the Control group, giving an incidence of 0.14
episodes/child-year in each group (Table 3).
3.1. Vaccine efficacy

Incremental efficacy of dPly/PhtD in preventing AAP-AOM
(2004) over PCV13 was not demonstrated (Table 2). In the mATP
cohort for VE, VE against all AAP-AOM episodes was 3.8% (95%
CI: �11.4, 16.9). VE against the first AAP-AOM episode was 11.3%
(�3.4, 23.9). VE against all episodes of draining AOM, pneumococ-
cal draining AOM, and non-pneumococcal draining AOM ranged
from –32.2% (�298.3, 56.1) to 17.8% (�57.0, 57.0) (Supplemental
Table 4). VE against all episodes of MA-ALRI, MA-ALRI with fever,
and MA-HCP-ALRI with fever ranged between �4.4% (�39.2,
21.8) and 2.0% (�18.3, 18.8) (Table 3). VE against first episodes of
clinical AOM or ALRI tended to be higher compared to VE against
all episodes (Tables 2 and 3). This finding was more pronounced
in a post-hoc analysis restricted to first episodes within the first
year of life (Fig. 3; Supplemental Figs. 2 and 3; Supplemental
Table 5).

Exploratory analyses of VE against various AOM and ALRI end-
points among participants with low (�27498 EL.U/mL for Ply;
�3739.5 EL.U/mL for PhtD) and high (>27498 EL.U/mL for Ply;
>3739.5 EL.U/mL for PhtD) post-primary anti-protein antibody
concentrations revealed a trend for higher efficacy against AOM
endpoints with higher post-primary anti-Ply antibody levels. For
ALRI endpoints, VE seemed to be higher with lower post-primary
anti-Ply antibody levels but VE point estimates remained positive
for both low and high antibody ranges (Supplemental Table 6).
VE against AOM and ALRI endpoints appeared in the same range
for low and high post-primary anti-PhtD antibody levels (Supple-
mental Table 7).

AOM incidence followed a seasonal pattern with peaks in win-
ter seasons and tended to be lower in the last season of the study,
reflecting the older age of the study population (Supplemental
Fig. 4). No consistent impact of seasonal influenza vaccination
was observed on dPly/PhtD efficacy against AOM and ALRI end-
points across the four winter seasons encompassed during the
study (Supplemental Fig. 5).



Fig. 2. Trial profile. ATP, according-to-protocol; PCV13, 13-valent pneumococcal conjugate vaccine. Note that children may have several criteria for elimination from ATP
cohorts and only the primary reason is provided here. aOne participant was censored before vaccine dose 3 and did not contribute to the efficacy analysis from two weeks
after the administration of dose 3.
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3.2. Reactogenicity and safety

Pain and irritability were the most frequently reported solicited
local and general symptoms, respectively, after primary and boos-
ter vaccination (Table 4). Percentage of doses followed by at least
one unsolicited and grade 3 unsolicited AEs were within similar
ranges between groups. SAEs were reported from 229/900
(25.4%) dPly/PhtD and 232/903 (25.7%) Control children (Supple-
mental Table 8). Vaccination-related SAEs were reported from
two children in the dPly/PhtD group (pyrexia plus diarrhea and
pyrexia) and one in the Control group (febrile convulsion); no fatal
SAEs were reported. IPD was reported from five children in the
dPly/PhtD group and one in the Control group, all due to non-
PCV13 types.
3.3. Immunogenicity

In the ATP immunogenicity cohort (N = 124/group), all children
had anti-Ply and anti-PhtD antibody concentrations above the
LLOQ of the assay at all timepoints. Antibody GMCs for both anti-
gens were higher in the dPly/PhtD group than the Control group
one month post-primary and post-booster vaccination and
increased after primary and booster vaccination compared to base-
line (Fig. 4). Twelve months post-booster vaccination, anti-Ply anti-
body GMCs in the dPly/PhtD group waned but remained higher
compared to the Control group; while anti-PhtD antibody GMCs
were within the same range for both groups. In exploratory analy-
ses, we did not detect a clear relationship between pre- and post-
primary vaccination anti-Ply and anti-PhtD antibody concentration
(Supplemental Fig. 6).
4. Discussion

Currently available pneumococcal vaccines do not include anti-
gens against all pneumococcal serotypes. Vaccines that offer
serotype-independent protection, such as those targeting con-
served proteins that are common to most or all pneumococcal
strains, could substantially reduce global morbidity and mortality.



Table 3
Vaccine efficacy against acute lower respiratory tract infection outcomes by cohort.

Modified ATP cohort for efficacy
Follow-up from 2 weeks after dose 3

ATP cohort for efficacy
Follow-up from 2 weeks after dose 3

TVC
Follow-up from dose 1

dPly/PhtD
group
N = 808

Control
group
N = 831

VE, %
(95% CI)

dPly/PhtD
group
N = 731

Control
group
N = 758

VE, %
(95% CI)

dPly/PhtD
group
N = 900

Control
group
N = 903

VE, %
(95% CI)

All ALRI episodes
MA-ALRI 163a

(0.14)b
165
(0.14)

�1.5
(�32.6, 22.4)

153
(0.15)

152
(0.14)

�4.4
(�37.7, 20.9)

236
(0.15)

236
(0.15)

�1.7
(�28.1, 19.3)

MA-ALRI with fever 125
(0.11)

123
(0.11)

�4.4
(�39.2, 21.8)

116
(0.11)

113
(0.11)

�6.4
(�43.8, 21.3)

169
(0.11)

162
(0.10)

�6.1
(�36.7, 17.6)

MA-HCP-ALRI with fever 289
(0.25)

303
(0.26)

2.0
(�18.3, 18.8)

266
(0.26)

279
(0.26)

1.2
(�20.3, 18.8)

401
(0.25)

422
(0.26)

3.4
(�14.4, 18.3)

First ALRI episode
MA-ALRI 121

(0.12)
135
(0.13)

9.3
(�15.9, 29.0)

113
(0.12)

126
(0.13)

8.3
(�18.2, 28.9)

163
(0.12)

175
(0.12)

5.7
(16.7, 23.9)

MA-ALRI with fever 99
(0.09)

106
(0.10)

4.9
(�25.1, 27.7)

91
(0.09)

98
(0.10)

4.6
(�26.9, 28.3)

127
(0.09)

134
(0.09)

4.0
(�22.4, 24.7)

MA-HCP- ALRI with fever 207
(0.22)

226
(0.24)

8.2
(�10.9, 24.0)

188
(0.22)

211
(0.24)

10.0
(�9.5, 26.1)

267
(0.21)

286
(0.22)

6.4
(�10.6, 20.8)

dPly/PhtD Group = dPly/PhtD vaccine co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
Control Group = Placebo co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
dPly/PhtD, pneumolysin toxoid/pneumococcal histidine-triad protein D; ATP, according-to-protocol; TVC, total vaccinated cohort; N, number of participants; CI, confidence
interval; VE, vaccine efficacy; MA, medically-attended; ALRI, acute lower respiratory tract infection; HCP, health-care provider; PCV13, 13-valent pneumococcal conjugate
vaccine.

a Number of episodes.
b Incidence (episodes/child-year).

Table 2
Vaccine efficacy of dPly/PhtD vaccine against acute otitis media outcomes by cohort.

Modified ATP cohort for efficacy
Follow-up from 2 weeks after dose 3

ATP cohort for efficacy
Follow-up from 2 weeks after dose 3

TVC
Follow-up from dose 1

dPly/PhtD
group
N = 808

Control
group
N = 831

VE, %
(95% CI)

dPly/PhtD
group
N = 731

Control
group
N = 758

VE, %
(95% CI)

dPly/PhtD
group
N = 900

Control
group
N = 903

VE, %
(95% CI)

All AOM episodes
AAP-AOM 485a

(0.43)b
518
(0.44)

3.8*
(�11.4, 16.9)

455
(0.44)

487
(0.45)

3.1
(�12.6, 16.7)

641
(0.40)

680
(0.42)

4.1
(�9.6, 16.0)

Modified AAP-AOM 648
(0.57)

702
(0.60)

5.2
(�8.0, 16.8)

607
(0.58)

659
(0.61)

4.5
(�9.2, 16.5)

853
(0.54)

913
(0.57)

4.9
(�7.1, 15.5)

HCP-AOM 774
(0.68)

819
(0.70)

2.9
(�9.5, 14.0)

722
(0.69)

766
(0.71)

2.3
(�10.8, 13.8)

1019
(0.64)

1065
(0.66)

2.6
(�8.7, 12.7)

First AOM episode
AAP-AOM 309

(0.37)
346
(0.42)

11.3
(�3.4, 23.9)

289
(0.38)

324
(0.43)

9.9
(�5.5, 23.1)

382
(0.33)

405
(0.36)

6.3
(�7.8, 18.5)

Modified AAP-AOM 380
(0.50)

425
(0.57)

11.2
(�2.0, 22.6)

356
(0.52)

398
(0.59)

9.7
(�4.1, 21.8)

459
(0.44)

486
(0.47)

5.9
(�6.9, 17.2)

HCP-AOM 423
(0.59)

463
(0.66)

8.9
(�3.9, 20.2)

389
(0.60)

429
(0.67)

8.7
(�4.8, 20.4)

509
(0.52)

530
(0.54)

4.2
(�8.2, 15.2)

dPly/PhtD Group = dPly/PhtD vaccine co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
Control Group = Placebo co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
dPly/PhtD, pneumolysin toxoid/pneumococcal histidine-triad protein D; ATP, according-to-protocol; TVC, total vaccinated cohort; CI, confidence interval; VE, vaccine
efficacy; N, number of participants; AAP, American Academy of Pediatrics; AOM, acute otitis media; HCP, health-care provider; PCV13, 13-valent pneumococcal conjugate
vaccine.

a Number of episodes.
b Incidence (episodes/child-year).
*Result for primary objective.
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In this study, dPly/PhtD vaccine was immunogenic and had an
acceptable reactogenicity and safety profile after primary and
booster vaccination when co-administered with PCV13; however,
we did not observe significant efficacy against any of the pre-
defined AOM or ALRI endpoints.

In pre-clinical studies, Ply and PhtD, administered either sepa-
rately or in combination, provided protection against pneumococ-
cal carriage and disease, including pneumonia in macaques
[12,16,17,36]. Several other studies have investigated the impact
of protein-based or whole cell vaccines against colonization end-
points in humans, but to our knowledge, this was the first study
designed to evaluate an effect of pneumococcal proteins against
disease in humans as a primary endpoint. Among infants in The
Gambia study, the inclusion of pneumococcal proteins plus 10
serotype-specific polysaccharide conjugates (PHiD-CV/dPly/PhtD),
administered at 2, 3, 4 months or 2, 4, 9 months of age did not
reduce the prevalence or density of pneumococcal carriage beyond
the effect of PHiD-CV [20]. The reasons for the differences in out-
comes between animal models and human clinical trials are
unclear. It has been suggested that the absence of an effect on car-
riage in infants in The Gambia may be a consequence of the acqui-
sition of carriage early in life, along with other risk factors for high
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Fig. 3. Cumulative hazard curves for the first occurrence of AAP-AOM (top panel) and MA-ALRI (bottom panel), from 2 weeks after the administration of dose 3
(modified ATP cohort for efficacy). dPly/PhtD = dPly/PhtD vaccine co-administered with PCV13 at 2, 4, 6 and 12–15 months of age. Control = Placebo co-administered with
PCV13 at 2, 4, 6 and 12–15 months of age. AAP, American Academy of Pediatrics; AOM, acute otitis media; MA, medically-attended; ALRI, acute lower respiratory tract
infection; ATP, according-to-protocol; dPly/PhtD, pneumolysin toxoid/pneumococcal histidine-triad protein D; PCV13, 13-valent pneumococcal conjugate vaccine.
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density carriage; however, populations with a high force of infec-
tion and a variety of risk factors are precisely where new vaccines
are needed most.

In spite of the lack of demonstrated efficacy we observed a
robust serum antibody response to the protein antigens. Antibody
levels to the Ply component were substantially higher in the dPly/
PhtD group compared to the Control group at all timepoints. Anti-
Ply antibody concentrations were frequently beyond the assay
ULOQ following the booster dose. Because values above the assay
ULOQ were assigned as the ULOQ value, the anti-Ply antibody
GMCs for dPly/PhtD recipients are underestimated. We were
unable to quantify the functional response of anti-Ply antibodies
(i.e., the inhibition of Ply hemolysis activity) because of issues with
assay stability. For anti-PhtD, an increase in antibody GMCs one
month post-dose 3 was observed compared to baseline; whereas
antibody GMCs in the Control group declined. Levels of anti-PhtD
antibody were similar at 12 months of age and, although there
was an increase in antibody GMCs one month-post booster in
dPly/PhtD recipients compared to the Control group, levels were
similar again by 24-months of age. The pattern of anti-protein anti-
body responses was similar to findings in infants in The Gambia
and in Europe, although the GMCs were substantially higher in
the Native American infants at baseline (pre-vaccination) and
post-primary vaccination compared to European infants who
received dPly/PhtD containing vaccine at 2, 3, 4 and 12–15 months
and Gambian infants who were vaccinated at 2, 3, 4 months
[20,22]. The high baseline anti-protein antibody levels in this study
presumably result from exposure at a young age or from maternal



Table 4
Percentages of doses (with 95% confidence interval) followed by solicited or unsolicited adverse events (AEs) – immunogenicity/reactogenicity sub-cohort (total vaccinated
cohort).

3-dose primary vaccination phase Booster dose

dPly/PhtD group Control group dPly/PhtD group Control group

Solicited AEs at dPly/PhtD vaccine or AlPO4 Placebo injection site (days 0–3)
N = 551 N = 553 N = 156 N = 153

Pain 69.3
(65.3, 73.2)

66.2
(62.1, 70.1)

64.1
(56.0, 71.6)

54.2
(46.0, 62.3)

Grade 3 14.3
(11.5, 17.5)

17.9
(14.8, 21.4)

15.4
(10.1, 22.0)

11.8
(7.1, 18.0)

Redness 31.6
(27.7, 35.6)

31.1
(27.3, 35.1)

37.8
(30.2, 45.9)

39.2
(31.4, 47.4)

>30 mm 0.2
(0.0, 1.0)

0.0
(0.0, 0.7)

0.0
(0.0, 2.3)

0.0
(0.0, 2.4)

Swelling 22.7
(19.3, 26.4)

16.1
(13.1, 19.4)

25.0
(18.4, 32.6)

24.2
(17.6, 31.8)

>30 mm 0.2
(0.0, 1.0)

0.0
(0.0, 0.7)

0.0
(0.0, 2.3)

0.0
(0.0, 2.4)

General solicited AEs (days 0–3)
N = 551 N = 554 N = 156 N = 154

Drowsiness 45.0
(40.8, 49.3)

46.9
(42.7, 51.2)

41.7
(33.8, 49.8)

42.2
(34.3, 50.4)

Grade 3 6.5
(4.6, 8.9)

3.4
(2.1, 5.3)

8.3
(4.5, 13.8)

7.8
(4.1, 13.2)

Irritability 64.4
(60.3, 68.4)

62.3
(58.1, 66.3)

62.2
(54.1, 69.8)

55.8
(47.6, 63.8)

Grade 3 9.4
(7.1, 12.2)

10.8
(8.4, 13.7)

17.3
(11.7, 24.2)

10.4
(6.1, 16.3)

Loss of appetite 24.9
(21.3, 28.7)

23.6
(20.2, 27.4)

27.6 (20.7, 35.3) 26.6
(19.8, 34.3)

Grade 3 2.5
(1.4, 4.2)

1.8
(0.9, 3.3)

3.8 (1.4, 8.2) 4.5
(1.8, 9.1)

Fevera 7.6
(5.5, 10.2)

10.6
(8.2, 13.5)

5.1
(2.2, 9.9)

9.7
(5.6, 15.6)

>40.0 �C 0.0
(0.0, 0.7)

0.2
(0.0, 1.0)

0.0
(0.0, 2.3)

0.0
(0.0, 2.4)

Unsolicited AEsb (days 0–30)
N* = 572 N* = 579 N* = 178 N* = 174

Any 29.4
(25.7, 33.3)

28.0
(24.4, 31.8)

29.8
(23.2, 37.1)

27.0
(20.6, 34.3)

Grade 3 3.1
(1.9, 4.9)

3.
(1.9, 4.9)

5.6
(2.7, 10.1)

2.9
(0.9, 6.6)

dPly/PhtD Group = dPly/PhtD vaccine co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
Control Group = Placebo co-administered with PCV13 at 2, 4, 6 and 12–15 months of age.
dPly/PhtD, pneumolysin toxoid/pneumococcal histidine-triad protein D; N/N*, number of documented/administered doses; grade 3, crying when limb was moved/limb
spontaneously painful (pain), preventing normal everyday activity (drowsiness, unsolicited AEs), crying inconsolably/preventing normal everyday activity (irritability), not
eating at all (loss of appetite); PCV13, 13-valent pneumococcal conjugate vaccine.

a �38.0 �C (regardless of the route of measurement; axillary temperature presented here).
b The most frequently reported unsolicited AEs were upper respiratory tract infection, viral infection, pyrexia, cough and rhinorrhea post-primary vaccination, and pyrexia

and upper respiratory tract infection post-booster.
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antibody transfer in utero, both of which are plausible given the
high burden of pneumococcal carriage and disease in this popula-
tion [8,37,38]. In a post-hoc analysis, we did not find any evidence
to suggest that pre-vaccination antibody interfered with dPly/PhtD
immunogenicity.

It is important to acknowledge that this study measured serum
but not mucosal antibodies. In a prospective study of 100 healthy
infants 6–24 months of age, higher mucosal antibody levels to PhtD
and dPly correlated with reduced risk of development of pneumo-
coccal AOM in children, although no significant difference was
found in mucosal antibody levels to PhtD and dPly between chil-
dren with and without pneumococcal carriage [39]. Results were
not stratified by episode number so it is unclear if these findings
were similar between first and subsequent episodes of AOM. While
the study presented herein did not measure mucosal antibodies – a
step that should be considered in future studies of pneumococcal
protein vaccines – the serum antibody levels intimate that mucosal
levels were also likely high among dPly/PhtD vaccine recipients.

There are several possible reasons that efficacy was not
observed, despite very good serum antibody responses to the
dPly/PhtD vaccine. Pre-clinical studies did not examine the effect
of GSK’s dPly or PhtD antigens on AOM. Other studies have shown
potential protection by pneumococcal proteins, including PhtD and
Ply, against AOM in a murine model; however, these findings
might not translate to humans [40]. Additionally, differences in
the production method might lead to antigenic differences that
could affect efficacy. The study was powered to detect an incre-
mental VE of 17% or greater against the syndrome of AOM; this
may have been too high a bar given that the dPly/PhtD vaccine
was being co-administered with PCV13. The reported VE of
licensed PCVs against clinical AOM assessed in clinical trials ranged
up to a 15% reduction, but was non-statistically significant [41]; we
used a slightly higher estimated VE given the serotype-
independent nature of the dPly/PhtD vaccine. At the time the study
was designed, the available data suggested that around a quarter of
AOM was pneumococcal; however, the burden of pneumococcal
AOM, particularly amongst cases of recurrent AOM, has continued
to decline in the PCV era and more recent data suggest an increas-
ing role of other pathogens, particularly H. influenzae [42,43]. Accu-
rately diagnosing AOM can be challenging and overdiagnosis of
AOM is common; inclusion of events that were not truly AOM
would reduce the ability to detect efficacy. We attempted to
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Fig. 4. Antibody geometric mean concentrations (GMCs) against pneumococcal Ply (top panel) and PhtD (bottom panel) proteins (ATP cohort for immunogenicity).
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minimize incorrect AOM diagnoses by training providers on the
diagnosis of AOM through in-person sessions at the start of the
study and online refresher modules during the study, and by using
a standardized template for capture of AOM outcomes that
included all relevant elements of the history and exam [44]. During
the course of the study, the AAP published updated criteria for
diagnosis of AOM, which were intended to more clearly differenti-
ate AOM from otitis media with effusion. Because the study was
ongoing, no changes to the study objectives were made apart from
collection of new data to allow assessment of efficacy according to
the updated definition (AAP-AOM [2013]) [45]. VE against episodes
of AAP-AOM was similar using the 2004 and 2013 definitions;
however, this analysis was limited because some details of the
AOM events could not be collected retrospectively. Reassuringly,
the incidence rate of AOM in this study (0.43–0.44 episodes/
child-year) was similar to that documented by tympanocentesis
among children aged 6–36 months in Rochester, New York with
AAP-AOM [2013] in the PCV era (0.38 episodes/child-year during
the first year of life and 0.48 episodes/child-year during the second
year of life) [42]. Nevertheless, AOM may still have been mis- or
overdiagnosed, which could have resulted in the study being
underpowered and biased toward the null hypothesis. In addition,
culture of middle ear fluid to assess the etiology of draining AOM
was done at the discretion of the clinical provider and not as a
study procedure.

Efficacy tended to be higher against first AOM and ALRI epi-
sodes compared to subsequent episodes. This finding, along with
the observed antibody profiles over the course of the study,
prompted us to conduct a post-hoc analysis in the mATP cohort
of VE against first AOM and first MA-ALRI events at age
<12 months. There was a suggestion of incremental VE of
dPly/PhtD vaccine beyond that of PCV13, which was more pro-
nounced for MA-ALRI. Compared to the Control group, dPly/PhtD
vaccine recipients had higher antibody GMCs to PhtD at 7 months
of age, but this difference was no longer evident by 1 year of age.
PhtD plays a role in adherence of S. pneumoniae to human nasopha-
ryngeal epithelial cells [46]. It is possible that the trend toward
greater protection among dPly/PhtD vaccine recipients against first
AOM or ALRI episodes in the first year of life relates to the notable
difference in anti-PhtD levels, and that this clinical benefit was no
longer evident when levels became more similar to those of the
Control group. However, the lack of consistent and statistically sig-
nificant findings limits our ability to make conclusions. Another
possible reason that efficacy may have been greater against first
episodes relates to the role of biofilms. Although not assessed in
this study, biofilms are typically associated with recurrent infec-
tions and allow bacteria to resist host immune responses [47]. Dis-
persed biofilm bacteria have increased virulence; animal models
that evaluate the impact of anti-protein antibodies on disease
using broth-grown bacteria, as opposed to dispersed biofilm bacte-
ria, may not accurately reflect pathogenesis in humans.

Because influenza vaccination and season might impact the
incidences of AOM and ALRI [34,35], we also conducted an explora-
tory analysis to understand their potential impact on dPly/PhtD
efficacy. This post-hoc analysis did not show a consistent impact
of influenza vaccination on the VE of dPly/PhtD against AOM and
ALRI. The small number of children in the subsets and hence the
low number of AOM and ALRI cases recorded are a limitation for
this analysis.

The frequency of solicited and unsolicited AEs was similar in
dPly/PhtD and Control participants after primary and booster vac-
cination. IPD events, which were identified through the surveil-
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lance for SAEs since they were not disease outcome events in the
protocol, were more common in the dPly/PhtD group (n = 5) com-
pared to the Control group (n = 1), although this was not a statis-
tically significant difference. As part of a long-standing
population-based Active Bacterial Surveillance (ABS) system for
IPD at the study sites, two additional cases of IPD in participants
from the Control group were identified: one in a participant who
completed the study before IPD occurred at 31 months of age, and
one in a participant that had withdrawn from the study prior to
the occurrence of IPD at 25 months of age. Because of these cir-
cumstances the events were not included in the clinical study
database although they were reported to ABS. The study was
not powered to detect a difference in IPD outcomes and the
work-up for possible invasive bacterial infection was done at
the discretion of the child’s provider, rather than systematically
as part of the study.

In conclusion, this study showed that vaccination with dPly and
PhtD antigens was well-tolerated and immunogenic but did not
show additional protection to children against AOM or ALRI. The
interactions between immunity, carriage, and progression to dis-
ease are complex and poorly understood. Future studies should
aim to improve our understanding of the effect of anti-protein
antibodies on pathogenesis of pneumococcal disease.
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