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Summary
Background Three pneumococcal conjugate vaccines (PCVs) are currently licensed and WHO prequalified for supply 
by UN agencies. Here, we aimed to investigate the safety and immunogenicity of SIIPL-PCV compared with PHiD-CV 
and PCV13, when administered to infants according to a 2 + 1 schedule.

Methods This single-centre, double-blind, active-controlled, randomised, phase 3 trial was done in Medical Research 
Council Unit The Gambia at the London School of Hygiene & Tropical Medicine clinical trial facilities within 
two government health centres in the western region of The Gambia. Healthy, PCV-naive infants aged 6–8 weeks 
were enrolled if they weighed at least 3·5 kg and had no clinically significant health complaints, as determined by 
history and clinical examination. Eligible infants were randomly assigned (1:1:1) to receive either SIIPL-PCV, 
PHiD-CV, or PCV13 using permuted blocks of variable size. Parents and the trial staff assessing all study outcomes 
were masked to vaccine group. The first PCV vaccine was given with other routine Expanded Programme on 
Immunization vaccines when infants were aged 6–8 weeks (visit 1). At visit 2, routine vaccines alone (without a PCV) 
were administered. At visit 3, the second dose of the PCV was administered alongside other routine vaccines. At 
visit 4, a blood sample was collected. Visits 1–4 took place at intervals of 4 weeks. The booster PCV was administered 
at age 9–18 months (visit 5), with final follow-up 4 weeks after the booster (visit 6). The primary immunogenicity 
outcome compared the serotype-specific IgG geometric mean concentrations (GMCs) generated by SIIPL-PCV with 
those generated by PHiD-CV and PCV13, 4 weeks after the booster. We used descriptive 95% CIs without adjustment 
for multiplicity. Immunogenicity analyses were done in the per protocol population (defined as all children who 
received all the assigned study vaccines, who had an immunogenicity measurement available, and who had no 
protocol deviations that might interfere with the immunogenicity assessment). This trial was registered with the 
Pan African Clinical Trials Registry, PACTR201907754270299, and ClinicalTrials.gov, NCT03896477.

Findings Between July 18 and Nov 14, 2019, 745 infants were assessed for study eligibility. Of these, 85 infants (11%) were 
ineligible and 660 (89%) were enrolled and randomly assigned to receive SIIPL-PCV (n=220), PHiD-CV (n=220), or 
PCV13 (n=220). 602 infants (91%) were included in the per protocol immunogenicity population. The median age at 
vaccination was 46 days (range 42–56). 342 infants (52%) were female and 318 (48%) were male. Post-booster serotype-
specific IgG GMCs generated by SIIPL-PCV ranged from 1·54 μg/mL (95% CI 1·38–1·73) for serotype 5 to 12·46 μg/mL 
(11·07–14·01) for serotype 6B. Post-booster GMCs against shared serotypes generated by PHiD-CV ranged from 
0·80 μg/mL (0·72–0·88) for serotype 5 to 17·31 μg/mL (14·83–20·20) for serotype 19F. Post-booster GMCs generated 
by PCV13 ranged from 2·04 μg/mL (1·86–2·24) for serotype 5 to 15·54 μg/mL (13·71–17·60) for serotype 6B. Post-
booster IgG GMCs generated by SIIPL-PCV were higher than those generated by PHiD-CV for seven of the eight 
shared serotypes (1, 5, 6B, 7F, 9V, 14, and 23F). The GMC generated by serotype 19F was higher after PHiD-CV. The 
SIIPL-PCV to PHiD-CV GMC ratios for shared serotypes ranged from 0·64 (95% CI 0·52–0·79) for serotype 19F 
to 2·91 (2·47–3·44) for serotype 1. The serotype 1 GMC generated by SIIPL-PCV was higher than that generated by 
PCV13, whereas serotype 5, 6A, 19A, and 19F GMCs were higher after PCV13. The SIIPL-PCV to PCV13 GMC ratios 
ranged from 0·72 (0·60–0·87) for serotype 19A to 1·44 (1·23–1·69) for serotype 1.

Interpretation SIIPL-PCV was safe and immunogenic when given to infants in The Gambia according to a 
2 + 1 schedule. This PCV is expected to provide similar protection against invasive and mucosal pneumococcal disease 
to the protection provided by PCV13 and PHiD-CV, for which effectiveness data are available. Generating post-
implementation data on the impact of SIIPL-PCV on pneumococcal disease endpoints remains important.

Funding Bill & Melinda Gates Foundation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license. 

http://crossmark.crossref.org/dialog/?doi=10.1016/S1473-3099(22)00734-4&domain=pdf


Articles

2	 www.thelancet.com/infection   Published online January 10, 2023   https://doi.org/10.1016/S1473-3099(22)00734-4

Introduction
Pneumonia remains the leading cause of under-5 
mortality after the neonatal period worldwide, and of all 
under-5 mortality in sub-Saharan Africa. It is estimated 
to have caused more than 800 000 deaths in this age 
group in 2017.1 Streptococcus pneumoniae is the most 
common cause of pneumonia-associated morbidity 
and mortality. More than 300 000 children die from 
pneumococcal pneumonia, meningitis, and other 
invasive pneumococcal diseases each year.2 Most of these 
deaths occur in low-income and middle-income countries 
(LMICs).2

Pneumococcal conjugate vaccines (PCVs) are highly 
effective at preventing serotype-specific pneumococcal 
disease, and their introduction has led to substantial 
reductions in morbidity and mortality associated with 
pneumococcal infection—including in The Gambia.3,4 
PCVs are recommended by WHO for inclusion in 
childhood immunisation programmes from age 6 weeks, 
either as a three-dose primary series without a booster 
(3 + 0 schedule) or a two-dose primary series with a 
booster at age 9–18 months (2 + 1 schedule).4 No 
substantial advantage of one schedule over the other 
has been shown in preventing invasive pneumococcal 
disease, pneumonia, or nasopharyngeal pneumococcal 
carriage. However, data allowing such comparisons are 

scarce and confounded by differences in the duration of 
PCV use and in baseline disease rates.4 Nonetheless, 
2 + 1 schedules generate higher antibody titres after the 
third dose. Thus, 2 + 1 schedules have a theoretical 
advantage over 3 + 0 schedules in maintaining direct 
protection in the second year of life and beyond, and in 
generating indirect protection. Currently, 61 countries 
(mostly in sub-Saharan Africa) use a 3 + 0 schedule and 
60 countries (including most of Europe, north Africa, 
and South America) use a 2 + 1 schedule.

Three PCVs are currently licensed and WHO 
prequalified for supply by UN agencies. The 10-valent 
PHiD-CV (Synflorix; GlaxoSmithKline, Brentford, UK) 
has been available since 2009, and the 13-valent PCV13 
(Prevenar 13; Pfizer, New York, NY, USA) since 2010. 
Both PCVs reduce vaccine-type pneumococcal disease 
and provide indirect protection in the non-vaccinated 
population. Despite the difference in valency and 
immunogenicity,5–7 the effect of these two vaccines on 
pneumonia and invasive pneumococcal disease is 
similar, although robust surveillance data (particularly 
from sub-Saharan Africa) are rare.4,8 A second 10-valent 
PCV (SIIPL-PCV; Pneumosil; Serum Institute of India, 
Pune, India) targeting pneumococcal serotypes most 
prevalent in LMICs was licensed and WHO prequalified 
in 2019, on the basis of data from The Gambia showing 

Research in context

Evidence before this study
We searched PubMed for articles published in English from 
database inception to July 20, 2022, using the search terms 
“pneumococcal conjugate vaccin*”, “pneumococcal vaccin*”, 
“Prevnar*”, “Synflorix”, “Pneumosil”, “PCV13”, “PHiD-CV”, 
“SIIPL-PCV”, “immun*”, “meta-analysis”, “systematic review”, 
“randomized controlled trial”, “clinical trial”, “efficacy”, 
“effectiveness”, “impact”, and “safety”, with Boolean operators. 
Three pneumococcal conjugate vaccines (PCVs) are licensed 
and WHO prequalified for purchase by Gavi and other UN 
agencies. PHiD-CV and PCV13 are immunogenic and effective 
at reducing vaccine serotype invasive pneumococcal disease, 
pneumonia, and acute otitis media when given as a 
2 + 1 schedule. Despite differences in valency, no significant 
differences in the effectiveness of the two vaccines have been 
shown against disease endpoints. However, differences in the 
schedules and the way the vaccines were introduced, including 
whether catch-up campaigns were used, limits the strength of 
this conclusion. Both vaccines are safe. SIIPL-PCV was licensed 
and WHO prequalified after it was shown that the vaccine is 
safe and immunologically non-inferior to PHiD-CV following a 
three-dose primary series (weeks 6, 10, and 14).

Added value of this study
This study is the first to examine the immunogenicity and 
safety of SIIPL-PCV when given as a 2 + 1 schedule and to 
directly compare the three currently licensed PCVs. We showed 

that SIIPL-PCV is safe and highly immunogenic. Post-booster 
IgG geometric mean concentrations (GMCs) and 
opsonophagocytic activity (OPA) geometric mean titre (GMT) 
responses generated by SIIPL-PCV were higher than those 
generated by PHiD-CV for seven of the eight shared serotypes 
(1, 5, 6B, 7F, 9V, 14, and 23F), whereas responses generated by 
serotype 19F were higher after PHiD-CV. Serotype 1 GMC 
generated by SIIPL-PCV was higher than that generated by 
PCV13, whereas serotype 5, 6B, 19A, and 19F GMCs were 
higher after PCV13. Comparing SIIPL-PCV with PCV13, post-
primary seroresponse rates were higher for serotype 23F after 
SIIPL-PCV and for serotype 6A after PCV13. Post-primary 
seroresponse rates were higher for five shared serotypes (1, 5, 
6B, 14, and 23F) after SIIPL-PCV than those generated after 
PHiD-CV. The distribution of antibody concentrations was 
similar between SIIPL-PCV and PCV13. IgG GMC and OPA GMT 
booster responses were generated against all serotypes after 
SIIPL-PCV.

Implications of all the available evidence
Our immunogenicity and safety data support the use of 
SIIPL-PCV according to a 2 + 1 schedule. The vaccine is expected 
to have similar effectiveness to PCV13 and PHiD-CV, although 
generating data on the impact of the vaccine following 
introduction into national schedules remains of high 
importance.
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immunological non-inferiority to PHiD-CV when given 
as a three-dose primary series.9,10

This study is the first head-to-head comparison of the 
safety and immunogenicity of SIIPL-PCV with PHiD-CV 
and PCV13, when administered to infants as two primary 
doses and one booster dose (2 + 1 schedule).

Methods
Study design and participants
This single-centre, double-blind, active-controlled, 
randomised, phase 3 trial was done in Medical Research 
Council (MRC) Unit The Gambia at the London School 
of Hygiene & Tropical Medicine (LSHTM) clinical trial 
facilities within two government health centres in the 
western region of The Gambia. Healthy, PCV-naive 
infants aged 6–8 weeks were enrolled if they weighed at 
least 3·5 kg and had no clinically significant health 
complaints, as determined by history and clinical 
examination. Full inclusion and exclusion criteria are 
shown in the appendix (pp 1–3). All parents provided 
written informed consent. The study was approved by 
The Gambia Government–MRC Joint Ethics Committee, 
the LSHTM Research Ethics Committee, Western 
Institutional Review Board, and the Gambian Medicines 
Control Agency.

Randomisation and masking
Eligible infants were randomly assigned (1:1:1) to receive 
either SIIPL-PCV, PHiD-CV, or PCV13 using a predefined 
randomisation scheme. An independent biostatistician 
generated randomisation sequences using permuted 
blocks of variable size. Vaccine assignments were 
allocated to sequentially numbered, sealed, opaque, 
tamper-evident envelopes. Unmasked nurses conducted 
randomisation and administered the vaccines using 
identical syringes but were not involved in the assessment 
of any study endpoints. Parents and all other trial staff 
were masked to the treatment allocation.

Procedures
The first vaccination, during which one of the three 
PCVs (SIIPL-PCV, PHiD-CV, or PCV13) was given 
alongside other routine Expanded Programme on 
Immunization vaccines, took place during visit 1 when 
infants were aged 6–8 weeks. At visit 2, routine vaccines 
alone (without a PCV) were administered. At visit 3, the 
second dose of the PCV was administered alongside 
other routine vaccines. At visit 4, a blood sample was 
collected for the post-primary vaccine immunogenicity 
assessment. Visits 1–4 took place at intervals of 4 weeks. 
A pre-booster blood sample was collected from all 
infants. An initial window of age 9–10 months was 
specified for the booster vaccination; however, at the 
start of the COVID-19 pandemic, this window was 
extended to reduce clinic attendances and home visits 
and to ensure adherence with national and institutional 
infection control guidance, while remaining in line with 

WHO recommendations for PCV administration.4 
Therefore, the booster vaccine was administered when 
infants were aged 9–18 months instead (visit 5). A final 
blood sample for post-booster vaccine immunogenicity 
was collected 4 weeks after the booster (visit 6; 
appendix p 4).

A single 0·5 mL dose of SIIPL-PCV contains 2 μg of 
serotype 1, 5, 6A, 7F, 9V, 14, 19A, 19F, and 23F 
polysaccharides plus 4 μg of serotype 6B polysaccharide, 
all individually conjugated to a recombinant non-toxic 
diphtheria cross-reactive material 197 (CRM197) protein 
and adsorbed onto aluminium phosphate. SIIPL-PCV 
vaccine lot numbers 209Y7003AZ and 209Y7001C were 
used. A single 0·5 mL dose of PHiD-CV contains 1 µg of 
serotype 1, 5, 6B, 7F, 9V, 14, and 23F polysaccharides plus 
3 µg of serotype 4 polysaccharide, all individually 
conjugated to a recombinant non-typeable Haemophilus 
influenzae protein D, 3 µg of serotype 18C polysaccharide 
conjugated to tetanus toxoid, and 3 µg of serotype 19F 
polysaccharide conjugated to diphtheria toxoid, adsorbed 
onto aluminium phosphate. PHiD-CV vaccine lot 
number ASPNB206AA was used. A single 0·5 mL dose 
of PCV13 contains 2·2 µg of serotype 1, 3, 4, 5, 6A, 7F, 
9V, 14, 18C, 19A, 19F, and 23F polysaccharides and 4·4 µg 
of serotype 6B polysaccharide, all conjugated to CRM197 
and adsorbed onto aluminium phosphate. PCV13 vaccine 
lot number Y02163 was used.

Infants concomitantly received routine vaccinations as 
part of the Expanded Programme on Immunization, 
according to the schedule (appendix p 5), except for those 
who had the booster vaccination delayed due to the 
COVID-19 pandemic. In this group, the routine vaccines 
due at age 9 months were administered on time, whereas 
the PCV was administered as soon as restrictions 
allowed. Parenteral vaccines were administered by 
intramuscular injection into the anterolateral aspect of 
the thigh using 23G, 25 mm needles.

At visits 4, 5, and 6, 3·0 mL blood samples were 
collected, and serum was separated and stored at 
temperatures lower than –70°C before immunogenicity 
testing. PCV immunogenicity was evaluated by the 
WHO Pneumococcal Serology Reference Laboratory 
(UCL Great Ormond Street Institute of Child Health, 
London, UK) using a validated ELISA to quantify 
pneumococcal IgG concentrations and a validated 
multiplex opsonophagocytic activity (OPA) assay to 
assess functional immune responses.9

Solicited injection-site (tenderness, erythema, and 
induration) and systemic (cutaneous rash, axillary 
temperature, irritability, drowsiness, and decreased 
appetite) adverse events were recorded after each study 
vaccination and once per day for 6 days during home 
visits conducted by trained field workers. Unsolicited 
adverse events were assessed, managed, and recorded by 
study clinicians throughout the study. Solicited adverse 
events were graded for severity as 1–4 (appendix p 6). 
Unsolicited adverse events were categorised using 

See Online for appendix
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Medical Dictionary for Regulatory Activities preferred 
terms, graded from 1 (mild) to 5 (death), and assessed for 
relatedness to the study vaccine.

Outcomes
The primary immunogenicity outcome compared the 
serotype-specific IgG geometric mean concentrations 

Figure 1: Trial profile
PCV=pneumococcal conjugate vaccine.
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(GMCs) generated by SIIPL-PCV with those generated by 
PHiD-CV and PCV13, 4 weeks after the booster (visit 6). 
Secondary immunogenicity outcomes included examining 
the serotype-specific OPA IgG geometric mean titre 
(GMT) measured post-primary vaccination (visit 4), pre-
booster (visit 5), and post-booster (visit 6); and the 
serotype-specific IgG seroresponse rates (defined as the 
percentage of participants with an IgG of ≥0·35 μg/mL or 
≥1·0 μg/mL [only at visit 6]) and OPA seroresponse rates 
(defined as the percentage of participants with a reciprocal 
OPA titre of ≥8) at visits 4, 5, and 6. Booster responses, 
defined as the ratio of the serotype-specific IgG GMC or 
OPA GMT measured post-booster immunisation (visit 6) 
relative to the same serotype-specific endpoints measured 
post-primary immunisation (visit 4) were additional 
secondary endpoints. Safety outcomes were the number 
and severity of solicited local and systemic adverse events 
until day 6 after each vaccination; and the number, 
severity, and relatedness of all unsolicited adverse events 
from the first vaccination (visit 1) until age 9 months and 
from the booster vaccination (visit 5) until the 4 weeks 
follow-up visit (visit 6). The number, severity, and 
relatedness of serious adverse events were collected 
throughout the study period.

Statistical analysis
The study was designed to provide descriptive data on the 
immunogenicity and safety of SIIPL-PCV when delivered 
as a 2 + 1 schedule, alongside comparator data for PHiD-CV 
and PCV13. The sample size was determined to generate 
parameter estimates of sufficient precision to guide policy 
and regulatory decisions. Coefficients of variation based on 
previously published data for SIIPL-PCV in the same 
population were used.9,10 Descriptive 95% CIs without 
adjustment for multiplicity were calculated throughout. A 
sample size of 220 participants per group was expected to 
generate 95% CIs with an upper boundary no more than 
16% higher and a lower boundary no more than 14% lower 
than the serotype-specific GMCs. The sample size also 
gave an 89% chance of observing a given safety event 
occurring in the population at a rate of 1%.

Having confirmed the log-normality assumption was 
appropriate, 95% CIs around serotype-specific GMCs, 
GMTs, GMC ratios, and GMT ratios were calculated 
using normal distribution for log10 transformed antibody 
concentrations or titres. Asymptotic Wald 95% CIs were 
calculated for seroresponse rates. CIs for differences in 
seroresponse rates were calculated using the Miettinen–
Nurminen likelihood score method. The trial was not 
powered to detect differences between the three vaccines. 
However, for the purposes of descriptive comparison, 
CIs for GMC and GMT ratios that excluded 1 and CIs for 
difference in seroresponse rates that excluded 0 were 
considered to indicate meaningful differences.

Immunogenicity analyses were done in the per protocol 
population (defined as all children who received all the 
assigned study vaccines, who had an immunogenicity 

measurement available, and who had no protocol 
deviations that might interfere with the immunogenicity 
assessment).

Differences in the proportions of participants with 
solicited and unsolicited adverse events were assessed 
using Cochran–Mantel–Haenszel tests stratified by site 
or using Fisher’s exact test, as appropriate based on the 
number of comparisons. All participants who received 
at least one dose of the study vaccine and provided 
safety data were included in the safety analysis. 
Statistical analyses were performed with SAS-STAT 
software (version 14.1). A data safety monitoring board 
reviewed the safety data and trial conduct throughout 
the study. This trial was registered with the Pan African 
Clinical Trials Registry, PACTR201907754270299, and 
ClinicalTrials.gov, NCT03896477.

Role of the funding source
This work was supported by a Bill & Melinda Gates 
Foundation [INV-006923] grant to PATH. Under the 
grant conditions of the Foundation, a Creative Commons 
Attribution 4.0 Generic License has already been assigned 
to the author accepted manuscript version that might 
arise from this submission. The funder of the study 
had no role in data collection, data analysis, data 
interpretation, or writing of the report.

Results
Between July 18 and Nov 14, 2019, 745 infants 
were assessed for study eligibility (figure 1). Of these, 

SIIPL-PCV (n=220) PHiD-CV (n=220) PCV13 (n=220)

Age at vaccination 1, days 46 (42–56) 46 (42–56) 46 (42–56)

Age at booster vaccination, months 13 (9–15) 13 (9–16) 14 (9–15)

Sex

Female 125 (57%) 108 (49%) 109 (50%)

Male 95 (43%) 112 (51%) 111 (50%)

African race 220 (100%) 220 (100%) 220 (100%)

Ethnicity

Mandinka 109 (50%) 118 (54%) 124 (56%)

Wolof 21 (10%) 17 (8%) 22 (10%)

Fula 26 (12%) 25 (11%) 25 (11%)

Jola 28 (13%) 31 (14%) 15 (7%)

Other 36 (16%) 29 (13%) 34 (15%)

Infant weight, kg 4·7 (3·5–5·9) 4·7 (3·5–6·8) 4·7 (3·5–6·7)

Infant length, cm 55·5 (50·7–59·2) 55·5 (50·0–62·5) 55·4 (49·5–61·3)

Primary cooking fuel

Wood or charcoal 218 (99%) 219 (99%) 219 (99%)

Gas or electricity 2 (<1%) 1 (<1%) 1 (<1%)

Primary water source

Private tap, well, or borehole 168 (76%) 180 (82%) 178 (81%)

Community tap, well, or borehole 52 (24%) 40 (18%) 42 (19%)

Data are n (%) or median (range). Percentages might not equal 100% due to rounding. PCV=pneumococcal 
conjugate vaccine.

Table 1: Baseline characteristics of all infants who received at least one vaccine dose
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85 infants (11%) were ineligible and 660 (89%) 
were enrolled and randomly assigned to receive 
SIIPL-PCV (n=220), PHiD-CV (n=220), or PCV13 (n=220). 
602 infants (91%) were included in the per-protocol 
immunogenicity population. All enrolled infants were 
included in the safety population. The median age at 
vaccination was 46 days (range 42–56). 125 infants 
(57%) in the SIIPL-PCV group, 108 (49%) in the PHiD-CV 
group, and 109 (50%) in the PCV13 group were female. 
95 (43%) infants in the SIIPL-PCV group, 112 (51%) in the 
PHiD-CV group, and 111 (50%) in the PCV13 group were 
male. There were no other noteworthy differences in 
anthropometric or sociodemographic variables between 
groups (table 1).

Post-booster serotype-specific IgG GMCs generated by 
SIIPL-PCV ranged from 1·54 μg/mL (95% CI 1·38–1·73) 
for serotype 5 to 12·46 μg/mL (11·07–14·01) for 
serotype 6B (table 2; figure 2A). Post-booster GMCs 
against shared serotypes generated by PHiD-CV ranged 
from 0·80 μg/mL (0·72–0·88) for serotype 5 to 
17·31 μg/mL (14·83–20·20) for serotype 19F. The cross-
reactive responses generated by serotype 6B in PHiD-CV 
was 0·60 μg/mL (0·50–0·71) against serotype 6A. The 
cross-reactive response generated by serotype 19F in 
PHiD-CV was 2·39 μg/mL (1·97–2·89) against 19A. 
Post-booster GMCs generated by PCV13 ranged from 
2·04 μg/mL (1·86–2·24) for serotype 5 to 15·54 μg/mL 
(13·71–17·60) for serotype 6B.

Post-booster IgG GMCs generated by SIIPL-PCV were 
higher than those generated by PHiD-CV for seven of the 
eight shared serotypes (1, 5, 6B, 7F, 9V, 14, and 23F; 
table 2; appendix p 11). The GMC generated by 
serotype 19F was higher after PHiD-CV. The SIIPL-PCV 
to PHiD-CV GMC ratios for shared serotypes ranged 
from 0·64 (95% CI 0·52–0·79) for serotype 19F to 2·91 
(2·47–3·44) for serotype 1. The serotype 1 GMC generated 
by SIIPL-PCV was higher than that generated by PCV13, 
whereas serotype 5, 6B, 19A, and 19F GMCs were higher 
after PCV13. The SIIPL-PCV to PCV13 GMC ratios 
ranged from 0·72 (0·60–0·87) for serotype 19A to 1·44 
(1·23–1·69) for serotype 1.

Post-booster OPA GMT responses had a similar pattern 
to the IgG GMC responses (table 2; figure 2B). The 
OPA GMTs generated by SIIPL-PCV were higher than 
those generated by PHiD-CV for seven shared serotypes 
(1, 5, 6B, 7F, 9V, 14, and 23F) and for cross-reactive 
serotypes 6A and 19A. Post-booster OPA GMT to 
serotype 19F was higher after PHiD-CV than after 
SIIPL-PCV. The SIIPL-PCV to PHiD-CV GMT ratios for 
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Figure 2: Serotype-specific IgG and OPA rates and antibody concentrations 
or titres according to visit

Bars show 95% CIs. (A) Serotype-specific IgG rates and IgG GMCs. (B) Serotype-
specific OPA rates and GMTs. GMC=geometric mean concentration. 

GMT=geometric mean titre. OPA=opsonophagocytic activity. 
PCV=pneumococcal conjugate vaccine. *Serotypes not included in PHiD-CV.



Articles

www.thelancet.com/infection   Published online January 10, 2023   https://doi.org/10.1016/S1473-3099(22)00734-4	 7

0

20

40

60

80

100

0

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 
se

ro
ty

pe
-s

pe
cifi

c I
gG

 o
f ≥

0·
35

 μ
g/

m
L 

(%
)

0

5

10

15

20

Serotype-specific IgG GM
C (μg/m

L)

A

1 5 6A* 6B 7F

0

20

40

60

80

100

0

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 
se

ro
ty

pe
-s

pe
cifi

c I
gG

 o
f ≥

0·
35

 μ
g/

m
L 

(%
)

0

5

10

15

20

Serotype-specific IgG GM
C (μg/m

L)

9V 14 19A* 19F 23F

Proportion of participants with serotype-specific IgG of ≥0·35 μg/mL Serotype-specific IgG GMC (μg/mL)
SIIPL-PCV PHiD-CV PCV13 SIIPL-PCV PHiD-CV PCV13

0

20

40

60

80

100

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 
se

ro
ty

pe
-s

pe
cifi

c O
PA

 ti
tr

e o
f ≥

8 
(%

)

0

2000

4000

6000

10 000

8000

Serotype-specific O
PA GM

T

B

1 5 6A* 6B 7F

Post-
prim

ary

Pre-booste
r

Post-
booste

r

Post-
prim

ary

Pre-booste
r

Post-
booste

r

Post-
prim

ary

Pre-booste
r

Post-
booste

r

Post-
prim

ary

Pre-booste
r

Post-
booste

r

Post-
prim

ary

Pre-booste
r

Post-
booste

r

Pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 w
ith

 
se

ro
ty

pe
-s

pe
cifi

c O
PA

 ti
tr

e o
f ≥

8 
(%

)

Serotype-specific O
PA GM

T

9V 14 19A* 19F 23F

Proportion of participants with serotype-specific OPA titre of ≥8 (%) Serotype-specific OPA GMT
SIIPL-PCV PHiD-CV PCV13 SIIPL-PCV PHiD-CV PCV13

0

20

40

60

80

100

0

2000

4000

6000

10 000

8000



Articles

8	 www.thelancet.com/infection   Published online January 10, 2023   https://doi.org/10.1016/S1473-3099(22)00734-4

shared serotypes ranged from 0·54 (95% CI 0·31–0·96) 
for serotype 19F to 3·04 (1·98–4·66) for serotype 6B. 
Post-booster OPA GMTs to serotypes 6A, 9V, 19A, and 23F 
were higher after PCV13 than after SIIPL-PCV. The 
SIIPL-PCV to PCV13 GMT ratios ranged from 0·44 
(0·30–0·64) for serotype 19A to 1·47 (0·95–2·27) for 
serotype 1.

Post-booster seroresponse rates (IgG ≥0·35 μg/mL) 
were 97·5% or higher for all serotypes after SIIPL-PCV 
and PCV13, with no significant differences between the 
two vaccines (figure 2A; appendix p 12). The seroresponse 
rates to PHiD-CV were 97·5% or higher for the shared 
serotypes (1, 6B, 7F, 9V, 14, 19F, and 23F), except for 
serotype 5, for which the seroresponse rate was 89·8% 
(95% CI 84·9 to 93·8). At least 94·6% of participants had 
an IgG concentration of 1·0 μg/mL or higher to all 
serotypes, except serotype 5, after SIIPL-PCV and PCV13 
(appendix p 14). The seroresponse rate to serotype 5 at the 
threshold of 1·0 μg/mL was 68·8% (61·9 to 75·1) after 
SIIPL-PCV and 87·5% (82·1 to 91·7) after PCV13. 
Differences in seroresponse (≥1·0 μg/mL) rates between 
SIIPL-PCV and PCV13 ranged from 1·0% (–2·1 to 4·4) 
for serotype 1 to –18·7% (–26·6 to –10·8) for serotype 5. 
Among the shared serotypes in PHiD-CV between 37·7% 
(30·9 to 44·8) for serotype 5 and 96·9% (93·4 to 98·9) for 
serotype 19F had an IgG concentration of 1·0 μg/mL or 
higher. Differences in seroresponse between SIIPL-PCV 
and PHiD-CV ranged from 1·6% (–1·6 to 5·3) for 
serotype 19F to 31·1% (21·6 to 40·1) for serotype 5 
(appendix p 14). Post-booster OPA seroresponse rates (≥8) 
were 98·0% or higher against all serotypes after 
SIIPL-PCV and PCV13 and 96% or higher against all 
shared serotypes after PHiD-CV (figure 2B; appendix p 18).

Post-primary IgG seroresponse rates (≥0·35 μg/mL) 
were 94·9% or higher for all serotypes, except 6A and 6B, 
after SIIPL-PCV; 96·2% or higher for all serotypes, except 
6A, 6B, and 23F, after PCV13; and 91·0% or higher for all 
shared serotypes, except 6B and 23F, after PHiD-CV 
(table 3). Comparing SIIPL-PCV with PCV13, the post-
primary seroresponse rate was higher for serotype 23F 
after SIIPL-PCV (difference of 6·2% [95% CI 1·4 to 11·5]) 
and for serotype 6A after PCV13 (difference of –8·2% 
[–14·6 to –1·9]). Comparing SIIPL-PCV with PHiD-CV, 
the post-primary seroresponse rates were higher for five 
shared serotypes (1, 5, 6B, 14, and 23F) after SIIPL-PCV. 
For all shared serotypes, the difference ranged from 0·5% 
(–1·3 to 2·7) for serotype 19F to 32·6% (25·7 to 39·7) for 
serotype 23F.

Post-primary IgG GMCs were higher for seven of the 
eight shared serotypes (1, 5, 6B, 7F, 9V, 14, and 23F) 
after SIIPL-PCV than after PHiD-CV and higher for 
serotype 19F after PHiD-CV (table 3). The IgG GMCs 
were higher for six of the ten shared serotypes (5, 6A, 7F, 
9V, 19A, and 19F) after PCV13 than after SIIPL-PCV. The 
IgG GMC was higher for serotype 23F after SIIPL-PCV 
than after PCV13. The IgG GMCs were similar for the 
remaining serotypes.
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Post-primary OPA seroresponse rates (≥8) were 
91·8% or higher for all ten serotypes after SIIPL-PCV 
and 90·0% or higher after PCV13. There were no notable 
differences in the OPA seroresponse rates between 
SIIPL-PCV and PCV13 (appendix p 19). The OPA 
seroresponse rate after PHiD-CV was 69·4% (95% CI 
54·6–81·8) for serotype 6B and 73·5% (58·9–85·1) for 
serotype 1. Both rates were lower than the seroresponses 
generated by SIIPL-PCV. The OPA seroresponse rates 
were 95·9% or higher for the remaining six shared 
serotypes (5, 7F, 9V, 14, 19F, and 23F) after PHiD-CV and 
were similar to the responses generated by SIIPL-PCV. 
Post-primary OPA GMTs were higher for seven of the eight 
shared serotypes (1, 5, 6B, 7F, 9V, 19F, and 23F) after 
SIIPL-PCV than after PHiD-CV and were similar for 
serotype 14 (appendix p 21). The OPA GMTs were also 
higher for six of the ten serotypes (5, 6A, 7F, 9V, 19A, 
and 19F) after PCV13 than after SIIPL-PCV. The 
responses were similar for the remaining four serotypes.

Pre-booster vaccination, the IgG seroresponse rates 
(≥0·35 µg/mL) were between 13·7% (95% CI 9·3–19·1) 
for serotype 5 and 89·9% (85·0–93·6) for serotype 6B 
after SIIPL-PCV; between 24·9% (19·1–31·4) for 
serotype 23F and 86·3% (80·9–90·7) for serotype 14 after 
PCV13; and between 16·4% (11·6–22·3) for serotype 5 
and 95·1% (91·2–97·6) for serotype 19F after PHiD-CV 
(appendix p 22). For serotypes 6B and 23F, the IgG 
seroresponse rates (≥0·35 µg/mL) were higher after 
SIIPL-PCV than after PCV13, whereas for serotypes 5, 
7F, and 14 the rates were higher after PCV13. The 
seroresponse rates were similar for the remaining 
five serotypes. For five shared serotypes (1, 6B, 7F, 
14, 23F), the IgG seroresponse rates were higher after 
SIIPL-PCV than after PHiD-CV, whereas for serotype 19F 
the rate was higher after PHiD-CV. Percentages were 
similar for the remaining two shared serotypes 
(5 and 9V). For serotypes 6A, 6B, and 23F the pre-booster 
IgG GMCs were higher after SIIPL-PCV than after 
PCV13, whereas the IgG GMCs were higher for 
serotypes 5, 7F, and 14 after PCV13 (appendix p 23). 
Among the shared serotypes, pre-booster IgG GMCs 
were higher after SIIPL-PCV than after PHiD-CV for 
serotypes 1, 6B, 7F, 14, and 23F and for cross-reactive 
serotypes 6A and 19A, whereas the IgG GMC was higher 
for serotype 19F after PHiD-CV.

Pre-booster OPA seroresponse rates (≥8) were between 
22·4% for serotype 1 and 100∙0% for serotypes 7F, 9V, 
and 23F after SIIPL-PCV; between 25·5% for serotype 1 
and 100∙0% for serotypes 7F, 9V, and 23F after PCV13; 
and, among shared serotypes, between 16·0% for 
serotype 1 and 100∙0% for serotypes 7F, 9V, and 23F after 
PHiD-CV (appendix p 24). For serotypes 6B and 19F, the 
OPA seroresponse rates were higher after SIIPL-PCV 
than after PCV13, whereas for serotype 19A, the rate was 
higher after SIIPL-PCV. OPA seroresponse rates were 
similar for the remaining seven serotypes. For two shared 
serotypes 6B and 14, the OPA seroresponse rate was 

higher after SIIPL-PCV than after PHiD-CV. In line with 
the IgG seroresponses the reverse was true for 
serotype 19F. The percentages were similar for the 
remaining five shared serotypes.

For serotype 6B, pre-booster OPA GMT was higher 
after SIIPL-PCV than after PCV13, whereas the GMT was 
higher for serotype 19A after PCV13 (appendix p 25). 
Among shared serotypes, pre-booster OPA GMTs were 
higher after SIIPL-PCV than after PHiD-CV for 
serotypes 6B, 14, and the cross-reactive serotype 6A, 
whereas the OPA GMT was higher for serotype 19F after 
PHiD-CV.

Finally, there was an IgG and OPA booster response to 
all serotypes after SIIPL-PCV and PCV13 (appendix p 26). 
There was an IgG booster response to all serotypes, 
except serotype 5, and an OPA booster response to all 
serotypes after PHiD-CV.

There were no notable vaccine-related safety concerns 
during the study. At least one injection-site reaction was 
observed in 72 (33%) of 220 participants after SIIPL-PCV, 
63 (29%) after PCV13, and 84 (38%) after PHiD-CV 
(table 4). Most of these were mild tenderness 
(216 [33%] of 660) and all resolved with no more than 

SIIPL-PCV (n=220) PHiD-CV (n=220) PCV13 (n=220)

Solicited adverse events

Injection-site adverse events

Any injection-site adverse event 72 (33%) 84 (38%) 63 (29%)

Tenderness 70 (32%) 83 (38%) 61 (28%)

Erythema or redness 1 (<1%) 3 (1%) 1 (<1%)

Induration or swelling 3 (1%) 5 (2%) 1 (<1%)

Systemic adverse events

Any systemic adverse event 160 (73%) 167 (76%) 160 (73%)

Grade ≥3 3 (1%) 0 2 (<1%)

Fever 98 (45%) 105 (48%) 108 (49%)

Grade ≥3 3 (1%) 0 2 (1%)

Cutaneous rash* 16 (7%) 7 (3%) 6 (3%)

Grade ≥3 0 0 0

Irritability 105 (48%) 110 (50%) 101 (46%)

Grade ≥3 0 0 0

Drowsiness 12 (5%) 15 (7%) 18 (8%)

Grade ≥3 0 0 0

Decreased appetite 25 (11%) 18 (8%) 28 (13%)

Grade ≥3 0 0 0

Unsolicited adverse events

Number of adverse events 630 615 554

Participants with an adverse event 198 (90%) 197 (90%) 189 (86%)

Number of serious adverse events 14 11 8

Participants with a serious adverse event 12 (5%) 10 (5%) 7 (3%)

Number of participants with a vaccine-related 
serious adverse event

0 0 0

Data are n (%). PCV=pneumococcal conjugate vaccine. *There was a significant difference between groups in the 
number of participants who had a cutaneous rash (p=0·036; according to the Cochran–Mantel–Haenszel test stratified 
by site).

Table 4: Participants reporting solicited and unsolicited adverse events
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simple analgesia. There were no grade 3 severe 
injection-site reactions. Around three-quarters of 
participants in each group had at least one systemic 
adverse event. More participants had a cutaneous rash of 
grade 3 or higher after SIIPL-PCV (16 [7%]) than after 
PHiD-CV (seven [3%]) or PCV13 (six [3%]), all of which 
resolved without intervention. Three (1%) participants 
had grade 3 or higher fever (>39°C) after SIIPL-PCV and 
two (1%) after PCV13. There were no other systemic 
adverse events of grade 3 or higher. At least one unsolicited 
adverse event occurred in 189 (86%) participants after 
PCV13, 197 (90%) after PHiD-CV, and 198 (90%) after 
SIIPL-PCV. Upper respiratory tract infections (453 events 
in 322 [49%] of 660 participants) and diarrhoea (188 events 
in 155 [23%] participants) were the most common 
unsolicited adverse events (appendix p 28). 33 serious 
adverse events occurred in total (12 [5%] of 220 infants 
after SIIPL-PCV, ten [5%] after PHiD-CV, and 
seven [3%] after PCV13 vaccination), none of which were 
thought to be related to vaccination (appendix p 30; 
table 4). One participant in the SIIPL-PCV group died 
after a diagnosis of intussusception and one in the PCV13 
group died after an atrioventricular canal defect diagnosis; 
neither were judged to be related to vaccination.

Discussion
This phase 3 trial provides immunogenicity and safety 
data to support the use of SIIPL-PCV, according to a 
two-dose primary vaccination followed by a booster 
(2 + 1) schedule. This study is the first direct comparison 
of all three WHO prequalified PCVs. SIIPL-PCV induced 
robust post-booster and post-primary IgG and OPA 
antibody responses. Post-booster IgG GMC and 
OPA GMT responses generated by SIIPL-PCV were 
higher than after PHiD-CV for seven of eight shared 
serotypes (1, 5, 6B, 7F, 9V, 14, and 23F), with serotype 19F 
being higher after PHiD-CV. The serotype 1 IgG GMC 
was higher after SIIPL-PCV than after PCV13, whereas 
the IgG GMC and OPA GMT were higher after PCV13 
for four serotypes (5, 6A, 19A, and 19F).

PHiD-CV and PCV13 are effective at reducing vaccine-
type invasive pneumococcal disease, pneumonia, and 
acute otitis media when administered as a 
2 + 1 schedule.11–13 Based on these data, the effect of 
SIIPL-PCV on disease and carriage endpoints is 
expected to be similar. After at least two doses of PCV13, 
an effectiveness of 85% (95% CI 37–96) against PCV13 
vaccine-type invasive pneumococcal disease was 
reported in HIV-negative infants in South Africa.14 
Similar effectiveness was shown in HIV-exposed but 
uninfected infants and in malnourished infants, 
although the effectiveness in HIV-positive infants did 
not reach significance.14 After at least one dose of PCV13, 
effectiveness against PCV13 vaccine-type invasive 
pneumococcal disease ranged from 66% (52–76) in 
children aged between 2 months and 9 years in the UK 
to 86% (62–95) in children aged 2–59 months in 

Canada.15–18 Given the absence of consistent protection 
against serotype 3 generated by PCV13, effectiveness 
estimates consistently increase when invasive 
pneumococcal disease caused by this serotype is 
excluded.16,18 After at least one dose of PHiD-CV, an 
effectiveness of 92% (58–100) against PHiD-CV vaccine-
type invasive pneumococcal disease was reported in 
Finland.19 In the Canadian study,15 the protection 
conferred by at least one dose of PHiD-CV against 
PHiD-CV serotypes plus serotype 6A was 97% (84–99), 
whereas the effectiveness against PCV13 vaccine types 
was 84% (65–93), similar to the 86% efficacy conferred 
by PCV13.

The serotypes 6A and 19A IgG and OPA responses 
generated by SIIPL-PCV were lower than those generated 
by PCV13, which provides protection against both 
serotypes.20 Nonetheless, after the SIIPL-PCV booster, 
more than 96% of participants had an IgG concentration 
of 1·00 µg/mL or higher and 100% had a reciprocal OPA 
titre of 8 or higher against both serotypes. This higher IgG 
threshold might predict protection, particularly against 
mucosal disease and carriage, more consistently than an 
IgG concentration of 0·35 µg/mL.21,22 Furthermore, the 
responses to SIIPL-PCV were considerably higher than 
the cross-reactive responses to serotypes 6B and 19F 
generated by PHiD-CV. Data on the cross-protection 
conferred by PHiD-CV against serotype 6A are scarce. 
Case-control and indirect cohort studies23,24 conducted in 
Brazil did not show statistically significant cross-protection 
against this serotype. In contrast, a population-based 
study in Finland25 showed sustained protection against 
serotype 6A at 6 years after vaccination. A population-
based study in Sweden also showed evidence of cross-
protection against this serotype.26

Studies examining cross-protection against serotype 19A 
conferred by PHiD-CV are heterogeneous. The serotype is 
the most frequently isolated from children younger than 
5 years with pneumococcal meningitis in countries using 
the PHiD-CV vaccine.27 However, case-control and 
independent cohort studies in Brazil showed significant 
protection against 19A disease.23,24 Additionally, a case-
control study conducted in Canada15 reported 71% (95% CI 
24–89) effectiveness with PHiD-CV against serotype 19A 
and 74% (11–92) effectiveness with PCV13. In Finland, 
PHiD-CV introduction resulted in a significant reduction 
in serotype 19A invasive pneumococcal disease after 
3 years, although this result was not sustained at 6 years25 
and cross-protection was not shown against this serotype 
in a population-based study in Sweden.26 Nonetheless, 
taken together we expect that SIIPL-PCV administered as 
a 2 + 1 schedule will provide similar protection against 
serotype 6A and 19A to that provided by PCV13.

Cross-protection against serotype 6C generated by 
serotype 6A in PCV13 has previously been reported. 
An indirect cohort study in the UK showed an 
effectiveness of 70·0% (95% CI 2·0 to 91·8) against 
serotype 6C after at least one dose of PCV13 and an 
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effectiveness of 94·3% (64·9 to 99·1) on completion 
of a 2 + 1 schedule.18 An effectiveness of 80∙0% 
(–100∙0 to 98·2), albeit non-significant, was also reported 
in a case-control study in Australia.28 Serotype 6C has 
become the leading cause of invasive pneumococcal 
disease in countries using PHiD-CV, suggesting an 
absence of significant cross-protection provided by 
serotype 6B in PHiD-CV.27 Given the similar IgG antibody 
distribution generated by PCV13 and SIIPL-PCV and 
high OPA GMT generated against serotype 6A by 
SIIPL-PCV, the vaccine might also provide cross-
protection against serotype 6C, although further post-
implementation effectiveness studies are required.

Finally, the robust serotype 1 IgG and OPA antibody 
responses generated by SIIPL-PCV which were similar to 
or higher than those generated by PCV13 post-primary 
and post-booster vaccination, support the use of the 
vaccine in prospective or reactive vaccination campaigns 
aimed at epidemic control of this serotype.29 The 
introduction of PCV13 according to a 3 + 0 schedule, 
with restricted catch-up campaigns in Ghana and 
Central African Republic, has not prevented serotype 1 
outbreaks. However, this introduction has shifted the age 
distribution of cases upwards, which is consistent with 
the generation of direct protection but limited indirect 
protection.29 The introduction of an infant 2 + 1 schedule 
in South Africa resulted in a decrease in cases of 
serotype 1 invasive pneumococcal disease in people 
younger than 65 years, suggesting broader indirect 
protection from this schedule.30 The magnitude of 
serotype 1 responses generated by the 2 + 1 schedule of 
SIIPL-PCV suggests the vaccine will generate similar 
direct and indirect protection against this serotype, and 
will be particularly suitable for epidemic control.

This trial had several strengths. This study is the first to 
directly compare the three PCVs that are currently WHO 
prequalified. Thus, we provide data for countries, 
particularly in sub-Saharan Africa and other similar 
settings, which are needed to support decisions regarding 
future PCV and scheduling choices. The consistency of 
the IgG and OPA antibody responses strengthens the 
findings and suggests they are likely to translate into 
vaccine effectiveness. Furthermore, despite the impact of 
the COVID-19 pandemic, per protocol follow-up was 
maintained for 91% of participants until blood sample 
collection after the booster. This trial also had several 
limitations. Although the antibody data are reassuring, 
the impact of SIIPL-PCV against invasive and mucosal 
disease endpoints when administered as a 2 + 1 schedule 
needs to be monitored after implementation. Additionally, 
the trial was not powered to detect differences between 
the three vaccines, so differences in seroresponse rates 
and antibody concentrations should be interpreted with 
caution. Furthermore, any differences should not be 
extrapolated to indicate expected differences in protection.

In conclusion, SIIPL-PCV was safe and immunogenic 
when given to infants in The Gambia according to a 

2 + 1 schedule. Based on these data, the vaccine has been 
introduced in India and is expected to have a similar 
effectiveness on invasive and mucosal pneumococcal 
disease to that shown by PCV13 and PHiD-CV, when 
administered according to the same schedule. The 
importance of countries generating data on the 
effectiveness and impact of SIIPL-PCV after introduction 
is emphasised.
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