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ABSTRACT
Immunization plays a crucial role in protecting children from life-threatening conditions such as pneu
mococcal disease. Pneumococcal disease can affect multiple organ systems and manifest as an invasive 
or noninvasive disease. Despite being preventable by vaccines, it remains a public health concern in 
India. The development of pneumococcal conjugate vaccines (PCVs) has helped reduce the burden of 
pneumococcal disease by overcoming the limitations of polysaccharide vaccines, especially in young 
children. Although immunogenicity is used as a proxy for the evaluation and approval of PCVs, results 
from immunogenicity studies have been bridged back to vaccine trial efficacy. Post-approval effective
ness and impact of new PCVs must be established. This review aims to consolidate evidence-based 
considerations that play a role in the evaluation of PCVs. Critical aspects related to the assessment of 
vaccines, their importance, and limitations in real-world contexts are discussed in this review.
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Introduction

Pneumococcal disease is a group of diseases caused by 
Streptococcus pneumoniae that can affect multiple organ 
systems.1 Pneumococcal disease can be invasive when 
S. pneumoniae enters sterile sites (e.g., blood or cerebrospinal 
fluid), resulting in bacteremia, pneumonia, septicemia, meningi
tis, empyema, and osteomyelitis. Noninvasive pneumococcal dis
ease (non-IPD) occurs when bacteria invade nonsterile parts of 
the body and cause noninvasive pneumonia, sinusitis, bronchitis, 
and otitis media. The causative bacteria can also be carried asymp
tomatically by about 50% of the population.2 The risk of mortality 
is higher with invasive disease, and survivors may experience 
sequelae.3 India accounts for 20% of worldwide deaths due to 
pneumonia.4 A 2010 estimate indicated that 560,000 episodes of 
severe pneumococcal pneumonia and 105,000 deaths occur in 
Indian children <5 years of age.5

Immunization is considered one of the most cost- 
effective public health interventions for protecting children 
from life-threatening conditions, particularly for those 
under 5 years of age.4 Although preventable by vaccines, 
pneumococcal disease remains a public health concern in 
India, with an estimated 1.6 million severe pneumococcal 
pneumonia cases and 68,700 deaths (in patients <5 years of 
age) occurring in a year (estimates from 2015).6 Infants and 
young children (<5 years of age) in India are vulnerable to 
pneumococcal disease, with an estimated national mortality 
rate of 56 per 100,000 due to pneumococcal infection.6 

Social factors such as bed-sharing, nutrition, living in over
crowded homes, households with individuals at risk, atten
dance in daycare centers, etc., can play a considerable role in 

exposing children to the risk of pneumococcal disease.7 

Regional variations in serotype prevalence and conditions 
that compromise the immune system (e.g., low birth weight 
and pre-term birth) also play a critical role and need to be 
taken into consideration.8,9 Comorbid viral infection can 
enhance the tissue-invasive capabilities of pneumococcal 
infections.10 Those infected with the hepatitis C virus have 
been reported to be vulnerable to pneumococcal disease.11 

Vaccination against pneumococcal disease can be especially 
important among such individuals at risk. The currently 
available pneumococcal conjugate vaccines (PCVs) in 
India are PCV-10 (GlaxoSmithKline), PCV-10 (Serum 
Institute of India), PCV-13 (Pfizer), and PCV-14 (BE). The 
introduction of PCVs into the national immunization pro
gram reflects an important step in combating the disease. 
This review aims to consolidate and present critical aspects 
associated with the assessment of PCVs, offering insights 
and an in-depth understanding of outcomes from a private 
healthcare practice perspective.

Materials and methods

An extensive search on pneumococcal disease and pneumo
coccal conjugate vaccines in India was carried out using data
bases such as Embase, PubMed, and Google Scholar.

Results

The search results were collated and have been presented in 
this narrative review.
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Discussion

Important factors to be considered while choosing a PCV

Although pneumococcal disease is endemic in many areas 
around the world, the serotype distributions of S. pneumoniae 
are dynamic and vary over time. In addition, population age, 
clinical manifestations, and geographic location also affect the 
severity of the disease.12,13 More than 100 S. pneumoniae ser
otypes have been identified based on the composition of the 
polysaccharide capsules of S. pneumoniae, with a subset of 
serotypes capable of causing severe disease.8,14 The emergence 
of antibiotic resistance in S. pneumoniae is also a cause for 
concern as it can make the treatment of pneumococcal pneu
monia challenging.15 Therefore, vaccination can be crucial in 
preventing S. pneumoniae strains with antimicrobial resistance 
(AMR) from becoming prevalent.

In addition to the serotype prevalence of the S. pneumoniae 
strains causing IPD and non-IPD, data from carriage studies can 
also be important. Asymptomatic carriage of bacteria, including 
S. pneumoniae, in the human nasopharynx is a common and 
natural phenomenon.16 Vaccines reduce the carriage of vaccine- 
type strains.17 Nasopharyngeal colonization is commonly 
observed to precede disease.18 Several studies from India have 
reported high levels of colonization with S. pneumoniae in the 
pediatric population.19–21 Nasopharyngeal colonization not 
only plays a role in the development of infections and invasive 
diseases but also serves as a source of transmission to other 
individuals.15

In summary, the selection of an appropriate PCV requires 
careful consideration of the dynamics of Streptococcus pneu
moniae, including local serotype distribution and nasopharyn
geal carriage, as well as disease characteristics such as 
invasiveness, mortality, and antimicrobial resistance associated 
with the serotypes.

Factors while choosing a PCV

● Serotype distribution
● Immunogenicity

∘ Seroresponse rates
∘ IgG GMC
∘ OPA GMT
∘ Booster response; GMFR

● Vaccine efficacy, effectiveness, and impact
● Cross-protection vs. direct protection
● Herd protection
● Antimicrobial resistance

Pneumococcal serotype distribution

Although pneumococcal disease is caused by different serotypes, 
only a small subset of the pathogenic serotypes primarily contri
bute to the disease burden.22,23 In addition, the pneumococcal 
serotype distribution varies over time depending on the age of the 
population, clinical manifestation, and geography.8 The seven 
serotypes included in the first PCV (PCV-7) were selected based 
on the most commonly isolated strains of S. pneumoniae with the 
potential to cause an invasive form of the disease.24 Prior to the 
introduction of PCV7, those seven serotypes accounted for 80% of 
the infections among children <5 years of age and about 50% 
among older children and adults in the US.24 In a surveillance 
study from India (prior to the introduction of PCV), the most 
common serotypes that accounted for approximately 74% of all 
IPD cases included serotypes 14, 1, 5, 19F, 6B, 19A, 23F, 6A, 9 V, 
10F, and 35F.25,26 Serotypes 1, 5, 14, and 19F were predominant in 
children >2 years of age and serotypes 14, 1, 19F, 5, 6B, 19A, 23F, 
and 9 V were prevalent among children <2 years of age.25 Serotype 
1 is known to be the most common serotype causing IPD in 
India.27 Singh et al. report that serotypes 14, 1, 19F, 6B, 5, 6A, 9  
V, and 23F were the most frequent serotypes causing IPD in 
children under 5 years.26 Serotype 4, which is associated with 
invasive potential, was reported to be among the top five serotypes 
found in carriage isolates (in the age group of 6–24 years) and in 
a few disease isolates.28 The common circulating serotypes identi
fied in studies from Indian settings are listed in Table 1.25–26,28–33

A study analyzing pneumococcal disease and carriage epi
demiology across India reported the presence of serotype 6A in 
disease-causing isolates among children and seniors.28 

Although initially typed as serotype 6A by the quelling reac
tion, serotype 6C was identified as a distinct subtype within the 
previously established serogroup. Serotype 6C was identified 
as a distinct serotype from 6A in 2007. Classical serotyping 
methods did not distinguish between 6A and 6C, but retro
spective work showed that serotype 6C has been circulating for 
many years. Serotype 6C is both genetically and biochemically 
different from serotypes 6A and 6B. Studies have identified the 

Table 1. The top five Streptococcus pneumoniae serotypes identified in different studies from India.

Study Location Most common serotypes

Manoharan A et al. 201625 Representing 11 states in India 14, 1, 5, 19F, 6B
Jaiswal N et al. 201429 SAARC countries (only the results from India are included) 14, 5, 1, 19F, 6B
Balaji V et al. 201530 Multispecialty tertiary care hospital 14, 19F, 5, 6A, 6B
Nagaraj G et al. 202128 14 regions across India Disease isolates: 

≤2 years: 19F, 1, 14, 6A, 6B 
3–5 years: 19F, 19A, 5, 1, 9 V

Carriage isolates: 
≤2 years: 6A, 23F 

3–5 years: 18C, 19A, 23F, 6B, 6A
Singh J et al. 201726 Systematic literature review of hospital-based observation studies from India 14, 1, 19F, 6B, 5
Nisarga R et al. 201531 South Bangalore, India 6A, 14, 5, 6B, 1
Vandana G et al. 201632 Pan India 1, 6B, 14, 19F, 23F
Jayaraman Y et al. 201833 India (children with suspected bacterial meningitis) 6B, 14, 6A, 19F, 4

SAARC: South Asian Association for Regional Cooperation.
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presence of serotype 6C in India as well, most recently from 
a study assessing the circulating serotypes of bacterial pneu
mococcal disease in Assam, India.34 The serotype epidemiol
ogy is dynamic and may vary with geography. Countries with 
PCV-10 (GlaxoSmithKline) as a part of their immunization 
program have a higher proportion of PCV13–preventable dis
ease burden, especially those associated with serotype 19A.23,35 

This serotype, known to affect all age groups, is not only 
prevalent worldwide but can also be multidrug resistant.36–38 

In Belgium, a switch from PCV-13 to PCV-10 resulted in 
a significant increase in serotype 19A infections.39–41

In summary, pneumococcal serotype distribution varies 
by factors such as age and geography, with only a few 
serotypes contributing the most to the disease burden. It 
is important to consider the prevalence and relevance of 
the serotypes included in the vaccine rather than just the 
number of serotypes. It is also important to have continued 
monitoring and consider the impact of vaccination on 
serotype distribution.

Vaccine-related factors for consideration

Due to ethical considerations and the lack of feasibility in 
conducting randomized controlled trials to determine the 
efficacy of newer higher valent PCVs, immunogenicity is 
used as a proxy for the evaluation and approval of such 
PCVs. The approval criteria require an immune response 
that is non-inferior (at least equivalent) to that of existing 
PCVs. The assessments for gauging immune responses to 
vaccines are shown in Figure 1.

Post-primary series assessment
The outcome variables used include the seroresponse rates and 
the serotype-specific immunoglobulin G (IgG) geometric 
mean concentration (GMC) ratios.42

Seroresponse rate. While seroconversion indicates the 
development of antibodies after vaccination in a person 
who did not have antibodies prior to exposure, the seror
esponse rate is the proportion of subjects with IgG 

concentrations greater than or equal to the reference con
centration (≥0.35 µg/mL) for the assessment against IPD 
(Figure 2). The antibody concentrations for preventing 
mucosal disease and carriage are considerably higher than 
those for IPD, regardless of serotype or population.43 The 
standard practice is to use the aggregate protective concen
tration of antibodies against the PCV-7 serotypes (0.35 μg/ 
mL) to compare the effectiveness of both the serotypes 
covered by PCV-7 and the additional serotypes not covered 
by PCV-7, whose efficacies have not been tested in trials.44 

However, such aggregate values may not precisely predict 
the effectiveness of a vaccine against individual serotypes.45 

Any alternative threshold value that is proposed should be 
shown to correspond to 0.35 µg/mL in a well-conducted 
bridging assay against the World Health Organization 
(WHO) reference ELISA.42

IgG GMCs. The IgG GMCs are calculated by taking the 
geometric mean of the concentrations of antibodies; these 
values represent the average values of antibodies in the 
study population (Figure 3). A higher IgG GMC generally 
indicates a more robust immune response to the vaccine.

Post-booster assessments
In addition to the seroresponse rate and IgG GMCs, the 
booster response rates and geometric mean fold rise (GMFR) 
are calculated for post-booster assessment. GMFR indicates 
the fold increase in antibody concentrations after the booster 
dose, offering insight into the memory response of the 
immune system.

Functional antibody response
The functional antibody responses indicate the ability of 
the body to mediate bacterial clearance and are assessed 
based on opsonophagocytic assay (OPA) data. These 
include the OPA seroresponse rates (defined as the per
centage of participants with a reciprocal OPA titer of ≥8) 
and the OPA geometric mean titers (GMTs). The OPA 
assay, which is based on phagocytosis triggered by opso
nins, is a qualitative test carried out on a randomized 

Figure 1. The primary and secondary analysis recommended by the World Health Organization for the comparison of immune responses between vaccines. GMC: 
Geometric mean concentration; GMT: Geometric mean titer; IgG: Immunoglobulin G; GMFR: Geometric mean fold rise; OPA: Opsonophagocytic assay. *Booster 
response rates and GMFR are also indirect markers for memory function
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subset of vaccinated subjects. An OPA titer of ≥ 1:8 is 
used as an indication of functional antibody response. 
However, the OPA titer of ≥1:8 is linked to the lower 
limit of quantification (LLOQ) of the assay and is not 
universally applicable to all serotypes or all assay plat
forms. Using this as a threshold, the OPA seroresponder 
rates are calculated. The OPA GMTs that are common to 
the new vaccine are also compared. Like GMCs, a titer 
that correlates with protection for specific serotypes is 
unknown; therefore, comparisons of OPA titers are 
recommended. Earlier studies have demonstrated the use 
of concordance between functional antibody response 
(OPA GMTs) and antipolysaccharide response.46 Sample 
results from such concordance analyses are shown in 
Figure 2.

Limitations of immunogenicity criteria for evaluation of 
PCVs
Although the assessments described above are used to deter
mine if a newer vaccine fulfills the noninferiority criteria, there 
is room for misinterpretation of the results of these analyses, 
especially if the PCVs differ in their immunogenicities.44

The correlation of protection can vary with serotype and 
population, which needs to be taken into consideration when 
determining effectiveness based on differences in 
immunogenicity.45,47 In addition, the reference concentration 
(≥0.35 µg/mL) is not consistent for all serotypes. In rando
mized controlled clinical trials, a non-inferiority criterion is 
pre-defined when comparing the immunogenicity of 2 PCVs. 
These criteria can differ between trials and settings; hence, 
immune titers from one study cannot be directly compared 
to immune titers from another study.48,49

Figure 3. A representation of the concordance analysis between antipolysaccharide binding IgG and functional OPA response for a serotype. Blue scatter plot 
represents higher potency compared to red scatter plot.

Figure 2. A representation of the calculations for seroresponse rate and geometric mean concentration (GMC) for a hypothetical vaccine X. CI: Confidence interval; IgG: 
Immunoglobulin; i: Individual subject; n: Total number of subjects.
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Moreover, the reference concentration of IgG recom
mended by the WHO is for IPD.42 The antibody levels for 
protection against mucosal infections (nonbacteremic pneu
monia, otitis media, and sinusitis), however, are several-fold 
higher than those required for protection against IPD.50,51 

Although the need for a framework that contextualizes differ
ences in PCVs and expresses the differences in terms of vac
cine effectiveness has been proposed, such a system is not yet 
available.44 It remains crucial to generate real-world evidence 
to understand the broader impact of PCVs.

Immunogenicity is vital for assessing and approving new 
PCVs. Primary analysis offers an initial immune response 
overview and secondary analysis provides a deeper insight 
into the vaccine’s protective capabilities. However, the refer
ence threshold used is for IPD and is not serotype-specific. 
Despite the differences in serotype and population, the anti
body concentrations for preventing mucosal disease and car
riage are significantly higher than those for IPD. The use of 
immunogenicity as a measure of vaccine efficacy is limited by 
variabilities in immune responses, incomplete understanding 
of immune correlates, lack of correlation with clinical protec
tion, and failure to capture real-world effectiveness.

Vaccine efficacy, effectiveness, and impact
Vaccine efficacy is a measure of vaccine performance 
under controlled experimental conditions, such as 
a randomized clinical trial (Figure 4). However, practical 
and ethical considerations may pose limitations to the 
measurement of vaccine efficacy. For example, when 
a population already uses PCVs, the small number of 
disease events may limit meaningful comparisons between 
vaccines.44 Additionally, there are ethical considerations 
associated with placebo-controlled trials when an effective 
vaccine is available.52 The ethical considerations, chal
lenges, and impact of vaccine clinical trials in resource- 

limited settings have been reviewed by Kochhar et al. 
(2013).53

Vaccine effectiveness measures the performance of the vac
cine outside of controlled clinical trials and assesses the reduc
tion in the risk of disease in vaccinated populations.52,53 

Although some studies have observed that GSK PCV-10 and 
PCV-13 have comparable immunogenicities, it is possible that 
factors such as the vaccines’ effectiveness against specific ser
otypes, local serotype distribution, and local population char
acteristics may affect their performance in specific areas.54 The 
levels of antibodies required to achieve effectiveness in real- 
world settings may vary according to the density of nasophar
yngeal colonization of pneumococci.51 This colonization has 
been reported to be more common and denser in low- and 
middle-income countries (LMICs), especially in young 
children.51

A critical endpoint used to assess the effectiveness of PCVs 
is IPD, which typically involves infections in the bloodstream, 
meninges, or other normally sterile sites in the body. The 
effectiveness of pneumococcal vaccines in reducing the inci
dence of IPD has been demonstrated in several studies.55 In 
addition to IPD, pneumonia, and otitis media have also been 
used as endpoints to assess vaccine effectiveness. However, 
challenges in obtaining accurate microbiological confirmation 
of the infectious causes can limit the accuracy of diagnosis.56 

For example, tympanocentesis is the gold standard for acquir
ing middle ear fluid, but very few studies have reported such 
data.51,57 Additionally, otitis media, in particular, can be 
caused by pathogens other than S. pneumoniae, such as 
Haemophilus influenzae and Moraxella catarrhalis. 
Consequently, assessing vaccine effectiveness against otitis 
media based solely on clinical diagnosis may not provide an 
accurate assessment of vaccine effectiveness unless the end
point specifically targets the prevention of all-cause acute otitis 
media. Therefore, the challenge in evaluating vaccine 

Figure 4. Vaccine efficacy and effectiveness.
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effectiveness extends beyond reliance on clinical diagnosis 
alone to the inherent complexity of distinguishing the specific 
causative pathogen, further complicating the assessment.51

Vaccine impact is a broader measure than efficacy and effec
tiveness and involves the assessment of the overall reduction in 
the burden of disease in a population as a result of vaccination. As 
IPD cases may be underreported or subject to surveillance bias, 
particularly in resource-limited settings or areas with inadequate 
surveillance systems, the actual burden of IPD can be under
estimated and affect the accuracy of impact estimates.58 LMICs 
often face challenges in assessing the impacts of vaccines due to 
limited resources and weak surveillance systems.58 However, the 
use of nasopharyngeal carriage data has been proposed as a proxy 
measure for monitoring the impact of PCVs, as these data are less 
expensive and technically easier to gather than population-based 
IPD data.18,58,59

Pneumococcal vaccines have been effective in reducing the 
burden of pneumococcal disease in many regions of the world.60 

However, multiple factors influence vaccine efficacy, effective
ness, and overall public health outcomes. Age plays a critical 
role, as immune responses may differ in infants, young children, 
adults, and the elderly.17 Vaccine coverage rates determine the 
extent of direct and herd protection, with suboptimal coverage 
limiting the full potential of vaccination programs.17 Underlying 
health conditions, such as immunosuppression, malnutrition, 
and chronic illnesses, can impact individual immune responses 
to vaccination.61 Additionally, local epidemiology, including 
regional serotype distribution and antibiotic resistance patterns, 
affects vaccine protection against circulating strains.8 

Sociodemographic, environmental, and genetic factors may also 
play a role in limiting the impact of pneumococcal vaccines in 
LMICs.62,63 Addressing these factors is essential for optimizing 
vaccine strategies and ensuring maximal protection in diverse 
populations, particularly in LMICs.

In summary, it is essential to consider all three assessments, 
encompassing efficacy, effectiveness, and impact, to derive 
a comprehensive comparison of vaccine potential and their 
implications. While immunogenicity is a critical aspect of 
vaccine development, assessing effectiveness and impact pro
vides a more complete picture of how well a vaccine works in 
diverse populations and under real-world conditions.

Cross protection
In addition to the vaccine-covered serotypes, there is some evi
dence of cross-reactivity to related serotypes that are not directly 
covered.64 The cross-protective response of a pneumococcal vac
cine refers to the ability of a vaccine to provide protection against 
pneumococcal serotypes that are not included in the vaccine 
formulation. For example, although PCV-7 contained 
a serotype 6B conjugate (but no serotype 6A conjugate), it dis
played a strong opsonophagocytic assay (OPA) response to ser
otype 6B and a partial OPA response to 6A.65 However, cross- 
protection requires high levels of antibodies against the parent 
antigens.43 Such a requirement, in combination with the need for 
higher levels of antibodies for carriage protection compared to 
that required for protection against IPD, may result in insufficient 
protection.43 The cross-protection against IPD elicited by cross- 
reacting serotypes may not be sufficient against mucosal disease 

and carriage.43 Lack of serotype 6A in PCV formulations (PCV-7 
and PCV-10 [GSK]) led to ambiguous results because 6A carriage 
was often but not universally reduced.43 Having serotype 6B 
coverage has been shown to elicit reductions in serotype 6A, 
but not serotype 6C. Serotype 6C, though biochemically and 
genetically different from 6A and 6B, has serologic similarities 
to serotype 6A. Hence, it can be cross-protected by serotype 6A 
but not serotype 6B. This is supported by evidence from Belgium, 
where the transition to a PCV program not covering serotype 6A 
was associated with an increase in serotype 6C.66

Therefore, while some vaccines exhibit cross-reactivity 
against non-included serotypes, as seen in immunogenicity 
studies, such cross-protection may not always be sufficient 
for the reduction of carriage and disease. This underscores 
the significance of vaccine composition and real-world evi
dence to accept or refute the extent of cross-protection offered 
by PCVs. In light of this, ongoing surveillance is essential, 
especially with newer vaccines. Comprehensive data from the 
use of the PCV-13 and the earlier PCV-10 (GSK) vaccines have 
significantly enhanced our understanding of their impact, 
guiding more informed decisions.

Importance of booster doses
The available PCVs have shown serotype-specific antibody 
responses and are known to reduce vaccine-serotype carriage 
and transmission.43 Studies have reported that the prevention 
of nasopharyngeal carriage requires higher levels of antibodies 
than those for protection against IPD.67–70 The IgG levels after 
vaccination may decline over time, due to which susceptibility 
to carriage and disease can increase.71–73 Polysaccharide vac
cines only elicit B-cell response, resulting in a lack of long-term 
memory.74 However, conjugate vaccines induce a T-cell- 
dependent response, leading to higher antibody and immune 
memory responses after subsequent exposures.74 Waning 
serum IgG levels have been shown by comparing IgG levels 
after the primary series with the prebooster IgG levels 
(Figure 5).46,73 A considerable increase in antibody levels 
after the toddler dose can be observed. Booster doses result 
in elevated antibody levels that might confer a longer duration 
of protection compared to that seen with a schedule in which 
booster doses are not administered.75 These heightened anti
body levels could be instrumental in preventing the carriage of 
vaccine-serotype pneumococci (e.g., among 1-year – old 
babies who are often known to spread infection in many 
communities). Population-based impact assessments of 
PCV13 indicate that booster dose regimens, such as the 2 + 1 
and 3 + 1 schedules, may offer enhanced herd immunity 
benefits.76 This is likely attributable to the sustained immune 
response beyond the age of 2 years, which coincides with the 
peak colonization levels for PCV13 serotypes. It has been 
reported that the 2 + 1 schedule may have advantages over 
the 3 + 0 schedule due to higher antibody titers induced in 
the second year of life.77 The 2 + 1 schedule, due to its booster 
dose given at an older age, may offer more prolonged protec
tion and have more significant indirect effects than the 3 + 0 
schedule.78 Such protection is particularly significant for ser
otype 1, the predominant serotype responsible for IPD in 
India.27,79 The results of a study from Malawi showed that 
a 3 + 0 schedule failed to elicit sustained population-level 
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antibody levels beyond the first year.80 A study in Australian 
children showed that when given at a schedule of three doses at 
2, 4, and 6 months of age with no booster dose, the ability of 
PCV to prevent IPD appeared to wane over time.75 The 
chances of contracting vaccine-type IPD are five times higher 
in children vaccinated two years previously than in those 
vaccinated within the past 12 months.75 Such results highlight 
the need for administering a booster dose within 11 months of 
the last vaccination to sustain vaccine-induced antibody 
titers.73 Although more data are needed to enhance our under
standing of outcomes associated with different vaccination 
schedules, the evidence seems to support that including 
a booster dose for children is beneficial.81

It is recommended that immune response comparisons be 
carried out approximately 4 weeks after the booster dose.42 The 
induction of immune memory during infancy should be asso
ciated with higher post-booster antibody concentrations.42 Owing 
to the high booster responses, comparisons based on the propor
tions of subjects reaching predefined thresholds (e.g. IgG concen
trations ≥0.35 µg/mL or OPA titers ≥ 1:8) may not adequately 
detect differences between different vaccines.42 The WHO recom
mends comparisons based on the ratios of post-booster values to 
post-primary values for IgG GMCs or OPA GMTs. Assessing the 
divergence in curves from reverse cumulative distribution plots 
can also be of assistance.42

In summary, the vaccine efficacy can wane over time, mak
ing booster doses crucial for maintaining and enhancing pro
tection. These doses elevate antibody levels, ensuring a long 
duration of protection and helping to prevent carriage and 
spread, particularly among high-risk groups.

Herd protection
The PCVs not only benefit those vaccinated but also provide 
indirect protection to unvaccinated populations, such as older 
adults and those at high risk of pneumococcal disease.82 

Evidence suggests that nasopharyngeal carriage is a precursor 
of pneumococcal disease and the source of transmission 
between individuals.83 It is hypothesized that the protection 
provided by the herd effect is a result of the reduction in the 

nasopharyngeal carriage of vaccine-type strains in immunized 
children. This effect leads to the restriction of subsequent 
transmission to their nonimmunized contacts.84 In the 
United States, the 13-valent pneumococcal vaccine (PCV13) 
was launched for children in 2010 and was subsequently intro
duced for immunocompromised adults aged 19 years or more 
in 2012, in conjunction with the 23-valent polysaccharide 
vaccine (PPSV23). A study utilizing the Active Bacterial Core 
surveillance system and the National Health Interview Survey 
found that the incidence of IPD significantly reduced among 
all adult age groups after introducing PCV13 for children.85 

This decline was observed both in adults with direct indica
tions for PCV13 use and those without. The data suggest that 
the noted benefits were primarily a result of the indirect effects 
stemming from children’s vaccination with PCV13 rather than 
its direct application in the adult population.

PCVs confer not only direct protection to vaccinated indi
viduals but also indirect protection to the unvaccinated, such 
as older adults, by reducing nasopharyngeal carriage of vac
cine-type strains in children, which limits transmission.

Antimicrobial resistance
According to a 2019 study assessing the global burden of AMR, 
S. pneumoniae was one of the six leading pathogens contribut
ing to deaths.86 Analysis of Antimicrobial Testing Leadership 
and Surveillance (ATLAS) data from India, spanning 2018 to 
2021, indicated an increase in AMR among S. pneumoniae 
isolates, with observed decreases in susceptibility to key anti
biotics such as penicillin, erythromycin, levofloxacin, merope
nem, and clindamycin.87 Such reports highlight the need for 
vaccines with broader serotype coverage. The use of PCVs 
contributes toward reducing AMR by preventing pneumococ
cal infections, which are significant drivers of antibiotic use. 
Vaccines help decrease the need for antibiotic treatment by 
reducing the incidence of pneumococcal diseases, thus poten
tially reducing the selective pressure required for resistant 
strains to emerge and spread.88 The use of PCVs has decreased 
the proportion of circulating pneumococci resistant to first- 
line antibiotic treatment for pneumonia.88 A study from India 

Figure 5. IgG GMCs associated with serotype 14 (common to PCV-7 and PCV-13) assessed after the primary series, before the toddler dose, and after the toddler dose. 
Source: figure created using data from Yeh et al. CI: Confidence interval; GMC: Geometric mean concentration; IgG: Immunoglobulin G; PCV: Pneumococcal conjugate 
vaccine.
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investigating the serotype distribution, antibiotic resistance 
profile, and expected vaccine coverage among children <5  
years of age has reported the presence of S. pneumoniae strains 
that are resistant to cotrimoxazole (96.4%), erythromycin 
(30%), penicillin (5.2%), and cefotaxime (0.8%).30 A majority 
of these strains arise from the serotypes targeted by PCV-13, 
which highlights the importance of pneumococcal vaccines in 
preventing the spread of resistant strains of S. pneumoniae. 
A global susceptibility surveillance study reported that sero
types 19A, 6A, 19F, 6B, 15A, 9 V, and 14 exhibited higher levels 
of erythromycin resistance, while serotypes 19A, 19F, 35B, 6A, 
6B, 23A, 9 V, 15A, and 14 displayed higher rates of penicillin 
resistance.89 The use of PCVs (pneumococcal vaccines) plays 
a crucial role in reducing antibiotic resistance by preventing 
pneumococcal infections, which drive antibiotic use. By 
decreasing the incidence of these diseases, vaccines lower the 
chance for resistant strains to develop and spread.

In summary, S. pneumoniae is a major contributor to AMR- 
related deaths globally. Evidence indicates rising resistance to 
several antibiotics in India, emphasizing the critical role of 
PCVs in preventing infections and curbing the spread of 
resistant pneumococcal strains.

Conclusion

Pneumococcal diseases pose a significant health risk, par
ticularly to vulnerable populations such as the young, the 
elderly, and those with compromised immune systems. 
Factors like malnutrition, crowded living conditions, lim
ited healthcare access, and poverty can amplify the risk of 

infection. Vaccination against pneumococcal diseases is 
essential for safeguarding health and curbing transmission 
within communities. When choosing an appropriate PCV, 
it is vital to consider various factors beyond serotype 
coverage and immune response efficacy. Assessment of 
aspects such as the volume of participants in clinical stu
dies that establish its safety, co-administration data with 
other vaccines, information on catch-up vaccination, and 
data supporting the vaccine’s efficacy in high-risk groups 
are equally important. The flexibility of the vaccine sche
dule is another practical consideration, allowing for adjust
ments if an appointment is missed, thereby maintaining 
the integrity of the vaccination program. Key highlights 
from different sections of the article are summarized in 
Table 2.

Acknowledgments

We would like to thank BioQuest Solutions Pvt Ltd for their editorial 
support.

Disclosure statement

Authors Sripriya Sathyanarayanan and Santosh Taur are employees of 
Pfizer. All other authors report there are no competing interests to 
declare.

Funding

This review did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Table 2. Key highlights from the article.

Section Key messages

Choosing PCV ● The selection of an appropriate PCV requires careful consideration of the dynamics of Streptococcus pneumoniae, including 
local serotype distribution and nasopharyngeal carriage, as well as disease characteristics such as invasiveness, mortality, 
and antimicrobial resistance associated with the serotypes.

Serotype distribution ● It is important to consider the prevalence and relevance of serotypes included in the vaccine rather than just the number of 
serotypes.

● It is also important to have continued monitoring and consider the impact of vaccination on serotype distribution.
Vaccine-related factors ● The reference threshold used for immunogenicity studies is for IPD and is not serotype-specific.

● Regardless of the differences in serotype and population, the antibody concentrations for preventing mucosal disease and 
carriage are significantly higher than those for IPD.

● The use of immunogenicity as a measure of vaccine efficacy is limited by variabilities in immune responses, incomplete 
understanding of immune correlates, lack of correlation with clinical protection, and failure to capture real-world 
effectiveness.

Vaccine efficacy, effectiveness, 
and impact

● It is essential to consider all three assessments, encompassing efficacy, effectiveness, and impact, to derive 
a comprehensive comparison of vaccine potential and its implications.

● While immunogenicity is a critical aspect of vaccine development, assessing effectiveness and impact provides a more 
complete picture of how well a vaccine works in diverse populations and under real-world conditions.

Cross-protection ● While some PCVs exhibit cross-reactivity against non-included serotypes, such cross-protection may not always be sufficient 
for the reduction of carriage and disease.

● This underscores the significance of vaccine composition and real-world evidence to accept or refute the extent of cross- 
protection offered by PCVs.

● Ongoing surveillance is essential, especially with newer vaccines. Comprehensive data from the use of the PCV-13 and the 
earlier PCV-10 (GSK) vaccines have significantly enhanced our understanding of their impact, guiding more informed 
decisions.

Importance of booster ● The vaccine efficacy can wane over time, making booster doses crucial for maintaining and enhancing protection.
● These doses elevate antibody levels, ensuring a long duration of protection and helping to prevent carriage and spread, 

particularly among high-risk groups.
Herd protection ● PCVs confer not only direct protection to vaccinated individuals but also indirect protection to the unvaccinated, such as 

older adults, by reducing nasopharyngeal carriage of vaccine-type strains in children, which limits transmission.
Antimicrobial resistance ● Streptococcus pneumoniae is a major contributor to AMR-related deaths globally. Evidence indicates rising resistance to 

several antibiotics in India, emphasizing the critical role of PCVs in preventing infections and curbing the spread of resistant 
pneumococcal strains.

AMR: Antimicrobial resistance; GSK: GlaxoSmithKline; IPD: Invasive pneumococcal disease; PCV: Pneumococcal conjugate vaccine.
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