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The pneumococcal conjugate vaccine (PCV) was developed to overcome the limitations of the pneumococcal polysaccharide 
vaccine, which produces poor immunogenicity in infants younger than 2 years. As many countries have included PCVs in na-
tional immunization programs for children, the incidence of invasive pneumococcal disease caused by vaccine type Strepto-
coccus pneumoniae has declined markedly, not only among the vaccinated pediatric population, but also among unvaccinated 
adults. In this review, we present a concise overview of the indirect effects of mass pediatric PCV immunization on unvaccinat-
ed adults. 
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Introduction

Streptococcus pneumoniae, the pneumococcus, is an im-

portant human pathogen that causes serious diseases such as 

meningitis and bacteremia (infection of normally sterile sites, 

termed invasive pneumococcal disease or IPD), as well as 

pneumonia. Pneumococcus is also a common etiologic agent 

in milder diseases such as sinusitis and otitis media. In 2005, 

the World Health Organization (WHO) estimated that 1.5 mil-

lion deaths each year are due to pneumococcal diseases [1]. In 

2008, the WHO also estimated that about 0.5 million deaths of 

8.8 million total global annual deaths among children <5 years 

of age were caused by pneumococcal infections [2]. Among el-

derly patients, the overall case fatality rate for pneumococcal 

bacteremia is up to 40% [3]. Deaths from pneumococcal bac-

teremia tend to occur quickly, often within the first week of 

hospitalization, even in the context of appropriate antibiotic 

therapy [4]. Therefore, pneumococcal vaccination is an im-

portant strategy for the prevention of pneumococcal infection. 

To this end, many national immunization programs (NIPs), 

which are government-based programs focused on reducing 

rates of vaccine-preventable diseases, now include pneumo-
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coccal vaccines. The pneumococcal conjugate vaccine (PCV) 

has been developed to overcome the limitations of the pneu-

mococcal polysaccharide vaccine (PPV), which has poor im-

munogenicity in infants younger than 2 years of age [5]. Since 

the initial United States (US) approval of PCV7 in 2000, pneu-

mococcal conjugate vaccines have been adopted into routine 

infant immunization programs in many countries [6], resulting 

in a significant reduction in the incidence of IPD among chil-

dren [7, 8]. In addition to poor immunogenicity among infants, 

there is also evidence to suggest reduced immunogenicity of 

PPV among elderly adults and adults with certain immune 

compromising conditions [9]. Unlike polysaccharide vaccines, 

such as PPV, which result in antibody production without im-

mune memory, conjugate vaccines such as PCV result in 

memory B cell production (T-cell-dependent response) that 

produce a more sustained effect [9, 10]. In accordance with 

this information, some NIPs now include recommendations 

for administration of PCV to elderly adults and adults with im-

mune compromising conditions [11]. Reduction in disease in 

vaccinated individuals is referred to as the “direct” effect of a 

given vaccine. However, in addition to the direct effect of PCV 

on reducing pneumococcal disease in the vaccinated popula-

tion, there has been a concordant decline in the incidence of 

IPD among adults who did not receive the vaccine following 

the introduction of PCVs into NIPs for young children [12-14]. 

Reduction in disease within the non-vaccinated population is 

referred to as the “indirect”, or “herd” effect. In this review, we 

describe the indirect effect of PCV in pediatric NIPs on adult 

pneumococcal diseases, specifically how pneumococcal vac-

cines in NIPs for young children can decrease the incidence of 

adult pneumococcal disease.

Pneumococcal Vaccines

PCV7 (Prevnar; Pfizer) was introduced in 2000, and includ-

ed coverage for serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F [15]. 

PCV10 (Synflorix; GlaxoSmithKline) was licensed in 2008 and 

included coverage for serotypes 1, 5, and 7F in addition to 

those covered by PCV7. PCV13 (Prevnar13; Pfizer), licensed 

in 2009, expanded coverage to include serotypes 3, 6A, and 

19A in addition to those covered by PCV10 [15]. PPV23 

(PNEUMOVAX23; Merck) includes coverage for 12 serotypes 

common to PCV13 (1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 19A, and 

23F) as well as 11 additional serotypes (2, 8, 9N, 10A, 11A, 12F, 

15B, 17F, 20, 22F, and 33F) [15]. In the future, PCVs may in-

clude coverage for up to 20 different serotypes [16].

The WHO places estimates of global coverage for pneumo-

coccal vaccines (PPV and PCV) at 37%, with implementation 

in 129 countries as of the end of 2015 [17]. As of September 

2016, 132 countries (68%) have introduced PCV into their rou-

tine infant immunization programs, and 6 additional coun-

tries (3.1%) plan to introduce PCV into NIPs in 2016 (Fig. 1) 

[18]. However, since their introduction, PCVs have been li-

censed and available for optional use in many countries with-

out formal inclusion in NIPs. In Korea, PCV7 was made avail-

able as an optional vaccine in 2003 [19], and a NIP for children 

with PCV10 or PCV13 was implemented in 2014 [17]. The Ko-

rea National Immunization Survey found that for children 

born in 2009, the rate of PCV administration prior to inclusion 

in the NIP was about 70%. However, PCV administration var-

ied according to region, with a rate of 71.3% in urban areas as 

compared to 56.8% in rural areas [20]. Notably, 2014 Korean 

guidelines also recommend administration of either PPV23 or 

PCV13 to adults ≥65 years old [21].

Pneumococcal Pathogenesis

Understanding mechanisms for the indirect effect of pediat-

ric vaccines on the unvaccinated adult population depends 

first upon understanding the mechanisms for carriage and 

transmission of S. pneumoniae within a population as a 

whole. Pneumococcus is a commensal flora of the nasophar-

ynx, and humans are its only natural host. Thus, nasopharyn-

geal carriage and horizontal transmission within human pop-

ulations represent the sole means for acquisition and spread 

of pneumococcal disease. As a result, pneumococcal coloni-

zation is an essential prerequisite for development of pneu-

mococcal disease [22-24]. Most pneumococci are character-

ized by a polysaccharide capsule, which is the primary 

determinant of virulence and invasiveness [25-28]. Addition-

ally, the polysaccharide capsule is the basis for classification 

by serotypes and has been a focus for vaccine development [2, 

25-28]. Pneumococcal colonization occurs early in infancy 

and is most prevalent among young children, with a markedly 

lower rate of colonization in adults. Pre-PCV data from a large 

cohort of healthy Dutch children demonstrated that peak inci-

dence of colonization was 55% at age 3, which declined to 8% 

after age 10 [29]. While the rates of pneumococcal carriage 

vary primarily by age, they may also be influenced by multiple 

additional factors, such as baseline serotype-specific preva-

lence, genetics, socioeconomic status, and demographic vari-

ables [29, 30]. Specifically, crowding and close contact among 
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children (e.g. between siblings and in day care centers) have 

been identified as significantly affecting transmission [29, 31]. 

Consequently, rates of pneumococcal colonization vary wide-

ly across different populations. For these reasons, it is import-

ant to consider these factors and to conduct population-spe-

cific surveillance data in order to predict or evaluate the 

effects of a vaccine. Prior to the introduction of PCV into the 

NIP in Korea, the prevalence of pneumococcal carriage was 

34% among children aged less than 5 years [32], and 9.6% 

among those aged 5 to 18 years [19].

Pneumococcal colonization is believed to represent the 

most important source of horizontal spreading within a com-

munity [30, 31]. Adults acquire nasopharyngeal colonization 

(and subsequently pneumococcal disease) via contact with 

children. In older adults, IPD exhibited distinct winter season-

ality, especially surrounding winter holidays (Christmas and 

New Year’s) [33, 34]. Epidemiologic data also indicates a dis-

proportionate effect of spikes in pediatric serotypes among 

older adults, particularly older women. Such data suggests the 

possibility of seasonal increases in transmission related to 

family contact between elderly adults and young children [34]. 

Adults with community-acquired pneumonia (CAP) who had 

regular contact with PCV7-vaccinated children were less likely 

to have CAP caused by the serotypes covered by the PCV7 

vaccine than those with regular contact with unvaccinated 

children [35]. This can be explained by acquisition of S. pneu-

moniae from children colonized with similar pneumococcal 

serotypes via horizontal transmission. These mechanisms for 

pneumococcal carriage and transmission among children are 

therefore associated with changes in the burden of adult 

pneumococcal diseases. 

Effects of Vaccination on Pneumococcal Carriage

PCVs have been associated with changes in carriage rates of 

vaccine type (VT) and non-VT serotypes. In a randomized tri-

al of PCV administration to toddlers attending day care cen-

ters, the rate of carriage of VT S. pneumoniae was reduced in 

the vaccinated group, although that of non-VT was higher 

Figure 1. Countries with Pneumococcal Conjugate vaccine (PCV) in the national immunization program and planned introductions in 2016, adapted to 
include dates of introduction for PCV for selected countries, organized by WHO region. 
World Health Organization. Immunization, Vaccines, and Biologicals-Data, statistics and graphics. Updated 01 December 2016. Available at http://www.who.int/immuniza-
tion/monitoring_surveillance/data/en Accessed 7 December 2016. 
*Includes partial introduction
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than in the control group [36]. Increases in the rate of non-VT 

carriage or disease after implementation of a vaccine, a phe-

nomenon known as serotype replacement, is of significant 

concern with any NIP, including pneumococcal vaccines, and 

warrants careful consideration and surveillance. 

In addition to the direct effects on carriage rates in vaccinat-

ed children, indirect effects of PCV on carriage rates in 

non-vaccinated adults have also been observed. The preva-

lence of VT carriage was lower in adults living with PCV7-vac-

cinated children than that in adults living with unvaccinated 

children [37]. In several community-based studies, reductions 

in the rate of carriage of VT were observed in unvaccinated 

children and adults after mass pediatric vaccination with 

PCV7 [38, 39] or PCV10 [40]. PCV13 also led to a reduction of 

nasopharyngeal pneumococcal carriage of the serotypes it 

uniquely covers in vaccinated children [41]. A Massachu-

setts-based study in the US noted a 50% decline in PCV13 se-

rotype colonization among unvaccinated children at a time 

when overall vaccine coverage was 75% [42]. This finding sug-

gests that implementation of a NIP could result in a coverage 

rate sufficiently high to induce an indirect effect.

To summarize the proposed mechanism by which NIP for 

young children can decrease the incidence of adult pneumo-

coccal disease, PCV first leads to a reduction in VT coloniza-

tion via a direct effect on vaccinated individuals [36, 41]. In 

turn, unvaccinated children and adults experience less expo-

sure to VT serotypes [37], resulting in a reduction in VT-IPD 

among unvaccinated adults [43].

Effects of Vaccination on Pneumococcal 
Diseases

1. IPD

Trends in surveillance data from around the world indicate 

a strong direct effect of PCV in reducing rates of VT-IPD in 

vaccinated children. Data from Active Bacterial Core Surveil-

lance (ABCs) of the Centers for Disease Control and Preven-

tion (CDC) in the US indicate a rapid decrease in the inci-

dence of VT-IPD among US children younger than 2 years of 

age, from 156.1 cases per 100,000 persons in 1998 and 1999 to 

33.6 per 100,000 in 2001, reflecting a 78% decrease in the rate 

of VT-IPD in this population [8]. There was a steady and con-

tinued decline in rates of VT-IPD in children over the seven 

years following the introduction of PCV7 [44, 45], as well as a 

significant decrease in overall IPD [45, 46]. Surveillance data 

from Calgary, Alberta suggested near-total elimination of VT-

IPD caused by PCV7 serotypes, with no documented cases 

from 2007-2013 within the study population [47]. Danish data 

also supports this conclusion regarding PCV7 VT-IPD [48]. Af-

ter replacement of PCV7 with PCV13, the incidence of IPD 

caused by serotypes unique to PCV13 also decreased signifi-

cantly in children less than 2 years of age [47-52]. 

Epidemiologic data also supports the presence of an indi-

rect effect of PCV on reducing rates of VT-IPD among unvac-

cinated adults. In adults older than 65 years of age, the pre- 

and post-PCV7 incidence of IPD caused by PCV7 serotypes 

(in cases per 100,000 persons) were respectively 33.6 and 11.9 

in the US [12], 22.1 and 4.8 in Canada (ages 65-84) [13], 27.1 

and 14.0 in Denmark [48], and 18.2 and 3.4 in England and 

Wales [53]. The pre- and post-PCV7 incidences of overall IPD 

in these populations were 60.1 cases per 100,000 persons and 

41.7 cases per 100,000 persons in the US [12], 36.2 and 23.9 in 

Canada [13], 65.5 and 60.0 in Denmark [48], and 34.8 and 28.2 

in England and Wales [53], respectively. The rate of IPD 

caused by PCV7 serotypes in the unvaccinated population de-

creased by 64% [12] to 92% [45] after introduction of PCV7. 

From surveillance data during the 2.5 to 4 years after replace-

ment of PCV7 with PCV13, the rate of IPD in adults older than 

65 years of age caused by the additional serotypes included in 

PCV13 decreased by 18% in Canada [48], 58% in the US [51], 

64% in England and Wales [52] and 53% in Israel [54]. 

While certain PCV7 serotypes were nearly eliminated, sero-

types 19A, 3, and 7F (which were among the six additional se-

rotypes included in PCV13) remained the major serotypes re-

sponsible for IPD among all adults in a Calgary, Alberta-based 

Canadian surveillance program [47, 55]. These findings may 

be a result of insufficient time after PCV13 introduction to ob-

serve an indirect effect in the adult population. A pooled anal-

ysis of surveillance data from multiple countries showed that 

significant reductions in overall IPD among adults were not 

observed until 7 years after PCV7 introduction, along with a 

more gradual reduction in rates of VT-IPD than that observed 

in children [44]. Furthermore, there is some data to suggest 

reduced efficacy in protection against IPD for some of the ad-

ditional 6 serotypes unique to PCV13, especially serotype 3 

[51-53]. Surveillance data from Utah, one of the states in U.S., 

indicated a nonsignificant decline in serotype 3 IPD following 

PCV13 implementation [49]; post-licensure data for PCV13 in 

a Public Health England study indicated lower serotype 3 IgG 

response than predicted [49, 56]. In Portugal, serotype 3 re-

mained the most common cause of adult IPD, in contrast to 

reductions in other PCV13 serotypes, which were attributed to 
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indirect protection [57]. In spite of these findings, fluctuations 

in serotype-specific rates of disease and low baseline inci-

dence of serotype 3 disease in certain areas may complicate 

evaluation of vaccine effectiveness [51], and ongoing investi-

gation across multiple regions is indicated.

The issue of serotype replacement in older adults has also 

emerged after introduction of PCV7 and PCV13. After PCV7 

introduction, the incidence of IPD caused by non-VT sero-

types in adults ≥65 years old increased from 14.1 cases per 

100,000 persons to 18.8 cases per 100,000 persons in Canada 

(ages 65-84) [13], 18.3 to 22.5 in the US [45], and 16.6 to 24.8 in 

England and Wales [53]. After PCV7/13 introduction, non-VT 

IPD increased nonsignificantly from 3.0 to 4.1 in Canada 

across all age groups [47], and especially among adults ≥65 

years old, from 19.7 to 29.4 in Denmark [48] and 12.7 to 16.3 in 

England and Wales [52]. Despite the increase in non-VT sero-

types following introduction of PCV7/PCV13, the overall inci-

dence of IPD across all ages has decreased by 25-45 % in the 

US [12, 45], 37% in Canada [13, 47], 20% in Oxfordshire, En-

gland [50], and 32%-35% in England and Wales as a whole [52-

53]. Surveillance data from the US indicates that the greatest 

reduction in the rate of overall IPD was observed in adults ≥65 

years old [12]. While serotype replacement has certainly oc-

curred and must be monitored over time, the reduction in 

overall IPD suggests a net-beneficial effect of PCV. 

In summary, the rates of VT-IPD and overall IPD in the un-

vaccinated population, especially adults above 65 years of age 

(indirect effect), as well as in the vaccinated population (direct 

effect), decreased after implementation of PCV in national 

immunization plans for children, although non-VT IPD in-

creased slightly (Fig. 2). The indirect effect after childhood 

PCV immunization, the decrease in VT-IPD and overall IPD, 

and the increase in non-VT IPD could be influenced by pre-

PCV incidence of IPD, and the length of time after PCV intro-

duction.

2. Pneumococcal pneumonia 

There are few studies concerning the indirect effect of child-

hood immunization on adult pneumococcal pneumonia 

without bacteremia, since the microbiologic diagnosis of 

pneumonia without bacteremia is difficult. Both lower respi-

ratory tract culture and rapid urine antigen testing (UAT), 

which represent the most widely utilized diagnostic tech-

niques for etiologic diagnosis of pneumococcal pneumonia, 

are limited by a lack of sensitivity. A systematic review and 

meta-analysis that included studies utilizing these diagnostic 

methods estimated that 27.3% of community-acquired pneu-

monia was attributable to S. pneumoniae [58]. However, as 

75% of all pneumococcal pneumonia in adults is non-bacte-

remic [58], the indirect effect may be underestimated based 

on bacteremic pneumococcal pneumonia classified as IPD. 

The relatively recent development of multiplexed sero-

type-specific urine assays for the detection of pneumococcal 

antigen have allowed for the estimation of serotype preva-

lence as well as vaccine effects on CAP [59].

These assays have provided evidence to support the concept 

of indirect protection for adult CAP as a result of childhood 

vaccines. Implementing one such assay, Pletz et al. found that 

in adult CAP, the proportion of PCV7 serotypes decreased 

from 30.6% in 2002-2006 to 13.3% in 2007-2011 in Germany, 

following implementation of PCV7 in the NIP for children in 

2007 [59]. In a prospective cohort study beginning eight years 

after PCV7 introduction and 3 years after PCV13 introduction 

in the UK, the incidence of adult CAP caused by PCV7 sero-

types and additional PCV13 serotypes declined by 88% and 

30% respectively, also as detected by a serotype-specific urine 

assay [60]. This data suggests that trends in indirect effects of 

mass childhood PCV immunization on adults with CAP corre-

spond with those noted for IPD.

 Recent studies have also sought to examine the direct ef-

fects of administering PCV to elderly adults, and have led to 

growing inclusion of PCV in adult NIPs. The Community-Ac-

quired Pneumonia immunization Trial in Adults (CAPiTA) 

was a large, randomized, placebo-controlled trial to evaluate 

the efficacy of PCV13 in preventing pneumonia due to PCV13 

Figure 2. Trends in the incidence of invasive pneumococcal diseases 
according to serotypes among unvaccinated adults.
PCV, pnemococcal conjugate vaccine.
*Incidence is not real number
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serotypes in Dutch adults 65 years of age and older, also using 

a multiplexed serotype-specific urine assay. Study enrollment 

began 2 years after implementation of PCV7 into the pediatric 

national immunization program in the Netherlands, and 

PCV10 replaced PCV7 during the study. The trial demonstrat-

ed efficacy of PCV13 for VT-CAP, however it failed to demon-

strate efficacy when non-VT serotypes were included [61].

To examine the indirect effects of PCV on CAP in elderly 

adults, a post hoc analysis was conducted on the 270 cases of 

non-bacteremic pneumococcal CAP from 42,256 subjects in 

the placebo (i.e. non-vaccinated) arm of the CAPiTA study. 

This analysis found that PCV7 serotypes decreased from 28% 

to 7%. There was no reduction in the additional PCV10 and 

PCV13 serotypes, and non-PCV13 serotypes increased from 

30% to 37% [62]. While these findings support concordant 

trends in indirect protection from both PCV7 CAP and IPD 

among the elderly adult population, they also suggest a simi-

lar trend in serotype replacement for pneumococcal CAP and 

IPD. Likewise, the lack of reduction in PCV10 and PCV13 se-

rotypes in this population presents similar possibilities as data 

for IPD. Since the study period included data through 2013 

(two years after switch to PCV10 in the NIP), the lack of reduc-

tion among the expanded serotypes raises the possibility of 

reduced vaccine efficacy for PCV10 or PCV13 serotypes, or 

that there was insufficient time to observe an indirect effect. 

Novel diagnostic techniques offer new opportunities for sur-

veillance of pneumococcal CAP to more thoroughly assess the 

indirect effects of PCV.

Perspective after introduction of pneumococcal 
vaccine NIP in Korea

In 2014, the US Advisory Committee on Immunization Prac-

tices (ACIP) recommended that PCV13 should be adminis-

tered to all adults 65 years of age or older, given in series with 

PPV23. This recommendation was, in large part, based on the 

result of the CAPiTA study [11]. In 2018, ACIP plans to reeval-

uate recommendations for routine PCV13 use among adults 

65 years of age or older to incorporate available findings re-

garding the indirect effect of PCV13 [11]. Prior to the introduc-

tion of PCV13, the serotypes contained in PCV10, PCV13, and 

PPV23 accounted for 39.8%, 67.3%, and 73.4% of pneumococ-

cal infections, respectively, among Korean adults 19 years of 

age or older [63]. Based on this information, the Korean Soci-

ety of Infectious Diseases (KSID) recommended that either 

PCV13 or PPV23, but not both, should be administered to 

healthy adults 65 years of age or older [21]. 

 Following implementation of a PCV-containing NIP for Ko-

rean children in 2014, serotypes causing pneumococcal dis-

eases may be redistributed as serotype replacement occurs. 

Following implementation of PCVs, studies of surveillance 

data have noted an increase in disease caused by serotypes 

found solely in PPV23 [57]. This could effectively broaden the 

coverage range of PPV23 for adults, which would provide cov-

erage for 11 additional non-PCV13 serotypes. A systematic re-

view and meta-analysis suggested that the vaccine effective-

ness of PPV23 in preventing IPD and all-cause CAP was 

similar to the estimates for PCV13, as reported in the CAPiTA 

trial [64]. Therefore, the role of PPV23 in adults may be more 

important in the context of pediatric PCV NIP. However, this 

theoretical benefit must be weighed against the potential for a 

reduced direct effect due to the relatively lower immunoge-

nicity of PPV in certain adult populations. As post-PCV trends 

in indirect protection and serotype replacement are depen-

dent on numerous factors that are specific to a given popula-

tion, ongoing surveillance is necessary to evaluate the overall 

effects of PCV and to determine the ideal strategy for pneu-

mococcal vaccine administration in Korean adults.
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