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Abstract The 13-valent pneumococcal conjugate vaccine

(Prevenar 13�, Prevnar 13�) [PCV13] consists of 13 ser-

otype-specific polysaccharides of Streptococcus pneumo-

niae (pneumococcus), each covalently conjugated to a non-

toxic immunogenic carrier protein. PCV13 has a well

established immunogenicity and tolerability profile in

adults, particularly those C50 years of age. Results of

CAPiTA, a randomized, double-blind, placebo-controlled

trial in[84,000 older adults aged C65 years, showed that

PCV13 was effective in preventing vaccine-type pneumo-

coccal community-acquired pneumonia (CAP), vaccine-

type pneumococcal nonbacteraemic (noninvasive) CAP

and vaccine-type invasive pneumococcal disease (IPD).

These findings, along with changes in pneumococcal ser-

otype distribution and epidemiology of pneumococcal

disease, prompted the US Advisory Committee on Immu-

nization Practices (ACIP) to recommend PCV13 in series

with 23-valent pneumococcal polysaccharide vaccine

(PPVS23) for all adults aged C65 years. PCV13 also has a

role in preventing pneumococcal disease (pneumonia and

IPD) in younger adults with immunocompromising con-

ditions and potentially in those with other underlying

medical conditions that increase the risk of pneumococcal

disease.

13-Valent pneumococcal conjugate vaccine (PCV13)

in adults: a summary

Immunogenicity well established in adults,

particularly those C50 years of age

Approved for prevention of vaccine-type

pneumococcal disease (IPD and pneumonia) in

adults C50 years in the USA or C18 years in the EU

Demonstrated efficacy in preventing vaccine-type

pneumococcal CAP, vaccine-type pneumococcal

nonbacteraemic (noninvasive) CAP and vaccine-type

IPD in adults aged C65 years in CAPiTA

Recommended by ACIP (in series with PPSV23) for

all adults aged C65 years

Well established tolerability profile in adults

1 Introduction

Despite targeted recommendations for the use of pneu-

mococcal vaccines for age and risk groups, Streptococcus

pneumoniae (pneumococcus) continues to be a leading

cause of serious illness, including bacteraemia, meningitis

and pneumonia, among adults [1, 2]. Invasive pneumo-

coccal disease (IPD) is defined as an infection confirmed

by the isolation of S. pneumoniae from a normally sterile

body site, and its clinical presentations include bacter-

aemia, meningitis and bacteraemic pneumonia [3, 4]. S.

pneumoniae is the most common cause of community-
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acquired pneumonia (CAP) in the USA and Europe [3, 4].

Pneumococcal CAP typically presents as noninvasive dis-

ease; nonbacteraemic pneumonia occurs in &75 % of

cases [5]. The predominant manifestation of IPD is bac-

teraemic pneumonia, representing &70 % of all cases of

IPD in the USA [5]. There are an estimated 40,000 cases of

IPD annually in the USA, of which 13,500 occur in adults

C65 years of age [1]. The annual number of IPD-related

deaths is &4500 among adults aged C50 years in the USA

[6]. Globally, pneumococcal infection is estimated to be

responsible for &1.6 million deaths annually [3, 4]. Most

of these deaths occur in poor countries and include a dis-

proportionate number of children \2 years of age [3].

Other high-risk groups for IPD and pneumococcal pneu-

monia include individuals who are elderly (C65 years of

age), immunocompromised, or have certain chronic medi-

cal conditions, such as diabetes [3, 4, 7, 8]. In addition to

the chronic conditions listed as indications for pneumo-

coccal vaccination in guidelines from the US Advisory

Committee on Immunization Practices (ACIP) for pre-

vention of pneumococcal disease in adults (Sect. 7), recent

data also revealed increased rates of infections for other

chronic conditions not included in ACIP guidelines, as well

as in individuals with multiple at-risk conditions [9]. When

compared with healthy age-matched adults in a retrospec-

tive cohort study, the accumulation of concurrent at-risk

conditions (risk stacking) increased the risk ratio for all-

cause pneumonia, pneumococcal pneumonia and IPD to

the level of an immunocompromised individual [9].

Two vaccines are widely available and approved for the

prevention of pneumococcal disease in adult populations

[1, 2]. The 23-valent pneumococcal polysaccharide vaccine

(PPSV23), which has been available in many countries for

about three decades, consists of 23 serotype-specific

pneumococcal capsular polysaccharide antigens [1, 2].

Although some studies with PPSV23 have demonstrated

protection against IPD in adults, its efficacy against non-

invasive pneumonia is unclear or lacking [10–17]. There

are also concerns about the extent to which the protective

effectiveness of PPSV23 varies by age of recipient, time

since vaccination and the presence of underlying disease

[18]. In addition, vaccines composed of purified capsular

polysaccharides are not immunogenic in young children

\2 years of age [7, 19], nor do they provide booster

responses on revaccination [20]. The 13-valent pneumo-

coccal conjugate vaccine (Prevenar 13�, Prevnar 13�)

[PCV13] consists of 13 serotype-specific polysaccharides

of S. pneumoniae, each covalently conjugated to a non-

toxic immunogenic carrier protein (diphtheria CRM197

protein). Seven serotypes included in PCV13 are common

to its 7-valent predecessor (PCV7) [serotypes 4, 6B, 9V,

14, 18C, 19F, and 23F] and six are additional serotypes (1,

3, 5, 6A, 7F and 19A) [21, 22]. Twelve of the serotypes

included in PCV13 (all but 6A) are also contained in

PPSV23 [2, 18]. The current article focuses on PCV13 for

the prevention of vaccine-type pneumococcal disease,

including pneumonia and IPD, in adults.

2 Immunogenicity

The immunogenicity of PCV13 in adults, particularly in

those C50 years of age, is well established [21–23]. Clin-

ical trials with PCV13 in adults used a serotype-specific

opsonophagocytosis assay (OPA) as a surrogate to assess

protective efficacy against pneumococcal disease, as there

is no established antibody threshold of serotype-specific

pneumococcal polysaccharide immunoglobulin G (IgG)

concentration associated with protection in adults [22].

OPA geometric mean titres (GMTs) were determined

1 month after vaccination and reflect functional immune

responses (OPA titres are expressed as the reciprocal of the

highest serum dilution that reduces survival of the pneu-

mococci by C50 %) [22].

The immunogenicity of PCV13 has been demonstrated

in adults C18 years of age in five phase III trials conducted

in the USA and Europe, including individuals who were or

were not previously vaccinated with PPSV23 [21, 22, 24–

28]. Each study included healthy adults and immunocom-

petent adults with stable underlying conditions or risk

factors known to predispose individuals to pneumococcal

infection. The studies focused on different age groups,

most of which were older adults C50 years of age.

Two randomized, head-to-head comparative trials, one

in PPSV23-naive adults aged 60–64 years (n = 831) [27]

and the other in PPSV23-experienced adults aged

C70 years (n = 936) [24], demonstrated that serotype-

specific functional OPA antibody responses with PCV13

were noninferior to those with PPSV23 for the 12 serotypes

common to both vaccines (1, 3, 4, 5, 6B, 7F, 9V, 14, 18C,

19A, 19F, 23) [24, 27]. Noninferiority of PCV13 to

PPSV23 was met if the lower limit of the 95 % CI of the

GMT ratio (GMR) was [0.5. In addition, the functional

immune response to serotype 6A (unique to PCV13) was

demonstrated, as there was a fourfold increase in OPA

GMT compared with the pre-vaccination baseline titre [24,

27]. Both trials also showed that OPA GMTs were statis-

tically significantly greater in PCV13 than PPSV23 recip-

ients for the majority of serotypes common to both

vaccines and for serotype 6A [24, 27]. The study in

PPSV23-naive individuals also included a group of 403

adults aged 50–59 years who received open-label PCV13

[27]. For all 13 vaccine serotypes, functional OPA antibody

responses with PCV13 were noninferior when comparing

the younger (aged 50–59 years) to the older (aged

60–64 years) group (i.e. the lower limit of the 95 % CI for
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GMR was[0.5) [27]. In the study of older individuals who

had previously received PPSV23 (C5 years before study

entry), participants in both groups also received a follow-

on dose of PCV13 after 1 year, and responses to follow-on

vaccination were generally lower in those randomized to

PPSV23 than in those who received PCV13 at enrollment

[24].

Findings of another phase III trial in 720 PPSV23-naive

adults aged 60–64 years indicate that the order of admin-

istration of PCV13 and PPSV23 may be important for

individuals who receive the vaccines in sequence 1 year

apart [26]. Participants were randomized to one of three

vaccination schedules: (i) PCV13 at year 0 and PCV13 at

year 1; (ii) PCV13 at year 0 and PPSV23 at year 1; and (iii)

PPSV23 at year 0 and PVC13 at year 1. Results showed

that initial PCV13 administration augmented the functional

OPA antibody responses to subsequent administration of

PPSV23 for many of the serotypes common to both vac-

cines. In contrast, initial PPSV23 administration dimin-

ished functional immune responses to subsequent PCV13

administration for all serotypes. Another finding of poten-

tial clinical relevance was that responses after subsequent

vaccination with PCV13 or PPSV23 were usually nonin-

ferior to responses after the initial PPV13 dose, suggesting

that an interval longer than 1 year between vaccine

administrations may be appropriate [26]. The findings of

this trial are also supported by results of an extension of the

head-to-head comparative trial in PPSV23-naive adults,

which showed that re-vaccination with either PCV13 or

PPSV23 at &4 years after initial vaccination with PCV13

resulted in recall anti-pneumococcal responses, whereas

this did not occur in individuals who received initial and

subsequent vaccination with PPSV23 [29].

Two additional phase III trials assessed functional

immune responses when PCV13 was administered con-

comitantly with trivalent inactivated influenza vaccine [25,

28]. One study, conducted in the USA, included 1116

participants aged 50–59 years who were randomized to

receive PCV13 with inactivated influenza vaccine at month

0 and placebo at month 1 or inactivated influenza vaccine

with placebo at month 0 and PCV13 at month 1 [28]. The

other study, conducted in Europe, included 1160 partici-

pants aged C65 years and was of similar design [25]. In

both studies, PCV13 administered concurrently with inac-

tivated influenza vaccine produced antibody responses that

were noninferior to those observed with sequential

administration, other than for influenza strain A/H3N2 and

pneumococcal serotype 19F in those aged C65 years [25,

28]. Although antibody responses were numerically higher

with sequential than concomitant administration, the clin-

ical significance of this is unknown.

In addition to the phase III studies, an open-label study

in PPSV23-naive adults C50 years of age (n = 324) in

Mexico showed robust immune responses in terms of OPA

GMTs for vaccine serotypes at 1 month following PCV13

administration [30]. For most serotypes, overall immune

responses were higher than those previously reported in

similar adult populations in the USA or Europe.

Findings of a noncomparative trial in PPSV23-experi-

enced HIV-infected adults C18 years of age with CD4 cell

counts C200 cells/mm3 and HIV viral loads \50,000

copies/mL support the use of PCV13 in this population

[31]. A total of 329 HIV-infected patients received C1 dose

of PCV13 and 279 received all 3 planned doses of PCV13

administered at 6-month intervals. PCV13 induced IgG and

functional OPA antibody responses after dose 1 and were

similar or modestly higher after doses 2 and 3 [31]. Vac-

cination with PCV13 also induced IgG and OPA antibody

responses in pneumococcal vaccine-naı̈ve HIV-infected

patients [32].

3 Protective Efficacy and Effectiveness

3.1 CAPiTA Study

The efficacy of PCV13 in preventing vaccine-type pneu-

mococcal CAP, vaccine-type nonbacteraemic (noninva-

sive) CAP and vaccine-type IPD in older adults (C65 years

of age) was demonstrated in a large (n = 84,496), ran-

domized, double-blind, placebo-controlled trial known as

CAPiTA [33]. The study was conducted at community-

based sites throughout the Netherlands and participants

were enrolled between September 2008 and January 2010.

PCV13 or placebo was administered as a single intra-

muscular dose. The use of a placebo was considered

appropriate because at the time of the trial no pneumo-

coccal vaccine was recommended for routine use in older

adults in the Netherlands. Among the exclusion criteria

were previous pneumococcal vaccination, the presence of

specified immunocompromising conditions, and residence

in a nursing home, long-term care facility, or other insti-

tution, or requirement of semiskilled nursing care (i.e. the

study was conducted in a relatively healthy population

C65 years of age). A safety subgroup of participants who

were followed with home visits to collect additional tol-

erability data (see Sect. 4) was enrolled separately but was

included in the overall study population. Although none of

those in the safety subgroup received concurrent adminis-

tration of trivalent inactivated influenza vaccine, it was

administered concurrently with PCV13 or placebo in

30.4 % of the overall study population (all during the first

2.5 months of study enrolment). It was expected that most

study participants would receive annual influenza vacci-

nation, as the rate in the Netherlands is high for this age

group.
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The primary endpoint of CAPiTA was the prevention of a

first episode of confirmed vaccine-type CAP in the per-

protocol population [33]. Confirmed vaccine-type CAP was

defined as the presence of C2 prespecified clinical criteria,

findings on chest radiography consistent with CAP, and a

positive vaccine serotype-specific urinary antigen test or

isolation of vaccine-type S. pneumoniae from blood or

another sterile site. Two secondary endpoints and a number

of exploratory endpoints were also evaluated in the per-

protocol population, which was defined as participants who

met the criteria for the modified intention-to-treat (mITT)

population, were eligible for the study, received a study

vaccination and had no other major protocol violations. The

mITT population (defined as patients who developed CAP or

IPD with onset of symptoms C14 days after vaccination)

was used for analysis of all episodes of CAP, an exploratory

endpoint that included pneumococcal and nonpneumococcal

pneumonia. Surveillance for suspected CAP and IPD was

conducted at 59 sentinel centres and the mean follow-up

period was 4 years. Baseline characteristics were similar

between participantswho received PCV13 (n = 42,240) and

those who received placebo (n = 42,256). During the 4-year

follow-up period, 1552 study participants in the PCV13

group and 1680 in the placebo group visited sentinel centres

for suspected pneumonia or IPD.

For the primary endpoint of confirmed vaccine-type CAP,

vaccine efficacy was 45.6 % (95.2 % CI 21.8–62.5;

p\ 0.001), as the number of episodes detected at sentinel

centres among placebo recipients was almost halved for

PCV13 recipients (90 vs. 49) (Table 1) [33]. PCV13was also

statistically superior to placebo in reducing the number of

episodes of confirmed vaccine-type nonbacteraemic and

noninvasive CAP (vaccine efficacy 45.0 %) and confirmed

vaccine-type IPD (vaccine efficacy 75.0 %), both of which

were secondary endpoints (Table 1). PCV13 also demon-

strated efficacy in preventing some, but not all, exploratory

endpoints involving infection with any pneumococcal strain

(Table 1). As might be expected, PCV13 did not demon-

strate efficacy in preventing CAP from any cause (vaccine

efficacy 5.1 %; 95 % CI -5.1 to 14.2), which was also an

exploratory endpoint. The number of deaths associated with

pneumococcal disease was very small and precluded a

meaningful analysis of the effect of PCV13 on mortality.

There were two deaths in each group from confirmed vac-

cine-type pneumococcal CAP or vaccine-type IPD. There

were six and seven deaths in the PCV13 and placebo groups,

respectively, from confirmed pneumococcal CAP or IPD.

The study authors identified several limitations of their

trial [33], including that it was conducted in one country in

a homogenous population with a low incidence of pneu-

mococcal disease, and the degree of vaccine efficacy may

vary in other populations where the susceptibility to

pneumococcal disease and epidemiologic characteristics of

the vaccine-associated serotypes may differ. In addition,

the higher sensitivity of the serotype-specific urinary anti-

gen detection assay used in the trial may have led to a small

overestimation of the proportion of vaccine-type serotypes

and, in turn, vaccine efficacy against all pneumococcal

Table 1 Results from CAPiTA for first episodes of pneumococcal infection in the per-protocol population [33]

Endpoint Number of episodes detected at sentinel centres Percent vaccine efficacy

(95.2 or 95 % CI)a

PCV13 (n = 42,240) Placebo (n = 42,256)

Infection with vaccine-type strain

Confirmed CAPb 49 90 45.6 (21.8–62.5)**

Confirmed nonbacteraemic and noninvasive CAPc 33 60 45.0 (14.2–65.3)*

IPDc 7 28 75.0 (41.4–90.8)**

Infection with any pneumococcal strain

Confirmed pneumococcal CAPd 100 144 30.6 (9.8–46.7)*

Confirmed nonbacteraemic and noninvasive

pneumococcal CAPd
66 87 24.1 (-5.7 to 45.8)

IPDd 27 56 51.8 (22.4–70.7)*

CAP community-acquired pneumonia, IPD invasive pneumococcal disease, PCV13 13-valent pneumococcal conjugate vaccine

* p\ 0.01, ** p\ 0.001 vs. placebo
a For vaccine-type confirmed CAP and vaccine-type confirmed nonbacteraemic and noninvasive CAP, the CIs were adjusted to 95.2 % to

account for the assessment of these two endpoints at the interim and final analyses; 95 % CIs were used for all other endpoints
b Primary endpoint
c Secondary endpoints
d Exploratory endpoints
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CAP. Also, the per-protocol analysis excluded events that

occurred in patients who developed an immunosuppressing

condition after enrolment in the trial, as the study was not

designed to show vaccine efficacy in this population.

3.2 Postmarketing Surveillance Studies

Evidence for protective effectiveness of PCV13 against IPD

and noninvasive pneumococcal disease became available

from surveillance studies following the introduction of

PCV13 in 2010 in various countries, although most of the

initial reports focused on children [34]. However, several

recent postmarketing studies also provide evidence for pro-

tective effectiveness of PCV13 against pneumococcal dis-

ease in adults (indirectly via herd protection) [35–40].

Two years after its introduction into the US paediatric

immunization programme, PCV13 was associated with

statistically significant reductions in hospital admissions

for invasive and noninvasive pneumococcal disease, not

only in children but also in some adult age groups,

according to findings of a retrospective time series analysis

that used data from a private inpatient discharge record

database capturing &20 % of all admissions to hospitals in

the USA [35]. The analysis extracted age-specific data on

the incidences of hospital admissions per month for all-

cause pneumonia, IPD, noninvasive pneumococcal or lobar

pneumonia and empyema for the period 2005–2012 then

used a multiple regression model to estimate how much of

the change could be attributed to the vaccine. The mod-

elling analysis of changes in outcomes attributable to

PCV13 showed statistically significant (p\ 0.05) reduc-

tions of 37 % for IPD (95 % CI 20–51), 32 % (95 % CI

17–44) for noninvasive pneumococcal or lobar pneumonia

and 12 % (95 % CI 6–17) for all-cause pneumonia among

adults aged 18–39 years. There were also significant

reductions in hospital admissions for noninvasive pneu-

mococcal or lobar pneumonia in adults aged 40–64 years

(by 25 %; 95 % CI 16–33) and in older adults aged

C65 years (by 34 %; 95 % CI 27–41), and for IPD in those

aged C65 years (by 29 %; 95 % CI 16–40). These findings

suggest a strong and rapid development of herd protection.

In another time-series model (2004–2013) comparing

IPD rates before and 3 years after the introduction of PCV13

into the US paediatric immunization schedule, the vaccine

was associated with reductions in IPD overall as well as IPD

caused by the six additional pneumococcal serotypes unique

to PCV13 (i.e. those not included in PCV7) in children and

adults [36]. Among adults, the incidence of IPD overall

decreased by 32 % (95 % CI 22–40) in individuals aged

18–49 years, 18 % (95 % CI 10–26) in those aged

50–64 years and 12 % (95 % CI -1 to 22) in older adults

aged C65 years. Corresponding reductions in IPD cases

caused by serotypes unique to PCV13 for these age groups

were 72 % (95 % CI 69–75), 62 % (95 % CI 59–65) and

58 % (95 % CI 52–64). With respect to serotype replace-

ment, there was no significant increase in IPD cases caused

by non-PCV13 serotypes in most adult groups, although

there was a 26 % (95 % CI 13–44) increase for the

50–64 years old cohort during 2012–2013. The analysis also

estimated that during the first 3 years after its introduction,

PCV13 probably prevented a total of 30,000 IPD cases (two-

thirds in adults) and saved 3000 lives (97 % in adults).

In South Africa, where PCV7 was introduced into the

paediatric immunization programme in 2009 and replaced

by PCV13 in 2011, national laboratory surveillance data

were used to calculate the change in IPD incidence

between the prevaccine baseline period (2005–2008) and

the postvaccine years 2011 and 2012 [37]. In addition to a

marked reduction in the rates of IPD in children, there was

also a 34 % reduction (95 % CI 29–39) in the incidence of

IPD from baseline to 2012 among adults aged 25–44 years,

which was primarily driven by a 57 % reduction (95 % CI

50–63) in PCV7-serotype disease. The reduction in IPD (in

terms of cases per 100,000 person-years) among HIV-in-

fected adults exceeded the rate reduction among their HIV-

uninfected counterparts by a factor of almost 180.

PCV13 was associated with greater benefits than

expected in terms of reducing IPD incidence and pneu-

mococcal-related mortality in a Danish nationwide popu-

lation-based cohort study that linked national laboratory

surveillance and vital statistics data [38]. The analysis

estimated changes in IPD incidence and mortality between

the prevaccine baseline period (2000–2007), the period

when PCV7 was included in routine childhood immu-

nization (2008–2010) and the initial period when PCV13

replaced PCV7 (2011–2013). Overall in the total popula-

tion, there was a 21 % reduction (95 % CI 17–25) in IPD

incidence and a 28 % reduction (95 % CI 18–37) in IPD-

related mortality after the introduction of PCV13 compared

with baseline. The reduction in mortality occurred pri-

marily in the adult population aged [18 years. Among

older adults aged C65 years, the proportion of IPD cases

caused by non-PCV13 serotypes increased from 19.7 %

(95 % CI 18.7–20.8) at baseline to 29.4 % (95 % CI

27.5–31.4) after the introduction of PCV13.

In Israel, where PCV7 was introduced into the national

childhood immunization programme in 2009 and was

gradually replaced by PCV13 beginning in late 2010,

national laboratory surveillance data showed a 21 %

reduction in the incidence of IPD from 2009 to 2013

among adults aged C18 years [39]. The reduction was

more marked in younger than in older adults, and there was

no effect on the overall case-fatality rate over the 4-year

study period. More than 90 % of individuals who devel-

oped IPD had comorbidities. Although IPD incidence was

lower in summer than in winter, the impact of vaccination

PCV13 in Adults: A Review 1539



on reducing the incidence of IPD was apparent in both

seasons. Serotype replacement was observed during the

study period in that the incidence of PCV7 serotype IPD

cases decreased by 70 % and there was an initial increase

in episodes caused by the additional six serotypes unique to

PCV13 (i.e. prior to the introduction of PCV13), but by the

fourth year there was a 57 % reduction compared with the

first year. However, from the first to fourth years there was

also a 52 % increase in IPD episodes caused by non-

PCV13 serotypes.

A surveillance study conducted in Navarre, Spain also

showed that in the period following the introduction of

PCV13 (2010–2013), there was a significant reduction in

IPD cases in the overall population, including a 23 %

reduction (p = 0.024) in older adults aged C65 years,

compared with the period 2004–2009 [40]. About half of

the older adults who developed IPD had comorbidities. In

the adult population, a moderate change in the pattern of

serotypes causing IPD was noted following replacement of

PCV7 with PCV13, including statistically significant

(p\ 0.05) increases in cases caused by non-PCV13 ser-

otypes 6C and 15A in older adults.

A nation-wide population-based study in Switzerland,

where PCV7 was introduced into the childhood vaccination

programme in 2007 and replaced by PCV13 in 2011, showed

a marked reduction in adult IPD cases caused by PCV7

serotypes and an increase in those caused by non-PCV7

serotypeswhen comparing laboratory surveillance data from

2012with that from 2003 [41]. The analysis also showed that

case fatality was significantly (p\ 0.05) increased for ser-

otypes 3, 19A and 19F compared with serotypes 1 and 7F.

Nasopharyngeal colonization by S. pneumoniae is a

prerequisite for IPD and pneumococcal pneumonia and can

lead to transmission of the bacteria from the colonized

individual to other contacts [4, 42]. Studies conducted in

Alaska [43] and England [44] evaluated the impact of

PCV13 on pneumococcal nasopharyngeal (PNP) carriage

in adults as well as children. In Alaska, where PCV13

replaced PCV7 as part of routine childhood immunization

in 2010, PNP carriage of the six additional serotypes

unique to PCV13 decreased significantly over the course of

the study from 2008 to 2012 among children as well as

unvaccinated adults, suggesting indirect protection from

PCV13 [43]. Broadly similar findings were reported in the

study conducted in England [44].

4 Tolerability

Pooled tolerability data for PCV13 in adults are available

from seven clinical studies that included a total of 91,593

participants, of whom 48,806 received PCV13 [22]. The

large majority of PCV13 recipients (92.8 %) were older

adults aged C65 years; 5.4 % were aged 50–64 years and

1.8 % were 18–49 years of age. Overall,\4 % of PCV13

recipients had previously received PPSV23 (in all cases

C3 years prior to study vaccination). Local reactions and

systemic adverse events were solicited daily after study

vaccination for 2 weeks in most studies (but for only

1 week in one of the trials).

In general, older adults aged C65 years reported fewer

adverse events than younger adults, particularly those in

the youngest age range of 18–29 years [22]. Across all age

groups, adverse events that were considered very common

(reported by C1 of 10 participants) included decreased

appetite, headaches, diarrhoea, arthralgia, myalgia, rash,

general disorders, including chills and fatigue, and

administration site conditions, such as vaccination-site

erythema, vaccination-site induration/swelling, vaccina-

tion-site pain/tenderness and limitation of arm movement.

Vomiting was also very common in adults aged

18–49 years and pyrexia was very common in younger

adults 18–29 years of age, but both of these adverse events

were found to be common (reported by C1/100 to\1/10)

in all other age groups. In general, local reactions tended to

be more severe in younger age groups.

Pooled tolerability data showed that prior exposure to

PPSV23 did not affect the frequency of reported adverse

events following study vaccination [22]. However, there

was an increased frequency for some adverse events (e.g.

headache, decreased appetite, arthralgia) when PCV13 was

administered concurrently with trivalent inactivated influ-

enza vaccine than with either vaccine alone [22]. An open-

label safety study in 1049 older adults (C68 years) who

had been previously immunized with PPSV23 (C3 years

earlier) also showed that PCV13 can be safely administered

in this patient population, as the tolerability profile fol-

lowing PCV13 administration was generally similar to that

of other elderly PPSV23-naive and—experienced study

populations [45].

Tolerability data solicited from the safety subgroup in

CAPiTA (Sect. 3.1) indicate a higher frequency of pre-

specified local reactions and systemic events in the PCV13

group than in the placebo group, although most were mild

or moderate in severity [33]. The study reports that in the

safety subgroup, 188 of 1006 PCV13 recipients and 144 of

1005 placebo recipients (18.7 vs. 14.3 %; p = 0.01)

experienced at least one adverse event within 1 month after

vaccination, which reflected between-group differences in

the frequency of injection-site reactions and muscular pain.

Supplementary data from the trial indicate that 38.4 % of

PCV13 recipients and 8.4 % of placebo recipients in the

safety population reported any local reaction within 7 days

after vaccination (p\ 0.001). There were no statistically

significant differences in the frequency of serious adverse

events within 6 months after vaccination with PCV13 or
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placebo in the safety population (7.0 vs. 6.0 %) or within

1 month after vaccination in the overall study population

(0.8 vs. 0.7 %). There were no serious adverse events

considered to be related to study vaccine.

5 Pharmacoeconomic Considerations

Several fully published, modelled pharmacoeconomic

analyses of PCV13 in adults have been conducted in var-

ious European countries [46–51] and in the USA [52–57]

(Table 2). All of the analyses incorporated data from a

number of different sources, such as published clinical

trials and expert opinion, although none were recent

enough to include data from CAPiTA. Most were cost-

effectiveness analyses (CEAs) comparing various pneu-

mococcal vaccination strategies in specific adult popula-

tions, with results expressed in terms of an incremental

cost-effectiveness ratio (ICER) [47, 50–56]. ICERs were

reported in terms of the incremental cost per quality-ad-

justed life-year (QALY) gained, and results were consid-

ered cost effective if ICER values were below commonly

used cost-effectiveness thresholds (e.g. $US50,000,

€50,000 or £30,000 per QALY gained) or if the vaccination

strategy of interest dominated (i.e. was less costly and less

expensive than) the comparator strategy. In addition to the

CEAs, a smaller number of budget impact analyses (BIAs)

have been conducted with PCV13 in adults, which also

compared various vaccination strategies and estimated

effects of PCV13 vaccination on net costs and clinical

outcomes, but did not consider effects on quality-adjusted

life-expectancy or provide ICERs [46, 48, 49, 57].

Overall, base-case results of the CEAs were generally

favourable for PCV13 in most studies, but they varied

widely across analyses, ranging from PCV13 being domi-

nant to PCV13 not being cost effective (Table 2). This

variability in results generally reflected differences in data

sources or model input parameters, patient populations,

comparator vaccination strategies, study perspective, time

horizon and geographic location. Most CEAs included herd

effects from childhood immunity in the base case [47, 50,

51, 53–56], and analyses with a lifetime horizon incorpo-

rated vaccine waning, whereby efficacy was assumed to be

nil after a specific time period of 5–15 years [47, 50–53,

55, 56], but costs and outcomes were extrapolated over a

lifetime horizon.

European BIAs provided somewhat mixed results.

A German study showed that replacing PPSV23 with

PCV13 would increase the net budget by &€60–152 mil-

lion over 5 years with equivocal effects on IPD [46],

whereas BIAs with 5-year time horizons conducted in Italy

[48] and Spain [49] showed that PCV13 reduced costs and

pneumococcal disease compared with no vaccination

(Table 2). In addition, a BIA with a lifetime horizon con-

ducted in the USA showed that replacing PPSV23 with a

single dose of PCV13 in adults aged C50 years would save

billions of dollars and reduce pneumococcal disease [57]

(Table 2).

In an effort to address the inherent uncertainties of

results from modelled analyses, the studies included sen-

sitivity and/or scenario analyses to assess the impact on

base-case results when making plausible modifications to

key input parameters. Results of sensitivity analyses of the

CEAs generally showed that base-case results were robust

to reasonable changes in most parameter values, although

in some analyses results were highly sensitive to changes in

PCV13 cost [47, 50, 51, 54], predicted herd effects of

childhood vaccination [50, 52, 55], vaccine effectiveness

[50–56], parameters related to inpatient CAP [47, 51] and

life expectancy [56].

6 Dosage and Administration

PCV13 is administered by intramuscular injection in the

deltoid muscle of the upper arm in adults [21, 22]. It is

administered as one single dose of 0.5 mL in adults, as the

need for revaccination with a subsequent dose of the vac-

cine has not been established in this population. In the EU

adult population, PCV13 is indicated for active immuni-

sation for the prevention of invasive disease and pneumo-

nia caused by Streptococcus pneumoniae serotypes covered

by the vaccine in adults C18 years of age and the elderly

[22]. For the US adult population, PCV13 is also approved

for the prevention of vaccine-type pneumococcal disease

(IPD and pneumonia), but for a narrower age range of

C50 years [21]. Local prescribing information should be

consulted for additional information on contraindications,

warnings and precautions, and use in special patient

populations.

7 Place of 13-Valent Pneumococcal Conjugate
Vaccine in Preventing Pneumococcal Disease
in Adults

As noted in Sect. 6, PCV13 is approved in a number of

countries for the prevention of IPD and pneumonia caused

by vaccine pneumococcal serotypes in adults, albeit for

different age groups depending on the country. PPSV23

has been available for many years and, until recently, has

been the recommended pneumococcal vaccine for older

adults. The 2012 recommendations for the use of pneu-

mococcal vaccines from ACIP in the USA included the

following: (i) PPSV23 for healthy adults aged C65 years;

(ii) PPSV23 for immunocompetent adults aged
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50–64 years with certain underlying medical conditions,

such as diabetes or asthma (and revaccination at age

65 years); and (iii) PCV13 followed by PPSV23

(C8 weeks later) for adults aged C19 years with

immunocompromising conditions, functional and anatomic

asplenia, cerebrospinal leaks or cochlear implants [2].

Table 2 Overview of fully published modelled pharmacoeconomic analyses of PCV13 in adults

Study (country) Study

perspective

[year of

costing]

Type of analysis: model overview [time horizon] Main results

Analyses conducted in Europe

Jiang et al. [46]

(Germany)

Public

healthcare

payer [2010]

BIA: Markov model comparing various PCV13

and/or PPSV23 strategies [5 years]

Replacing PPSV23 with PCV13 would : net budget

by&€60–152 million between 2012 and 2016 with

equivocal effects on IPD

Kuhlmann et al.

[47]

(Germany)

Public

healthcare

payer and

societal

[2010]

CEA: Markov model comparing PPSV23, PCV13

and no vaccination [lifetime]

PCV13 dominated PPSV23 and no vaccination,

regardless of study perspective (PCV13 ; costs,

deaths, IPD, pneumonia)

Liguori et al.

[48] (Italy)

[Campania

region]

Public

healthcare

payer [NR]

BIA and CEA: Model comparing two age-based

PCV13 strategies vs. no vaccination [5 years]

Both PCV13 strategies ; costs (by &€10–29 million

over 5 years) and hospitalized CAP vs. no

vaccination

Pradas et al.

[49] (Spain)

Public

healthcare

payer [2010]

BIA: Dynamic model comparing PCV13 vs. no

vaccination at age 65 years [5 years]

PCV13 ; net costs (by €102 million over 5 years)

and pneumococcal disease (IPD and noninvasive

disease) vs. no vaccination

Rozenbaum

et al. [50]

(England)

Public

healthcare

payer

[2009–2010]

CEA: Cohort model comparing PCV13 added to

the current PPSV23 strategy for high-risk patients

C2 years vs. PPSV23 only [lifetime]

Adding PCV13 to current PPSV23 strategy for high-

risk patients was not cost effective vs. PPSV23

only (ICER £37,216 per QALY gained)

Rozenbaum

et al. [51]

(Netherlands)

Societal [2008] CEA: Decision-analysis model comparing PCV13

vs. no vaccination for several scenarios [lifetime]

Depending on the scenario, PCV13 might be cost

effective, both for the total older population and for

the high-risk population C65 years

Analyses conducted in the USA (all values in US dollars)

Chen et al. [52] Healthcare

payer [2012]

CEA: Cohort model comparing various strategies

with PCV13 and/or PPSV23 or no vaccination

[lifetime]

Adding PCV13 to current PPSV23 at age 65 years

for those with immunocompromising conditions

was cost effective vs. no vaccination (ICER

$23,416 per QALY gained)

Cho et al. [53] Societal [2009] CEA: Probabilistic model comparing PCV13

added to PPSV23 vs PPSV23 only for selected

immunocompromised patients [lifetime]

Adding PCV13 to PPSV23 for selected

immunocompromising conditions dominated

PPSV23 only (i.e. ; costs, IPD, hospitalized all-

cause pneumonia, death)

Smith et al. [54] Societal [2006] CEA: Markov model comparing various strategies

with PCV13 and/or PPSV23 or no vaccination

[lifetime]

Replacing PPSV23 with PCV13 was cost effective

vs. current PPSV23 strategy (at age 65 years or

younger if comorbidities) [ICER $28,900 per

QALY gained]

Smith et al. [55] Societal [2006] CEA: Markov model comparing various PCV13

and/or PPSV23 strategies [lifetime]

PCV13 at age 65 years was cost effective vs. no

vaccination (ICER $11,300 per QALY gained) and

dominated PPSV23

Smith et al. [56] Societal [2006] CEA: Markov model comparing various PCV13

and/or PPSV23 strategies in

immunocompromised patients [lifetime]

Single PCV13 dose vs. no vaccination had an ICER

of $70,937 per QALY gained; current

recommendations cost $136,724 per QALY gained

Weycker et al.

[57]

Healthcare

system and

societal

[2010]

BIA: Model comparing PCV13 strategies vs

current PPSV23 strategies in adults aged

C50 years [lifetime]

Replacing PPSV23 with a single dose of PCV13 ;
healthcare costs by $3.5 billion, societal costs by

$7.4 billion, ; IPD and NBP

BIA budget impact analysis, CAP community acquired pneumonia, CEA cost-effectiveness analysis, ICER incremental cost-effectiveness ratio,

IPD invasive pneumococcal disease, NBP nonbacteraemic pneumonia, NR not reported, PCV13 13-valent pneumococcal conjugate vaccine,

QALY quality-adjusted life-year, : increased, ; decreased
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However, on the basis of CAPiTA results showing pro-

tective efficacy against vaccine-type pneumococcal CAP,

vaccine-type pneumococcal nonbacteraemic CAP and

vaccine-type IPD (Sect. 3.1), ACIP updated their adult

pneumococcal vaccination guidelines in 2014/15 to rec-

ommend routine use of PCV13 (in series with PPSV23) in

all adults aged C65 years (Table 3; see ACIP immuniza-

tion recommendations for full details) [1, 58]. The effec-

tiveness of PPSV23 in preventing IPD in older adults has

been demonstrated, but its effectiveness in preventing

noninvasive pneumococcal pneumonia in adults C65 years

of age has been inconsistent [58].

The ACIP recommendation to use PCV13 in series with

PPSV23 is also driven by changes in pneumococcal serotype

distribution and epidemiology of pneumococcal disease

among adults aged C65 years [1, 58]. PCV13 replaced

PCV7 in the US paediatric immunization schedule in 2010,

and by 2013 the incidence of IPD caused by pneumococcal

serotypes unique to PCV13 among adults aged C65 years

had decreased by&50 % (via indirect effects) [1, 58]. In the

same year, 38 % of IPD cases in adults C65 years of age

were caused by pneumococcal serotypes unique to PPSV23,

hence the need for potentially broader protection by using

both vaccines in series [58]. Interestingly, data from US

adults agedC50 years with CAP suggest that pneumococcal

serotypes causing noninvasive pneumonia in this population

may differ markedly from those causing IPD, with PCV7

serotypes over-represented and serotype 5 contributing

substantially to the observed cases of noninvasive pneumo-

coccal pneumonia [59]. Other data from US adults (median

age 58 years) hospitalizedwith CAP after the introduction of

PCV13 for infant vaccination showed that PCV13 serotypes

were detected in 9 % (178/2044) of patients, including only

2 % (40) with PCV7 serotypes [reported as an abstract] [60].

The most common serotypes were 19A (31 %), 5 (20 %), 3

(17 %) and 7F (15 %) [60]. A prospective observational

cohort study conducted over 2 years (2008–2010) in two

teaching hospitals in theUK included 920 adults (median age

72 years) hospitalized with CAP and showed that the most

common pneumococcal serotypes were 14, 1, 8, 3 and 19A

[61]. In Spain, a prospective single-centre study conducted

over a 4-year period (2010–2014) showed that after the

introduction of PCV13 for infant vaccination, there was a

reduction in the proportion of cases of pneumococcal

pneumonia and IPD in adults that were caused by PCV13

serotypes; however, vaccine serotypes were still responsible

for more than half of the cases of pneumonia and&40 % of

IPD cases in adults [62].

Findings of a recent retrospective cohort study are also

noteworthy, as they suggest that the list of underlying

medical conditions for which pneumococcal vaccination is

recommended in immunocompetent adults by ACIP could

be expanded in future guidelines [9]. The analysis identi-

fied several conditions not currently listed in ACIP rec-

ommendations, including rheumatoid arthritis, systemic

lupus erythematosus, Crohn’s disease, and neuromuscular

or seizure disorders, that were associated with increased

risk of all-cause pneumonia and pneumococcal disease.

There was also evidence of risk stacking, whereby the rate

of all-cause pneumonia, pneumococcal pneumonia and IPD

substantially increased with the accumulation of two or

more concurrent risk conditions [9].

Table 3 Overview of recommended pneumococcal vaccination schedule in adults

Country Health condition and other risks Recommendation

USA [1] No other health condition or other risk At age C65 years PCV13 then PPSV23 after 6–12 months

Chronic health conditiona, smoker or resident

of long-term care facility

At age 19–64 years PPSV23 then at age C65 years (after an interval of C1 year)

PCV13 then PPSV23 after 6–12 monthsb

Immunocompromising conditionc or

anatomical/functional aspleniad
At age 19–64 years PCV13 then PPSV23 after C8 weeks then PPSV23 after

C5 years then at age C65 years (after an interval of C5 years) PPSV23

Cerebrospinal fluid leak or cochlear implant At age 19–64 years PCV13 then PPSV23 after C8 weeks then at age C65 years

(after an interval of C5 years) PPSV23

Western

Europe

[63]

Most guidelines have immunization

programmes with age- and risk-based

elements

Recommendations are complex and vary widely among countries in terms of age

groups, risk groups recommended for vaccination and which vaccine should be

administered. PPV23 is widely recommended, but many countries now include

PCV (e.g. PCV13) for certain groups of children and adults, either alone or in

addition to PPV23

Country-specific guidelines should be consulted for more details and the most current recommendations (guidelines are frequently updated)

PPSV23 23-valent pneumococcal polysaccharide vaccine, PCV13 13-valent pneumococcal conjugate vaccine
a Defined as chronic heart disease, chronic lung disease, chronic liver disease, alcoholism or diabetes
b Interval between first and second doses of PPSV23 should be C5 years
c Defined as congenital or acquired immunodeficiency, HIV infection, chronic renal failure, nephrotic syndrome, leukaemia, lymphoma,

Hodgkin disease, generalized malignancy, multiple myeloma, solid organ transplant and iatrogenic immunosuppression
d Defined as sickle cell disease and other haemoglobinopathies, congenital or acquired asplenia, splenic dysfunction and splenectomy
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Recommendations for pneumococcal immunization

outside routine childhood immunization programmes in

Europe are complex and vary widely among countries in

terms of age groups, risk groups recommended for vacci-

nation and which vaccine should be administered, as

highlighted in a recent comprehensive review of govern-

ment recommendations for 16 Western European countries

[63]. The author of the review suggests that greater clarity,

simplification and dissemination of these recommendations

could improve pneumococcal vaccine uptake and help

reduce the high burden of pneumococcal disease in adults

via direct and indirect effects [63]. In general, most of the

16 countries have immunization programmes with age- and

risk-based elements. PPV23 is widely recommended, but

many countries now include PCV (e.g. PCV13) for certain

groups of children and adults, either alone or in addition to

PPV23 (Table 3) [63].

In conclusion, PCV13 has a well established immuno-

genicity and tolerability profile in adults, particularly those

C50 years of age. Results of CAPiTA, a randomized,

double-blind, placebo-controlled trial in [84,000 older

adults aged C65 years, showed that PCV13 was effective

in preventing vaccine-type pneumococcal CAP, vaccine-

type pneumococcal nonbacteraemic (noninvasive) CAP

and vaccine-type IPD. These findings, along with changes

in pneumococcal serotype distribution and epidemiology of

pneumococcal disease in the USA, prompted ACIP to

recommend PCV13 in series with PPVS23 for all adults

aged C65 years. PCV13 also has a role in preventing

pneumococcal disease (pneumonia and IPD) in younger

adults with immunocompromising conditions and poten-

tially in those with other underlying medical conditions

that increase the risk of pneumococcal disease.

Data selection sources: Relevant medical literature (including

published and unpublished data) on 13-valent pneumococcal

conjugate vaccine in adults was identified by searching databases

including MEDLINE (from 1946), PubMed (from 1946) and

EMBASE (from 1996) [searches last updated 27 July 2015],

bibliographies from published literature, clinical trial reg-

istries/databases and websites. Additional information was also

requested from the company developing the drug.

Search terms: Prevenar-13, Prevnar-13, pneumococcal

polysaccharide conjugate vaccine, 13-valent pneumococcal con-

jugate vaccine, PCV, PCV-13, 13-valent, adults.

Study selection: Studies in adults who received PCV13. When

available, large, well designed, comparative trials with appro-

priate statistical methodology were preferred. Relevant

immunogenicity data are also included.
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