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The 7-valent pneumococcal protein conjugate vaccine (PCV7) has been shown to be highly efficacious
against invasive pneumococcal diseases and effective against pneumonia and in reducing otitis media.
The introduction of PCV7 has resulted in major changes in the epidemiology of pneumococcal diseases.
However, pneumococcal vaccines induce serotype-specific immunity, and a relative increase in non-
vaccine serotypes has been reported following the widespread use of PCV7, leading to a need for
extended serotype coverage for protection. PCV10 and PCV13 have been licensed on the basis of
noninferiority of immunogenicity compared to a licensed conjugate vaccine. In this article, we aimed to
review important data regarding the efficacy and effectiveness of the extended-coverage PCVs published
or reported thus far and to discuss future implications for pneumococcal vaccines in Korea. After the
introduction of PCV10 and PCV13, within a short period of time, evidence of protection conferred by
these vaccines against invasive and mucosal infections caused by most of the serotypes included in
the vaccines is accumulating. The choice of vaccine should be based on the changes in the dynamics
of pneumococcal serotype distribution and diseases in the region where the vaccines are to be used.
Continuous surveillance is essential for the appropriate use of pneumococcal vaccines and evaluation
of the impact of PCVs on pneumococcal diseases.

Key words: Pneumococcal vaccines, 10-valent pneumococcal vaccine, 13-valent pneumococcal
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Introduction

Streptococcus pneumoniae (pneumococcus) is an important cause of invasive bacterial
infections, including bacteremia and meningitis and is also a common cause of mucosal
infections such as acute otitis media (AOM), sinusitis, and pneumonia in children. The
capsular polysaccharide is an important virulence factor, and more than 90 serotypes have
been identified based on its antigenicity”. Virulence of pneumococci varies by serotype
and immunity against pneumococci is serotype-specific. Serotype distribution varies
according to age, socioeconomic status, and geographic area, etc. Before the introduc-
tion of pneumococcal conjugate vaccines (PCV), serotypes included in the 7-valent
pneumococcal protein conjugate vaccine (PCV7) accounted for around 80% of invasive
pneumococcal disease (IPD) among young children in the United States (US) and Canada
and for 50% or more in other regions>”. In Korea, common serotypes for pneumococcal
diseases or carriage isolates in children included 4, 6A, 6B, 9V, 11, 19A, 19F, and 23F;
among these, 6A, 6B, 9V, 14, 19A, 19F, and 23F showed high antibiotic resistance rates*”.

PCV7 was licensed in 2000 in the US and has been proven to be safe and effective in
preventing disease and deaths caused by pneumococcal serotypes included in the vaccine
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9 According to the Active Bacterial Core surveillance (ABCs)
network, 5 years after introduction of PCV7, IPD declined by 77%
among children in the US, with a 98% decline in IPD caused by
vaccine serotypesgl. However, after the introduction of PCV7, an
increase in non-PCV7 serotypes has been reported'. In late 2008
and 2010, 10-valent (PCV10) and 13-valent (PCV13) vaccines were
introduced, providing wider serotype coverage (Table 1).

PCV10 and PCV13 were both approved for the prevention of
IPD and AOM caused by the 10 and 13 vaccine serotypes in infants
and young children'"". These vaccines were licensed based on
the World Health Organization (WHO) recommendations, which
state that approval of new PCV against IPD should be based on the
demonstration of immunologic noninferiority to the licensed PCV7
', There were no efficacy or effectiveness data of the extended-
valency PCVs at the time of licensure in the US or Europe. Yet
publications regarding the efficacy and effectiveness of these
vaccines are increasing. PCV7 was first introduced in Korea in
November 2003 and has been used as an optional vaccine for
children under 5 years of age; PCV10 and PCV13 were both in-
troduced in Korea in July 2010 and replaced PCV7 by the end of
the year. It is decided that PCV will be included in the national
immunization program of Korea in 2014.

In this article, we aimed to review important data regarding
the efficacy and effectiveness of the extended-coverage vaccines
published or reported thus far and to discuss future implications
for pneumococcal vaccines in Korea.

Nasopharyngeal carriage

Pneumococcus colonizes in the nasopharynx (NP), which serves
as a reservoir, and colonized pneumococcus is an important source
of person-to-person transmission. Pneumococcus colonized in the
NP, especially newly acquired strains, can also spread to surrounding
tissue and cause AOM and sinusitis or invade the bloodstream,
leading to IPDs such as bacteremia and meningitis'®.

With the introduction of PCV7, reduction in the colonization
of vaccine-type (VT) strains has been observed in vaccinated

subjects, and the resultant transmission reduction led to less

Table 1. Composition of pneumococcal protein conjugate vaccines

Efficacy and effectiveness of pneumococcal conjugate vaccines

colonization among nonvaccinated subjects”’*". Such decrease
in VT colonization was accompanied by increase of non-vaccine-
type (NVT) colonization in most carriage studies of PCV7, resulting
in no significant changes in the overall carriage rates. Ghaffar
et al.”” reported the impact of PCV7 in vaccinated subjects (3-
dose primary series and booster) in children aged <2 years in
a longitudinal study. More than 200 infants were enrolled at 2
months of age and serial NP samples were obtained. While the
carriage rate remained at 24%-30% after age 6 months, the
VT carriage rate decreased from 18% (12 months of age) to 9%
(3 months after the booster). The direct and indirect effects of
PCV7 were well studied in a phase IIl community-randomized
efficacy trial of PCV7 among American Indians'”. Decrease in
VT carriage was shown not only in vaccinated subjects but also
in nonvaccinated siblings if they lived in a household or community
of PCV7-vaccinated infants and children. This study showed that
PCV7 reduces VT colonization and colonization density with an
increase in NVT colonization in both vaccinees and household
contacts. Similar findings have also been reported in older children
and adults who had no history of vaccination®"*”.

There are not many studies on the long-term impact of PCV7
immunization on colonization pattern. However, a recent study
compared NP carriage serotype distribution between 1995 and
2009 (after 8 years of routine PCV7 immunization) in Atlanta,
US, before the introduction of PCV7 and PCV13, respectivelyz‘”.
PCV7 serotypes decreased substantially; however, there was an
increase in non-PCV7 serotypes, with serotype 19A as the leading
serotype. Forty percent of children in 1995 and 31% in 2009
were colonized with S. pneumoniae and 60% and 0.7% were
PCV7 serotypes, respectively. Serotype 6C was the second most
common NP carriage serotype in 2009.

After introduction of PCV13, a reduction in PCV13 serotypes
was reported”””. Cohen et al.” reported the impact of PCV13
in France during the transitional period (2010-2011) from PCV7
to PCV13 (69.3% vaccinated with at least 1 dose of PCV13). NP
carriage rates for serotypes 19A and 7F, 2 of 6 additional serotypes,
were significantly lower in PCV13-vaccinated subjects than
that in PCV7-vaccinated subjects. The reduction of serotype
6C, which is not included in PCV13, suggests cross-protection

Variable PCV7 PCV10 PCV13
Serotypes 4, 6B, 9V, 14, 18C, 19F, 23F PCV7 + 1,5, 7F PCV10 + 3, 6A, 19A
Protein conjugate CRM, g, protein D CRM,q;

Commercial name Prevenar Synflorix Prevenar 13
Pharmaceutical company Pfizer GlaxoSmithKline Pfizer

License (yr) 2000 Late 2008 2010

Introduction in Korea November 2003 March 2010 March 2010

PCV7, 7-valent pneumococcal protein conjugate vaccine; PCV10, 10-valent pneumococcal protein conjugate vaccine; PCV13, 13-valent pneumococcal protein
conjugate vaccine; CRM,q;, Corynebacterium diphtheria toxin mutant 197; NTHi, nontypable Haemophilus influenza protein D.
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against pneumococcal disease by serotype 6C. Desai et al.” re-
ported NP carriage during the first 2 years after introduction of
PCV13 in the US. From July 2010 to June 2012, findings were
compared among the four 6-month study periods. During this
period, the proportion of children vaccinated with >2 doses of
PCV13 increased from 12.7% to 83.3%. Among NP carriage
isolates, the proportion of PCV13 serotypes decreased from 29%
in the first 6-month period to 10.0%-15.3% in the following
periods. Serotype 19A decreased from 25.8% in the first period
to 5.8%-10.2%, and non-PCV 13 (except 6C) serotypes increased
from 63% to 77%-830% in the following periods. Recently, a
randomized double-blind trial in Israel directly comparing the
impact of PCV13 versus PCV7 on NP colonization was reported””.
This study showed that PCV13 reduced NP acquisition of PCV13
additional serotypes 1, 6A, 7F, and 19A, cross-reacting serotype 6C,
and the common PCV7 serotype 19F. There were no differences
between vaccine groups with the other PCV7 serotypes and
serotype 3, and there were too few serotype 5 isolates for com-
parison. Immunoglobulin G (IgG) titers after vaccination were
also measured in this study, and PCV13 elicited higher titers for
PCV13 additional serotypes and serotype 19F, and similar or
lower responses for the other PCV7 serotypes. The authors spe-
culated that these findings suggest that immunogenic responses
may serve as a predictor of vaccine effectiveness through both
direct and indirect protection.

The effect of PCV10 on NP carriage is of interest in 2 aspects:
the impact on carriage of nontypable Haemophilus influenzae
(NTHi) and the impact on S. pneumoniae. PCV10 consists of 10
pneumococcal polysaccharide antigens conjugated to NTHi-
derived protein D (PD) as a carrier protein. After the introduction
of PCV7, in a study of bacterial colonization other than pneumo-
coccus, increases in NTHi and Staphylococcus aureus carriage
were reported in vaccinated children and their parents.” After
the introduction of PCV10, Prymula et al.”” reported NP carriage
in subjects who were fully vaccinated with a 2-dose primary series
and booster. Compared with the control group, VT serotype
carriage was reduced by 22%-35% in those vaccinated with
PCV10. For carriage of any H. influenzae, subjects vaccinated
with PCV10 showed a nonsignificant increase during the first
year after booster vaccination (vaccine efficacy [VE], -3.5%;
95% confidence interval [CI], -30.7% to 18.0%) and a nonsigni-
ficant decrease for NTHi carriage (VE, 1.7%; 95% CI, -25.5%
to 23.0%). Over the 12-month period during which NP carriage
was evaluated, there was no consistent effect on H. influenzae or
NTHi carriage. A randomized controlled trial on NP colonization
was also reported, and infants (n=780) vaccinated with either
PCV7 or PCV10 were followed until they reached 2 years of
age™. PCV10 did not show a differential effect on NP NTHi co-
lonization, acquisition, or density compared to PCV7 in healthy
children aged up to 2 years. There was also no significant dif-
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ference in the acquisition or colonization of pneumococci between
PCV7 and PCV10 groups. Serotypes 1, 5, and 7F (which are
known to be highly invasive with a high case-to-carrier ratio)
were rarely detected (0.4% of all samples). Colonization rates of
serotypes 6A and 19A were similar in both PCV7 and PCV10
groups. Throughout the follow-up period, 19A was the predomi-
nant colonizing serotype, ranging similarly in both groups from 6%
to 11%, followed by 11A (2%-6%) and 16F (2%-49%). Although the
study was focused on NTHi colonization in healthy children and
effect of the vaccine during NTHi disease cannot be speculated,
these results imply that PCV 10 may not have a herd effect for NTHi.

Changes in circulation and prevalence of colonizing specific
serotypes are not directly related to epidemiologic changes in
IPD, as different serotypes have different invasiveness capacities
Y However, monitoring NP carriage is important in assessing
the impact of vaccines on pneumococcal carriage with respect to
herd immunity and serotype replacement.

Otitis media

S. pneumoniae, H. influenzae, and Moraxella catarrhalis are
among the most common bacterial pathogens that cause AOM®”.
Among these pathogens S. pneumoniae is the most common,
being isolated from middle ear fluid in 20%-60% of patients**”.
Following the introduction of PCVs, numerous studies have
evaluated the impact of PCVs on AOM.

Fletcher and Fritzell™” reviewed PCV trials that used otitis
media as an endpoint. Five large clinical trials of the efficacy or
effectiveness of PCV on AOM were conducted, all with different
study designs. One study was conducted in the Northern California
Kaiser Permanente (NCKP) Health Services among 23 medical
centers in California from 1995 to 1998 using PCV7°**®. Two
studies were conducted in Finland (the FinOM study) among 8
clinics in 3 Finnish cities between 1995 and 1999 with 2 vaccines,
PCV7 and PCV7-OMPC*"*”. The Native American Trial was a
double-blind, community randomized clinical trial conducted
among Navajo and White Mountain Apache children from 1997
to 2000 The fifth study was conducted in the Czech Republic
and Slovakia from 2000 to 2004, using the PCV11-PD vaccine
(the POET study)”]. In all studies, subjects were vaccinated with a
3-dose primary series and a booster dose.

All studies varied in methodology, such as primary endpoint
definition (all episodes of AOM versus the first episode of AOM), age
of follow-up (up to 2 years of age versus 3.5 years or until 4-5 years
age), source of middle ear fluid for culture (tympanocentesis versus
spontaneous rupture), and type of randomization (individual
versus community-based randomization).

For the microbiological endpoint, the VE against VT-pneumo-
coccal AOM was about 60% across trials. In contrast, the VE
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for the clinical endpoints varied substantially between trials.
The VE was 7% (PCV7/NCKP), 6% (PCV7/FinOM), -1% (PCV7-
OMPC/FinOM), and -0.4% (PCV7/Native American Trial). The
VE was 349% against first-episode ear, nose, and throat specialist
referral cases (PCV11-PD/POET study). This lack of VE against
clinically diagnosed AOM episodes reflects the difficulty of
assessing the effect of PCV on OM. Without a validated definition
or diagnostic criteria, the diagnosis of OM differs widely among
clinicians.

For follow-up through 2 years of age for the 5 trials and in
long-term follow-up for 2 of the trials (PCV7/NCKP, until 3.5
years age; PCV7/FinOM, until 4-5 years age), the VE was higher
in preventing recurrent AOM and reducing the need for tympa-
nostomy tubes. Subjects who participated in the FinOM trial were
followed until they reached 13 years of age to evaluate the long-
term effect of the vaccine on tympanostomy tube placement™.
The impact of the vaccine was age-dependent: from 2 to 5 years
of age the VE was 34% (95% CI, 1% to 52%) for PCV7 and that
for the age group of 6 to 12—13 years was —13% (95% CI, -137%
to 46%). Thus, PCV7 reduced tympanostomy tube placement
rates in children aged <5 years.

Larger values for VE in preventing recurrent AOM and the
reduced need for tympanostomy suggest that prevention of early
episodes of AOM through vaccination may prevent subsequent
episodes of complicated OM*. Furthermore, a meta-analysis of
PCV trials showed that vaccines have a greater impact on more
severe forms of AOM"". The effect of PCV on AOM is difficult
to estimate; however, rates of otitis-related outpatient medical
visits in the US in children aged <2 years decreased by 20% two to
three years after PCV7 introduction®”. In Australia, within 2.5 years
of PCV7 vaccination, myringotomy with ventilation tube insertion
decreased by 230% in children <1 year of age*”. However, according
to a systematic review conducted by Taylor et al."’, physician
visits for AOM began to decrease 3-5 years before PCV7 was
introduced and continued to decline thereafter. Therefore, the
vaccine does provide some protection against AOM, although
other factors may have also contributed to the recent decline in
AOM.

In the FinOM study, PCV7 was associated with an increase of
AOM due to M. catarrhalis and H. influenzae. In contrast, in the
POET study, NTHi-associated AOM showed a 35% decrease. How-
ever, the case definitions differed in each study, thus the results
of these studies are not directly comparable.

A recent study in Spain analyzed the changes in S. pneumoniae
isolated from spontaneous middle ear drainage over a 12-year
period (1999-2010)*. The 3 most frequent serotypes were 19A
(27.8%), 3 (11.2%), and 19F (9.0%). PCV7 serotypes decreased
after the introduction of PCV7 in 2001 from 62.4% (1999-2001)
to 2.2% (2009-2010). The prevalence of serotypes 1, 5, and 7F
were low, but showed an increasing trend during the study period.
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Serotype 19A increased from 19.7% (1999-2001) to 37.9%
(2008-2010), and serotype 3 increased from 5.1% (1999-2001) to
15.0% (2008-2010). AOM caused by 6A did not vary, but serotype
6C showed an increase over time.

A recent report of the efficacy of PCV10 against AOM in children
in Panama showed a VE of 56% (95% CI, 13% to 78%) for first
episodes of pneumococcal AOM, 67% (95% CI, 17% to 87%) for
VT-pneumococcal AOM, and 15% (95% CI, -849% to 61%) for
NTHi AOM™. Further surveillance data are needed regarding the
epidemiologic changes of NTHi.

No clinical trials have assessed the efficacy of PCV13 on AOM.
However, effectiveness data of PCVs against AOM are available
from Israel. Three years after the introduction of PCV7, the
yearly incidence of AOM caused by VT (PCV7+serotype 6A) de-
creased by 75% in children <24 months of age””. One year after
the introduction of PCV13, the yearly incidence of AOM caused
by 5 additional types (excluding serotype 6A) in PCV13 VT de-
creased by 85% in children in this age group™.

Pneumonia

S. pneumoniae is a leading cause of bacterial pneumonia;
however, the definition of pneumonia may vary by physicians
and it is difficult to determine the causative agent of pneumonia
in children. Moreover, only a small proportion is identified as
pneumococcal pneumonia and serotype information remains
quite limited.

Owing to these difficulties, a WHO working group developed
a standardized definition for reporting evidence of alveolar con-
solidation on chest radiography™. The efficacy of PCV against
pneumonia has been studied in clinical trials evaluating a 9-
valent vaccine (PCV9) and a 11-valent vaccine (PCV11) as well as
PCV7. PCV9 and PCV11 were experimental vaccines and included
serotypes 1 and 5 (PCV9) and serotypes 1, 5, 3, 7F (PCV11) in
addition to those included in PCV7. PCV9, and PCV7 vaccines
used the nontoxic mutant of diphtheria toxoid, CRM,g,, as the
carrier protein and PCV11 used tetanus toxoid and diphtheria
toxoid as the carrier protein. An initial study conducted in the
NCKP district showed a VE of 18% against radiologically con-
firmed pneumonia®, which subsequently increased to 27% after
application of the WHO definition of pneumonia®”. In studies
conducted in Gambia and South Africa where PCV9 was vaccinated
for 3 primary doses and no booster, the VE for pneumonia was
estimated at 20%-37%"""". In studies conducted in the Philip-
pines where PCV11 was vaccinated with 3 primary doses and
no booster, 22.9% reduction was observed®. Based on these
studies of PCV7, PCV9, and PCV11, according to a Cochrane
systematic review, the VE was 27% (95% CI, 15% to 36%) for
WHO radiologically defined pneumonia®®. Limited studies have



evaluated the direct impact of PCV on pneumococcal pneumonia;
however, there are a few reports from various countries that
can provide insight on the impact of PCVs on pneumococcal
pneumonia. An extensive analysis on the serotype changes of
pneumococcal pneumonia from 2000 to 2004 in Uruguay was
performed before the introduction of PCV*”. Among a total of
387 pneumococcal isolates obtained from blood or pleural fluid,
489 were found in children <2 years of age and 81.1% were
identified in children <5 years of age. Serotype 14 (30.5%) was
the most prevalent, followed by serotypes 1 (19.9%), 5 (17.8%),
and 3 (6.5%). According to this study, PCV7 would cover 60%,
PCV10 would cover 83.8%, and PCV13 would cover 93.9% of
the serotypes. Subsequently in Uruguay, PCV7 was introduced in
March 2008 into the routine vaccination program (2+1 schedule),
and PCV7 was replaced by PCV13 in April 2010. The incidence
of pneumococcal empyema in children <14 years of age showed
a 77% reduction in 2012, compared with the prevaccination
period, 2005-2007" (Pirez MC, personal communication, Jun
12, 2013).

To evaluate the impact of PCV vaccination on pneumococcal
pneumonia, extensive studies have analyzed changes in hospita-
lizations associated with all-cause pneumonia. Shortly after the
introduction of PCV7 in the US by 2004, hospitalizations for
pneumococcal pneumonia in children <2 years of age decreased
by 65% and those for all-cause pneumonia decreased by 39%".
Reductions in childhood pneumonia have been reported in other
countries after the introduction of PCV7. Within 30 months of
PCV7 introduction in Australia, all-cause pneumonia decreased
by 36% in children <2 years age®”. In correlation with the
plateau in the incidence of IPD, declines in childhood hospitali-
zations due to pneumonia were also sustained during the decade
after 2000 when PCV7 was introduced in the US*".

One study reported the impact of PCV13 on pneumonia. A
prospective population-based study was conducted in Southern
Israel and assessed hospital use for alveolar pneumonia in young
children aged <2 years before and after implementation of
PCV13. In this area, PCV7 was introduced into the national
immunization program of Israel in 2008 and was replaced by
PCV13 in 2010. The monthly incidence, which was 19.5-22.4
per 1,000 population before the introduction of PCV7, decreased
to 11.4 per 1,000 population when more than 70% of infants
received more than 2 doses of PCV13 (Dagan R, personal com-
munication, Jun 12, 2013).

Afonso et al.”” reported the effectiveness of PCV10 on pneu-
mococcal pneumonia in Brazil. Before the introduction of PCV10 in
September 2010, no PCV had been incorporated into the routine
immunization system. Hospitalization rates among children 2-24
months of age with all-cause pneumonia were analyzed in 5
Brazilian cities. Within 1 year of PCV10 introduction, significant
reductions (23.3%—28.7%) were noted in 3 cities; however, vacci-
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nation coverage was lower in the other 2 cities.

Invasive pneumococcal diseases

The overall estimated protection conferred by PCV7 against
IPD was evaluated in randomized controlled trials among children
aged <2 years before licensure®®*”. In a clinical efficacy trial
including 37,868 healthy children in California, the efficacy of
PCV7 against VT IPD in the fully vaccinated group was 97.4%
(95% CI, 82.7% to 99.9%)’". A group randomized trial among
subjects from the Navajo and White Mountain Apache Indian
reservations was performed in 8,292 children, and the VE was
76.8% (95% CI, -9.4% to 95.19%)’®. Two clinical efficacy trials
were conducted in Africa: the South African trial*” and the Gambia
trial””. A 9-valent investigational PCV was administered as a
3-dose schedule without a booster dose. The VE for VT IPD in
these studies was 85% (95% CI, 32% to 98%) in the human im-
munodeficiency virus (HIV)-negative children and 77% (95% ClI,
519% to 900%).

The Cochrane Collaboration performed a systematic review to
analyze the VE of PCVs, including PCV7 and the experimental

*9 From data based on 5 rando-

9- and 11-valent formulations
mized controlled clinical trials including 113,044 children under
<2 years of age, the overall VE for VT IPD was 80% (95% (I,
580/ to 90%) and 58% (95% CI, 29% to 75%) for all serotypes%].
After the introduction of PCV7, the IPD incidence decreased sub-
stantially throughout the US. Data from the ABCs showed that
the overall incidence of IPD in children <5 years age decreased
from 99 cases per 100,000 population (1998-1999) to 21 cases
per 100,000 population (2008)”'". This decrease was attributable
to a 99% reduction in IPD due to the PCV7 serotypes and serotype
6A, thus resulting in an overall decrease of 79% for all IPD. The
vaccine-related herd immunity resulted in a reduction of IPD in
other age groups. This observation was more evident in specific
age groups: during 1998-2007, the incidence of IPD due to the
PCV7 serotypes in infants aged <2 months showed a 94% (95%
CI: 52% to 999%) decrease and a 92% reduction of IPD was ob-
served in subjects aged =65 years".

However, after a dramatic decline following PCV7 introduc-
tion, the overall rates of IPD plateaued and remained at 22-25
cases per 100,000 children aged <5 years in the US. This is
attributable to increases of NVT serotypes, particularly 19A%"
) The incidence of IPD due to serotype 19A increased for all
ages, and is currently the most common serotype in all US age
groups. However, the magnitude of the increase in NVT diseases
was small compared to the decrease of VT diseases. According to
2008 ABCs data, 61% of IPD cases in children aged <5 years were
due to PCV13 serotypes (serotype 19A for 43% of cases; PCV7
serotypes accounted for <2% of cases). Serotypes 19A, 7F, and 3
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accounted for 99% of PCV13-additional serotypes, serotypes 1
and 5 accounted for 0.5%, and serotype 6A caused 0.6% of [PD
cases'".

This change in epidemiology in IPD has been reported in other
countries as well (Table 2). In Australia, the overall incidence of
IPD between 2002 to 2007 decreased by 74.9% in all children <2
years of age after PCV7 introduction in 2005, with an increase in
NVT IPD, serotype 19A being the most prevalent®™*”. In Calgary
area, Canada, the incidence of IPD has been stable among young
children aged 0-23 months since 2004, with a 94% decrease in
IPD due to PCV7 serotypes and 79% decrease in overall cases of
IPD in 2007 after PCV7 introduction in 2002, compared with the
1998-2001 period. The incidence of IPD due to NVT serotypes
in children (aged <16 years) increased by 109% in the same
period®.

After the introduction of PCV13, a decrease of IPD due to addi-
tional serotypes in the PCV13 has been demonstrated in several
studies. The US Pediatric Multicenter Pneumococcal Surveillance
Groups included 8 children hospitals that prospectively collected
IPD cases since September 1993 (Fig. 1)*”. Compared with the
mean number of cases for 2007-2009, IPD cases decreased by
420 overall and 53% for children aged <24 months in 2011.
PCV13 serotype isolates decreased by 57% during these same

Efficacy and effectiveness of pneumococcal conjugate vaccines

time periods: 19A, 7F, and 3 decreased by 58%, 54%, and 68%,
respectively. The number of infections caused by serotypes 1
and 6C also decreased in 2011. The most common non-PCV13
serotypes in 2010 and 2011 were 33F, 22F, 12, 15B, 15C, 23A,
and 11. Among 124 IPD cases in 2011, 12 with PCV13 vaccination
were from serotype 19A.

The incidence of IPD among Alaskan Native children is of
interest, as IPD rates in this population are 10-fold higher than
that in non-Alaskan Native children. After introduction of PCV7,
among children aged <5 years in the Yukon Kuskokwim Delta
(YKD) region, overall IPD incidence decreased by 73% with a
9809 decline of PCV7 serotype disease during 2001-2004. How-
ever, IPD incidence in YKD children increased during 2005-2007
owing to an increase in non-PCV7 serotypes, predominantly 7F
and 19A, which caused 31% and 24% of IPD cases in children <5
years age. PCV13 was first introduced in this area as a part of a
phase III clinical trial in 2009. PCV13 was soon licensed in March
2010, and nearly 90% of YKD children <5 years age received at
least 1 dose of PCV13 within 12 months of licensure. After intro-
duction of PCV13 with catch-up vaccination in subjects aged <5
years, the overall IPD incidence showed a 73% decrease, PCV13
type IPD decreased by 65%, and a 91% decrease of non-PCV13
IPD was observed by August 2011”. This study was performed

Table 2. Studies demonstrating effectiveness of pneumococcal protein conjugate vaccines in invasive pneumococcal diseases in children

Type of area or Year of PCV IPD by additional
Vaccine population Age introduction Period AIllPD VTIPD types in extended  NVT IPD Comments
(reference) valency PCV

PCV7  USABCs (63) All ages Feb. 2000 1998-1999vs. 2007 —45% —94% +29%* Serotype 19A Serotype 19A (+324%)

<5 Years 1998-1999 vs. 2007  -76% —100% +51%* (+253%)

PCV7  England and Wales (83) <2 Years Sep. 2006 2000—2006 vs. -56% -98% +68% Increase of serotype 7F,

2009-2010 19A, and 22F
PCV7  Australia (nonindigenous <2 Years Jan. 2005 2002-2004 vs. 2007 —74.9% —96.5% +186%  Serotype 11A (+819%),
children) (66) 22F (+478%), 19A
(215%)
PCV7  Canada (Calgary, Alberta) <2 Years Jul. 2002  1998-2001 vs. 2007 -79% —94% +139%"  Increase of NVT (+109%)
(68) in children<16 years
PCV7  New Zealand (75) <2 Years Jun. 2008 2006-2007 vs. 2010 -71% -91% No change
PCV10 Canada (Quebec) (74)  6-30 Mid 2009 Dec. 2007-Dec. 2009 —45.3% —62.9% —76.8% —47.3%*  Decrease in serotype 19A
Months vs. Dec. 2009-Dec. (-=36.5%) and NVT*
2011 (~47.3%)

PCV10 New Zealand® (75) <2 Years Oct. 2011 2010 vs. 2012 +8.3% —64.3%  —25.0% +54.6%  Increase in NVT serotypes,
including serotype 19A,
22F, 6Cand 11A

PCV13 Alaska Native (70) <5 Years Mar. 2010 2005-2008 vs. —73% —65% —91%  Decrease in both VT and

2009-2011 NVT IPD
PCV13 8 Children hospitalsin  Infantsand ~ Mar. 2010 2007-2009 vs. 2011 —-42% —-57% -59% No change  Serotype 19A (-58%), 3
US® (69) children (~68%), 7F (-54%)
PCV13 US ABCs (73) <2 Years Mar. 2010 Q1: 2006—2008 vs. -55% - -91%' No change  Serotype 19A (-89%), 7F

2012

(+100%)

PCV, pneumococcal protein conjugate vaccine; IPD, invasive pneumococcal disease; VT, vaccine type; NVT, nonvaccine type; ABCs, Active Bacterial Core surveillance

(ABCs) network; Q, Quarter.

“Except serotype 19A. 'P>0.05. *Comparison between cohorts of PCV7- vs. PCV10-vaccinated subjects (3+1 schedule). Based on number of cases. 'Serotypes 1,

3,5, 7F and 19A.
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in a small population and considering the concurrent decrease in
non-PCV 13 serotypes, further observation of the changes after
the introduction of the vaccine is warranted.

The effect of PCV13 is also well described in the weekly surveil-
lance data of England and Wales”. Within 1 year of vaccination
in 2011, the effect of PCV13 was shown at the population level,
and IPD cases due to additional serotypes in PCV13 (+serotype
6C) in children <2 years of age decreased by 50%. For children
aged <13 months, vaccine effectiveness for 1 priming dose was
38% (95% CI, -218% to 89%) and effectiveness for 2 priming
doses was 78% (95% CI, —18% to 96%). Effectiveness for a
single dose in the second year of life was 73% (95% CI, 29% to
90%) and 77% (95% CI, 38% to 91%) when those who had also
received =1 PCV13 dose in the first year were included. In this
analysis, 6C was included in the vaccine serotype on the basis
of evidence of cross-protection from 6A. Vaccine effectiveness
was 70% for serotype 19A (95% CI, 10% to 90%) and 76% for
serotype 7F (95% CI, 21% to 93%) for =1 dose. The incidence of
IPD in England and Wales decreased continuously through July
2013 and was observed in both vaccinated and nonvaccinated
subjects’.

Preliminary data from the ABCs in the US show the early
impact of PCV13 on IPD””. When comparing the same first
quarter (January—March) of 2006-2008 with 2012, all IPD cases
decreased by 55% in children <2 years of age. In the same age
group, IPD due to 5 additional PCV13 serotypes, 1, 3, 5, 7F, and
19A (excluding serotype 6A, which may be cross-protected by
serotype 6B), decreased by 91%. In the serotype-specific analysis,
IPD caused by serotypes 19A and 7F showed statistically signi-
ficant decreases of 89% and 100%, respectively. A decrease was
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also observed for all IPD cases in other age groups such as children
aged 2—4 years, adults, and the elderly.

In the province of Quebec, Canada, the PCV7 program was
launched in December 2004, and a 2+1 dose schedule (2, 4, and
12 months) was recommended for low-risk infants with catch-up
for children aged <5 years. PCV10 was introduced in the summer of
2009, and PCV13 replaced PCV10 in January 2011. Transition to a
new vaccine was recommended regardless of the number of doses
of another vaccine already administered. Through a comparison
of birth cohorts, ecologic analysis of the effectiveness of PCV7
versus PCV10 was possible. The incidence of IPD among infants
vaccinated with PCV7 with a primary series and booster was
56.3/100,000 in children 6-30 months of age compared to 30.8
in children vaccinated with PCV 10 (rate ratio, 0.55; P=0.02)".
The incidence of 19A-related disease was lower in the PCV10
group; however, the incidence of diseases caused by serotypes
other than PCV10 (excluding serotype 19A) and 19A was also
lower in the PCV10 group. Thus, it is uncertain whether the
lower incidence of serotype 19A disease is associated with cross-
protection by 19F included in PCV10. There was no difference in
the incidence of IPD caused by serotype 19A between the cohort
vaccinated with PCV7 as a primary series and booster and the
cohort vaccinated with PCV7 as a primary series and PCV10 as a
booster dose (17.6 vs. 16.9).

The effectiveness of PCV10 is also described in the Invasive
Pneumococcal Disease Reports of New Zealand, where IPD became
a notifiable disease in October 2008. PCV7 was introduced in
New Zealand in June 2008 and was replaced with PCV10 in the
national immunization program in October 2011. Within 2 years
of PCV7 introduction, IPD showed a 71% decrease in children <2

@ 3 Additional serotypes in PCV10 and PCV13
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Fig. 1. Changes in invasive pneumococcal disease incidence among 8 children’s hospitals
in the United States after the introduction of the 13-valent pneumococcal protein conjugate
vaccine (PCV13). PCV7, 7-valent pneumococcal protein conjugate vaccine; PCV10, 10-valent
pneumococcal protein conjugate vaccine. Adapted from Kaplan SL, et al. Pediatr Infect Dis J

2013;32:203-7%.
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years of age with a 91% decrease in IPD due to PCV7 serotypes’”.
PCV10 showed a further 64.3% decrease in PCV10 serotypes
within 1 year of introduction (2010 vs. 2012); however, there was
an increase in NVT serotypes, including serotypes 19A, 22F, 6C,
and 11A”°. In 2013, number of serotype 19A cases decreased to
pre-PCV10 period.

Recently, a controlled, cluster-randomized, double-blind field
trial was performed in Finnish healthcare centers to evaluate the
effectiveness of PCV10 against IPD in 30,527 subjectsm). Vaccine
effectiveness was compared with a PCV10 3+1, PCV10 2+1, and
control 3+1, control 2+1 group. During a 25-month observation
period, 26 cultures confirmed IPD; among these, 13 culture-con-
firmed VT cases of IPD were detected, with 0 in the PCV10 3+1
group, 1 in the PCV10 2+1 group, and 12 in the control groups.
Vaccine effectiveness of PCV10 341 was 100% (95% CI, 83% to
100%) and that of PCV10 2+1 was 92% (95% CI, 58% to 100%)
for VT IPD. Vaccine effectiveness was demonstrated for the
most common serotypes, 6B and 14; however, serotype-specific
effectiveness was not applicable for serotypes 1, 5, and 7F owing
to a low number of cases, and there were was only 2 cases of
serotype 19A in the control group (including 1 case that was ex-
cluded from the analysis because of assignment error).

Impact of PCV on pneumococcal diseases in Korean
children

IPD is not yet included as a nationally notifiable disease in
Korea and population-based incidence data on pneumococcal
diseases are not available. Thus, it is difficult to determine the
impact of PCV in terms of effectiveness and efficacy in Korea.
However, there are reports on pneumococcal diseases, which
provide insight into changes of pneumococcal diseases after
introduction of PCVs in Korea.

1. Nasopharyngeal carriage

Several NP carriage studies have been reported among children in
Korea. A study conducted among healthy children aged 18-59
months in 2008 reported NP carriage among fully vaccinated
subjects (PCV7 3-dose primary series with a booster)”. PCV7
serotypes accounted for 11.1% of all serotypes and serotype 6C
(16.79%) was the most common serotype, followed by serotypes 6A
(13.99%) and 19A (11.1%). The same study reported NP carriage
in nonvaccinated control subjects, where PCV7 serotypes accounted
for 52.4% of all serotypes, and frequent serotypes included
serotypes 14 (14.3% of the isolates), 6B and 23F (12.7% each),
and 19F (11.1%). Cho et al.” studied NP isolates obtained from
children with respiratory symptoms during 2009-2010 and
compared serotype distribution with isolates from 1997-2002,
the period before PCV7 introduction in Korea. The proportion of
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PCV7 serotypes was 61.9% during 1997-2002, whereas during
2009-2010 the proportion of PCV7 serotypes accounted for 23.8
% of the isolates, PCV10 did not show additional coverage, and
PCV13 accounted for 55.0%. During the 2009-2010 period, the
most common serotypes were 19A (15.9% of isolates), 6A (15.2%),
19F (11.3%), 15C, and 35B (6.0% each). No studies have been
reported to date after the introduction of PCV10 and PCV13.

2. Otitis media

A few studies have reported the serotype distribution of pneu-
mococcus associated with OM. One study reported pneumococcal
isolates obtained from ear discharge in children with OM
between 2001 and 2006””. Among 54 pneumococcal isolates, the
predominant serotypes were 19A (44%), 19F (28%), 6B (7%), 6A
(49%), 9V (4%), and 1 (4%). PCV7 serotypes accounted for 43%,
and 19A and 19F accounted for 72% of isolates.

3. Invasive pneumococcal diseases

Two retrospective multicenter studies were conducted for
causative agents of invasive bacterial infections in children at
2 different study periods. The first study was performed during
1996-2005 among subjects aged <15 years involving 18 university
hospitals™. IPD accounted for 23.4% (179/766) of all invasive
bacterial infections, and in children aged 3 months to <5 years,
45.3% (140/309) were due to pneumococcus. In the following
study, which collected data from subjects <18 years of age during
2006-2010 involving 25 university or general hospitals, IPD
accounted for 23.2% of invasive bacterial infections in Korean
children and 54% in children aged 3 months to <5 years™.

A hospital-wide surveillance study conducted from 1991 to 2006
included 158 invasive pneumococcal isolates. During 2001-2003,
just before PCV7 was introduced in Korea, PCV7 serotypes ac-
counted for 54% of all IPD isolates. The proportion of serotype
19A isolates increased from 0% (0/40) during 1991-1994 to 18%
(7/39) during 2001-2003, suggesting that serotype 19A began to
increase before the introduction of PCV7 in Korea. This increase
was associated with the emergence of a highly resistant clone,
ST320, related with pressure of antibiotic use”. During this period,
the most prevalent serotypes were 23F, 14, 19F, 6B, and 19A. PCV7
serotypes accounted for 60.7%, PCV10 serotypes for 62.7%, and
PCV13 serotypes for 81.0% of IPD cases.

A retrospective multicenter study including 8 university hospitals
during 2006-2010 reported 140 cases of IPD in children <18
years of age (Fig. 2)*. PCV7 serotypes decreased from 62.5% in
2006 to 21.4% in 2010, and 3 PCV13-specific types (3, 6A, and
19A) increased from 18.8% in 2006 to 42.9% in 2010. The pro-
portion of the 3 additional serotypes in PCV10 was relatively
small (0%-7.1%). During this period, PCV vaccination rates for a
3-dose primary series increased from 40% (2005) to 73.8% (2010)™".

After the introduction of PCV10 and PCV13 in Korea, a pro-
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Fig. 2. Distribution of serotypes among 140 invasive pneumococcal isolates in children in
Korea by year, 2006-2010. In the trend analysis, PCV7 serotypes significantly decreased over
time (from 62.5% to 21.4%, P=0.002), whereas 3 PCV13-specific serotypes increased (from
18.8% to 42.9%, P=0.016). PCV7, 7-valent pneumococcal protein conjugate vaccine; PCV10,
10-valent pneumococcal protein conjugate vaccine; PCV13, 13-valent pneumococcal protein
conjugate vaccine. Adapted from Cho EY, et al. Diagn Microbiol Infect Dis Forthcoming 2014%.

spective multicenter study including 75 IPD cases in children
aged <18 years during 2011-2013 showed that PCV7 serotypes
accounted for 9.3% of the IPD cases, no cases were found for the
additional PCV10 serotypes, and PCV13 showed coverage for
53.3% of cases™. Serotype 19A was the most common serotype
responsible for 32.0% of all isolates and serotype 6A accounted
for 5.3%. Other common serotypes were 10A, 15A, 15B, 15C,
23A, and 11A.

Conclusions

After the introduction of PCV, major changes have occurred
in the epidemiology of pneumococcal diseases. PCV7 has been
shown to be highly efficacious against VT IPD and effective
against pneumonia and in reducing OM episodes and related
medical care visits in vaccinated subjects'. PCV7 not only
showed decreases in disease in vaccinated subjects but also an
indirect herd effect in unvaccinated subjects. On the other hand,
pneumococcal vaccines induce serotype-specific immunity, and
after the widespread use of PCV7, a relative increase in nonvaccine
serotypes has been reported, leading to a need for extended serotype
coverage for protection. PCV10 and PCV13 have been licensed
on the basis of noninferiority of immunogenicity compared to a
licensed conjugate vaccine. Following the introduction of PCV10
and PCV13 in 2009 and 2010, within a short period of time,
evidence of protection of these vaccines against invasive and mu-
cosal infections caused by pneumococcal serotypes included in the
vaccines is accumulating. Vaccine selection should be based on the

experience of changes in the dynamics of pneumococcal sero-
types and diseases. Continuous surveillance is essential for the
appropriate use of pneumococcal vaccines and evaluation of the
impact of PCVs on pneumococcal diseases.
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