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While our ability to prevent pneumococcal 
infections is constantly increasing with new vac-
cines, Streptococcus pneumoniae is still a major 
cause of morbidity and mortality worldwide. 
Globally, pneumococcal diseases have been 
estimated to account for approximately 1 mil-
lion deaths annually in children under 5 years 
of age. S. pneumoniae is the most common 
cause of invasive bacterial disease in children, 
including bacteremia, meningitis and bactere-
mic pneumonia [1]. At the time of its approval 
in 2000, the 7-valent pneumococcal conjugate 
vaccine (PCV-7) included seven of the most 
common serotypes (i.e., serotype 4, 6B, 9V, 14, 
18C, 19F and 23F) causing pediatric invasive 
pneumococcal disease (IPD) in the USA. By 
May 2009, 35 countries had introduced PCV-7 

into their national immunization program. 
Recently, the first Global Alliance for Vaccines 
and Immunization (GAVI)-eligible country, 
Rwanda, introduced PCV-7 to its national 
immunization program [2].

With the introduction of PCV-7 into routine 
childhood vaccination schedules in the USA, its 
efficacy in preventing IPD, pneumonia and otitis 
media in infants and young children has been 
demonstrated by epidemiological surveillance 
studies [3–6]. Rates of pneumococcal meningi-
tis have decreased among children and adults 
since the introduction of PCV-7 [7]. However, 
although small compared with the overall reduc-
tion, there has been a rise in IPD cases due to 
nonvaccine serotypes in this postvaccine era in 
the USA [8]. With the demand for universally 
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The introduction of a 7-valent pneumococcal conjugate vaccine (PCV-7) into the routine 
childhood vaccination schedule has been shown to be effective in preventing invasive 
pneumococcal disease (IPD), pneumonia, otitis media and meningitis in infants and young 
children as determined by epidemiological surveillance studies. There has been a rise in IPD due 
to nonvaccine serotypes; however, this rise is small compared with the overall reduction in IPD. 
Non-PCV-7 serotypes and vaccine-related serotypes, such as serotypes 1, 5, 7F, 6A and 19A, 
have also been reported to cause IPD in some parts of the world where morbidity and mortality 
from pneumococcal disease are higher. An investigational 13-valent pneumococcal conjugate 
vaccine (PCV-13) uses CRM197 as a carrier, similar to the current PCV-7, and covers serotypes 1, 
3, 5, 6A, 7F and 19A, in addition to the serotypes of PCV-7 (serotype 4, 6B, 9V, 14, 18C, 19F 
and 23F). PCV-13 is safe and well tolerated with other pediatric vaccines in infants according to 
clinical trials. IgG anticapsular polysaccharide-binding concentrations and opsonophagocytic 
assay responses are similar and noninferior between PCV-13 and PCV-7 and, according to 
immunogenicity studies, PCV-13 has more potential to protect against pneumococcal diseases 
with the additional six serotypes. With the addition of these new serotypes, it could be possible 
to cover potential pneumococcal serotypes causing IPD throughout the world. The cost of the 
vaccine, its length of duration, optimal scheduling, combination and boosting with PCV-7 are 
still unresolved issues. Assessment of the vaccine’s effectiveness and efficacy following potential 
licensure will require carefully designed cohort and case–control studies that can assess the 
indirect effects of PCV-13.
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applicable serotype composition, studies for second-generation 
pneumococcal conjugate vaccines (PCVs) are ongoing. There are 
currently two new conjugated vaccines: 10-valent pneumococcal 
vaccine, which uses protein D from the nontypeable Haemophilus 
influenzae protein (PHiD-CV; GlaxoSmithKline; currently 
approved by the EMEA as of January 2009, including serotypes 1, 
4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F) and an investigational 
13-valent PCV (PCV-13; containing serotypes 1, 3, 4, 5, 6A, 
6B, 7F, 9V, 14, 18C, 19A, 19F and 23F) [2]. We have evaluated 
recent data regarding the immunogenicity, safety and reactoge-
nicity of PHiD-CV [Dinleyici EC, Yargic ZA; Manuscript submitted]

and PCV-13. In addition, we have evaluated recent pneumococ-
cal seroepidemiology from different geographical areas in order 
to further determine potential vaccine coverage. We extensively 
reviewed the major medical literature, including Index Medicus, 
PubMed, the Science Citation Index, Scopus and Google Scholar, 
in addition to the proceedings of recent major infectious dis-
ease and vaccine congresses, and the abstract book of the 6th 
International Symposium on Pneumococci and Pneumococcal 
Diseases, which was held in Iceland in 2008.

Vaccine composition
Investigational PCV-13 uses the same protein carrier (nontoxic 
diphtheria toxin cross-reactive material 197 [CRM

197
]) as PCV-7. 

In addition to the coverage of all PCV-7 serotypes, PCV-13 
includes six additional serotypes: 1, 3, 5, 6A, 7F and 19A. PCV-13 
consists of polysaccharides from pneumococcal serotypes 1, 3, 
4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F, individually 
covalently conjugated onto a common carrier protein, CRM

197
.

The vaccine is formulated to contain 2 μg of each saccharide, 
except for 6B (4 μg), with a total nominal dose of 29 μg CRM

197

per 0.5-ml dose. The final formulation contains 5 mmol/l suc-
cinate buffer, 0.02% polysorbate 80 and 0.125 mg of elemental 
aluminum per 0.5-ml dose.

Vaccine immunogenicity & noninferiority trials
Scott et al. conducted a Phase I clinical trial of PCV-13 in 
30 healthy adults aged 18–49 years in Kansas, USA [9]. The 
study group had not received prior pneumococcal immuniza-
tion and was randomized to receive a single intramuscular dose 
of either PCV-13 (n = 15) or a 23-valent protein polysaccha-
ride vaccine (PPV-23; n = 15). The immunogenicity of PCV-13 
was evaluated with pneumococcal serotype-specific anticapsu-
lar polysaccharide IgG for each serotype by ELISA using both 
C-polysaccharide and 22F serotype capsular polysaccharide 
absorption and functional opsonophagocytic antibodies (OPAs). 
The results showed that PCV-13 was more immunogenic than 
PPV-23 for most of the shared serotypes in the two vaccines. 
Point estimate geometric mean concentrations of pneumococcal 
serotype-specific antibodies were higher in the PCV-13 group 
compared with the PPV-23 group for 11 out of 12 matching 
serotypes (except serotype 4). Similarly, point estimate OPA 
geometric mean titers (GMTs) in the PCV-13 group exceeded 
those in the PPV-23 group for 11 out of 12 matching serotypes 
(except serotype 7F). For serotype 6A, which was not included 

in PPV-23, the PCV-13 group’s IgG geometric mean concen-
tration (GMC) and OPA GMT were greater than those for the 
PPV-23 group. 

Another Phase I study was conducted in healthy Japanese adults 
aged 20–50 years in Hawaii [10]. This was an open-label, block-
randomized (15 subjects in the PCV-13 group and 14 subjects in 
the PPV-23 group), active-controlled study. Both vaccines were 
immunogenic for all common serotypes, and PCV-13 was also 
immunogenic for 6A, which was not included in PPV-23. In this 
study, both vaccines were administered subcutaneously, and this 
was found to induce IgG antibody responses to all 13 serotypes 
included in the vaccine that were generally superior or at least 
comparable with the responses induced by PPV-23, although 
without statistical differences [10].

A WHO technical report was subsequently produced to define 
the criteria for the production and control of new PCVs. Current 
recommendations published in the WHO technical report 
series 927 continue to provide a solid basis for the evaluation 
of PCVs and may be referred to when assessing new vaccines 
for licensure and prequalification. The WHO has published 
guidelines for the clinical evaluation and licensure of new PCVs, 
proposing that the evaluation of newer formulations of PCVs 
be based on the demonstration of noninferiority in a head-to-
head comparison with the existing PCV-7 in the proportion of 
subjects developing antibody concentrations above a defined 
threshold (0.35 μg/ml) at 4 weeks following a primary series of 
vaccination [11,12]. Additional criteria include the demonstration 
of functional antibodies measured with OPA after three doses 
and a test of immune memory, such as avidity or the ability to 
induce a booster response. OPA titers were available from two 
of the three studies, and analysis of the data showed that anti-
body concentrations in the range of 0.20–0.35 g/ml correlated 
best with an opsonophagocytic antibody titer of 1:8, which in 
turn correlated best with protective efficacy. In addition to the 
proportion of subjects who reach predefined antibody concentra-
tions (by ELISA) or OPA titers, the geometric mean antibody 
concentrations (derived from ELISA data) or titers (derived from 
OPA data) and reverse cumulative distribution curves should all 
be determined for new PCVs [12].

Bryant et al. evaluated the immunogenicity of a fourth dose (dos-
ing at 2, 4 and 6 months and a fourth dose given at 12–15 months) 
of PCV-13 in healthy toddlers [13]. Infants were randomized to 
receive PCV-13 (n = 86) or PCV-7 (n = 103) at 2, 4 and 6 months 
of age with diphtheria–tetanus–acellular pertussis (DTaP), inac-
tivated polio virus (IPV), hepatitis B and Haemophilus influenzae 
type B (Hib) conjugate vaccines and received a fourth dose of the 
same vaccine at the age of 12–15 months concurrent with the 
Hib conjugate vaccine. All PCV-13 serotypes were immunogenic, 
with 92–100% of vaccinated toddlers achieving antibody con-
centrations of 0.35 μg/ml for for common serotypes with PCV-7 
and additional serotypes. Post-toddler-dose GMCs were higher 
than pre-dose GMCs for all serotypes. According to these results 
and WHO recommendations, PCV-13 is immunogenic for all 
13 serotypes when administered as three primary doses and one 
booster dose. 
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Grimprel et al. conducted a Phase III, randomized, active-con-
trolled, double-blind, multicenter study to evaluate the safety, 
tolerability and immunogenicity of PCV-13 when given at 2, 
3 and 4 months of age with routine pediatric vaccinations in 
France [14]. Three doses of PCV-13 induced a substantial response 
to all 13 pneumococcal serotypes in the vaccine. They concluded 
that the proportion of responders with antipolysaccharide IgG 
binding concentrations of 0.35 μg/ml or greater (at least 72.5% 
for all serotypes and 98% for serotype 19A) supported PCV-13 as 
an effective measure in preventing pneumococcal disease caused 
by the vaccine serotypes. 

A study by Kieninger et al. compared the safety and non-
inferiority of four doses of PCV-13 with PCV-7 given at 2, 3, 
4 and 12–15 months of age along with other routine pediatric 
vaccines in Germany [15]. The study included 604 subjects who 
were randomly assigned to receive either PCV-13 or PCV-7 [10].
IgG anticapsular polysaccharide binding concentrations and 
OPA responses were similar and noninferior between recipients 
of PCV-13 and PCV-7 for seven common serotypes, and bind-
ing antibody and OPA responses increased following the tod-
dler dose. For the six additional serotypes, the functional OPA 
responses were ten- to 100-fold higher in the PCV-13 group, and 
functional antibody responses to serotype 6A were nearly tenfold 
greater than in the PCV-7 group. The proportion of responders for 
serotype 19A was 99%. Kieninger et al. concluded that PCV-13 
would be as effective as PCV-7 for the seven common serotypes 
and would also provide additional potential protection against 
IPD caused by the additional six serotypes (serotypes 1, 3, 5, 6A, 
7F and 19A) [15]. The percentage of responders (those in whom the 
postimmunization antibody concentration was above the thresh-
old) for PCV-13 was shown to be noninferior. A head-to-head 
comparison of the shared serotypes is shown in TABLE 1.

The immunogenicity of the PCV-13 vaccine was assessed by 
Gadzinowski et al. in Poland [16]. They compared vaccine pro-
duced on a manufacturing scale with vaccine produced on a pilot 
scale. Three doses of PCV-13 were given at 2, 3 and 4 months 
of age. The proportions of responders with 0.35 μg/ml or more 
and GMCs were very similar between the manufacturing-scale 
and pilot-scale groups. According to this study, the final manu-
facturing scale and formulation should be effective in preventing 
pneumococcal disease caused by the vaccine serotypes.

Klinger et al. performed a study of the immunogenicity and 
safety of PCV-13 in infants in the UK [17]. The study enrolled 
278 healthy infants aged 6–14 weeks who received PCV-13 or 
PCV-7 at 2 and 4 months along with other scheduled vaccines. 
According to this study, PCV-13 was immunogenic when given 
as part of the UK infant vaccine course. The percentage of par-
ticipants achieving the thresholds of response for the concomi-
tant antigens was comparable between the PCV-13 and PCV-7 
groups. PCV-13 vaccination at 2 and 4 months resulted in 
78.5–96.3% of vaccinated infants achieving the correlate of pro-
tection ( 0.35 μg/ml) for IPD for the six additional serotypes not 
contained in PCV-7. Among the PCV-13 recipients, 91% achieved 
the threshold of protection against Serotype 19A [17]. It must be 
noted, however, that over 50% of participants in the PCV-13 

group achieved IgG of 0.35 μg/ml or higher for serotype 6B; less 
than 80% reached this threshold for serotype 23F, but more than 
90% reached it for all remaining serotypes. In other studies evalu-
ating the 1-month immunogenicity response after a three-dose 
primary series [14–16], the percentage of participants in the PCV-13 
group achieving IgG above 0.35 μg/ml for serotypes 6B and 23F 
was also lower than other serotypes included in PCV-13; however, 
the percentage of responders was higher than compared with the 
study of Klinger et al., which evaluated immunogenicity after a 
two-dose primary series of PCV-13 given at 2 and 4 months [17].

Vaccine safety
The results of the safety studies for PCV-13 are summarized in 
TABLE 2. According to these studies, PCV-13 was generally well 
tolerated, and the level of reactogenicity observed was well within 
the acceptable levels for routinely used vaccines. No adverse events 
were thought to be related to the study vaccine, and no serious 
adverse events were reported. By referencing the data and then 
focusing on key safety data, fever, local reaction and any other 
key differences, safety was assessed with Phase III trials and was 
found to be similar between PCV-13 and PCV-7. Based on the 
results of the clinical trials of PCV-13, it appears to be a safe and 
well-tolerated vaccine [9–10,13–17].

Coadministration with other pediatric vaccines
Grimprel et al. evaluated the safety, tolerability and immuno-
genicity of PCV-13 when administered with DTaP-Hib/IPV [14].
Immune responses to DTaP-Hib/IPV vaccine antigens using a 
three-dose infant series are comparable when administered with 

Table 1. Head-to-head comparison of the 
percentage of subjects reaching the threshold of 
0.35 μg/ml using PCV-13 and PCV-7 1 month after 
the primary dose series.

Serotype PCV-13 (%) PCV-7 (%)

4 98.2 98.2

6B 77.5 87.1

9V 98.6 96.4

14 98.9 97.5

18C 97.2 98.6

19F 95.8 96

23F 88.7 89.5

1 96.1 1.4

3 98.2 6.3

5 93.0 31.6

6A 91.9 31.6

7F 98.6 4.0

19A 99.3 79.2

PCV-7: 7-valent pneumococcal conjugate vaccine; PCV-13: 13-valent 
pneumococcal conjugate vaccine.
Data taken from [15].
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PCV-13 or PCV-7 and are well tolerated. Kieninger et al. showed 
noninferiority for immune responses to the selected Infanrix®

hexa antigens (Hib, diptheria and hepatitis B) between recipients 
of PCV-13 and PCV-7 [15]. Klinger et al. also conducted a study 
including 278 healthy infants aged 6–14 weeks and found that 
PCV-13 at 2 and 4 months was immunogenic and well tolerated 
when given with serogroup C meningococcal vaccine at 2 and 
4 months and DTaP–IPV–Hib vaccine at 2, 3 and 4 months [17].

Serotype coverage
The distribution of pneumococcal serotypes causing IPD, 
mucosal disease and nasopharyngeal (NP) carriage varies geo-
graphically [18–20]. Based on current global serotype project (GSP) 
data, theoretical vaccine coverage is summarized in TABLE 3. Data 
suggest that changing from PCV-7 to PCV-13 would increase 
the proportion of covered serotypes from 78.1 to 88% in North 
America, from 67.1 to 88% in Europe, from 39.3 to 76.9% in 
Africa, from 48 to 73.9% in Asia, from 54.4 to 83.4% in Latin 
America, and from 64.5 to 79.1% in Oceania [101].

After the PCV-7 era, despite the increase in the incidence 
of 19A infections, a much greater decrease in vaccine serotypes 
was observed in nearly all observational studies in the USA and 
European countries [2]. During the investigational phase of PCV-7, 
vaccine experts hoped to expand coverage against vaccine-related 
serotypes 6A and 19A; however, serotype 6B in PCV-7 produces 
only partial protection against serotype 6A, and serotype 19F in 
PCV-7 appears to produce poor protection against serotype 19A. 
Although small compared with the overall reduction in IPD, there 
has been an increase in serotype 19A IPD since the introduction 
of PCV-7 [8]. There are some variations between regions prevalent 
with serotypes 1, 3, 5, 6A, 7F and 19A [101]. For example, sero-
type 1 is the second most common serotype in Africa, although 
it does not rank in the top seven serotypes in North America 
and Oceania. In addition, serotypes 1 and 5 are among the top 
three ranked serotypes in GAVI-eligible countries and are among 
the top six ranked serotypes among children under 5 years of 
age in regions with the highest pneumococcal disease burden 
(e.g., Africa, Asia and Latin America). Investigational PCV-13 
theoretically covers between 73.9 (Asia) and 88% (Europe and 
North America) of serotypes and could potentially reduce child-
hood morbidity and mortality in children under 5 years of age in 
Africa, Asia, Latin America and GAVI-eligible countries. Shouval 
et al. retrospectively evaluated 5497 isolates from children younger 

than 3 years of age between 1 January 2000 and 31 December 
2004, and PCV-13 extended the coverage to 84, 79, 54 and 67% 
of IPD, acute otitis media (AOM), acute conjunctivitis, and 
NP carriage groups, respectively [21]. This was primarily due to 
coverage of serotypes 6A and 19A, which were common in all 
four studied groups. During the post-PCV-7 era in the USA, 
the annual incidence of IPD caused by penicillin-nonsusceptible 
S. pneumoniae (PNSP), erythromycin-resistant S. pneumoniae and 
multidrug-resistant S. pneumoniae (MDRSP) in children younger 
than 2 years of age decreased between 1999 and 2004 [22], accord-
ing to the Active Bacterial Core Surveillance. In parallel to the 
emergence of serotype 19A, there was a substantial increase in 
antibiotic resistance in serotype 19A, including PNSP, penicillin-
resistant S. pneumoniae (PRSP) and MDRSP [23]. Most clinically 
significant drug resistance among S. pneumoniae is confined to 
seven serotypes: 6A, 6B, 9V, 14, 19A, 19F and 23F. PCV-13 cov-
ers all of these resistant serotypes, especially drug-resistant sero-
type 19A; however, no relevant data exist regarding investigational 
PCV-13 and antibiotic resistance. For otitis media, the calculated 
theoretical coverage of investigational PCV-13 would increase due 
to the high prevalence of serotypes 3, 6A and 19A as emerging 
otopathogens, and this would affect antibiotic resistance [24,25].

We will now attempt to summarize the current data regarding 
the additional serotypes of PCV-13.

Serotype 1
Serotype 1 is the second most common serotype in Africa and the 
fourth most common in Asia and Latin America, although it is not 
among the top seven serotypes in North America and Oceania [101].
Serotypes 1 and 5 cause more than 30% of IPD cases among all 
age groups combined in Gambia [26]. Serotype 1 has the potential 
to cause epidemics, and it was the cause of meningitis outbreaks 
in Burkina Faso and Northern Ghana [27]. In Chile, Lagos et al.
reported that serotype 1 was the most frequently isolated serotype 
in children between 36 and 59 months of age and the second 
most frequent pathogen – after serotype 14 – among hospitalized 
children under 5 years of age [28]. In Italy, Montagnani et al. retro-
spectively evaluated a clinical analysis of 640 children who were 
hospitalized between 1992 and 2006 and showed that serotype 1
was the most prevalent invasive serotype (38.1%) [29]. Campbell 
et al. evaluated 2049 children in Mali, of whom 5% had an IPD, 
including 47 cases of meningitis and 44 bacteremic pneumonias, 
and found that 54% of the isolates were serotype 5 [30]. Although 

Table 3. Theoretical serotype coverage of different pneumococcal conjugate vaccines from each 
geographical region.

PCV Africa (%) Asia (%) Europe (%) Latin America 
(%)

North America 
(%)

Oceania (%)

PCV-7 39.3 48 67.1 54.4 78.1 64.5

PHiD-CV 62.5 66.2 76.2 73.6 80.6 71.1

PCV-13 76.9 73.9 88 83.4 88 79.1

Calculated percentage of PCV-7 and PHiD-CV does not contain serotype 6A and 19A as vaccine-related serotypes.
PCV-7: 7-valent pneumococcal conjugate vaccine; PCV-13: 13-valent pneumococcal conjugate vaccine; PHiD-CV: 10-valent pneumococcal vaccine, which uses protein 
D from the nontypeable Haemophilus influenzae protein.
Serotype coverage calculated from theoretical GSP data from [101].
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serotype 1 pneumococci are rarely isolated from carriers, Nunes 
et al. described the emergence and expansion of a single serotype 1
lineage among healthy carriers who attended daycare centers in 
Portugal [31]. They also found that the prevalence of serotype 1
strains among all pneumococci increased from 0% in 2001 and 
2002, to 0.4% in 2003 and 3.1% in 2006. 

The increase of serotype 1 has been related to the increase in 
pneumonia with pleural effusion and the increase in the propor-
tion of childhood pneumonia cases that are complicated and the 
absolute number of pneumococcal empyema cases, especially in 
children older than 2 years of age [32,33]. Byington et al. reported 
that pleural effusion was most often caused by serotype 1 prior to 
and even after the introduction of PCV-7 [34]. Obando et al. evalu-
ated 111 children with parapneumonic empyema due to S. pneu-
moniae and found that 48% were infected with serotype 1 [35].
Gupta et al. reported firsthand an outbreak of serotype 1 pneumo-
coccal pneumonia among young children in a school in north-
eastern England and proposed that the introduction of a vaccine 
including the serotype 1 antigen should be considered if there 
is evidence that serotype 1 disease is an increasing public-health 
problem [36]. Goldbart et al. retrospectively evaluated the prev-
alence of pleural empyema complicating community-acquired 
pneumonia in Israel [37]. Their results showed that there was an 
increase in prevalence between 1990 and 2002, that S. pneumo-
niae was the most common pathogen and that 62.5% of these 
pneumococci were serotype 1. 

Serotype 3
According to GSP data, the prevalence of serotype 3 ranges from 
0.4% (Oceania) to 2.2% (Latin America) [101]. Richter et al. stud-
ied 1647 S. pneumoniae isolates (all specimens, all age groups) 
obtained from 41 US medical centers between 2004 and 2005 and 
found that serotype 3 was the second most common (11.2%), after 
serotype 19A (14.5%) [38]. Although serotype 3 is not a frequent 
cause of IPD, it was isolated as an otopathogen in children from 
Europe [24,25,39]. In the post-PCV-7 era, serotype 3 is the most 
frequent (13%) isolate from middle-ear fluid in children receiv-
ing two or four doses of PCV-7 with 19A and 19F [24]. Serotype 
3 is the second most common serotype causing AOM in children 
aged over 24 months in Costa Rica [40]. Serotype 3 has also been 
an important cause of complicated pneumonia both before and 
after the PCV-7 era [41]. It should be noted that the only vaccine 
containing serotype 3 is the investigational PCV-13. 

Serotype 5 
According to GSP data, the prevalence of serotype 5 ranges from 
0.4% (Europe) to 10.7% (Africa). Serotype 5 is the third most 
common serotype in Africa and Latin America [101].

Serotype 6A
It has been clearly shown that antibodies against serotype 6B can 
prevent IPD, AOM and NP carriage of serotype 6A [42]. On the 
other hand, it has been shown that the effect of PCV-7 on IPD 
caused by serotype 6A is not of the same order of magnitude as 
that on IPD caused by serotype 6B [4]. Following the introduction 

of PCV-7 in the USA, carriage and disease caused by serotype 6B, 
but not 6A, were markedly reduced in adults [41]. It is assumed 
that 6B conjugate vaccines (PCV-7 and PHiD-CV) provide 
cross-protection against 6A disease, but investigational PCV-13 
covers serotype 6A and has been shown to be immunogenic and 
noninferior to PCV-7 [14,15,17].

Serotype 7F
Serotype 7F is another important serotype that is included in 
both PCV-13 and PHiD-CV. The distribution of serotype 7F 
ranges from 0.8% (Africa) to 3.2% (Europe). Despite the fact 
that serotype 7F is not among the top seven serotypes in different 
geographical areas [101], Rückinger et al. reported that it had the 
highest case–fatality rate (14.8%) [43]. Multivariate analysis in 
that study gave an odds ratio of 4.3 (1.3–14.7) for fatal outcome 
and 4.0 (1.6–10.4) for severe outcome when 7F was compared 
with all other serotypes. 

Serotype 19A
It was hoped that IPD caused by vaccine-related serotype 19A 
would be reduced due to cross-protection from serotype 19F, 
which was included in PCV-7. Although there has been an over-
all increase in the incidence of IPD caused by serotype 19A, the 
observed increase is small compared with the overall decrease in 
IPD following the introduction of PCV-7 [8].

Serotype 19A is equally responsible for IPD, NP carriage and 
AOM [42]. In addition, it is currently the most important serotype 
causing pediatric IPD in the post-PCV-7 era in the USA [44–47].
Singleton et al. reported that serotype 19A was responsible for 
28.3% of IPD in native Alaskan children under 2 years of age [8].
In addition, Richter et al. reported that most PRSP and MDRSP 
strains in the USA in 2004–2005 were serotype 19A (including 
all isolates and all age groups) [38]. Moore et al. reported that 
the age-specific incidence rate of serotype 19A IPD increased by 
145–285% between the prevaccine baseline period and 2005, with 
the largest absolute rate increases seen among young children and 
older adults [44]. Among 393 isolates of S. pneumoniae from chil-
dren, nonvaccine serotypes accounted for 89.1%, and 30.5% of all 
isolates were serotype 19A in the post-PCV-7 era in the USA [48].

The increased prevalence of infections caused by serotype 19A, 
however, cannot be explained by direct effects of PCV-7 on sero-
type distribution. According to surveillance data from South 
Korea between 1991 and 2006, serotype 19A isolates were increas-
ingly recognized among clinical isolates before the introduction 
of PCV-7. According to this study, among 107 invasive isolates 
from children younger than 5 years of age, the proportion of sero-
type 19A increased from 0% in 1991–1994 to 26% in 2001–2003. 
From 2001 to 2003, serotype 19A was the most common serotype 
among IPD isolates from children younger than 5 years of age 
in South Korea. The authors suggest that this increase before the 
PCV-7 era was due to multidrug-resistant ST320 isolates contain-
ing mef/erm determinants for the expansion of serotype 19A [49].
In 2007, Song et al. reported an increase in serotype 19A in South 
Korea, accompanied by an increase in ST320, although it was not 
significance due to limited isolates [50]. The authors explained the 
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increase in serotype 19A in the post-PCV-7 era by expansion of 
the pre-existing ST320 clone. It should be noted that this study 
includes isolates from people of all ages. 

In Alaska, the increase in serotype 19A colonization and IPD 
seems to be related to clonal complex (CC)172 clonal expansion [8].
Serotype 19A had become an important cause of IPD in Alaska 
in 2006 following the introduction of PCV-7 in 2001. Among 
Navajo children, the incidence of IPD-7 caused by serotype 19A 
has not increased. In Spain, on the other hand, the incidence 
of serotype 19A increased greatly after the vaccine introduction 
period; however, it is difficult to suggest that this increase was a 
consequence of vaccine pressure [51]. In Belgium, serotype 19A 
increased in frequency from 2.1 to 6.6% from 1997–1999 to 
2001–2004, prior to the introduction of PCV-7 [52]. In France, 
serotype 19A became more frequent after the introduction of 
PCV-7; however, Mahjoub-Messai et al. reported clonal expansion 
of the preexisting penicillin-intermediate sequence type 276 [53].

Dagan et al. reported an increasing incidence of serotype 19A 
as an otopathogen in Israel before the introduction of PCV-7 [54].
Increased multidrug-resistant serotype 19A isolates were associated 
with the introduction and proliferation of two multidrug-resistant 
clones that were not previously associated with multidrug resist-
ance. The authors explained this increase by the rapid increase 
in azithromycin use and the frequent use of oral cephalosporins. 

In conclusion, diverse mechanisms are involved in the increased 
prevalence of serotype 19A: expansion of pre-existing predomi-
nant clones (e.g., CC199), capsular switching of vaccine sero-
types [44,55], and the appearance of multiple unrelated multidrug-
resistant CCs among serotype strains [46,56] and new clones of 
serotype 19A in the population [57]. Invasive and carriage isolates 
of serotype 19A are nonsusceptible to penicillin, and this provides 
an additional survival advantage for serotype 19A [47,58]. According 
to a study by Richter et al., the clear increase in serotype 19A 
among the PCV-7-related serotypes suggested limited vaccine 
activity against serotype 19F [38]. PCV-13 includes serotype 19A 
and could be beneficial in problematic serotype 19A regions. The 
prevalence of 19A, as well as other emerging nonvaccine serotypes, 
needs to be tracked over time.

Expert commentary
According to reported phase trials, PCV-13 is safe, immunogenic 
and noninferior to PCV-7 based on the purposed WHO criteria 
for new PCVs. According to recent epidemiological data, investi-
gational PCV-13 would cover 80% of IPD isolates worldwide with 
additional serotypes 1, 3, 5, 6A, 7F and 19A. Investigational PCV-13 
would also be a better candidate for the prevention of otitis media 
and related conditions due to its coverage of serotypes 6A, 19A and 
3, the primary otopathogens in both the pre- and post-PCV-7 eras. 
The limitations of the predictive capacity of prelicensure immu-
nogenicity data strongly support the need for postmarketing stud-
ies, especially in developing countries with higher morbidity and 
mortality due to pneumococcal infections. Postlicensure (poten-
tial) surveillance in countries where PCV-13, if issued on a larger 
scale will give valuable information for a better understanding of 
public-health issues, including pneumonia, NP carriage and herd 

immunity. Head-to-head comparisons of antibody responses are 
useful for evaluating vaccine efficacy against IPD; however, they 
are unable to predict the effects on NP carriage, herd immunity, 
AOM and pneumonia. For PCV-13 and other PCVs, coherent vac-
cine efficacy for NP carriage, otitis media, pneumonia and herd 
immunity is still lacking (although it is expected to be higher than 
IPD) and needs to be evaluated and standardized with postsurveil-
lance follow-up. Reactogenicity studies have been performed with 
some childhood vaccines, and PCV-13 seems to be safe and well 
tolerated. Reactogenicity studies for the combination of PCV-13 
with rotavirus vaccine, BCG and hepatitis B vaccine, however, are 
still needed. The cost of PCV-13 is also a primary determinant of 
its widespread usage worldwide, especially in developing countries.

Strict comparisons and choosing between PCV-13 and 
PHiD-CV are still not possible with published immunogenicity 
and safety data. There are immunogenicity studies of both vac-
cines compared with PCV-7; however, different ELISA procedures 
were used for the comparisons. According to these data, PCV-13 is 
immunogenic and noninferior to PCV-7 for the shared serotypes 
and is also immunogenic for the additional serotypes according to 
WHO-confirmed noninferiority criteria [11–17]. In a head-to-head 
comparison trial between PHiD-CV and PCV-7, noninferiority 
of the immune response to PHiD-CV as measured by ELISA was 
demonstrated for all serotypes except 6B and 23F, with a difference 
between groups of more than 10%. Postprimary and postbooster 
dose geometric mean antibody concentrations and OPA titers were 
lower than PCV-7 for some shared serotypes [102]. This comparison 
showed the noninferiority to antibody for each serotype in potential 
vaccine as a desirable, but not absolute, requirement, and need to 
be evaluated on an individual level. However, we could not suggest 
these immunogenicity results for vaccine efficacy and these non-
inferiority criteria were not used for mucosal infections. Vaccine 
efficacy depends on serotype epidemiology at the country-based 
level, the status of PCV-7 introduction, the proportion of children 
receiving vaccine in the population (especially for herd immunity), 
antibiotic pressure and coexisting conditions (e.g., HIV status). 
PCV-13 includes an additional three serotypes (3, 6A and 19A) 
and would have an expanded coverage for IPD and otitis media 
worldwide. PHiD-CV includes serotype 1 and 5, which were main 
pathogens in Europe, Asia and Africa. Although PHiD-CV was 
designed to protect against AOM as well as IPD due to vaccine 
serotypes, PHiD-CV does not cover serotype 3 and 19A, which are 
emerging otopathogens. However, there are insufficient data that 
PHiD-CV is effective against nontypeable Haemophilus influenza,
which is the one of the common etiological agents in the post-
PCV-7 era, and potential efficacy following potential licensure will 
require carefully designed cohort and case–control studies that can 
assess effects. The main limitation of our review is the lack of pub-
lished peer-reviewed randomized, controlled trials. We reviewed the 
abstracts and main body of immunogenicity and safety trials that 
were presented at important infectious disease and vaccine congress 
such as the Interscience Conference on Antimicrobial Agents and 
Chemotherapy or the International Symposium on Pneumococci 
and Pneumococcal Diseases. After publication of the upcoming 
trials, we could clearly compare immunogenicity and safety of 
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investigational PCV-13. Until potential approval of PCV-13, vac-
cine experts should compare the effectiveness of PHiD-CV and 
PCV-7. In addition, correlates of immune protection for potential 
new PCVs should be revised and standardized.

Five-year view
More than 35 countries have introduced PCV-7 to their national 
immunization programs. We need to see the results of a com-
bination schedule of PCV-7 and PCV-13. In addition, children 
immunized will PCV-7 according to their national immunization 
program may be immunized with booster PCV-13 for protection 
against additional serotypes; however, this needs to be evaluated. 
Herd immunity effects have been one of the most important ben-
efits of PCVs; however, this effect occurs due to reductions in NP 
carriage and transmission of vaccine type pneumococci after an 
increased proportion of children receive the vaccine. Assessment 
of vaccine effectiveness and efficacy following potential licensure 
will require carefully designed cohort and case–control studies that 
can assess the indirect effects of PCV-13. Therefore, new conjugate 
vaccines with a broader coverage are warranted for children and the 

PCV-13 designed for the prevention of pneumococcal infections in 
adults. In the next few years, we will see the results of randomized, 
controlled trial CAPITA [59] for the evaluation of vaccine efficacy 
against community-acquired pneumonia in adults. Owing to 
immunogenicity, it does not seem practical to added new serotypes 
to 13-valent vaccines in the future. At this point, we suggest intro-
ducing PCVs to immunization programs, especially in low-income 
countries, and trying to increase awareness about pneumococcal 
infections. Widespread use of current PCVs in developing countries 
could give us a chance to achieve one of the important Millennium 
Development Goals (2015): a two-third reduction in the mortality 
rate among children under 5 years of age. 
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Key issues

Investigational 13-valent pneumococcal conjugate vaccine (PCV-13) contains the serotypes in seven-valent pneumococcal conjugate 
vaccine (PCV-7) plus serotypes 1, 3, 5, 6A, 7F and 19A. It could be a potential vaccine where serotypes 1, 5, 6A and 19A are the main 
serotypes in the pre- or post-PCV-7 eras. PCV-13 has potential efficacy against PCV-7-related serotypes such as 6A and 19A.

Data suggest that changing from PCV-7 to PCV-13 would increase the proportion of covered serotypes from 78.1 to 88% in North 
America, from 67.1 to 88% in Europe, from 39.3 to 76.9% in Africa, from 48 to 73.9% in Asia, from 54.4 to 83.4% in Latin America 
and from 64.5 to 79.1% in Oceania.

For otitis media, the calculated theoretical coverage of investigational PCV-13 would increase due to the high prevalence of serotypes 3, 
6A and 19A as emerging otopathogens, and this would affect antibiotic resistance.

PCV-13 is immunogenic for all 13 serotypes. Following a primary series of vaccination for PCV-13, based on the demonstration of 
noninferiority in a head-to-head comparison with PCV-7 (the proportion of subjects developing antibody concentrations above a 
0.35 μg/ml), immunogenicity results of PCV-13 were similar compared with PCV-7.

PCV-13 is safe and well tolerated in children and when coadministered with routinely used pediatric vaccines.

Issues of efficacy of duration, optimal scheduling, combination and boosting with PCV-7 remain unresolved issues.

Assessment of vaccine effectiveness and efficacy following potential licensure will require carefully designed cohort and case–control 
studies that can assess the indirect effects of PCV-13. 

The WHO has recognized the priority of introducing PCV into the routine infant immunization schedule in all countries owing to the 
extremely high yearly mortality rate for pneumococcal diseases. Until licensure and marketing of new pneumococcal conjugate 
vaccines, PCV-7 will continue to be used.
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