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Abstract

Background: Pneumonia is the leading cause of child mortality worldwide. Streptococcus pneumoniae (SP) or
pneumococcus
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Background
Pneumonia is the leading single cause of mortality in
children under the age of 5 years worldwide [1]. Many of
these pneumonia related deaths are vaccine preventable.
The global burden of disease of pneumococcal pneumo-
nia is difficult to determine, particularly in developing
countries with limited surveillance facilities and routine
health and health services data [2]. However a recent sys-
tematic review of disease burden in children under the
age of five reported that in 2000, an estimated 14.5 mil-
lion episodes of severe pneumococcal disease occurred,
causing 821,000 deaths [3]. Of these, 88,000 deaths
occurred among HIV positive children, of which 61%
were in 10 countries all located in Africa and Asia [3].
Streptococcus pneumoniae (SP) has at least 92 sero-

types. The most frequently used vaccine is the seven
valent, protein conjugate vaccine (Prevnar), protecting
against the serotypes that are most common in North-
ern America [2]. These serotypes account for only
approximately 39% of the invasive disease-causing sero-
types in Africa, 48% in Asia and 53.4% in Latin America
and the Caribbean, due to the biological diversity of
S. pneumoniae[4-6]. Additionally, replacement disease
[6] from non-vaccine serotypes has had varying effects
in different settings, including reports of emerging drug
resistance [1,2], on the effect of pneumococcal conjugate
vaccine (PCV) against overall invasive pneumococcal
disease, though the overall rates of antibiotic resistant
pneumococci have not increased following the introduc-
tion of PCVloca65)-356(%)(fo)-t4divnug



Eligible studies were selected according to the pre-
determined inclusion criteria. Included studies: (i) were
publications from developing countries and (ii) investi-
gated the effect, or distribution, coverage and delivery of
multivalent pneumococcal conjugate vaccines and/ or

cross-protective common protein vaccines, including
indirect effects of immunisation; or (iii) described the
global burden of disease of pneumococcal pneumonia in
children under 5; or (iv) were historical papers for com-
parison with the most recently published material.

Figure 1 A summary of Stage I of the CHNRI process of an evaluation of emerging intervention (a systematic review of the key CHNRI criteria).
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Studies not eligible for inclusion were those: (i) examin-
ing the effect of pneumococcal polysaccharide vaccine;
(ii) describing the global burden of disease in adults; (iii)
presenting delivery strategies for developed countries;
and (iv) describing the burden of only pneumococcal
otitis media and meningitis. Data from developed coun-
tries were used, when data from developing where not
available

CHNRI exercise – stage II: An expert opinion exercise
We shared the initial review of the literature with 20
experts that met during September 7-13, 2009 in
Dubrovnik, Croatia, to conduct the 2nd stage of CHNRI
expert opinion exercise. They were chosen based on
their outstanding track record in childhood pneumonia
or pneumococcal disease research. We initially offered
participation to those experts with the greatest impact
of publications in their area of expertise over the past 5
years (for basic researchers and international public
health researchers), or to those that were affiliated with
the largest pharmaceutical company in terms of vaccina-
tion programme or international agency in terms of
their annual budget. For those who declined to partici-
pate (about 20%) replacements were found using the
same criteria. The process of second-stage CHNRI is
shown in Figure 2. All invited experts discussed the evi-
dence provided in CHNRI stage I, and then answered
questions from CHNRI framework (see Additional File
2). Their answers could have been “Yes” (1 point), “No”
(0 points), “Neither Yes nor No” (0.5 points) or “Don’t
know” (blank). Their “collective optimism” towards each
criterion was documented on a scale from 0 to 100%.
The interpretation of this metric for each criterion is
simple: it is calculated as the number of points that
each evaluated type of emerging SP vaccine received
from 20 experts (based on their responses to questions
from CHNRI framework), divided by the maximum pos-
sible number of points (if all answers from all experts
are “Yes”).

Results
Details of the results of the literature search are pre-
sented in Additional File 1 For SP vaccines, 141
abstracts were considered and 14 papers were selected
for inclusion. Similarly, for common protein vaccines,
459 abstracts were considered and 7 papers were
selected for inclusion. Additional searches for deliver-
ability, equity and Global Burden of Disease were con-
ducted and 506 were selected for abstract screening, 21
of which were included in the review. In the following
paragraphs, the results of the literature search for each
criterion will be presented alongside a description of
how well the particular emerging intervention scored in
the CHNRI exercise.

Answerability
This was defined as achievement of a research goal of
the production of an effective novel vaccine that can be
fitted into the routine Expanded Programme of Immuni-
sation (EPI) schedule within in a time frame of 10 years.
Pneumococcal Conjugate Vaccine
PCVs are generally well tolerated and safe, including
when co-administered with other childhood vaccines.
They are formulated by conjugating multiple serotype-
specific capsular polysaccharide epitopes to a carrier pro-
tein [20]. PCV-7 and -13 formulations are conjugated to
cross reactive material 197 protein (CRM197), which is a
mutant diphtheria toxoid molecule. Most serotypes in
the PCV10 formulation are conjugated to protein D
derived from non-typeable Haemophilus influenzae
(NTHi) [21]. PCVs are immunogenic in children under
two years of age [20], whereas the polysaccharide vaccine
is not. The PCV7 was first licensed in February 2000 and
higher valency (10- and 13-) PCVs formulations have
been licensed since 2009. However, the possibility of add-
ing further serotypes appears to be limited, mainly
because the development cost is high and also because



Presented with this evidence, the panel of experts
expressed a very high leve



immunogenic in both elderly and young children, the
serotype-independent expression will combat varying
strains and serotype distribution of pneumococci and
could potentially limit the emerging importance of non-
vaccine strains and serotypes of pneumococci [27].
There are other common protein antigen vaccine candi-
dates in pre-clinical trials.

Based on this evidence, the panel expressed concerns
over the ability of the pneumococcal protein vaccine

(PPV) to satisfy the answerability criterion (scored only



ococcal disease caused by vaccine serotypes, 90% effi-
cacious against vaccine-serotype specific pneumococ-
cal pneumonia and 57% efficacious against
pneumococcal acute otitis media caused by vaccine
serotypes [20].

PCV9 has also completed all clinical trial stages. How-
ever, it has not been developed further in favour of an

expanded 13-valent formulation (Figure 5). In a clinical
trial conducted in the Gambia the efficacy of PCV9 was
77% against invasive pneumococcal disease (IPD) caused
by vaccine serotypes, 50% against disease caused by all
serotypes, 15% against all-cause admissions and 16%
against all-cause childhood mortality [34]. This is an
important study as it is the largest of its kind to be



conducted in a developing country (with 17,436 children
participating in the study).

PCV10’s immunogenicity, safety and reactogenicity
profile is comparable to PCV7 [35]. Co-administration
studies have demonstrated its compatibility with major
childhood vaccines [36]. A phase III clinical trial found



theoretical coverage of PCV 7 is lower in the developing
world - 67.3% in Africa, 63.4% in Latin America and



Pneumococcal conjugate vaccine



Acceptability and equity
Pneumococcal conjugate vaccine
The distribution of communicable diseases globally
highlights the inequity amongst the various population
groups. Communicable diseases account for 68% of dis-
ease burden in Africa but only 7% in developed coun-
tries [54]. If this gap were reduced, much of the global
difference in life expectancy and mortality would disap-
pear. Even within a country, it is the poor and vulner-
able who have reduced access to heath care and who
experience a higher burden of disease [62]. Cunha and
colleagues have shown that it is the children from low
socio-economic strata living in developing countries
who appear to be at the highest risk for acute lower
respiratory tract infections [63]. Victora and colleagues
have demonstrated an inverse relationship between
social class and maternal education with the risk of
developing pneumonia [64]. The economic conse-
quences of pneumonia, including cost to family and the
resulting disability, the economic pressure on develop-
ing governments and on struggnD
[(deve8(economi)cthe)-3am(rom)-364f.eecon



adequate emphasis must be made and resources allo-
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