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Infection due to Streptococcus pneu-
moniae is a leading cause of morbidity

and mortality in young children, espe-
cially in developing countries. With the
support of Gavi, the Vaccine Alliance,
the majority of these countries have
introduced pneumococcal conjugate
vaccines (PCV) into their national immu-
nization programs and early data demon-
strate a high degree of effectiveness,
translating to enormous public health
benefit through both direct and indirect
(herd) effects. Future vaccination strategy
may be focused on maintaining herd
effects rather than individual protection.
Evaluation of vaccine-type carriage, par-
ticularly in pneumonia cases, may be an
easy, feasible way of measuring continued
vaccine impact.

The developing world accounts for a
disproportionate amount of the global
pneumococcal disease burden and the
vast majority of Streptococcus pneumo-
niae (SP) related deaths.1 Therefore, use
of currently available pneumococcal
conjugate vaccines (PCVs) in children,
particularly in the developing world is
critical.

In 2000, the first conjugate pneumo-
coccal vaccine, containing 7 serotypes was
licensed. Use of PCV7, mostly in the high
income countries, resulted in dramatic
reductions in all manifestations of pneu-
mococcal disease and its mortality. In
view of PCV7 effectiveness, in 2007 the
WHO recommended incorporation of
PCVs into the national immunization
programs of all countries, especially in
countries with high childhood pneumo-
coccal disease (PD) burden.2 Expanded
PCVs containing 10 and 13 serotypes

were licensed a decade after PCV7 and
importantly, these new PCVs expanded
the coverage to include the most common
disease-causing serotypes in the develop-
ing world. Recognizing the PD burden
and associated mortality, Gavi, the Vac-
cine Alliance, with support from interna-
tional donors, created the pneumococcal
advance market commitment (AMC) in
2009 to encourage development and pro-
duction of affordable vaccines for develop-
ing countries. The overarching objectives
of the pneumococcal AMC is to reduce
morbidity and mortality from pneumo-
coccal diseases, preventing an estimated
7 million childhood deaths by 2030.3 In
2010, the 2 PCV manufacturers agreed to
supply PCV10 and PCV13 at reduced
pricing for use by low income countries
(LIC) through this mechanism. Following
assessment of PCV introduction feasibility
into the existing vaccine delivery pro-
grams, Gavi countries are approved and
can access PCVs at the reduced price. The
AMC has resulted in incorporation of
expanded PCVs into vaccination pro-
grams in LIC that were almost simulta-
neous to introduction in the high income
countries, thus avoiding the usual
15–20 y lag in new vaccine introductions
in LICs.4 Nicaragua was the first Gavi
country to participate in the pneumococ-
cal AMC introducing PCV13 in Decem-
ber 2010, the same year of its approval
and use in the US and other countries.
The WHO renewed its recommendation
for PCV introduction in 2012.5 Of the 73
countries eligible for Gavi support, 50
have introduced PCV and an additional 8
Gavi countries have been for introduction
in the coming years.6 By the end of 2015
it is estimated that 80% of GAVI-eligible
countries will have introduced PCVs.3

© Gail L Rodgers and Keith P Klugman
*Correspondence to: Gail L Rodgers; Email: gail.
rodgers@gatesfoundation.org

Submitted: 04/07/2015

Revised: 05/11/2015

Accepted: 05/29/2015

http://dx.doi.org/10.1080/21645515.2015.1057671

This is an Open Access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0/),
which permits unrestricted use, distribution, and
reproduction in any medium, provided the original
work is properly cited. The moral rights of the
named author(s) have been asserted.

www.tandfonline.com 417Human Vaccines & Immunotherapeutics

Human Vaccines & Immunotherapeutics 12:2, 417--420; February 2016; Published with license by Taylor & Francis Group, LLC
COMMENTARY

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


Evaluation following PCV introduc-
tion is key to understanding PCV impact
in developing countries which may differ
from those in high income countries.
Impact on mortality, invasive pneumo-
coccal disease (IPD), pneumonia and
nasopharyngeal carriage (NPC) are
important endpoints in the assessment of
PCV programs in the developing world.
Fifteen Gavi countries have at least one
ongoing study evaluating PCV effective-
ness (Table 1)3,7 and currently available
data from developing countries are
described below.

Evaluation of IPD with serotype-spe-
cific data is the gold standard for effective-
ness measurement and allows assessment
of serotype-specific effectiveness and sero-
type replacement. Surveillance of IPD is
particularly challenging because it involves
obtaining sterile site specimens (i.e.,
blood, cerebrospinal fluid, pleural fluid)
which may not be routinely cultured, and
if done may be negatively influenced by
antimicrobial pretreatment. IPD also rep-
resents only a small fraction of PCV pre-
ventable PD.8 Despite these challenges,
evidence demonstrates that PCVs, both
PCV10 and PCV13, are effective for pre-
vention of IPD. South Africa, a middle
income country with high levels of PD
and mortality and high incidence of HIV
infection introduced PCV7 in a 2 C 1
dosing schedule (doses at 6 wks, 14wks
and 9mo) in 2009 and PCV13 replaced
PCV7 in 2011 without catch-up. With
approximately 81% compliance with the

3 doses in 2012, a nationwide IPD surveil-
lance network demonstrates effectiveness
very similar than that seen in high income
countries.9 An overall reduction of 69%
in IPD was demonstrated in children <

2 y of age; serotype-specific significant
decreases in this age group were seen for
each of the PCV7 serotypes and for
PCV13 serotypes 1, 3, 6A and 19A.10

Reductions in PCV7 IPD were similar,
85% and 86% in HIV-uninfected and
HIV-infected children < 2 y of age,
respectively. Despite the decrease in HIV-
infected children, their burden remains
9.8 times higher than that of HIV-unin-
fected children. Serotype replacement was
only significant in the subset of HIV-
uninfected children <2 y of age. Signifi-
cant decreases (>80%) were also seen in
penicillin-nonsusceptible, ceftriaxone-
nonsusceptible and multidrug-resistant
isolates. Importantly, significant reduc-
tions in IPD were seen in several unimmu-
nized age cohorts, (infants <10 weeks of
age, children 2–4, 5–9 and in adults aged
15–24 and 25–44 years) demonstrating
herd protection in these unvaccinated
groups including significant reductions in
HIV-infected adults aged 25–44 y and
reductions in antibiotic nonsusceptible
isolates in all age groups. Kenya intro-
duced PCV10 in January 2011 using a
3 C 0 regimen with doses at 6, 10 and
14 weeks of age. Catch-up to 5 y of age
was conducted in the Kilifi region which
has a robust IPD surveillance system.11,12

By the end of 2013, disease due to

PCV10 serotypes has decreased approxi-
mately 85%. AlL-serotype IPD in children
aged < 5 y had decreased by approxi-
mately 70%, but an increase was seen in
2014, with total IPD reduction, thus far,
of approximately 30%. The Gambia
introduced PCV7 in 2009 and PCV13
replaced it in 2011, using a 3 C 0 regimen
at 2, 3, and 4 months without catch-up;
compliance is documented to be approxi-
mately 90% with the third dose. Thus far,
the incidence of PCV13 serotype IPD has
decreased from >200 cases /105 to <50
cases/105 in the vaccine target group of
2–23 month old children. (Grant
Mackenzie, personal communication)
Malawi introduced PCV13 in November
2011 using a 3 C 0 schedule at 6, 10 and
14 weeks; surveillance of meningitis com-
paring 2 y post-introduction to the pre-
introduction years by time-series evalua-
tion model demonstrated lower than pre-
dicted numbers of infant meningitis cases,
but no reduction on the predicted number
of cases in adults was seen after just 2 y of
follow-up.13

Although pneumonia is the most com-
mon cause of pneumococcal disease mor-
tality, surveillance for PCV impact on
pneumonia is particularly challenging.
Proving the pneumococcal etiology of
pneumonia is difficult; there is no easily
obtainable diagnostic test and isolation of
SP occurs in the minority of pneumococ-
cal pneumonia cases. Therefore, surveil-
lance of presumed bacterial pneumonia
and/or all-cause pneumonia is frequently
performed and data are available for
PCV10 and PCV13 in developing coun-
tries. A case-control study in HIV-unin-
fected children 16–103 weeks of age in
Soweto, South Africa demonstrated
>50% effectiveness of PCV7 followed by
PCV13 on hospitalization for presumed
bacterial pneumonia.14 Use of administra-
tive databases to compare rates of diseases
known to be caused by pneumococcus,
pre- and post- PCV introduction, have
been used for impact evaluation. When a
control diagnosis, known not to be
affected by PCV vaccination, is included
results may be highly suggestive of PCV
impact. Nicaragua used this approach to
assess PCV13 impact. PCV13 was intro-
duced in a 3 C 0 schedule at 2, 4 and
6 month of age with a catch-up dose

Table 1. PCV impact studies in Gavi countries

Country Vaccine Study Endpoints*

Bangladesh PCV10 IPD, Pneumonia, NPC
Burkina Faso PCV13 Meningitis, Pneumonia, NPC
Gambia PCV13 IPD, Pneumonia, NPC
Haiti PCV13 Meningitis, NPC
Kenya PCV10 IPD, NPC
Lao PDR PCV13 Pneumonia, NPC
Mongolia PCV13 IPD, Pneumonia, NPC
Mozambique PCV10 IPD, Pneumonia, NPC
Malawi PCV13 Pneumonia, NPC
Nepal PCV10 IPD, Pneumonia, NPC
Pakistan PCV10 IPD, NPC
Papua New Guinea PCV13 IPD, Pneumonia, NPC
Rwanda PCV13 Meningitis, Pneumonia
Togo PCV13 IPD, Pneumonia, NPC
United Republic of Tanzania PCV13 NPC

*IPD-invasive pneumococcal disease, NPC-nasopharyngeal carriage

418 Volume 12 Issue 2Human Vaccines & Immunotherapeutics



provided to children aged 12–24 months;
compliance with the 3 dose schedule was
>90%. Two years following PCV13
introduction pneumonia hospitalizations
were significantly reduced by 33% and
26% in children < 12 months of age and
12–23 months of age, respectively.15 In
addition, decreased seasonality of pneu-
monia cases, was also documented, possi-
bly indicating a decreased incidence of
postviral pneumococcal pneumonia. Eval-
uation of health statistics data on pneu-
monia in 2 regions of Kazakhstan that
introduced PCV13 in a 2 C 1 schedule at
2, 4 and 12–15 months of age, demon-
strate reductions of 46% and 49.6% in
the target vaccine age group.16 In Brazil
where the use of administrative databases
has been validated for PCV impact assess-
ment,17 implementation of PCV10 in a
3 C 1 schedule at 2, 4, 6 and 12 months
with catch-up to 24 months of age, dem-
onstrated statistically significant decreases
(23.3 to 28.7%) in pneumonia hospital-
izations in children 2¡24 months of age
one year following PCV introduction, in
3 of 5 regions evaluated.18 Evaluation, 2 y
post PCV10 implementation, demon-
strates a 12.65% decrease in pneumonia
diagnoses in children 1–4 y of age.19

NPC of the pneumococcus is known
to be a precursor to invasive and muco-
sal PD. PCVs have demonstrated ability
to reduce carriage of serotypes contained
in the vaccine, although overall pneu-
mococcal carriage may be only slightly
decreased or unchanged. Decrease in
NPC of vaccine-serotypes (VT) results
in decreased transmission of these sero-
types and consequently, less VT disease,
not only in the immunized child but
also in unimmunized adults and chil-
dren. This phenomenon, known as indi-
rect or herd protection has been
extensively documented for PCV7 and
data regarding herd effect for PCV10
and PCV13 is emerging. Based on this
premise and the ease of obtaining speci-
mens, NPC has been used as a surrogate
for measuring PCV impact. Reduction
in VT NPC in the developing world has
been seen for PCV10 in Kenya (3 C 0)
and for PCV13 in The Gambia (3 C 0)
and South Africa (2 C 1). Although it

is speculated that introduction with a
catch-up program will accelerate herd
effect, recent data in Kenya, demon-
strate reduction of VT NPC in unvacci-
nated children and adults in Kilifi where
a PCV10 catch-up program up to 5 y
of age was implemented, as well as in
unvaccinated children aged 1–4 in
Kibera where there was no catch-up
program.12,20

Although the isolation of a pneumo-
coccus from NPC in a child with pneu-
monia is not necessarily predictive of a
pneumococcal etiology of their pneumo-
nia, the absence of a VT in NPC in a child
with pneumonia will likely reflect vaccine
effectiveness over time in preventing
pneumococcal pneumonia episodes due to
that serotype. Thus, the longitudinal
monitoring of NPC in children with
pneumonia may be a useful and relatively
inexpensive way to monitor vaccine
impact in children. The collection of data
on vaccine exposure in these children with
pneumonia may also allow an assessment
of the onset of herd protection when the
incidence of VT carriage in vaccine-
exposed and vaccine-na€ıve infants would
be expected to approximate each other.
The principle of using NPC in infants to
document onset of herd protection has
been established in Massachusetts, albeit
in children without a specific pneumonia
diagnosis.21 In addition, collection of
NPC from children with pneumonia may
increase the likelihood of detection of
more invasive serotypes, such as types 1
and 5 in carriage.22

Early data from developing world
countries demonstrate a high degree of
effectiveness, comparable to that seen in
high income countries and should encour-
age countries who have yet to incorporate
PCVs into their national immunization
programs to do so. Given the high pneu-
mococcal disease burden and mortality in
the developing world, these data translate
to enormous public health benefit. As evi-
dence for herd protection accumulates in
both the developing and developed world,
it may be possible to modify existing PCV
immunization programs to maintain herd
protection, with less emphasis on the need
for individual protection of infants, once

the circulation of vaccine types globally
has been greatly reduced.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were
disclosed.

References

1. GBD 2013 Mortality and Causes of Death Collabora-
tors. Global, regional and national age-sex specific all-
cause and cause-specific mortality for 240 causes of
death, 1990–2013: a systematic analysis for the Global
Burden of Disease. Lancet 2015:385: 117-71

2. World Health Organization. Pneumococcal conjugate
vaccine for childhood immunization – WHO position
paper. Wkly Epidemiol Rec 2007; 82:93-104;
PMID:17380597

3. GAVI Alliance. Advance Market Commitment for
Pneumococcal Vaccines: Annual Report 1-April 2012–
2013. Geneva: GAVI Alliance, 2013. http://www.gavi.
org/library/documents/amc/2014-pneumococcal-amc-
annual-report/ Accessed March 29, 2015.

4. Levine OS, Cherian T, Shah R, Batson A et al. Pneu-
moADIP: an example of translational research to accel-
erate pneumococcal vaccination in developing
countries. J Health Popul Nutr 2004 Sep; 22:268-74

5. World Health Organization. Pneumococcal vaccines.
WHO position paper – 2012. Wkly Epidemiol Rec
2012; 87:129-44; PMID:24340399

6. Gavi, The Vaccine Alliance, 2015 Pneumococcal AMC
Annual Report. Available at www.gavi.org/funding/
pneumococcal-amc/Accessed August 9, 2015.

7. IVAC VIEW-Hub Internal Database of PCV Impact
Studies. Accessed March 24, 2015.

8. GBD 2013 Mortality and Causes of Death Collabora-
tors. Global, regional and national age-sex specific all-
cause and cause-specific mortality for 240 causes of
death, 1990–2013: a systematic analysis for the Global
Burden of Disease. Lancet 2015; 385: 117-71

9. Von Gottberg A, de Goveia L, Tempia S, Quan V,
Meiring S, von Mollendorf C, Madhi SA, Zell ER,
Verani JR, O’Brien KL et al. Effects of vaccination on
invasive pneumococcal disease in South Africa. New
England J Med 2014; 371:1889-99; http://dx.doi.org/
10.1056/NEJMoa1401914

10. Von Gottberg A, de Goveia L, Tempia S, Quan V,
Meiring S, von Mollendorf C, Madhi SA, Zell ER,
Verani JR, O’Brien KL et al. Effects of vaccination on
invasive pneumococcal disease in South Africa. New
England J Med 2014; 371:1889-99. Supplementary
Data; http://dx.doi.org/10.1056/NEJMoa1401914

11. http://kemri-wellcome.org/index.php/en/studies_inner/
75 Accessed March 29, 2015.

12. Hammitt LL, Akech DO, Morpeth SC, Karani A,
Kihuha N, Nyongesa S, Bwanaali T, Mumbo E, Kamau
T, Sharif SK et al. Population effect of 10-valent pneu-
mococcal conjugate vaccine on nasopharyngeal carriage
of Streptococcus pneumoniae and non-typeable Hae-
mophilus influenzae in Kilifi, Kenya: findings from
cross-sectional carriage studies. Lancet Glob Health.
2014;2:e397-405; PMID:25103393; http://dx.doi.org/
10.1016/S2214-109X(14)70224-4

13. Bar-Zeev N, Everett D, Alaerts M, Katsulukuta A,
Mwansambo C, Costello A, Verani JR, Whitney CG,
Cunliffe NA, Heyderman RS, et al. Is reduction in
pneumococcal meningitis in non-vaccinated age groups
in Malawi attributable to the introduction of 13-valent
pneumococcal conjugate vaccine? Presented at the 9th
International Symposium on Pneumococci and

www.tandfonline.com 419Human Vaccines & Immunotherapeutics

http://www.gavi.org/library/documents/amc/2014-pneumococcal-amc-annual-report/
http://www.gavi.org/library/documents/amc/2014-pneumococcal-amc-annual-report/
http://www.gavi.org/library/documents/amc/2014-pneumococcal-amc-annual-report/
http://kemri-wellcome.org/index.php/en/studies_inner/75
http://kemri-wellcome.org/index.php/en/studies_inner/75


Pneumococcal Diseases, March 9–13, 2014; Hyderabad,
India. Oral Presentation OP-240.

14. Madhi SA, Groome MJ, Zar H, Kopongo C, Mulligan
C, Nzenze S, Moore D, Zell E, Whitney C. Case-con-
trol study on effectiveness of pneumococcal conjugate
vaccine (PCV) against presumed bacterial pneumonia
(PBP) hospitalization in HIV-uninfected South African
children. Presented at the 9th International Symposium
on Pneumococci and Pneumococcal Diseases, March
9–13, 2014; Hyderabad, India. Poster P-456.

15. Becker-Dreps S, Amaya E, Liu L, Moreno G, Rocha J,
Brice~no R, Alem�an J, Hudgens MG, Woods CW,
Weber DJ. Changes in childhood pneumonia and
infant mortality rates following introduction of the 13-
valent pneumococcal conjugate vaccine in Nicaragua.
Pediatr Infect Dis J. 2014; 33:637-42;
PMID:24445827; http://dx.doi.org/10.1097/INF.
0000000000000269

16. Yeraliyeva LT, Ramazanova BA, Mustafina KK,
Azymbayera NY. Evaluation of results of the first
mass vaccination against pneumococcal disease in
the Republic of Kazakhstan. Presented at the 9th
International Symposium on Pneumococci and

Pneumococcal Diseases, March 9–13, 2014; Hyder-
abad, India. Poster P-484.

17. Sgambatti S, Minamisava R, Afonso ET, Toscano CM,
Bierrenbach AL, Andrade AL. Appropriateness of
administrative data for vaccine impact evaluation: the
case of pneumonia hospitalizations and pneumococcal
vaccine in Brazil. Epidemiol Infect 2015; 143:334-42;
PMID:24759601; http://dx.doi.org/10.1017/S095
0268814000922

18. Afonso ET, Minamisava R, Bierrenbach AL, Escalante
JJ, Alencar AP, Domingues CM, Morais-Neto OL,
Toscano CM, Andrade AL. Effect of 10-valent pneumo-
coccal vaccine on pneumonia among children, Brazil.
Emerg Infect Dis 2013; 19:589-97; PMID:23628462;
http://dx.doi.org/10.3201/eid1904.121198

19. Scotta MC, Veras TN, Klein PC, Tronco V, Polack FP,
Mattiello R, Pitrez PM, Jones MH, Stein RT, Pinto
LA. Impact of 10-valent pneumococcal non-typeable
Haemophilus influenzae protein D conjugate vaccine
(PHiD-CV) on childhood pneumonia hospitalizations
in Brazil two years after introduction. Vaccine 2014;
32:4495-9; PMID:24958703; http://dx.doi.org/
10.1016/j.vaccine.2014.06.042

20. Kim L, Conklin L, Bigogo G, Fields B, Odoyo A,
Odiembo H, Carvalho M, Pimenta F, Odero K,
Milucky J, et al. Pneumococcal carriage in Kenyan
children before and after 10-valent pneumococcal
conjugate vaccine (PCV10) introduction, 2009 and
2012. Presented at the 9th International Symposium
on Pneumococci and Pneumococcal Diseases, March
9–13, 2014; Hyderabad, India.

21. Loughlin AM, Hsu K, Silverio AL, Marchant CD, Pel-
ton SI. Direct and indirect effects of PCV13 on naso-
pharyngeal carriage of PCV13 unique pneumococcal
serotypes in Massachusetts’ children. Pediatr Infect Dis
J. 2014; 33:504-10; PMID:24670957; http://dx.doi.
org/10.1097/INF.0000000000000279

22. Greenberg D, Givon-Lavi N, Newman N, Bar-Ziv J,
Dagan R. Nasopharyngeal carriage of individual Strep-
tococcus pneumoniae serotypes during pediatric pneu-
monia as a means to estimate serotype disease potential.
Pediatr Infect Dis J. 2011; 30:227-33;
PMID:20861756; http://dx.doi.org/10.1097/INF.
0b013e3181f87802

420 Volume 12 Issue 2Human Vaccines & Immunotherapeutics


