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Abstract
The case of pneumococcal vaccine and
pneumonia
In recent times there has been an unprecedented
global focus on addition of newer vaccines like
Rotavirus and Pneumococcal vaccines(PCV) to
reduce diarrhoea and pneumonia mortality and
enhance child survival. Many issues need to be
resolved before introducing these vaccines in resource
poor developing countries. There is a need to know
how effective these vaccines are for decreasing
mortality due to childhood pneumonia and diarrhea in
developing countries. The concern is that introduction
of these vaccines is likely to divert the meagre
resources available away from more beneficial,
evidence based cost-effective interventions such as
supplying safe water and sanitation, promotion of early
and exclusive breastfeeding, and improving health
systems which are crucial to control morbidity and
mortality due to childhood diarrhoea and pneumonia
more sustainably.

Introduction
In the global quest to achieve the Millennium
Development Goal (MDG) 4 to reduce child mortality
by two thirds by 2015, the World Health Organisation
(WHO) has proposed introduction of vaccines for
pneumococcal and rotavirus infections in all national
immunization programmes (1). The proposal requires
more scrutiny of its relevance, effectiveness, cost, and
possible contribution to reducing deaths in resource
poor countries. The benefits of these vaccines are
blunted by low absolute risk reduction in developing
countries and the phenomenon of strain shifts, which
we discuss in this paper. We discuss the comparative
cost effectiveness of providing safe water & sanitation
and promoting breastfeeding to reduce early childhood
mortality. We argue that developmental assistance
currently used to assist introduction of these vaccines
in developing countries could be put to better use
elsewhere.

Review

WebmedCentral > Review articles

Pneumonia is the leading cause of mortality in children
under five. Studies from developing countries have
identified many organisms like Streptococcus
pneumoniae, Hemophilus influenzae b, and
Respiratory Syncytial Virus as causative agents (2,3).
Pneumonia mortality in children is strongly linked to
poverty, malnutrition, inadequate health care, low
birth-weight, non-exclusive breastfeeding during the
first 4 months of life, lack of measles immunization,
indoor air pollution and over-crowding. (4,5).
Preventing childhood
pneumococcal vaccine

pneumonia

with

Streptococcus pneumonia may cause invasive
pneumococcal disease (IPD), which includes
pneumonia, meningitis and febrile bacteraemia. (6)
There are 93 known serotypes of this bacterium. A
variety of vaccines including a 23-valent
polysaccharide vaccine and three conjugate vaccines
namely heptavalent conjugate pneumococcal vaccine
(PCV 7), ten valent conjugated pneumococcal vaccine
(PCV10) and a thirteen valent conjugated
pneumococcal vaccine (PCV13) are available to
prevent pneumococcal disease. The Cochrane review
for PCV showed pooled vaccine efficacy 80% (95%
confidence interval (CI) 58% to 90%, P < 0.0001); all
serotypes-IPD, 58% (95% CI 29% to 75%, P = 0.001);
World Health Organization X-ray defined pneumonia
was 27% (95% CI 15% to 36%, P < 0.0001); clinical
pneumonia, 6% (95% CI 2% to 9%, P = 0.0006); and
all-cause mortality, 11% (95% CI -1% to 21%, P =
0.08). There was no statistically significant reduction in
all cause mortality (7). This data suggests that the
PCV is unlikely to reduce childhood mortality to the
extent to enable achievement of the MDG-4. The
impressive sounding reductions in relative risk quoted
in the Cochrane review as vaccine efficacy against
vaccine serotype IPD masks a much smaller reduction
in absolute risk. According to a trial using 9 valent
pneumococcal vaccine, vaccinating 1000 children will
prevent 3.6 cases of radiologically confirmed
pneumonia (8).
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Phenomenon of serotype replacement
There has been a significant increase in
pneumococcal disease due to non-vaccine serotypes
particularly 19A disease after introduction of PCV7
and the Table 1 shows how the incidence of IPD due
to non-PCV strains increased in the UK from 150 to
375 during a four year period when the incidence of
IPD due PCV7 strains came down from 400 to 25 (9).
A retrospective review from Singapore reveled that
IPD incidence remained uncahnged even with
increased coverage of PCV7. (10). More alarmingly,
there is now an increase in the incidence of Penicillin
resistance.(11) The benefits from the vaccine are at
risk of being wiped out with the emergence of these
new strains which need treatment with more
expensive antibiotics. Temporarily this is being
countered by the new PCV 13 vaccine, which covers
the newly emergent strains but it has been suggested
that the strain shifts would continue to evolve with
even newer strains likely to emerge in the future (12) .
Cost and cost- effectiveness of PCV
Some economic evaluations of the PCV from
developed countries have suggested that it is
cost-effective (13,14,15). However, an evaluation in
Korea found it was not cost effective (16). The
phenomenon of strain shifting makes the cost utility
ratio even worse as the costs of treating more virulent
replacement-strains must be factored into the costing.
An evaluation from Netherlands, which factored-in
added costs due to an increase in non-vaccine
serotype IPD found PCV 7, was not cost-effective. (17)
In real terms the cost per life saved with PCV has
been calculated to be US$ $47,220. (18). On the other
hand, saving neonatal deaths utilizing a bundle of 16
interventions in sub-Saharan Africa and South Asia
costs only US$1100-3900 per death averted (19).
Low-income countries will find the cost of pneumonia
control using vaccines unaffordable. In addition,
low-income countries lack the strong and fully
functioning health system needed to universalize the
coverage of pneumococcal vaccine (20). All these
factors suggest that pneumococcal vaccine is unlikely
to make an impact in terms of reducing childhood
mortality in developing countries.
The case of rotavirus vaccine and diarhhoea
Diarrhoea remains the second leading cause of
morbidity and mortality among children under five.
Diarrhoea is caused by a variety of pathogens
including viruses, bacteria, and protozoa. About 88%
of deaths due to diarrhoea have been attributed to
unsafe water, inadequate sanitation and poor hygiene
(21). Rotavirus is responsible for about 40% of all
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childhood diarrhoea hospitalisations(22). The WHO
and UNICEF recommend a 7-point action plan to
reduce diarrhoea-related-disease and mortality that
includes both a prevention and a treatment package,
and vaccines are only one of these measures. The
preventive measures include early and exclusive
breastfeeding for the first six months, Vitamin A
supplements, hand washing, safe and adequate water
supply, and sanitation (23). In developed countries
and in Latin America, use of rotavirus vaccines has
resulted in decline in hospitalization due to diarrhoea
and diarrhoea-related-mortality (24,25). However, a
Cochrane review on rotavirus vaccine suggests that
efficacy of rotavirus vaccines is lower in countries in
Africa and Asia compared to high-income countries.
The review also reveals that with the 5 valent rotavirus
vaccine, at two years follow-up, there was no
statistically significant difference in severe rotavirus
diarrhoea between vaccine and placebo groups. (26)
Rotavirus strain differences/ Phenomenon of
serotype replacement
Rotavirus strains in developing and developed
countries are different. This is also responsible for the
differences in vaccine efficacy seen in these
contrasting environments. A multi-centre study in India,
looking at the local rotavirus strains found that only
22.1% of strains identified were covered in Rotarix
(GSK), while 47.9% were covered by RotaTeq(Merck)
(27). Studies from India have also shown that there
has been continuous re-assortment between the
human and bovine viruses and the strains causing
human infections are evolving continuously(28). This
makes the task of developing appropriate vaccines for
India a challenge. It is also known that passively
transferred maternal antibodies against rotavirus
through the placenta and breastmilk may inactivate the
vaccine; malnutrition and other enteric co-infections
may also be contributing to the lower efficacy(29).
Role of other preventive and therapeutic
interventions, coverage and cost-effectiveness
An analysis of the available evidence suggests that
provision of safe water is likely to reduce diarrhoeal
disease prevalence by up to a third.(30) Still greater
reductions (up to 63%) are associated with supply of
piped water to homes (31). In developing countries
‘not breastfeeding’ resulted in an excess risk of
diarrhoea mortality in infants 0-5 months of age (RR:
10.52) (32). Oral rehydration therapy (ORT) has
proved to be an effective intervention to decrease
mortality in childhood diarrhoea. Prior to availability of
rotavirus vaccines, annual diarrhoeal deaths
consistently deceased in children below 5 years of age,
from the estimated 4.6 million in 1980 to about 1.5
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million in 2000. Case studies from Brazil, Egypt,
Mexico, and Philippines have confirmed that an
increase in the use of ORT (15% in 1984 to 40% in
1993) was concomitant with marked falls in mortality
due to diarrhoea (33). The WHO briefing suggests
that exposure to indoor air pollution more than doubles
the risk of disease and is responsible for 900,000 of 2
million annual deaths from pneumonia and other
ALRI.(34)
Coverage of essential interventions like supply of safe
water and sanitation was 100% in developed
countries since 1990s. In contrast in Africa and the
South East Asia region, status of preventive and
therapeutic intervention like safe drinking water supply,
sanitation, are far from satisfactory and remain slow in
progress(35) (See Table -2). Exclusive breastfeeding
rate for first six months is 37% in developing and 39%
in least developed countries. Oral rehydration therapy
with continued feeding is available only to 39% of
children with diarrhoea in developing countries and
43% children in least developed countries (23).
Similarly, Table 3 shows coverage of interventions in
India, cleraly showing how much needs to be done to
put in place basic health care in the hands of all
people.(35,36,37). A recent study from Niger on the
impact of introduction of either rotavirus vaccine or
PCV7 on health systems storage, transport, and
refrigerator space revelas that it will reduce the
vaccine reach to the clinics. The study predicted that
WHO EPI rates might decrease from an average of
69% to 28.2% (range = 10%–51%). These issues
need to be addressed before introducing rotavirus
vaccine in Africa and Asia. (38)
In a cost effectiveness study among the interventions
against diarrhoeal disease, breastfeeding promotion
programs cost US$ 527 to US$ 2,001 per disability
adjusted life years (DALY) averted, oral rehydration
therapy costs US$132 to US$ 2,570 per DALY
averted, improved access in areas with little access to
water cost US$ 94 per DALY averted and sanitation
US$ 270 per DALY averted. These interventions are
more cost effective compared with rotavirus
immunizations costing US$ 1,402 to US$ 8,357 per
DALY averted during first year of life. (39). For these
reasons it will be prudent not to extrapolate efficacy
data from developed countries on to other countries.

Conclusions
Any public health strategy must have a place for
vaccines but only if the vaccine is proven to be very
effective in terms of absolute risk reduction, and is
affordable. We believe that interventions like
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pneumococcal and rotavirus vaccine are likely to
compete with the efforts to provide other interventions
which could save more lives and be sustainable. In the
above analysis and discussion it is clear that both
pneumococcal vaccine and rotavirus vaccines have
low utility but high costs. For the same expenditure
more lives could have been saved by alternate use of
the money and this is the opportunity forgone. While
GAVI alliance provides co-funding for vaccines there is
no such coordinated source of funding for the other
interventions in the resource poor countries (20).
Considering the critical and sustainable role
breastfeeding, water-supply and sanitation can play,
and their ability to reduce overall disease-burden, it
seems more logical to invest in these interventions.
Similar is the case for treatment with ORT.
It is also clear that presence of strong and well
functioning health system is required without which it
would not be possible to achieve meaningful coverage
of any vaccine. Considering strain problems, lack of
country specific data on effectiveness and absolute
risk reduction of these two vaccines in developing
countries, such an initiative can be put on hold. The
advice of the Cochrane review on effect of
pneumococcal conjugate vaccines for preventing
vaccine type IPD and X-ray defined pneumonia is
worth taking note of “….policy makers should look into
existing data on burden of pneumonia disease or risk
of disease in children under two years of age,
serotype-specific disease, drug resistance in the local
setting, and the cost of the vaccine to make informed
decisions on the inclusion of the vaccine into national
immunisation programmes..”(7). To make the task
easy for programme planners and decision makers,
calculations on absolute risk reduction and
cost-effectiveness should be generated. Universalising
access to these effective interventions other than
vaccines could be the game changer for the
developing countries to rapidly achieve Millennium
Development Goal 4.
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Illustrations
Illustration 1
Table 1

Illustration 1: Trends in approximate number of IPD reports in children under five in UK
(Adapted from reference 9)
Week 20 of
the Year

Number of IPD cases due to Number of IPD cases due Total cases
Pneumococcal strain in Pneumococcal strain not in
PCV7
PCV7

2006
2007
2010
Increase
↑/decrease ↓

400
275
25
↓
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150
175
375
↑

550
450
400
↓
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Illustration 2
Table 2

Illustration 2: Progress on key preventive interventions for diarrhoea and pneumonia
(adapted from reference 35)
WHO region/ Population using Population
using Population
Income group
improved
improved sanitation (%) Using solid fuels
Drinking-water
(%)
sources (%)

Developed
countries
African Region
South-East Asia
Region
Low income
Lower middle
income
Global
Ranges
of
country values

1990

2010

1990

2010

100

100

100

100

50
71

63
90

29
25

34
43

77
61

54
70

65
87

21
29

37
47

91
54

76
14-100

89
29-100

49
3-100

63
9-100

41
<5 - >95
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Illustration 3
Table 3

Illustration 3: Status of Child health indicators / Child survival interventions in India
(Adapted from Ref. 35,36,37)
Child health indicators / Child survival interventions
Status/Coverage
(%)
Infant and Young Child Initiation of Breastfeeding within one hour of 40.5
Feeding practices (36)
birth
Children age 0-5 exclusively breastfed
46.8
Children age 6-9 months receiving 57.1
solid/semi-solid food and breast milk
Child health care services Under-fives with diarrhoea receiving oral 33
rehydration and continued feeding
(37)
Under-fives with suspected pneumonia taken 69
to an appropriate health-care provider,
2006-2010
Under-fives with suspected pneumonia 13
receiving antibiotics
Routine
immunization Bacille Calmette Guerin (BCG)
86.9
coverage (36)
Oral Polio Vaccine
70.4
Diphtheria-Tetanus-Pertussis (DTP) 3 doses
Measles
71.5
74.1
Population using improved sanitation facilities (35)
34
Population using improved drinking water sources (35)
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