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ABSTRACT
Pneumonia due to Streptococcus pneumoniae 
(pneumococcus) is a major cause of mortality in infants 
(children under 1 year of age), and pneumococcal 
conjugate vaccines (PCVs), delivered during the first year 
of life, are available since the year 2000. Given those two 
premises, the conclusion follows logically that favourable 
impact reported for PCVs in preventing pneumococcal 
disease should be reflected in the infant mortality rates 
(IMRs) from all causes. Using publicly available datasets, 
country-level IMR estimates from UNICEF and PCV 
introduction status from WHO, country-specific time series 
analysed the temporal relationship between annual IMRs 
and the introduction of PCVs, providing a unique context 
into the long-term secular trends of IMRs in countries 
that included and countries that did not include PCVs in 
their national immunisation programmes. PCV status was 
available for 194 countries during the period 1950–2020: 
150 (77.3%) of these countries achieved nationwide PCV 
coverage at some point after the year 2000, 13 (6.7%) 
achieved only partial or temporary PCV coverage, and 31 
(15.9%) never introduced PCVs to their population. One 
hundred and thirty-nine (92.7%) of countries that reported 
a decreasing (negative) trend in IMR, also reported a 
strong correlation with decreasing maternal mortality 
rates (MMRs), suggesting an improvement in overall child/
mother healthcare. Conversely, all but one of the countries 
that never introduced PCVs in their national immunisation 
programme also reported a decreasing trend in IMR that 
strongly correlates with MMRs. IMRs have been decreasing 
for decades all over the world, but this latest decrease may 
not be related to PCVs.

INTRODUCTION
Worldwide, vaccines are an important public 
health prevention tool and pneumonia is 
considered an important cause of morbidity/
mortality and healthcare services utilisation. 
Pneumonia caused by Streptococcus pneumo-
niae (pneumococcus) is as a major cause of 
mortality during the first year of life, espe-
cially in young children living in low-income 
and middle-income countries.1 Pneumonia 
(usually non-invasive) is the most common 
pneumococcal disease, but pneumococcus 

also causes invasive pneumococcal disease 
(IPD, that is, bacteraemia, meningitis) which 
are less frequent but more deadly. Since 2000, 
pneumococcal conjugate vaccines (PCVs), 
promoted by the WHO, are incorporated into 
national child immunisation programmes 
around the world.1 Before PCVs were avail-
able, the highest baseline rate of overall IPDs 
was observed among children aged 1 year or 
less.2 Since pneumonia and IPDs are impor-
tant causes of mortality in children under 
1 year of age, trends in infant mortality rates 
(IMRs, frequency of deaths in children under 
1 year of age for every 1000 live births) could 
be expected to react to the introduction of 
PCVs into a country’s national immunisation 
programme. This article aims to provide a 

SUMMARY BOX
	⇒ Pneumococcus is often reported as the most import-
ant cause of mortality in young children, but lack of 
laboratory confirmation is increasing globally, and 
literature documenting aetiology in fatal infant cas-
es is scarce, yet pneumococcal conjugate vaccines 
(PCVs) continue to broaden serotype coverage and 
increase cost.

	⇒ PCVs that are developed to stimulate an immune 
response against very specific pneumococcal se-
rotypes in high-income countries are expected to 
provide protection against all pneumococcal diseas-
es worldwide, but serotype prevalence varies geo-
graphically and among age groups.

	⇒ It is possible that the beneficial impact in infant mor-
tality reported by PCVs is just the latest phase in a 
global trend of improvement in access to healthcare, 
nutrition, hygiene and education, compared with 
past decades.

	⇒ Without knowing the true burden of disease from 
pneumococcus in infant mortality, it is difficult to 
distinguish the true impact of PCVs in this target 
population.

	⇒ This information will help to encourage future ef-
forts towards pneumococcal serotype surveillance 
systems in middle-income to low-income countries.
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unique perspective and context for the analysis of secular 
trends in IMRs, as they relate to PCVs.

DATA SOURCES AND ANALYSIS
Health indicators are estimates designed to summarise 
information about priority topics related to popula-
tion health or health system performance, and provide 
comparable and actionable information across different 
geographical, organisational or administrative bounda-
ries and/or can track progress over time.3 IMRs provide 
key information about maternal and infant health, serve 
as a sensitive indicator of living conditions, as well as the 
coverage and quality of healthcare,4 and is considered 
an important marker of the overall health in a country.5 
Annual IMR median data were collected for 196 coun-
tries from the Data and Analytics Section; Division of 
Data, Analytics, Planning and Monitoring of the UNICEF 
for the period 1950–2020.6 For each country, the IMR 
estimate was paired by year with WHO data that summa-
rises country PCV status in the national immunisation 
programme: 0 for no PCV, 1 for PCV,7 which defines the 
before and after periods for each country.

Descriptive and regression analyses were performed. 
Following a previous review,8 78 countries with at least 
8 years (time points) after the introduction of PCVs (on 
or before 2014) were selected and the annual rates were 
plotted for trend analysis. Average annual mortality rates 
for before and after periods were compared. Statistical 
models for trends were estimated in selected countries 
(the USA, Canada and Australia). A main issue with 
observations taken over time (ie, time series) is that they 
are usually correlated,8 meaning values from a certain 
time period are not completely independent from the 
previous value. To account for this autocorrelation, we 
performed autoregressive integrated moving average 
(ARIMA) models to fit the data from selected coun-
tries to make projections and test the PCV status vari-
able. Interrupted time series analysis (where the periods 
before and after a point of intervention are compared 
with assess the intervention’s effects) cannot account for: 
(1) other events concurrent with the policy/programme 
of interest, (2) changes in instrumentation or case defi-
nition or (3) changes in the composition of the interven-
tion group.8

A maternal death is defined as ‘the death of a woman 
while pregnant or within 42 days of termination of preg-
nancy, irrespective of the duration and the site of the 
pregnancy, from any cause related to or aggravated by the 
pregnancy or its management, but not from accidental or 
incidental causes’.9 Maternal mortality rates (MMRs, the 
frequency of maternal deaths per 100 000 live births) are 
also considered an informative health indicator. Annual 
country-level MMR data from UNICEF was collected 
for 185 countries during the period 2000–2017,10 and 
compared with IMR trends using the Spearman rank 
correlation test, which is a non-parametric test (does 
not assume a normal distribution) used to measure the 

degree of association between two variables. Correlation 
implies association, not causation.

All statistical analyses were conducted using the SPSS 
Statistical Software V.23.

FINDINGS OF THE ANALYSIS OF THE DATASETS
Table 1 summarises available data from the WHO website 
regarding PCV status by country (N=196). A single specific 
year for PCV introduction into the national immunisa-
tion programme was available for 109 (55.6%) countries, 
41 (20.9%) countries delayed the introduction across a 
period of time (range: 1–13 years), 13 (6.6%) countries 
achieved only temporary (discontinued after 3 years) or 
limited PCV coverage, and 31 (15.8%) countries never 
adopted PCVs. No PCV status data were available for the 
State of Palestine or the territory of Puerto Rico.

Figure 1 shows the adoption of PCVs over time since 
the year 2000. The first countries to include PCVs in their 
national immunisation programmes were the USA and 
Canada, later, over half (54.1%) the countries incorpo-
rated PCVs in their programmes between 2011 and 2015. 
The IMR trends for 78 (71.6%) countries that introduced 
PCV programmes at a specific year between 2000 and 
2014 (with enough time points) are plotted in figure 2, 
and IMR trends for 31 countries that never adopted PCVs 
are plotted in figure 3. The UNICEF data show that IMRs 
are decreasing in most countries, even in countries that 
never included PCVs in their immunisation programme. 
The IMR trend for most countries shows an initial rapid 
decrease in the first five decades, followed by a much 
slower decline in the recent two decades, when PCVs 
became available.

ARIMA models forecasting estimates beginning on the 
year of PCV introduction for three countries with the 
longest number of years implementing PCVs are also 
presented in figure  2. The observed rates are slightly 
lower than those projected for the USA (ARIMA 0,3,2) 
and Canada (ARIMA 0,3,1), and slightly higher for 
Australia (ARIMA 2,3,1). However, the introduction of 
the ‘dummy’ variable for PCV status did not change the 
models in any way and the parameter estimate remained 
not significant, suggesting the IMR trend is not related to 
the change between before and after PCV periods.

Data for both IMR (period 1950–2020) and MMR 
(period 2000–2017) were available for 184 (93.8%) 
countries. A positive (direct) correlation between IMR 
and MMR was estimated for 170 countries (r Spearman 
range: 0.035–0.999), with a strong positive correlation (r 
Spearman>0.700) in 153 (90%) countries. This is consis-
tent with international reports of MMR falling globally by 
nearly 44% between 1990 and 2015.11 Negative (inverse) 
correlations between IMR and MMR were reported for 
13 countries (r Spearman range: −0.947 to −0.039), with 
a strong negative correlation (r Spearman<−0.800) in 
5 countries plotted in figure  4: a decreasing IMR with 
an increasing MMR (the USA, Kuwait and Dominican 
Republic); or an increasing IMR with a decreasing MMR 
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Table 1  PCV status in the national immunisation programme, by type of status, 2000–2021 (N=196)

PCV introduction 2012–2021 PCV introduction 2000–2011 only high-risk groups
Never introduced 
PCV

Afghanistan Mauritania Albania Singapore Antigua and Barbuda Belize

Algeria Mauritius Andorra Slovakia Belarus Cabo Verde

Angola Mozambique Australia Türkiye Bosnia and 
Herzegovina

Chad

Armenia Myanmar Barbados United Arab 
Emirates

Brunei Darussalam China

Azerbaijan Namibia Belgium UK Islamic Republic of 
Iran

Comoros

Bangladesh Nauru Benin USA Jamaica Cook Islands

Bhutan Nepal Bulgaria Uruguay Saint Lucia Cuba

Bolivia Niger Burundi Yemen Czechia

Botswana North Macedonia Cameroon Partial PCV introduction DPR of Korea

Burkina Faso Papua New Guinea Canada Argentina Kazakhstan Dominica

Cambodia Paraguay Central African 
Republic

Austria Kuwait Egypt

Congo Poland Denmark Bahamas Latvia Equatorial Guinea

Côte d'Ivoire Portugal Ethiopia Bahrain Mexico Estonia

Croatia Republic of Korea Gambia Brazil Micronesia Gabon

Djibouti Romania Germany Chile Monaco Grenada

Eritrea Russian Federation Greece Colombia Mongolia Guinea

Eswatini Samoa Honduras Costa Rica Nigeria Jordan

Fiji San Marino Hungary Cyprus Pakistan Maldives

Georgia Sao Tome and 
Principe

Japan DR of the Congo Panama Montenegro

Ghana Senegal Kenya Dominican 
Republic

Peru Saint Kitts and 
Nevis

Guatemala Seychelles Luxembourg Ecuador Qatar Somalia

Guinea-Bissau Solomon Islands Malawi El Salvador Saudi Arabia South Sudan

Haiti Sudan Mali Finland Serbia Sri Lanka

Kiribati Togo Marshall Islands France Slovenia St Vincent and the 
Grenadines

Kyrgyzstan Tonga Morocco Guyana South Africa Suriname

Lao People’s DR Tunisia Netherlands Iceland Spain Syrian Arab 
Republic

Lebanon Turkmenistan New Zealand Ireland Sweden Tajikistan

Lesotho Tuvalu Nicaragua Israel Switzerland Thailand

Liberia Tanzania Niue Italy Trinidad and Tobago Timor-Leste

Libya Uzbekistan Norway Only regional 
PCV

Uganda Ukraine

Lithuania Vanuatu Oman India Only IMR data Viet Nam

Madagascar Zambia Palau Indonesia State of Palestine Temporary PCV 
programme

Malaysia Zimbabwe Rwanda Philippines Only MMR data Iraq

Malta Sierra Leone Republic of 
Moldova

Puerto Rico Venezuela

DPR, Democratic People’s Republic; DR, Democratic Republic; IMR, infant mortality rate; MMR, maternal mortality rate; PCV, pneumococcal 
conjugate vaccine; UR, United Republic.
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(Fiji and Grenada), and no correlation estimate was avail-
able for Greece due to minimal variation in MMRs. The 
increasing trend in MMR for the USA has been reported 
as recently as 2021,12 and for Canada and Jamaica, 
between 1990 and 2015.11 It is important to note that this 
is a trend analysis, not point estimation. For example, the 
MMRs of the USA, Australia and Canada in 2015 were 
well below most countries, but the MMR for the USA was 
twice that of Australia and Canada, while Greece and 
Kuwait were considered among the safest places to give 
birth in the world.11

INTERPRETATIONS OF THE FINDINGS
The combined decline in IMR and MMR during the 
past decades, together with the negligible statistical 
impact of PCV introduction, suggests that an improve-
ment in overall health conditions for young chil-
dren and women in childbearing age can explain the 
decrease in mother/child mortality. A study in Italy 
analysed the decline in infant mortality considering 
several indicators for maternal age, education and 
social class, as well as low birth weight and preterm 
conditions, and concluded that the observed declines 
were probably due to a general improvement in 
economic and cultural conditions.13 A study in Brazil 
concluded that mortality rates from lower respiratory 
infections decreased in young children regardless of 
PCV implementation and the most significant reduc-
tions preceded PCV introduction,14 which is consistent 
with our findings. This global decline can be largely 

attributed to a general improvement in living condi-
tions in most countries, and thus the true disease 
burden of pneumococcus in infant mortality remains 
to be properly estimated.

Factors to consider before the conclusion
History
Analysing a brief period of time without acknowl-
edging the overall trend can be misleading. The latter 
part of the 20th century has seen the advent of anti-
biotics which have been crucial for controlling infec-
tious diseases. Studies comparing a couple of years 
before and after PCV introduction fail to consider the 
long-term decreasing trend in IMRs during the past 
decades and may just be focusing on the latest phase 
in a global tendency. A study in Brazil going back three 
decades before PCV introduction reported only a 
modest (compared with the prevaccine period) reduc-
tion in pneumonia mortality in young children.15 More 
recently, in the USA (where PCVs were introduced in 
2000), between 1999 and 2020, the frequency of infant 
deaths decreased 30% and infant crude death rate 
decreased 24%, but the ranking of leading causes of 
infant death has remained remarkably stable and does 
not include pneumonia: birth defects or congenital 
malformations, disorders related to short gestation or 
preterm birth and low birth weight, and sudden infant 
death syndrome accounted for 44.8% of infant deaths 
in 1999, and 43.8% in 2000.16 17 Bacterial sepsis of 
newborn was the only infectious disease among the ‘10 

Figure 1  PCV status in the national immunisation programme over time, by status, 2000–2021 (n=196). PCV, pneumococcal 
conjugate vaccine.
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Figure 2  Countries where PCV is administered throughout the entire country and introduced a specific year in the national 
immunisation programme between 2000 and 2014, by year of introduction (n=78). PCV, pneumococcal conjugate vaccine; 
UCL, upper confidence level; LCL, lower confidence level.
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most common causes of infant death’ list representing 
only 2.5% of infant deaths in 1999 and 2.8% in 2020.16 
Pneumococcus is not commonly associated with infant 
sepsis.

Age of death
Infant deaths were traditionally divided into neonatal and 
postneonatal categories according to the age at death, 
roughly translated to the newborn dying during the first 
month or the first year of life, respectively. It was believed 
that neonatal deaths were caused by mostly biologic 
conditions (endogenous causes) and postneonatal 
deaths resulted from other conditions such as injuries 
and socioenvironmental causes (exogenous causes).18 
This is no longer considered to be a precise categorisa-
tion, but differences between the cause of death during 
each period do exist.

Since 1945, several countries have shown an initial 
rapid rate of decline in postneonatal mortality (infant 
dying within 28–364 days), followed by a period of much 
slower decline,19 this is consistent with our findings. The 
main factor for this decline is believed to be the gradual 
prevention of deaths due to infections (particularly 
gastrointestinal and respiratory), progressively contrib-
uting to a smaller proportion of infant mortality.19 Once a 
country approaches a situation in which the main causes 
of death in the first year of life are primarily health prob-
lems that cannot be prevented or treated (ie, genetic or 
congenital), then the decrease in infant mortality slows 
down.4 This is consistent with most trends in figures  2 
and 3, with or without PCV. Consequently, between 1995 
and 2019 in the USA, postneonatal deaths represented 
only a third of infant mortality,17 and it is only when we 
disaggregate the top 10 causes of postneonatal deaths 

that we find pneumonia, but only accounting for 0.8% of 
all infant deaths.16

Lack of laboratory confirmation
Without laboratory confirmation, a pneumonia death is 
reported as ‘pneumonia due to unspecified organism’, 
which includes other bacteria, viruses or even fungi. A 
global decline in the quality of microbiology analysis 
has been proposed in recent years, with fewer studies 
reportedly identifying any likely pathogen in 50%–70% 
of pneumonia cases.20 In the USA, between 1995 and 
2019, 2828 infant deaths due to pneumonia caused by 
unspecified organism were reported, compared with 
only 45 deaths properly reported as pneumonia due to 
S. pneumoniae.16 In low-income and middle-income coun-
tries, where pneumonia is a major health problem, the 
isolation of pneumococcus occurs only in a minority of 
pneumococcal pneumonia cases.21 Before the advent of 
PCVs, prospective studies of community-acquired pneu-
monia among young children reported between 17% 
and 28% of cases were diagnosed as pneumococcal.22 23 
It was believed at the time that these and other studies 
probably underestimated the actual proportion of 
pneumococcal pneumonia cases due to a low sensitivity 
in routine diagnostic testing.24 In fact, in the above-
mentioned studies, 53% and 20% of patients with bacte-
rial pneumonia had a concurrent viral infection, and no 
aetiology was diagnosed in 52% and 34% of pneumonia 
cases, respectively.22 23 Pneumococcus has been histori-
cally proclaimed as the most important global cause of 
pneumonia, but the frequency of pneumococcus as a 
cause of pneumonia has declined from 95% in the era 
before antibiotics, to 10%–15% of inpatient pneumonia 
cases in the USA.25 Among older adults, pneumococcal 

Figure 3  Countries where PCVs were never introduced in the national immunisation programme, by world region (n=31). 
PCVs, pneumococcal conjugate vaccines.
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Figure 4  Selected countries with negative IMR-MMR Spearman correlation, and Greece, 2000–2017. IMR, infant mortality 
rate; MMR, maternal mortality rate.
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prevalence as a cause of community-acquired pneumonia 
varies across European countries,26 and could be less 
important in some parts of Asia,27 where other pathogens 
like Klebsiella pneumoniae and Burkholderia pseudomallei 
may be predominant.28 Infant pneumonia may also be 
evolving.

Vaccine efficacy
The success of PCVs refers to very specific types of pneu-
mococcal disease. Most studies agree that PCVs are very 
effective in preventing IPD caused by PCV serotypes, and 
less effective in preventing IPD caused by any serotype: 
41.3%,29 37.9%30 and 64.7%31 more effective. The intro-
duction of PCV7 in 2000 led to substantial reductions 
in the incidence of IPD among young children, but the 
per cent reduction was always higher among IPD cases 
caused by serotypes contained in PCV7 than in IPD cases 
caused by any serotype.31 That a vaccine prevents the 
disease it was designed to prevent is expected, but how 
important is that disease in the context of the burden on 
a population is the question that needs to be answered. 
The role of PCVs on the (more frequent) non-invasive 
pneumonia is less straight forward, with PCV efficacy 
in preventing radiograph-confirmed pneumonia being 
lower than that for IPDs, and much lower for clinically 
diagnosed pneumonia.29 30 By 2004, pneumococcal pneu-
monia rates declined by 65% (95% CI 47% to 77%) for 
children younger than 2 years in the USA, but all-cause 
pneumonia hospital admission rates declined by only 
39% (95% CI 22% to 52%).32 The prevention of pneu-
monia has always been less striking than that for IPDs, but 
regardless of the low efficacy it was believed to have the 
potential for tremendous impact given the high burden 
of pneumonia in infants,29 but this is not as obvious as 
it seems. Given new PCVs have recently been approved 
in the USA for the prevention of IPDs in infants and 
children,33 the extrapolation to preventing pneumonia 
should be fully tested before reaching international 
immunisation programmes.

Serotypes
By stimulating the immune system, vaccines can improve 
the response to avoid severe disease and/or death from 
infection, but only for the specific pathogen they have 
been created against. Since PCVs protect against colo-
nisation with specific vaccine-type serotypes, knowledge 
of the distribution of pneumococcal serotypes causing 
disease is fundamental to evaluate the potential impact 
of a pneumococcal vaccine24 because different pneumo-
coccal serotypes vary in their ability to cause disease.34 
Approximately 90 pneumococcal serotypes have been 
described,9 and the original PCV7 included the seven 
most common serotypes isolated from the blood or cere-
brospinal fluid of children aged <6 years in the USA and 
accounted for 80% of IPDs before the introduction of 
PCVs.24 Since then, more serotypes have been added to 
the original seven, increasing the serotype coverage but 
also the price per vaccine. The new PCV includes 20 

serotypes.33 However, the distribution of pneumococcus 
serotypes can vary within a region and other parts of the 
world, and so will the coverage by PCVs.35 An inequi-
table global distribution of PCVs may have contributed 
to the emergence/replacement of serotypes in different 
countries. Serotype replacement prevents the disease 
from disappearing completely as new serotypes become 
predominant. For example, although IPD cases caused by 
PCV7 serotypes in children declined through 2005 in the 
USA, overall IPD rates levelled off and plateaued begin-
ning in 2002.2 Currently, the new PCV announcement 
proclaims that, in the USA, there remains a considerable 
burden of disease attributed to serotypes not included in 
currently approved PCVs.33

Morbidity versus mortality risk factors
Intuitively, one might expect that for a vaccine 
programme to be considered a successful intervention, 
it must prevent both disease and death, but different 
factors may be involved for different outcomes, and since 
efficacy is defined by the outcome measured, the process 
of estimating cases/events averted is different from those 
estimating deaths averted. A review of six randomised 
controlled trials found high-quality evidence on PCV 
efficacy against developing an IPD, but none of the trials 
studying all-cause infant mortality were powered enough 
to investigate the mortality outcome.30 The recent 
COVID-19 pandemic highlighted the fact that risk factors 
for morbidity (ie, age, sex, ethnicity and comorbidities) 
can be very different from those for mortality (ie, access 
to an intensive care unit).36 While infection and progres-
sion of pneumonia depend largely on the individual and 
the environment, access to healthcare can be the most 
important factor for succumbing to pneumonia, making 
differences in government investment in healthcare 
systems (which varies significantly between countries) 
more relevant. For example, mortality rates of pneu-
mococcal infections in developing countries are consid-
ered to be significantly higher than those in the USA 
and Europe.35 This makes it (theoretically) possible that 
a vaccine that is measurably capable of decreasing the 
number of cases and/or hospitalisations in one country, 
may still not be able to prevent death in susceptible high-
risk populations in another country, making less useful 
the extrapolation of successful interventions between 
countries. Caution is needed when extrapolating results 
from studies in high-income countries due to differ-
ences in disease severity and comorbidities. Potential 
confounders include access to healthcare, living condi-
tions, household size and composition, among others.37 
Also, estimates from observational studies can be 
confounded by unrelated changes in healthcare utilisa-
tion, changes in the underlying health of the population 
or changes in reporting.38

Limitations
Our study has some potential limitations.
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Data quality
Analysing administrative databases collected for other 
purposes implies having no control over the quality 
of the data collection process, nor its manipulation or 
registration. The representativeness of IMR in middle-
income to low-income countries has been questioned for 
decades.4 A general deficiency in the detail of mortality 
from specific causes, especially when the information 
concerns young children in low-income and middle-
income countries, may not be able to distinguish between 
other causes of acute respiratory disease (ie, influenza, 
bronchitis, bronchiolitis).39 Currently, accurate meas-
urement of health indicators remains an immense chal-
lenge, but methods have been refined to optimise the use 
of country-level data and the estimation of uncertainty 
around the estimates, to generate increasingly accurate 
and internationally comparable estimates.11 Accurate 
international comparisons of IMR data is sometimes 
controversial because different countries may report 
IMR differently (ie, lower limits for birth registration or 
reporting at early gestational ages),40 inclusion41 or exclu-
sion42 criteria. For this reason, this study analyses trends, 
not point estimates, so countries are compared into 
themselves and not between each other. Vital statistics 
mortality data are a fundamental source of demographic, 
geographical and cause-of-death information, and is also 
one of the few sources of comparable health-related data 
for different geographical areas over an extended time 
period.43 In the future, strengthening civil registration 
and vital statistics will support measurement efforts and 
help track progress of public health interventions.

Study design
Randomised placebo-controlled trials are considered 
the optimum approach for evaluation of the efficacy of a 
new intervention, as they are best able to minimise selec-
tion and information bias and control confounding.44 
However, the exclusive selection of participants does 
not represent the general population, and vaccine effi-
cacy does not always predict vaccine effectiveness (ie, the 
protection attributable to a vaccine administered non-
randomly under field conditions).36 For guiding public 
health policy, approximating the field effectiveness of an 
intervention under routine programme conditions may 
be a more relevant than measuring the efficacy delivered 
under the optimum conditions of a clinical trial.44 Also, 
any vaccine that contributes to disease control by acting 
against infection, disease or transmission can be consid-
ered to be efficient, but protection against severe disease 
and death (arguably the biggest burden of disease and 
the most important efficacy endpoint) is difficult to assess 
in phase III clinical trials due to the unfeasibly large 
numbers of participants required.36 Alternative research 
approaches to the randomised clinical trial are needed 
after a new vaccine is introduced, so it becomes crit-
ical to monitor trends in disease rates.38 Different study 
designs have been used to estimate the efficacy of PCV 
programmes in young children, including controlled 

clinical trials,29 randomised clinical trials,30 before-and-
after rate comparison,2 31 pivotal efficacy studies,35 simu-
lation models38 45 and hypothetical cohorts.46 We make 
no attempt here to estimate efficacy.

RECOMMENDATIONS
Because serotype prevalence may differ by age group 
and country, a nationwide serosurveillance system is vital 
to establishing appropriate vaccination strategies for 
each country.47 Provided sufficient cases are detected at 
baseline, sentinel surveillance can accurately measure 
the effect of PCVs on the number of children hospi-
talised with IPD, and serotyping increases accuracy.31 
A continued surveillance is crucial to provide informa-
tion on locally emerging pneumococcal serotypes and 
the optimal composition of future conjugate vaccines.2 
Laboratory confirmation is needed to justify broader 
serotype compilations since vaccine cost-effectiveness 
diminishes in proportion to the increase in price per 
dose.35 The WHO recommends that surveillance should 
be conducted in selected countries and defined popula-
tions with different epidemiological profiles worldwide 
and should begin at least 2 years prior to PCV introduc-
tion and continue for at least 5 years postintroduction.48 
We agree.

CONCLUSION
The lack of a major change in IMR trends after PCV 
introduction suggests some plausible explanations: 
pneumococcus may no longer be as important for infant 
mortality as anticipated, or pneumococcus is important 
but non-vaccine serotypes may be more actively involved, 
or PCVs are effective in preventing disease but not 
mortality. Without laboratory confirmation, it is hard to 
estimate the true burden of disease from pneumococcus 
in infants, and thus, the impact of PCVs for any specific 
outcome remains unclear for many countries.
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