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Vaccination following the
expanded programme on
immunization schedule could help
to reduce deaths in children under
five hospitalized for pneumonia
and severe pneumonia in a
developing country
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Background: Worldwide, pneumonia is the leading cause of mortality in children
under the age of five. An expanded program on immunization (EPI) is one kind
of evidence-based tool for controlling and even eradicating infectious diseases.
Objectives: This study aimed to explore the impact of EPI vaccination, including
BCG, DPT-Hib-Hep B, OPV, IPV, and PCV-10, among children from the age of 4
to 59 months hospitalized for pneumonia and severe pneumonia. Additionally,
we evaluated the role of 10 valent pneumococcal conjugate vaccines alone on
clinical outcomes in such children.
Methods: In this retrospective chart review, children from the age of 4 to 59 months
with WHO-defined pneumonia and severe pneumonia admitted to the Dhaka
Hospital of the International Centre for Diarrheal Disease Research, Bangladesh
(icddr,b) between August 2013 and December 2017 who had the information on
immunization as per EPI schedule by 4 months of age were included in the
analysis. A comparison was made between the children who were fully
immunized (immunization with BCG, DPT-Hib-Hep B, OPV, and IPV from 2013 to
2015 and PCV-10 from 2015 to 2017) and who were not immunized (consisting
of partial immunization and no immunization) during the study period.
Results: A total of 4,625 children had pneumonia and severe pneumonia during the
study period. Among them, 2,605 (56.3%) had received the information on
immunization; 2,195 (84.3%) were fully immunized by 4 months of age according
to the EPI schedule and 410 were not immunized. In the log-linear binomial
regression analysis, immunization of children from 4 to 59 months of age was
found to be associated with a lower risk of diarrhea (p=0.033), severe pneumonia
(p=0.001), anemia (p=0.026), and deaths (p=0.035). Importantly, the risk of
developing severe pneumonia (1054/1,570 [67%] vs. 202/257 [79%], p < 0.001) and
case-fatality rate (57/1,570 [3.6%] vs. 19/257 [7.4%], p=0.005) was still significantly
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lower among those who were immunized with PCV-10 than those who were not.
Conclusion: Children immunized as per the EPI schedule were at a lower risk of diarrhea,
severe pneumonia, anemia, and death, compared to unvaccinated children. In addition,
PCV-10 was found to be protective against severe pneumonia and deaths in vaccinated
children. The overall results underscored the importance of the continuation of
immunization, scrupulously adhering to the EPI schedule to reduce the risk of morbidities
and mortalities in children, especially in resource-limited settings.
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Introduction

Since the late eighties, pneumonia has been leading at the top

among the infectious etiologies of global deaths of children under

five (1, 2) and accounting for an estimated 12·8% of annual deaths

beyond the neonatal period (3). In lower- and middle-income

countries like Bangladesh, 13% of 100,000 regional deaths occur in

children below five years of age (4). The majority of deaths occur in

developing countries, in part, due to limited access to healthcare

and public health interventions (5, 6). A substantial reduction in the

past few decades of estimated pneumonia deaths (0·9 million in

2015 vs.1·7 million deaths in 1990) reflects not only economic

development, improved nutrition, and reduced household crowding

but also the use of pneumonia-specific interventions, such as

improved case management, including empirical antibiotic

treatment and effective vaccines against leading pneumonia

pathogens (7, 8). Despite these advances, continued progress to

reduce pneumonia mortality is constrained by the absence of

vaccines against the remaining common pathogens. Pneumococcus

pneumoniae is a major cause of childhood pneumonia and other

invasive pediatric diseases, including meningitis and sepsis,

accounting for approximately 14.5 million cases of invasive

pneumococcal disease (IPD) and 826,000 child deaths worldwide.

Among these estimated deaths, 741,000 are pneumonia deaths and

60,500 are deaths from meningitis. Bangladesh is one of the 10

countries with the highest number of IPD cases and IPD-related

deaths among children under 5 years of age (9). Globally, 8 million

episodes of serious disease are caused by Haemophilus influenzae

type b (Hib) among children each year leading to an estimated one-

half a million deaths (10). Both Pneumococcus pneumoniae and

Haemophilus influenzae type B accounted for 5% or more of the

etiological distribution of pneumonia in developing countries (11).

The mortality rate from childhood pneumonia was much higher

before 2,000 (12). By this period, the World Health Organization

(WHO) identified several risk factors for deaths from childhood

pneumonia on the basis of a good number of evidence generated

from resource-limited settings and came up with a set of

recommendations, including the incorporation of vaccines,

appropriate antibiotics, oxygen therapy, and other routine clinical

care (13) to reduce pneumonia-related deaths in children. As a

result, between 2,000 and 2018, global pneumonia-related deaths

among children under 5 were reduced by 54% (4).

Importantly, the introduction of Haemophilus influenzae type

B (Hib) conjugate vaccine and pneumococcal conjugate vaccine
02
10 (PCV-10) in the EPI schedule by many governments in

developing countries has had an enormous impact on the

reduction of the pneumonia-related global burden of pneumonia

caused by Pneumococcus pneumoniae and Haemophilus

influenzae type B, as well as mortality in children under five

years of age (14). It is also important to note that if

immunization following the EPI schedule is ensured, Hib and

PCV-10 as part of this schedule are simultaneously ensured (14).

EPI vaccination includes immunization against tuberculosis

with Bacillus Calmette-Guerin (BCG) at birth, immunization

against Diphtheria, Pertussis, Tetanus, Hepatitis B, Haemophilus

influenzae type B with DPT-Hib-Hep B, Poliomyelitis with oral

polio vaccine and inactivated polio vaccine, and Pneumococcus

pneumoniae with PCV-10 at the 6th week, 10th week, and 14th

week of birth (15). However, despite the WHO-recommended

vaccines, antibiotics, oxygen therapy, and other supportive care,

deaths from childhood severe pneumonia exceed 10% in many

hospitals in developing countries (16, 17).

Among the 30 pneumonia-high-burden countries, Bangladesh has

incorporated Hib and PCV-10 vaccines in the EPI schedule in 2009

and 2015, respectively which is considered to be on track along with

Indonesia and China in order to achieve the Global Action Plan for

Pneumonia and Diarrhea (GAPPD) with the goal to end pneumonia

and diarrhea-related deaths by 2025 (14). Thus, Bangladesh needs to

continue to keep its highly achieved 8.1% average annual rate of

reduction in pneumonia-related deaths (14) to attain GAPPD by

2025. Although immunization coverage following the EPI schedule

is still high in Bangladesh (18), we need to understand whether

immunization has any role in the reduction of the severity of

pneumonia and co-morbidities and thereby increasing the survival

benefit among children from 4 to 59 months of age hospitalized for

pneumonia and severe pneumonia. Thus, we sought to evaluate the

impact of immunization following the EPI schedule as well as the

role of PCV-10 alone on clinical outcomes in such children.
Materials and methods

Ethical statement

De-identified data were analyzed in this chart analysis;

therefore, informed consent was not taken from the parents or

guardians of the study participants. We have taken a waiver of

approval by the Ethical Review Committee of the International
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Centre for Diarrheal Disease Research, Bangladesh (icddr,b) to use

the de-identified data.
Study site

The study was conducted in the Dhaka Hospital of icddr,b. It’s

an urban tertiary care hospital situated in the capital city of

Bangladesh and provides both inpatient and outpatient care to

diarrheal patients associated with or without co-morbidities, like

pneumonia and severe pneumonia. The other descriptions of the

hospital have been provided somewhere else (19).
Study population

Children of either sex from the age of 4 to 59 months with

WHO-defined pneumonia and severe pneumonia admitted into the

Dhaka Hospital of icddr,b between August 2013 and December

2017 who had received the information on immunization captured

from electronic medical records were enrolled in the study. Among

the enrolled children, those who were fully immunized [children

who received a single dose of BCG and three doses of DPT-Hib-

Hep B (Diphtheria, Pertussis, Tetanus, Haemophilus influenzae

type B, and Hepatitis-B), OPV (oral polio vaccine), and IPV

(inactivated polio vaccine) during the period from 2013 to 2017

and PCV-10 (pneumococcal conjugate vaccine-10) during the

period from 2015 to 2017] or not immunized (combination of

partial immunization and no immunization) as per the EPI

schedule by 4 months of age were selected for this analysis.
Study design

The data were extracted from the electronic database of the

Dhaka Hospital of icddr,b. We purposefully excluded children

below 4 months since we needed at least 14 weeks after birth to

accomplish EPI scheduled vaccination, including vaccination

against Pneumococcus pneumoniae and Haemophilus influenzae.
TABLE 1 Characteristics of children hospitalized for pneumonia and severe
those who were not immunized.

Parameters Immunized (n = 2195) (%
Female 747 (34)

Age in months (median, IQR) 9.23 (6.49, 13.23)

Presence of severe acute malnutrition on admission 911 (42)

Presence of hypoxemia (SpO2< 90%) on admission 611 (28)

Presence of severe sepsis on admission 188 (9)

Presence of convulsion on admission 298 (14)

Presence of bacteremia on admission 144 (7)

Presence of diarrhea on admission 1,830 (84)

Presence of severe pneumonia on admission 1,487 (68)

Presence of anemia on admission 416 (22)

Duration of hospital stay (days) (median, IQR) 6.00 (4.00, 9.00)

Death during hospitalization 91 (4)

RR, relative risk; CI, confidence interval; IQR, inter-quartile range.
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Thus, we anticipated that by 4 months of age, all the children

should have received vaccination against Pneumococcus

pneumoniae and Haemophilus influenzae type B. The

comparison was made between children who were fully

immunized as per the EPI schedule and those who were not. We

didn’t consider children whose vaccination records were

unavailable in the electronic database for the analysis.

As Bangladesh incorporated the PCV-10 against Pneumococcus

pneumoniae in 2015, we also compared the characteristics of

children who received the PCV-10, compared to those who did not

receive the same vaccine between March 2015 and December 2017.
Measurements

We developed the case report forms which were pretested and

finalized for the acquisition of the study as relevant data by the

research team. The data extracted from the hospital’s electronic

database were routinely audited by the expert panel of the

hospital’s clinicians for better clarity before analysis. We evaluated

the clinical and laboratory characteristics of children who were

immunized, compared to those who were not (Table 1). Among

the variables, diarrhea, severe acute malnutrition, hypoxemia,

bacteremia, and anemia were defined following the WHO

definition (13). We also used the evidence-based definition of

severe sepsis (19). Finally, log-linear binomial regression analysis

was done to see the independent impact of immunization.
Data analysis

We analyzed the data using SPSS for Windows (version 20.0)

and STATA (version 12.0). Differences in proportion were

compared by the Chi-square test. Initially, we did a bivariate

analysis using a 2/2 table for the Chi-square test, and those who

had significant associations between the groups by the Chi-

square test like age, severe acute malnutrition, severe sepsis,

diarrhea, severe pneumonia, anemia, and death were put into the

log-linear binomial regression model. In the model, vaccination
pneumonia and had immunization following EPI schedule, compared to

) Not immunized (n = 410) (%) RR 95% CI p-value
153 (37) 1.05 0.97–1.14 0.199

8.07 (5.63, 12.00) – – <0.001

209 (51) 0.81 0.73–0.91 <0.001

130 (32) 0.88 0.75–1.03 0.111

50 (12) 0.70 0.52–0.94 0.019

57 (14) 0.98 0.75–1.27 0.859

33 (8) 0.93 0.66–1.32 0.693

368 (90) 0.93 0.89–0.97 0.002

322 (79) 0.86 0.81–0.91 <0.001

99 (29) 0.77 0.64–0.92 0.008

6.00 (4.00, 9.00) – – 0.121

34 (8) 0.50 0.34–0.73 <0.001
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was the dependent variable, whereas the other significant variables

in the bivariate analysis were considered independent variables.

Among those variables, potential confounders like age, severe

acute malnutrition, and severe sepsis were adjusted using the

regression model to find out the ultimate significant risk factors

having a probability of less than 0.05. The strength of the

association was determined by calculating the risk ratio and their

95% confidence intervals.
Results

A total of 4,625 children were hospitalized with pneumonia

and severe pneumonia during the study period. Among them,

2,605 (56.3%) had immunization records; 2,195 (84.3%) were

fully immunized by 4 months of age according to the EPI

schedule and 410 were not immunized. The study found that

children who were immunized more often grew to an older age

and less often had severe acute malnutrition, severe sepsis,

diarrhea, severe pneumonia, and anemia, compared to those who

were not immunized (Table 1). Co-morbidities like hypoxemia,

convulsion, and bacteremia were also comparable between the

groups (Table 1). The case-fatality rate was also significantly

lower among the children who were immunized than those who

were not immunized (Table 1). After adjusting with potential

confounders such as age, severe acute malnutrition, and severe

sepsis using log-linear binomial regression analysis,

immunization was found to be associated with a lower risk of

diarrhea, severe pneumonia, anemia, and deaths (Table 2). Our

sub-analysis found that from March 2015 to December 2017,

1,570 children received the PCV-10 and 257 did not receive the

PCV-10. We also found that the risk of developing severe

pneumonia (1054/1,570 [67%] vs. 202/257 [79%], p < 0.001) and

case-fatality rate (57/1,570 [3.6%] vs. 19/257 [7.4%], p = 0.005)

was still significantly lower among those who were immunized

with PCV than those who did not receive this vaccine.
Discussion

Tremendous progress has been made over the last 20 years

toward the development of an effective national immunization

program throughout the world. The major contributor to this

success is the EPI of the WHO usually implemented through
TABLE 2 Results of log-linear binomial regression analysis to understand
the real impact of immunization among children from the age of 4 to 59
months hospitalized for pneumonia and severe pneumonia.

Parameters RR 95% CI p-value
Age 0.98 0.97–1.00 0.093

Severe acute malnutrition 0.97 0.79–1.20 0.783

Severe sepsis 0.98 0.71–1.38 0.914

Diarrhea 0.69 0.50–0.97 0.033

Severe pneumonia 0.60 0.44–0.80 0.001

Anemia 0.79 0.64–0.97 0.026

Death 0.67 0.46–0.97 0.035
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UNICEF (20). It is not only associated with the reduction of

disease burden but also the severity of the diseases and fatal

outcomes. With the support of the GAVI Alliance (formerly

known as the Global Alliance for Vaccines and Immunization),

the Bangladesh government introduced the Hib and PCV-10

vaccines in the EPI schedule in 2009 and 2015, respectively,

which were significant milestones for our nation. In order to

understand the impact of the routine EPI vaccination by 4

months of age that includes the Hib and the PCV vaccines, we

found that the vaccination was not only associated with a lower

risk of morbidities but also with a lower risk of mortality, even

after adjusting with potential confounders. In this study, we

identified four main findings among the children from the age of

4 to 59 months who were immunized according to the EPI

schedule, compared to those who were not immunized: these

findings were significantly lower risk of deaths, severe

pneumonia, anemia, and diarrhea.

The study’s key observation was the significantly lower risk of

mortality during hospitalization after immunization following the

EPI schedule by 4 months of age. All the EPI vaccines either

produced antibodies or activated immunologically competent cells

through the stimulation of the body`s immune system and thus

protected the children from vaccine-preventable diseases (21).

However, all the children in our study had pneumonia with

different severity and the significant reduction in deaths in these

children may be attributed to the intake of Hib and PCV-10

vaccines, which were also consistent with previous observations

(10, 22). Both vaccines effectively reduced the burden of

pneumonia by targeting two of the most common bacterial

etiologies (23). It is important to note that the PCV-10 vaccine was

introduced in 2015, which was during our study period. The sub-

analysis of the data during this specific period found that the

children who were vaccinated with the PCV-10 also had a

significantly lower risk of death, compared to those who did not

receive the vaccine. This observation also bolsters the impact of

PCV-10 in lowering deaths in the children in our study, which was

also observed in a previous study (6, 9). PCV-10 had been

documented to be safe and effective in reducing illnesses and

deaths caused by Pneumococcus pneumoniae in numerous studies.

In most high-income countries, PCV-10 was used routinely with a

concomitant, and there was a substantial reduction of

pneumococcal diseases, which is consistent with our study findings

(24–26). Although we don`t have data on the use of empirical

antibiotic therapy and effective vaccines against major pathogens

causing pneumonia, we can still speculate that these might lead to

a substantial reduction of mortality in our study population (7, 8).

Moreover, the heterogeneous impact of BCG in lowering

deaths in children with pneumonia was also well recognized (27).

The observation of a lower risk of severe pneumonia among the

immunized children, compared to the unimmunized children is

also understandable. We have further identified that the children

who received PCV-10 had a significantly lower risk of developing

severe pneumonia, compared to those who did not receive the

vaccine (21). The vaccination against pertussis might have a

confounding effect in reducing pneumonia-related mortality

among children who were vaccinated with PCV-10 (28, 29).
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The observation of a lower risk of anemia among the

immunized children, compared to the unimmunized children is

really notable here. To our knowledge, this is the first study that

identified the independent lower risk of anemia among

immunized children. This might be the impact of an overall

improved immunity potentially caused either by the production

of antibodies or activation of immunologically competent cells

through the stimulation of the body`s immune system among

the vaccinated children (21). There was also a persistence of

immunity in children who had the PCV vaccination as was

observed in a previous study (30). The observation of a lower

risk of diarrhea among the immunized children, compared to

unimmunized children is also consistent with the previous

study (31).

The main limitation of the study was its retrospective nature

which potentially limited our ability to identify the association of

other variables of interest. The lack of information on full vs.

partial immunization was one of the limitations of our study.

Another limitation was the lack of availability of 44% of

information on immunization in the electronic database which

led to a potential selection bias that might have evaded stronger

associations. Another important limitation was that the impact of

immunization in our analysis might be confounded by other

WHO-recommended interventions such as antibiotics, oxygen

therapy, and other routine care. The main strength of this study

is the reasonably large sample from an electronic database that

increases the reliability of our observation.
Conclusion

The results of our data suggested that the children from 4 to 59

months of age who were immunized according to the EPI schedule

and hospitalized for pneumonia and severe pneumonia had

significantly lower case-fatality-rate, compared to those who were

not immunized. The immunized children also had a lower risk

of developing severe pneumonia, anemia, and diarrhea than their

contemporaries. The overall results underscored the importance

of increasing the national immunization coverage as high as

100%, scrupulously following the EPI schedule in order to reduce

morbidities and pneumonia-related mortality in children,

especially in resource-constrained settings.
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