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Abstract

Background Pneumonia is a major cause responsible for mortality and morbidity among children around the world.
The present study aimed to determine the age distribution, and contributing risk factors for mortality among children
who died from pneumonia.

Method This study was a cross-sectional study conducted at Teaching Hospital Peradeniya and Sirimavo
Bandaranaike Specialized Children’s Hospital (SBSCH) which is one of the two specialised children’s hospitals in the
country. Demographic details, clinical details, laboratory and radiological findings of the children who died due to
pneumonia from 2017 to 2022 were collected from record rooms of the two hospitals. The targeted study cohort
consists of children between 0 and 14 years of age who died with an established diagnosis of pneumonia. Data was
analysed using SPSS version 24. Percentages were calculated to determine the demographic details. The association
between different risk factors with childhood pneumonia deaths was calculated.

Results Fifty-six (56) children in the age category of 0-14 years who died due to an established diagnosis of
pneumonia from 2017 to 2022 were included in this study. Fourteen (25%) of them died in the acute medical ward
and the remainder in the ICU. From the total study cohort, 51.8% (29) were males and 48.2% (27) were females. The
highest number of children (39.3%) was in the age category of 3—12 months. Forty-two children, 75% of the study
cohort were children younger than 1 year. Among 56 total, 41 children (73.2%) were identified as underweight for age
according to the WHO weight for age charts and 14 (25%) children had not completed the immunisation to the age
according to the National Programme of Immunisation (NPI) of Sri Lanka. In the present study cohort, 51.8% (29) of
children were diagnosed with CHD and 28.6% (16) of the study cohort had a past medical history of LRTI. Number of
patients with underlying respiratory diseases and cerebral palsy were 6 (10.7%) and 5 (8.9%) respectively. There was a
significant correlation between the death of children due to pneumonia and the younger age (p=0.004), duration of
the hospital stay (P=0.011), cerebral palsy (p=0.004) and history of LRTI (p=0.001).

Conclusion Younger age of less than one year, cerebral palsy and a history of lower respiratory tract infections were
significantly associated with children dying due to pneumonia. Nearly half of the children who died from pneumonia
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had a congenital heart disease although it is not statistically significant. A substantial number of deaths occurring in

general wards needs further evaluation.
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Background

Pneumonia is a major cause responsible for mortality
and morbidity among children around the world. World
Health Organization (WHO) data revealed that 14% of
all deaths of children less than 5 years old were due to
pneumonia in 2019 [1]. According to the United Nations
International Children’s Emergency Fund (UNICEF) sta-
tistics, every 43 s one child dies due to pneumonia and
the globally estimated incidence of childhood pneumo-
nia is more than 1,400 per 100,000 children. The highest
prevalence was identified in South Asia (2,500 cases per
100,000 children) and West and Central Africa (1,620
cases per 100,000 children) [2]. Pneumonia remains a sig-
nificant cause of mortality despite worldwide interven-
tions for prevention.

Pneumonia is a disease caused by an accumula-
tion of secretions and inflammatory cells in the alveo-
lar spaces of the lung caused by infection [1]. It can be
classified as community-acquired pneumonia (CAP),
Hospital-acquired pneumonia (HAP) and Healthcare-
associated pneumonia. Community-acquired pneumonia
contributes to the highest incidence of pneumonia in the
paediatric cohort and mostly it is manifested as bron-
chopneumonia compared to lobar pneumonia [3]. The
causative agents of pneumonia can be bacterial, viral and
fungal in origin. Viruses remain the most common cause
of pneumonia in the paediatric population worldwide.
When considering the bacterial agents, Streptococcus
pneumonia and Haemophilus influenzae type b pneu-
monia still can be seen despite preventive interventions
like H. influenza type b and pneumococcal vaccination in
many countries [4].

There are some risk factors associated with childhood
pneumonia such as low birth weight, lack of exclusive
breastfeeding, undernutrition, air pollution, overcrowd-
ing, sub-optimal immunisation of children and young
age [4]. Young children especially neonates identified as
the main age group contribute to childhood pneumonia
deaths which is annually 750000-1.2 million deaths (10%
of global child mortality) [5]. However, the mean age for
childhood pneumonia identified as 9.94 months varies in
different localities [6]. And gender is a controversial fact
in childhood pneumonia. According to a study done in
Teaching Hospital Peradeniya, 58% of the study cohort
were girls and rest were the boys [4] whereas several
other studies have found that pneumonia prevalence is
higher among males [6-8].

Malnutrition is one of the primary risk factors for
childhood infections. Pneumonia is one of those

infections which is well-established among undernour-
ished children. A study has shown that moderate and
severely undernourished children’s estimated mortality
rate due to pneumonia is 2.0 (95% CI 1.6 to 2.6) and 4.6
(95% CI 3.7 to 5.9) respectively [9]. Therefore, childhood
malnutrition can be considered a major risk factor for
deaths due to pneumonia in children. In addition to that,
the development of complications like diarrhea and fac-
tors like suboptimal healthcare facilities also contributed
to a higher mortality rate due to pneumonia in paediatric
population [10].

Morbidity and mortality due to pneumonia in patients
who are diagnosed with Congenital Heart Disease (CHD)
is higher than in previously well patients. Those patients
are more susceptible to recurrent infectious diseases than
healthy patients. A study done in a tertiary care hospital
has found that 12.5% of the study cohort with pneumonia
had CHD [6].

Vaccination is a proven preventive intervention car-
ried out worldwide. In 2002, the largest number of deaths
was recorded among children less than 5 years old due
to pneumococcal disease (716,000) which is a vaccine-
preventable disease. Africa or Southeast Asia contributed
to 76% of global vaccine-preventable deaths in children
younger than 5 years during 2002 [11]. Haemophilus
influenzae B and Streptococcus pneumoniae vaccines
are included in the national immunisation schedules in
developed countries. Although Haemophilus influenzae
type b (Hib) is included in the national immunization
schedule, pneumococcal conjugate vaccines (PCV) are
not currently part of the national immunization program
in Sri Lanka. PCVs are available only for a fee which is
not affordable to most [12, 13].

Globally, the number of childhood pneumonia
decreased by 22% from 178 million in 2000 to 138 mil-
lion in 2015 [14]. This improvement has been achieved
through improved vaccination and other measures like
reducing exposure to risk factors of pneumonia and
improving hospital care [1, 14].

When considering the Sri Lankan context, childhood
pneumonia has caused a significant disease burden in
children. In 2005 and 2006 nearly three thousand chil-
dren died due to pneumonia when the births registered
in 2005 was 370,731. About 40% of these pneumonia
cases are reported in children aged less than 4 years [15].
According to the weekly epidemiology report on 09th
December 2016, published by the epidemiology unit 16%
of under 5 years old children’s deaths occurred due to
pneumonia in the year 2015 [16]. Even though the health



Kudagammana et al. BMC Public Health (2024) 24:3351

system in Sri Lanka has made great strides, mortality due
to pneumonia remains significantly high.

In addition to the mortality and morbidity among chil-
dren, healthcare costs are also a considerable fact to be
discussed. A study done in Teaching Hospital Peradeniya
in 2016 identified that a significant percentage of patients
(61%) needed hospital care for more than 5 days, about
2/3rd of the study cohort needed a second line intrave-
nous antibiotic therapy, and 51/127 patients needed a
high dependency unit care [3].

The Current economic crisis in Sri Lanka has led to an
expanding cohort of children with malnutrition. Accord-
ing to the Sri Lanka Humanitarian Situation Report (Eco-
nomic Crisis) [17], July 2022 which is the main reporting
tool to monitor the United Nations International Chil-
dren’s Fund’s (UNICEF) humanitarian response, has
identified 14 370 children aged 6—59 months who visited
the maternal and child health clinics were identified to
have Severe Acute Malnutrition (SAM).

Since undernutrition is identified as a main risk fac-
tor for childhood pneumonia in literature, this number
is predicted to be high soon since the worsening of the
crisis [17]. On top of that, to manage a patient in a hos-
pital setting government must spend more even during
the economic crisis. A recent study conducted in a ter-
tiary care hospital in Sri Lanka found that the majority
of patients (61%) needed hospital care for more than 5
days while about 2/3rd of the study population needed
a second-line intravenous antibiotic therapy. Nearly half
of them needed high-dependency unit care making in-
house management of pneumonia to be very costly [3].

Therefore, more studies concerning this area are
needed to identify the effect of the economic crisis the
childhood pneumonia. As the factors contributing to
pneumonia mortality vary from one country to another,
local data is very important to identify risk factors and
develop strategies to minimize mortality.

Hence, our study aimed to determine the age distribu-
tion, contributing risk factors for mortality among chil-
dren who died from pneumonia, and health care burden
due to childhood pneumonia. Since there is a paucity of
studies regarding childhood pneumonia mortality in Sri
Lanka, this study would shed light on future studies.

Methodology

This cross-sectional study was conducted at Teaching
Hospital Peradeniya and Sirimavo Bandaranaike Special-
ized Children’s Hospital (SBSCH). Demographic details
and clinical details of the children who died due to pneu-
monia from 2017 to July 2022, were collected from the
patient records. The targeted study cohort consists of
children between 0 and 14 years of age who died with
an established diagnosis of pneumonia by a consultant
paediatrician. Data (demographic details, clinical details
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including comorbidities, laboratory and radiological
investigation findings along with other relevant clini-
cal findings) was extracted into a data collection sheet
from patient records. Ethical approval for the study was
obtained from the Ethics Review Committee, Faculty of
Medicine, University of Peradeniya, Sri Lanka (ERC No
2021/EC/82). Data were analysed using Statistical Pack-
age for Social Science (SPSS), version 24. Percentages
were calculated to determine the demographic details.
The association between different risk factors with child-
hood pneumonia deaths was calculated using univariate
analysis with the Mann-Whitney U test for continuous
variables and the Chi-square test for categorical vari-
ables. p<0.01 was considered significant.

Results

A total of 56 deaths in the age category of 0—14 with an
established diagnosis of pneumonia from 2017 to 2022
were included in this study. From the total study cohort,
51.8% (29) were males and 48.2% (27) were females. The
highest number of children (39.3%) was in the age cat-
egory of 3—-12 months. Forty-two children, 75% of the
study cohort were children younger than 1 year (Fig. 1).
A significant correlation was identified between the
younger age and death (p=0.004).

When comparing the number of childhood deaths in
the two hospitals, the number of deaths due to pneumo-
nia remains stable during these six years (Fig. 2). How-
ever, total childhood deaths declined from 2019 to 2022.

According to the chi-square test for trend, there is a
significant declining trend (x2=12.83, p=0.025) in the
number of childhood deaths due to pneumonia. How-
ever, the total number of child deaths showed fluctua-
tions from 2017 to 2022 (x2=8.934, p=0.1117).

The majority of patients (30, 53.6%) have been admit-
ted to the hospital within 1-2 days of being symptom-
atic. Twenty-one (37.5%) have been admitted after being
symptomatic for >3 days Hence, a primary delay in
hospital admission could not be observed except for 21
patients (37.5%) who were admitted after being symp-
tomatic for >3 days.

We analysed the available laboratory investigations
such as total white blood cell count (WBC), C-reactive
protein (CRP) levels and blood and respiratory sample
culture results. Based on the white blood cell (WBC)
count and C-reactive protein (CRP) levels, 21 patients
exhibited a WBC count exceeding 11x10%/uL and 28
patients had CRP concentration greater than 6 mg/L
immediately upon admission. The mean total WBC
count immediately after the admission of the children
in the study group was 16.95x10° /uL+11.54 while the
mean WBC count was 16 x 10%/uL.+9.84 before the death.
Additionally, the mean CRP level of the study group
immediately after the admission was 44.31 mg/L+39
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Fig. 1 Age Distribution of children who died due to pneumonia
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Fig. 2 No of total child deaths and number of deaths due to pneumonia from 2017-2022

and 34.14 mg/L+32.15 before the death. Approximately
25% (14) of the total study cohort was blood culture posi-
tive suggestive of having septicaemia. The highest num-
ber of cultures were positive with Klebsiella pneumonaie
(12.82%) followed by coagulase-negative staphylococcus
spp (7.69%). The isolated organisms from the blood cul-
ture are shown in Fig. 3.

There were 34% (19) positive respiratory sample cul-
tures while 7 of them were found to be positive for blood
cultures as well. According to the respiratory sample
(endotracheal samples, BAL, tracheostomy samples,
oropharyngeal secretions etc.) culture results, 31.82%
Acinetobacter spp, 9.09% Pseudomonas spp, 4.55% Can-
dida non albicans spp: 4.55% Flavobacterium, 2.27%
Coagulase-negative Staphylococcus spp, 6.82% coliforms,
13.64%, Klebsiella pneumonia and 2.27% Burkholderia

spp were isolated. Interestingly, there was one bronchoal-
veolar lavage (BAL) culture positive for Influenza A. In
most of the cases in the present study, radiological find-
ings such as chest X-ray was used to diagnose and moni-
tor the treatment outcomes of the patients. Bilateral
inflammatory shadows, patchy shadows, opacification,
and pleural effusions were the commonest X-ray findings
in this group of children who died from pneumonia.

When considering the duration of hospitalization
before the death, half of the study cohort (28) were admit-
ted to the hospital for less than 1 week before the death.
When considering the total study cohort of 56 children,
25% (14) of them died in the ward and the others, 75%
(42) died in the Intensive Care Units (ICU).

Nearly 84% (47) of the study cohort had undergone
septic shock before dying and were on inotropes to
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Fig. 4 Organ Involvement during the death of the children due to pneumonia

maintain their blood pressure. The majority of them
had respiratory and cardiovascular system compromise
(Fig. 4). Thirty children out of 56 had more than three
organ involvement. When considering the respiratory
complications, 39% (21) of children had defined pulmo-
nary complications like acute respiratory distress syn-
drome, pleural effusions and pneumothorax.

Patients admitted with acute respiratory tract infec-
tion symptoms were identified with several risk factors
for developing pneumonia. Among 56 total, 41 children
(73.2%) were identified as underweight for age according
to the WHO weight for age charts [18]. Eleven children
were in normal weight for the age category and the rest

of the patient’s data was unavailable in the records. We
considered Congenital Heart Disease (CHD), Respiratory
diseases (asthma and recurrent wheezing), Cerebral palsy
and past medical history of lower respiratory tract infec-
tion (LRTI) as other risk factors for the development of
childhood pneumonia. Among the study cohort, 51.8% of
children were diagnosed with CHD, and sixteen patients
(28.6%) of the study cohort had a past medical history of
LRTI. Respiratory diseases and Cerebral palsy diagnosed
patients were 6 (10.7%) and 5 (8.9%) respectively (Fig. 5).
When considering the mortality percentage, there were
12 children without any significant underlying risk factor
for severe disease. However, neurological disabilities were
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present in 10 children including 6 patients with cerebral
palsy, 2 patients with spinal muscular atrophy (SMA) and
2 patients with an epileptic syndrome. In addition to that,
there were 2 patients with failed Kasai surgery and two
patients with short bowel syndrome.

Genetic and chromosomal syndromes were identified
in 10 children including Down syndrome. Out of the
total, 6 had a diagnosis of Trisomy 21.

Out of the total 56 patients, data on immunisation
status was available for 43 individuals. Out of them, 14
(32%) had not completed the immunisation to the age
according to the national programme of immunisation
of Sri Lanka. When considering the duration of hos-
pitalization before the death of the patients, half of the
study cohort (28 patients) were admitted to the hospital
less than 1 week before the death while the other half of
the study cohort were treated in the hospital more than
1 week before the death. Among the total study cohort
of 56 patients, 25% (14) of patients died in the ward and
the majority of the patients 75% (42) were treated in the
Intensive Care Units (ICU) before their death.

We have analysed the correlation between the death
of the children due to pneumonia and the other inde-
pendent variables. According to the results, there was a
significant correlation with the younger age (p=0.004),
duration of the hospital stay (p=0.011), cerebral palsy
(p=0.004) and past history of LRTI (0.001).

Discussion

The present study was conducted in two tertiary pae-
diatric referral centers in Sri Lanka. The population is
unique in that the health indices are quite impressive
for a country in the lower middle-income category. We
have included 56 patients who died due to an estab-
lished diagnosis of pneumonia in the present study. We
aimed to determine the demographic characteristics and
the contributing factors of the children who died from
pheumonia.

In our total study cohort of 56 patients who died due
to pneumonia, 51.8% (29 patients) were males and 48.2%
(27 patients) were females. However, several other stud-
ies have found that pneumonia prevalence is higher
among males which is not compatible with the present
study [6—8].

Neonates have been identified as the main age group
that is more vulnerable to childhood pneumonia deaths
which is annually 750000-1.2 million deaths (10% of
global child mortality) [6]. In our study cohort, the high-
est number of patients (22) were in the age range of 3—-12
months which is not in line with the above fact.

According to the statistics, the number of deaths due to
pneumonia remains stable for the period of 6 years from
2017 to 2022. However, there is a decline in total child-
hood deaths from 2019 to 2021. This declining trend may
be attributed to enhanced programmes of immunisation
and improved empirical treatment.

When considering the present study cohort, 41 patients
(73.2%) were identified to be underweight for age accord-
ing to the WHO weight for age charts. A study has shown
that moderate and severely undernourished children’s
estimated mortality due to pneumonia is 2.0 (95% CI 1.6
to 2.6) and 4.6 (95% CI 3.7 to 5.9) respectively [9]. This
fact has been supported by the present study as well.

We have identified that the vaccination rate in the cho-
sen group is relatively low (32%) compared to national
immunisation coverage which is 99% for 3 DPT contain-
ing vaccines. PCV vaccine is available in the private sec-
tor although it is not included in the national programme
of immunisation of Sri Lanka [13]. However, we do not
have data on how many people are getting the PCV vac-
cine, as our analysis focused on the immunisation status
of the study population based on the national vaccination
schedule. This points out the importance of paying more
attention to this potential risk factor for childhood mor-
tality due to pneumonia.
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Morbidity and mortality due to pneumonia in children
who are diagnosed with Congenital Heart Disease (CHD)
is higher than in previously healthy children since they
are more susceptible to recurrent infections [6]. Recur-
rent lower respiratory tract infection increases the mor-
tality rate due to pneumonia in paediatric patients which
is an established fact [10]. We found that there were
51.8% of children diagnosed with CHD, and 28.6% with a
past medical history of LRTI.

The majority of patients (53.6%) were admitted to the
hospital within 1-2 days of being symptomatic which
supports the fact that parents have shown responsibility
and attention towards children by taking children to a
hospital without much delay.

Healthcare costs remain high in managing children
with pneumonia due to long hospital stays and need-
ing top-notch care to reduce mortality and morbidity. A
study done in Teaching Hospital Peradeniya has identi-
fied that a significant percentage of patients (61%) needed
hospital care for more than 5 days, about 2/3rd of the
study cohort needed a second line intravenous antibiotic
therapy and 51/127 patients needed a high dependency
unit care [3]. In our study cohort, about half of the cohort
(28 out of 56 patients) were treated in the hospital more
than 1 week before the death and 75% (42) of the total
cohort were treated in ICU before the death.

Among the total study cohort of 56 patients, 25% (14)
of patients died in the ward. This may be due to a delay in
recognition of patients needing ICU care or due to lim-
ited ICU facilities and a lack of guidelines for ICU care.

Although the present study has revealed the age distri-
bution and contributing risk factors for mortality among
children who died from pneumonia, there are some
limitations. Further investigation of the laboratory test
results and radiological findings along with improved
diagnostics would be useful in determining the defini-
tive causes of mortality due to pneumonia in the selected
study cohort. Moreover, comprehensive data regarding
the status of immunisation within the study cohort would
be essential for assessing the effect of immunization on
the incidence of pneumonia-related mortality in children.

Conclusion

Contributing factors for mortality due to childhood
pneumonia in the present study cohort were young age,
cerebral palsy, incomplete status of immunisation and a
history of lower respiratory tract infection. Nearly half of
the children who died from pneumonia had a congenital
heart disease although it is not statistically significant.
Pneumonia in children increases health care costs which
is evidenced by more than 1-week longer hospital stays
and ICU facilities of most of the study participants before
death. A substantial number of deaths occurring in gen-
eral wards needs further evaluation.
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CRP C-reactive protein

HAP Hospital Acquired Pneumonia

ICU Intensive Care Unit

LRTI Lower Respiratory Tract Infection

SBSCH Sirimavo Bandaranaike Specialized Children’s Hospital
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