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ABSTRACT

Background: Pneumonia remains a global health problem; however, there are limited data available on the specific
risk factors for pneumonia and pneumonia-related mortality in children. Aims and objectives were to analyze the risk
factors and various demographic factors which are associated with mortality in children with severe pneumonia.
Methods: This observational cross-sectional study was conducted in a tertiary care PICU in central India on pediatric
patients aged 2 months to 5 years admitted with severe pneumonia. Final outcome was measured in terms of
discharge and death. Statistical analysis was done using the SPSS program for windows, version 25.

Results: The mortality rate in an upper-lower class of children was 51.9% and the association between mortality and
SES was significant with a p<0.001. Also, lack of exclusive breastfeeding, delay in seeking medical care especially in
>72 hours, delay in transport from the referral center, severe acute malnutrition among the children, and leucocytosis
61.5% were found to be significant predictors of mortality. The oxygen requirement association with mortality was
significant (p=0.001), similar to the need for mechanical ventilation within 6 hours.

Conclusions: Factors like delay in seeking medical care for >72 hours, contact with COVID patients, lack of
exclusive breastfeeding, and delay in transport are the risk factors that are significantly associated with pneumonia-

related mortality.
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INTRODUCTION

Pneumonia is the most common cause of under-5 (U-5)
mortality and contributed to 15% of U-5 mortality in
2017. Pneumonia killed 740180 children under the age of
5 in 2019, accounting for 14% of all deaths of children
under five years old.>? India contributes about 23 percent
of the global pneumonia burden and 36 percent of the
WHO regional burden in patients under 5 years of age.®

Trends in paediatric mortality and morbidity are reliable
indices of the state of health in underdeveloped nations.
Infancy, lack of immunisation, malnutrition, chronic
underlying disorders, HIV infection, young maternal age,
low maternal education, low socioeconomic position, and
smoke exposure/indoor air pollution are all risk factors

for pneumonia incidence and severity.* The most
important risk variables identified in the 2015 global
burden of disease (GBD) were malnutrition, household
air pollution, ambient particulate matter, or inadequate
breastfeeding.’

Several developing countries have reported risk factors
for the development of pneumonia and patient fatalities;
however, India has inadequate data for the same.”®
Despite the fact that pneumonia-related mortality can be
avoided with modest actions and effective treatment,
identifying children with pneumonia who are at high risk
of death remains difficult. Therefore, our study aimed to
identify risk factors in order to aid in the prevention of
death from this devastating disease "pneumonia”.
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METHODS

An observational cross-sectional study was carried out on
240 patients over the course of 18 months at the Gandhi
medical college's paediatric intensive care unit (PICU),
department of paediatrics, in Bhopal, India, from March
2021 to September 2022. Patients in the age group of 2
months to 5 years admitted to the PICU with severe
pneumonia were included in the study. Patients with
known cases of congenital heart disease, asthma, COPD
and tuberculosis were excluded.

A complete history was obtained pertaining to
demographic profile, presenting complaints, diet, contact
with COVID patients, and home environment.

A thorough evaluation included vital signs (heart rate,
respiratory rate, temperature, blood pressure, oxygen
saturation) and an assessment of fast breathing. Axillary
temperature was recorded with a digital thermometer, and
fever was considered when the reading was above 100
degrees Fahrenheit. Baseline oxygen saturation was
measured using a pulse oximeter. Chest indrawing, signs
of hypoxia (head nodding, grunting, and cyanosis) were
noted. Other than these vital signs; anthropometry,
including weight, length/height, and mid-upper arm
circumference (MUAC), was measured.

The risk factors evaluated were clinical and socio-
demographic  parameters  (absence of exclusive
breastfeeding, smoking member in family, history of
COVID contact within 14 days of onset of symptoms,
socio-economic status, use of biomass fuel), delay in
seeking medical care, delay in transport (>24 hours after
referral), and nutritional status (SAM, MAM, NO
malnutrition). SES  (socio-economic  status) was
determined using a modified Kuppuswamy scale.
Laboratory investigations, apart from chest X-rays,
included an absolute leukocyte count. Extreme
leucocytosis was defined as an absolute leukocyte count
above or equal to 11,000/mm.

All the information was filled out in a pre-designed study
proforma. All patients were given treatment as per the
protocol. The final outcome was measured in terms of
discharge and death.

Statistical analysis plan

The data was analysed using the SPSS program for
Windows, version 25. The associations of categorical
variables were presented as absolute numbers and
percentages. P<0.001 considered statistically significant.

RESULTS

Study was conducted among 240 subjects, out of which
(57.5%) belonged to age group of 2 to 6 months. Males
(62.9%) outnumbered females (37.1%) in our study, and
169 patients (70.4%) belonged to upper lower class.

In present study, 140 patients’ mothers (48.3%) illiterate.
The 53.3% of children had not received exclusive
breastfeeding. In 116 patients (48.3%) with severe
pneumonia, family member(s) were found to be smokers,
25.8% of patients had history of contact with COVID
patients, and 39.6% were using biomass fuel. Delay in
transport was important risk factor in 87 patients (36.3%).

The mortality rate due to pneumonia in patients aged 2
months to 5 years was 21.7% (Figure 1).
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Figure 1: Outcome of children admitted with severe
pneumonia, (N=240).

On comparing the outcome among the children with
severe pneumonia with sociodemographic parameters, it
was revealed that age and gender of the children with
severe pneumonia were not associated with mortality,
however, SES of the children was a significant predictor
of mortality, (51.9%) of the children who died belong to
the upper lower class, whereas a quarter (25%) of the
children who died belong to the lower middle class. The
mortality rate in the lower class of children was 17.3%,
whereas the mortality rate in the upper middle class was
5.8%. The association between mortality and SES was
significant, with a p<0.001, as shown in Table 2.

On comparing the risk factors with the outcome, it was
revealed that maternal education has no role in
determining mortality in the present study (p=0.396);
however, delay in seeking medical care, especially in >72
hours, have higher risk of mortality (Table 2). In addition
to this, malnutrition among the children was a significant
predictor of mortality. Children with SAM had the
highest mortality (40.4%) Also, leucocytosis 61.5%
(p<0.001) was found to be significantly associated with
mortality in children with severe pneumonia (Table 3).

On the contrary, other factors in terms of clinical
features, such as presence of fever (p=0.320), cough
(p=0.438) and refusal to feed (p=0.594) did not have any
significant association with mortality.

The association of oxygen requirement with mortality
was found to be significant (p=0.001) similarly to the
need for mechanical ventilation within 6 hours (Table 4).
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Table 1: Association of sociodemographic parameters with outcome, (n=240)

Outcome, n (%)

Sociodemographic parameters Death Discharge P value
2-6 31 (59.6) 107 (56.9) 138 (57.5)
Age (Months), 6-12 9 (17.3) 40 (21.3) 49 (20.4) 0.910
(n=240) 12-24 6 (11.5) 18 (9.6) 24 (10) '
24-60 6 (11.5) 23 (12.2) 29 (12.1)
Gender, Female 24 (46.2) 65 (34.6) 89 (37.1) 0.126
(n=240) Male 28 (53.8) 123 (65.4) 151 (62.9) ‘
Upper 0 (0) 0 (0) 0 (0)
SES Upper middle 3(5.8) 13 (6.9) 16 (6.7)
(n=2'40) Lower middle 13 (25) 27 (14.4) 40 (16.7) <0.001
Upper lower 27 (51.9) 142 (75.5) 169 (70.4)
Lower 9(17.3) 6(3.2) 15 (6.3)
Table 2: Association of various risk factors with outcome, (n=240).
. Outcome, n (%
Risk factors Death Discharge Total P value
Iliterate 33 (63.5) 107 (56.9) 140 (48.3)
Primary school 11 (21.2) 53 (28.2) 64 (26.7)
Education Middle school 5(9.6) 12 (6.4) 17 (7.1) 0.396
High school 3 (5.8) 8 (4.3) 11 (4.6)
Post high school 0 (0) 8 (4.3) 8 (3.3)
Exclusive breast No 40(76.9) 88(46.8) 128(53.3) <0001
feeding Yes 12(23.1) 100(53.2) 112(46.7) '
S . No 20 (38.5) 104 (55.3) 124 (51.7)
SEING M IR, g 32 (615) 84 (44.7) 116 (48.3) 0.031
H/o contact with No 21 (40.4) 157 (83.5) 178 (74.2) <0.001
COVID patient Yes 31 (59.6) 31 (16.5) 62 (25.8) '
Sty i sl <72 hours 26 (50) 159 (84.6) 185 (77.1)
medical care 72 hours-7 days 10 (19.2) 20 (10.6) 30 (12.5) <0.001
>7 days 16 (30.8) 9 (4.8) 25 (10.4)
. No 21 (40.4) 132 (70.2) 153 (63.7)
Delay in transport g 31 (59.6) 56 (29.8) 87 (36.3) <0.001

Table 3: Association of vitals on admission with outcome, (n=240).

Outcome, n (%)

Vitals on admission - P value
Death Discharge

80-91% 47 (90.4) 137 (72.9) 184 (76.7)

Hypoxia <80% 5 (9.6) 5 (2.7) 10 (4.2) <0.001
No 0(0) 46 (24.5) 46 (19.2)
< 90" centile 50 (96.1) 150 (79.8) 235 (97.9)

Blood pressure >90™ centile 2 (3.8) 38(20.2) 5(2.1) <0.001

. >100 20 (38.5) 100 (58) 129 (53.8)
Tepereire (5 <100 32 (61.5) 79 (42) 111 (46.3) 0.312

Table 4: Association of laboratory parameters with outcome.

Outcome, n (%)

Laboratory parameters

Death Discharge
. No 20 (38.5) 141 (75) 161 (67.1)
Leucocytosis Yes 32 (61.5) 47 (25) 79 (32.9) <0.001
Serum calcium <8 32 (61.5) 102 (54.5) 134 (56.1)
(m l;d ,_():a e 8-11 20 (38.5) 83 (44.4) 103 (43.1) 0.537
g >11 0(0) 2 (1.1) 2(0.8)
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Figure 2: Association of need for mechanical
ventilation with outcome, (n=240).
DISCUSSION

In our study, mortality rate for children aged 2 months to
5 years with severe pneumonia was 21.7% (Figure 1).

The maximum number of children were between the ages
of 2 and 6 months (Table 1). Moreover, in a recent Indian
studyll, the most common age group in children with
severe pneumonia was found to be 2 to 12 months.
However, the global prevalence of pneumonia is highest
in the age group of 1-4 years.*? Shah et al demonstrated
that the case fatality rate was 6.3% (9 cases), with 55.5%
(5 cases) of the fatal cases occurring within 24 hours.
Bokade et al found an overall case fatality rate of 8.62%
compared to 3.9% for an all-cause mortality in this age
group.t?

In our study, severe pneumonia was found to be more
common in males (62.9%) as compared to females
(37.1%) (Table 1). However, it was revealed that the age
and gender of the children with severe pneumonia were
not associated with mortality. Shah et al reported that
nearly 60% of pneumonia cases were male, with a male-
to-female ratio of 1.45.1 In another study by Nasrin et al
the severe pneumonia group included a preponderance of
male children (63%).%3

A further finding from our study revealed that SES was a
significant predictor of mortality in severe pneumonia.
The maximum number of the children who died belonged

to the upper lower class (51.9%), whereas a quarter
(25%) of the children who died belonged to the lower
middle class (Table 1) Nirmolia et al reported that the
maximum number of mortalities was noticed in the upper
lower class (42.3%).** In our study, maternal education
was found to have no role in determining mortality.
Similarly, Sutriana et al found that there was no
relationship between the educational status of the mothers
and the incidence of pneumonia in children.®

In our study, lack of exclusive breast feeding was seen in
76.9% of total deaths due to severe pneumonia (Table 2).
Recent research in the United States and the United
Kingdom showed children who were breastfed
exclusively became ill much less frequently than children
who were not breastfed.’® Research from the group of
Lamberti et al showed children who were not breastfed
optimally or exclusively had a higher risk for morbidity
and mortality secondary to pneumonia at all age levels.*’

In the present study, we did not find any association
between children who has smoker(s) in family and
increased mortality. Greenberg et al showed that children
under 5 years of age who are exposed to second hand
smoke are at a higher risk of pneumonia than children
who are not exposed to cigarette smoke (p=0.016).%® Our
study also reported that delay in seeking medical care for
more than 7 days (30.8%) and between 72 hours to 7 days
(19.2%); (p<0.001) and delay in transport (59.6%);
(p<0.001) are the significant predictors of mortality in
present study. Similarly, Kirolos et al reported that the
mean delay before seeking care for the pneumonia group
was 3.6 days (median 3.0, interquartile range IQR=2-4,
range=0-20).1° For the group without pneumonia, the
mean delay was 3 days (median=2.0, IQR=1-4, range=0-
21).

Malnutrition was found to be a predictor of mortality in
our study. SAM children had maximum mortality
(40.4%) whereas 13.5% of the MAM children had
mortality. These findings are consistent with the findings
by Caulfield et al which indicated that malnutrition in
childhood contributes significantly to the GBD,
specifically that 52.3% of child deaths due to pneumonia
are directly related to malnutrition.?’ In keeping with our
study results, a study revealed that children less than 5
years old are most vulnerable to major diseases, and the
majority of them are treated in the PICU. Worldwide
statistics in all age groups indicate pneumonia remains
the main cause of PICU utilisation and is also associated
with a mortality rate of 29.9%.%

In present study, hypoxia, as a major indicator of disease
severity, was observed in almost 76.7% of children with
severe pneumonia. In our study, the presence of hypoxia
(<92% oxygen saturation) (p<0.001) was significantly
associated with mortality (Table 3). 100% of children
who died and 75.6% of children who got discharged
required oxygen on admission (p=0.001). Several studies
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have investigated factors associated with hypoxemia,
particularly clinical predictors.??

Kasundriya et al study evaluated host biomarkers like the
TLC count, which was useful only in the presence of
moderate leucocytosis.?? However, in our study,
leucocytosis  (61.5%; p<0.001) was found to be
significantly associated with mortality in children with
severe pneumonia (Table 3).

Mechanical ventilation is a widely used form of
respiratory support in pediatric intensive care units
(PICU). In our study, mortality was highest among those
who required mechanical ventilation Within 6 hours of
admission (36.5%) (Figure 2). Zhang et al demonstrated
in another trial that extended use of mechanical
ventilation results in complications and mortality.*

CONCLUSION

Our study of pediatric patients with severe pneumonia
provides data on pneumonia-related mortality in children
aged 2 months to 5 years, and this further demonstrates
that lower socio-economic class, delayed seeking of
medical care, delay in transport, severe acute
malnutrition, hypoxia and low blood pressure on
admission, leucocytosis, and the need for mechanical
ventilation were associated with a substantial increase in
pneumonia-related mortality. However, some factors like
age, gender, maternal education, smoker(s) in the family
were found to have no association with mortality in
children due to severe pneumonia. We believe that the
results of this study will not only contribute to our
knowledge of pneumonia-related mortality, but also
provide valuable information to clinicians in primary care
settings.

ACKNOWLEDGEMENTS

Authors would like to thank department of pediatrics at
Gandhi medical college, Bhopal, for the help with data
collection. They would also like to thank the patients for
participating in the study.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. WHO pneumonia fact-sheets. Awvailable at:
https://www.who.int/news-room/fact-sheets/detail/
pneumonia. Accessed on 22 March, 2023.

2. WHO. Global Burden of Disease Estimates 2000-
2015; WHO: Geneva, Switzerland, 2016; Available
at: http://www.who.int/healthinfo/globalburden-
disease/estimates/en/index2.html. Accessed on 26
March, 2023.

10.

11.

12.

13.

UNICEF. One Is Too Many Ending Child Death
from Pneumonia and Diarrhoea; UNICEF: New
York, NY, USA. 2016. Available at:
https://data.unicef.org/wpcontent/uploads/2016/11/U
NICEF-Pneumonia-Diarrhoeareport2016-web-
version_final.pdf. Accessed on 20 March 2023).
Hemagiri K, Sameena A, Aravind K, Khan W,
Vasanta S. Risk factors for severe pneumonia in
under five children—A hospital based study. Int J Res
Health Sci. 2014;2(1):47-57.

McAllister DA, Liu L, Shi T, Chu Y, Reed C,
Burrows J et al. Global, regional, and national
estimates of pneumonia morbidity and mortality in
children younger than 5 years between 2000 and
2015: a systematic analysis. Lancet Global Health.
2019;7(1):e47-57.

Sonego M, Pellegrin MC, Becker G, Lazzerini M.
Risk factors for mortality from acute lower
respiratory infections (ALRI) in children under five
years of age in low and middle-income countries: a
systematic review and meta-analysis of observational
studies. Plos One. 2015;10(1):e0116380.

Jakhar SK, Pandey M, Shah D, Ramachandran VG,
Saha R, Gupta N et al. Etiology and Risk Factors
Determining Poor Outcome of Severe Pneumonia in
Under-Five Children. Indian J Pediatr. 2017;1.
Mathew JL, Patwari AK, Gupta P, Shah D, Gera T,
Gogia S et al. Acute respiratory infection and
pneumonia in India: a systematic review of literature
for advocacy and action: UNICEF-PHFI series on
newborn and child health, India. Indian Pediatr.
2011;48:191-218.

Kasundriya SK, Dhaneria M, Mathur A, Pathak A.
Incidence and risk factors for severe pneumonia in
children hospitalized with pneumonia in Ujjain,
India. Int J Environmental Res Publ Heal.
2020;17(13):4637.

Troeger CE, Khalil 1A, Blacker BF, Biehl MH,
Albertson SB, Zimsen SR et al. Quantifying risks
and interventions that have affected the burden of
lower respiratory infections among children younger
than 5 years: an analysis for the Global Burden of
Disease  Study 2017. Lancet Infect Dis.
2020;20(1):60-79.

Shah VB, Mehta K. Study of risk factors for severe
pneumonia among children between 2 months to 5
years of age. Int J Contemporary Pediatr. 2019;6(4).
Bokade CM, Madhura AD, Bagul AS, Thakre SB.
Predictors of mortality in children due to severe and
very severe pneum Zhang Q, Guo Z, Bai Z,
macdonald NE. A 4 year prospective study to
determine risk factors for severe community acquired
pneumonia in children in southern China. Pediatr
Pulmonol. 2013;48(4):390-7.

Nasrin S, Tariqujjaman M, Sultana M, Zaman RA,
Ali S, Chisti MJ et al. Factors associated with
community acquired severe pneumonia among under
five children in Dhaka, Bangladesh: A case control
analysis. Plos One. 2022;17(3):e0265871.

International Journal of Contemporary Pediatrics | July 2023 | Vol 10 | Issue 7 Page 1017



14.

15.

16.

17.

18.

19.

Tekam A et al. Int J Contemp Pediatr. 2023 Jul;10(7):1013-1018

Nirmolia N, Mahanta TG, Boruah M, Rasaily R,
Kotoky RP, Bora R. Prevalence and risk factors of
pneumonia in under five children living in slums of
Dibrugarh town. Clin Epidemiol Global Heal.
2018;6(1):1-4.

Sutriana VN, Sitaresmi MN, Wahab A. Risk factors
for childhood pneumonia: a case-control study in a
high prevalence area in Indonesia. Clin ExpPediatr.
2021;64(11):588.

Hastuti P, Wijayanti IT. Analisis deskriptif faktor
yang mempengaruhi pengeluaran asi pada ibu nifas
di desa sumber kecamatan sumber kabupaten
rembang. URECOL. 2017;223-32.

Lamberti LM, Zakarija-Grkovi¢ 1, Fischer Walker
CL, Theodoratou E, Nair H, Campbell H et al.
Breastfeeding for reducing the risk of pneumonia
morbidity and mortality in children under two: a
systematic literature review and meta-analysis. BMC
Pub Heal. 2013;13(3):1-8.

Greenberg D, Givon-Lavi N, Broides A, Blancovich
I, Peled N, Dagan R. The contribution of smoking
and exposure to tobacco smoke to Streptococcus
pneumoniae and Haemophilus influenzae carriage in
children and their mothers. Clin Infect Dis.
2006;42(7):897-903.

Kirolos A, Ayede Al, Williams LJ, Fowobaje KR,
Nair H, Bakare AA et al. Care seeking behaviour and
aspects of quality of care by caregivers for children

20.

21.

22.

23.

24,

under five with and without pneumonia in Ibadan.
Nig J Global Heal. 2018;8(2).

Caulfield LE, de Onis M, Bléssner M, Black RE.
Undernutrition as an underlying cause of child deaths
associated with diarrhea, pneumonia, malaria, and
measles. Am J Clin Nutrit. 2004;80(1):193-8.

Rady HI. Profile of patients admitted to pediatric
intensive care unit, Cairo University Hospital: 1-year
study. Ain-Shams J Anaesthesiol. 2014;7(4):500.
Tiewsoh K, Lodha R, Pandey RM, Broor S,
Kalaivani M, Kabra SK. Factors determining the
outcome of children hospitalized with severe
pneumonia. BMC Pediatr. 2009;9(1):18.

Kasundriya SK, Dhaneria M, Mathur A, Pathak A.
Incidence and risk factors for severe pneumonia in
children hospitalized with pneumonia in Ujjain,
India. Int J Environmental Res Pub Heal.
2020;17(13):4637.

Zhang Q, Guo Z, Bai Z, MacDonald NE. A 4 year
prospective study to determine risk factors for severe
community acquired pneumonia in children in
southern China. Pediatr Pulmonol. 2013;48(4):390-7.

Cite this article as: Tekam A, Ramteke S, Randa R.
Risk factors associated with mortality in children with
severe pneumonia. Int J Contemp Pediatr
2023;10:1013-8.

International Journal of Contemporary Pediatrics | July 2023 | Vol 10 | Issue 7 Page 1018



