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Abstract
Objective: Pneumonia is a leading cause of mortality and morbidity in under five children in developing countries.
Hence, the present study was undertaken to identify the various predisposing factors for pneumonia in children aged
1 month to 5 years.
Methods: Sixty pneumonia cases fulfilling the inclusion criteria, in the age group of 1 month to 5 years were
interrogated for potential predisposing factors as per a predesigned proforma. Sixty healthy control children in the
same age group were also interrogated.
Results: The significant predisposing factors for pneumonia were overcrowding (p value < 0.001), lack of exclusive
breastfeeding for first 6 months in babies less than 1 year old (p value < 0.05), incomplete immunization for age (p
value < 0.001) and malnutrition (p value < 0.001). On logistic regression analysis, overcrowding and malnutrition were
significant independent risk factors.
Conclusion: The present study has identified many demographic, nutritional and environmental pre-disposing
factors for pneumonia which can be tackled by effective health education of the community and appropriate initiatives
taken by the government.
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Introduction
Despite dramatic advances in human health, under 5 mortality
remains alarmingly high. UNICEF in statistics on child mortality have
shown that every year, almost 10.5 million children die before their fifth
birthday; i.e., 30,000 children every day! Half of the deaths in under
5 children can be directly attributed to just 5 diseases-pneumonia,
diarrhoea, malaria, measles and AIDS [1]. Pneumonia kills more
children than AIDS, malaria and measles combined and that effective
interventions exist to prevent and treat pneumonia but the coverage of
these interventions remains too low. Pneumonia control is therefore
a priority and is essential in achieving Millennium Development
Goal Four, which calls for a reduction by two-thirds in the under-five
mortality rate by 2015 [2].
The International Consultation on Control of Acute Respiratory
Infections, December 1991, reported that there are links between
environmental risk factors [such as; smoke , outdoor air pollution,
indoor pollution, passive smoking, overcrowding] and risk factors in
the child [that is low birth weight, malnutrition, measles, breastfeeding
and vitamin A deficiency] with acute respiratory infections. Many
of these risk factors are amenable to corrective measures. Therefore
knowledge of these risk factors related to acquisition of Acute Lower
Respiratory Infections (ALRI) will help in its prevention. Therefore, the
following study was undertaken to identify the various predisposing
factors of community acquired pneumonia in fewer than five children.

Material and Methods
This was a prospective case-control study conducted in Paediatrics
Department of Tata Main Hospital, Jamshedpur. The study was
conducted over a period of one year from March 2013 to February 2014.
All cases and controls were selected from the age group of 1 month to
5 years if they fulfilled the inclusion criteria. Inclusion criteria for cases
were that the child should have clinical features of pneumonia as per
WHO criteria [3], on chest radiogram, the child should have features
compatible with pneumonitis as reported by a qualified radiologist
and the child should be admitted as in-patient. Exclusion criteria for
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cases were features of tuberculosis or mantoux positivity, features of
severe sepsis, clinical diagnosis of asthma [based on history of repeated
episodes of wheeze with rapid response to bronchodilator therapy,
positive family history of bronchial asthma] and any underlying chronic
illness. Controls were selected from out-patient department. Inclusion
criteria for controls were presence of features of Upper Respiratory
Tract Infection (URTI) for example blocked nose, congested throat,
rhinorhea, child should not have pneumonia as per WHO criteria and
chest x-ray should be normal. Exclusion criteria for controls were same
as those for cases.
Verbal informed consent of the child’s caregiver was obtained in
both cases and controls. Relevant history was taken and detailed physical
examination was done for both cases and controls. Questionnaire
(as per predesigned proforma) was presented to both groups where
information about the potential risk factors were sought after like
presence of overcrowding; history of exclusive breast feeding for first
six months of life; history of smoking in the family; immunization
status especially DPT, measles and Hib ; protein energy malnutrition
and features of vitamin A deficiency.
Overcrowding was considered to exist if the number of persons
in the household divided by the rooms in the dwelling exceeded the
accepted standards which are as follows [1 room – 2 persons; 2 rooms
– 3 persons; 3 rooms – 5 persons; 4 rooms – 7 persons; 5 or more – 10
persons (additional 2 for each further room)]. A baby under 12 months
was not counted; children between 1 to 10 years were counted as half
a unit. Overcrowding was also considered to exist if 2 persons over 9
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years of age, not husband and wife, of opposite sex were obliged to
sleep in same room [4].
History of smoking by various family members was recorded.
History of exclusive breastfeeding for first six months was taken.
Vitamin A deficiency was identified and graded according to WHO
classification of Xeropthalmia [X1A – conjunctival xerosis, X1B - bitot’s
spot, X2 - corneal xerosis, X3A- corneal ulceration ( < 1/3 of cornea),
X3B - corneal ulceration ( >1/3 of cornea), XN - night blindness, XF fundal changes, XS - corneal scarring ].
Weight (in kilograms) for age (in months) was recorded for both
cases and controls and then compared to the expected weight for that
age as per CDC growth charts (year-2000). Malnutrition was identified
and graded according to Indian Academy of Paediatrics (IAP)
classification [weight of more than 80 % of expected for age is normal.
Grades of malnutrition are Grade I (71-80%), II (61-70%), III (5160%), IV (<50%). History of immunization was elicited from parents
and verified by checking the documents wherever available.
The predisposing factors were then tabulated in both the groups
and statistically analyzed. The study was previewed and approved by
the ethical committee of Tata Main Hospital, Jamshedpur.

Statistical methods used
Chi square test was used to calculate the P value of each predisposing
factor. P value < 0.05 was considered significant. P value < 0.001 was
considered highly significant. Data was further analyzed by Logistic
Regression Methods using the SPSS version 17.0.

Results
In this study, 60 cases of pneumonia were compared with 60
controls (cough and cold). Majority of children were infants with
their age distribution comparable between the two groups with male
preponderance in both the groups. The majority of children with
pneumonia were infants less than 1 year of age (61.67%; Table 1). There
were more male children affected with pneumonia than females (68.33%
vs. 31.67%; Table 1).Each pre disposing factor was analyzed separately
for statistical significance (Table 1). Overcrowding was significantly
associated with pneumonia [85% (cases) vs. 26.67% (controls); ‘p’ value
<0.001]. Lack of exclusive breastfeeding wasn’t significantly associated
with pneumonia [30% (cases) vs. 35% (controls); ‘p’ value >0.05] when
all the children between 1 month to 5 years were considered. However
on further analyzing the data considering only children less than 1 year
old among cases and controls, it was observed that lack of exclusive
breastfeeding [51.35% (cases) vs. 22.58% (controls); ‘p’ value < 0.05]
was significantly associated with pneumonia. Presence of family history
of smoking [70% (cases) vs. 60% (controls); ‘p’ value >0.05] was not
statistically significant. In our study incomplete immunization for age
was significantly associated with pneumonia [80% (cases) vs. 38.33%
(controls), ‘p’ value < 0.001].In our study incomplete immunization
for age was significantly associated with pneumonia [80% (cases) vs.
38.33% (controls), ‘p’ value < 0.001].Further, on separately analyzing
the association of pneumonia with DPT, Measles and Hib vaccination,
it was seen that DPT and Measles immunization was not significantly
associated with pneumonia as 78.33% of cases and 83.33% of controls
had received DPT vaccine and 84% of cases and 85.7% of controls had
received Measles vaccine. However there was a considerable difference
in the number of children who received Hib vaccination among
cases and controls (20% vs. 61.67%). Thus there was a significant
association between lack of Hib vaccination and pneumonia (p <
0.001).Malnutrition, present in 71.67% of cases as compared to 11.67%
of controls, was significantly associated with pneumonia (‘p’< 0.001).
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Vitamin A deficiency was not significantly associated with pneumonia.
On reanalyzing the data using logistic regression methods (Table 2),
overcrowding and malnutrition emerged to be significant independent
risk factors for acquiring community acquired pneumonia in under
five children (p value being < 0.05, at 95% confidence level).

Discussion
The majority of children with pneumonia were infants less than 1
year of age (61.67%) with more male children affected with pneumonia
than females (68.33% vs. 31.67%; Table 1).In a study by Saurav
Chatterjee, it was seen that age specific attack rate of ARI decreased
with increasing age of the child in both sexes and the worst sufferers
were in the age group 6-11 months in both sexes, but considering all
the age groups, sex specific attack rates were more in males than in
females [5].
Overcrowding contributes to the transmission of infection through
respiratory droplet. In our study, overcrowding was significantly
associated with pneumonia. This was in agreement with a study by
Cardoso et al. where it was seen that crowding was associated with a
60% reduction in the incidence of asthma but with 2 1/2-fold increase
in the incidence of lower respiratory tract infections (p = 0.001) [6].
The critical role of breast-feeding in improving infant and
under-five-year survival in resource-limited settings has been well
documented since the mid-1970s. A pooled analysis by the World
Health Organization (WHO) of a number of studies on the impact
of breast-feeding on child survival showed that the protective effect is
strongest in the first six months of life, with a 4–6-fold survival benefit
for breast-fed infants. The benefit extends throughout the first year
of life, with a 1.4–1.8-fold protective effect against mortality during
months six through twelve [7]. In this study, when children less than
1 year of age were only considered, lack of exclusive breastfeeding
[51.35% (cases) vs. 22.58% (controls); ‘p’ value < 0.05] was significantly
associated with pneumonia. Similarly, in a study by Shams Arifeen et
al. it was observed that partial or no breastfeeding was associated with
a 2.40 fold higher risk of deaths attributable to ARI [8].
Environmental tobacco smoke (ETS) is one of the indoor air
pollutants that reduces local defence mechanisms and predisposes
children to respiratory illness [9]. In our study, presence of family
history of smoking [70% (cases) vs. 60% (controls); Table 1; ‘p’ value
>0.05] was not statistically significant. Our result was in concordance
with another study by Savitha MR et al. [10]. Wieslaw Jedrychowski and
Elzbieta Flak in their study found strong evidence that children exposed
to ETS in their homes were more susceptible to acute respiratory tract
illnesses than unexposed children [11]. However in our study there
was no history of maternal smoking (either in ante-natal or post-natal
period) both among the cases and controls. No significant association
of pneumonia with passive smoking in our study could be due to low
ETS exposure level as majority of smokers in the families were fathers
and the exposure of children due to smoking by fathers was limited
because of relatively greater time spent by fathers outside the house.
In our study incomplete immunization for age was significantly
associated with pneumonia [80% (cases) vs. 38.33% (controls), Table
1; ‘p’ value < 0.001]. Similar results were found by Broor et al. [12]
and M.R. Savitha et al. [10]. This is probably because mothers utilizing
these services are better aware of health care facilities and probably seek
early consultation for illness of their children, which probably avoids
severe illness. In another study by DK Agarwal et al. on rural preschool
children, it was observed that the moderate and severe ARI related
morbidity and mortality was significantly reduced in immunized
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Sl. no.

Variables

1.

Age

Pneumonia cases (n=60)

Controls
(n=60)

‘p’ value

< 1 yr

37 (61.67%)

31 (51.67%)

1-3 yr

12 (20%)

19 (31.67%)

3-5 yr

11 (18.33%)

10 (16.67%)

Male

41 (68.33%)

33 (55%)

Female

19 (31.67%)

27 (45%)

Present

51 (85%)

16 (26.67%)

Absent

9 (15%)

44 (73.33%)

Present

39 (65%)

42 (70%)

Absent

21 (35%)

18 (30%)

Sex

2.

Overcrowding

3.

Exclusive BF

4.

5.

> 0.05

Exclusive BF in < 1yr.

(n=37)

(n=31)

Present

18 (48.65%)

24 (77.42%)

Absent

19 (51.35%)

7 (22.58%)

present

42 (70%)

36 (60%)

Absent

18 (30%)

24 (40%)

Complete

12 (20%)

37 (61.67%)

Incomplete

48 (80%)

23 (38.33%)

Received

47 (78.33%)

50 (83.33%)

Not received

13 (21.67%)

10 (16.67%)

Received

12 (20%)

37 (61.67%)

Not received

48 (80%)

23 (38.33%)

Family h/o smoking

6.

DPT vaccine

8.

Hib vaccine

9.

10.

Measles vaccine

(n=25)

(n=35)

Received

21 (84%)

30 (85.7%)

Not received

4 (16%)

5 (14.23%))

Absent

17 (28.33%)

53 (88.33%)

Present

43 (71.67%)

7 (11.67%)

2 (3.33%)

Nil

Malnutrition

11.

<0.05

> 0.05

Immunization for age

7.

< 0.001

< 0.001

>0.05

<0.001

>0.05

< 0.001

Vitamin A deficiency

12.

Present

Table 1: Demographic, nutritional and environmental variables in the cases and controls.
Sl. No.

Factors studied

Odds Ratio

95% C.I.

“ p ” Value

1

Overcrowding

15.3023

4.6330 – 50.56

0.00001

2

Exclusive BF (first 6 months)

0.8264

0.2723 -2.5561

0.7412

3

Passive Smoking

1.6062

0.5112 – 5.080

0.4206

4

Complete Immunization for age

0.4251

0.1331 – 1.354

0.1472

5

Malnutrition

17.0551

4.611 – 63.084

0.0003

Table 2: Predisposing factors for pneumonia using Binary Logistic Regression methods.

children compared to unimmunized children [13]. Further, on
separately analyzing the association of pneumonia with DPT, Measles
and Hib vaccination, it was seen that DPT and Measles immunization
was not significantly associated with pneumonia as 78.33% of cases
and 83.33% of controls (Table 1) had received DPT vaccine and 84%
of cases and 85.7% of controls (Table 1) had received Measles vaccine.
This high coverage of DPT and Measles vaccination was probably due
to the fact that this study was conducted in an industrial setting where
the family members were strongly motivated about the benefits of
immunization and these vaccines were available free of cost at easily
accessible immunization centers spread across the town. However
Lung Dis Treat, an open access journal
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there was a considerable difference in the number of children who
received Hib vaccination among cases and controls (20% vs. 61.67%),
(Table 1). Thus there was a significant association between lack of
Hib vaccination and pneumonia (p < 0.001). Our results conform
to multiple studies [14-16], which have demonstrated Hib vaccine
effectiveness in preventing x-ray confirmed pneumonia. In Kenya,
introduction of Hib vaccine into the routine childhood immunization
program reduced Hib disease incidence among children aged <5 years
to 12% of its baseline level [17].
Overall malnutrition is associated with a two to three fold increase in
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mortality from ALRI [18]. In our study malnutrition, present in 71.67%
of cases as compared to 11.67% of controls, (Table 1) was significantly
associated with pneumonia (‘p’< 0.001). Similar conclusions were
drawn in other studies also [10,12]. A study in Philippines included
age stratified risks in children less than 23 months of age and reported
highest risk of death from ALRI due to malnutrition among those aged
12-22 months [19]. A study in New Delhi revealed severe malnutrition
as the predictor of mortality in ALRI in 2 week to 5 years old children
[20]. In another study by Shah N et al. malnutrition was observed to be
a significant risk factor on univariate analysis [21].
On reanalyzing the data after multivariate logistic regression
analysis (Table 2), overcrowding and malnutrition remained
as significant independent risk factors for community acquired
pneumonia in under-five children. Overcrowding (OR = 15.30; 95%
CI: 4.63-50.56; ‘p’ value=0.00001) had a significant positive association
with pneumonia thereby showing that a child with overcrowding is 15
times more likely to develop pneumonia as compared to a child without
overcrowding. Similarly in a study by Savitha MR et al. in Mysore, AOR
for overcrowding was 11.985 (95% CI: 2.578-55.720; ‘p’ value=0.002)
[10]. Malnutrition (OR=17.06; CI: 4.61-63.08; ‘p’ value=0.0003) was
significantly associated with pneumonia. Similarly, several other studies
have shown malnutrition to be significantly associated with pneumonia
and its outcome e.g. Broor et al: severe malnutrition (OR=1.85; 95% CI:
1.14-3.0) [12], Fatmi et al.: malnutrition (wasting) (AOR=2.2, 95% CI:
1.0, 5.23) [22] and Savitha MR et al: malnutrition (AOR=6.939; 95% CI:
1.06-45.29) [10]. In our study, complete immunization for age was not
statistically significant (‘p’ value > 0.05 at 95% confidence level) after
multivariate regression analysis, though being significant (‘p’ value <
0.001) when each factor was analyzed separately (Table 1). The reason
for this could be that the number of children completely immunized
among the cases was very small, 12 out of 60 (20%). So when this
variable was adjusted with other covariates, it didn’t emerge out to be
significant. Although, it can be seen that at 85% confidence level (p <
0.15), this factor becomes significant. So, if the sample size of the study
was increased, it could probably emerge out to be significant.

Conclusions
The present study identified many pre-disposing factors for
pneumonia. Univariate analysis showed that overcrowding, lack of
exclusive breast feeding in first year of life, incomplete immunization
for age and malnutrition were significantly associated with pneumonia.
On logistic regression analysis, overcrowding and malnutrition
remained as significant independent risk factors.
The above risk factors can be tackled through effective health
education of the community and appropriate initiatives taken by the
government leading to a healthy community and a healthy nation as
a whole.
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