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Abstract
Background: Pneumonia is one of the leading causes of morbidity and mortality in under fives.
We carried out a comprehensive study to identify factors influencing both mortality and morbidity
for children less than 5 years of age hospitalized with severe pneumonia.

Methods: 200 hospitalized children aged 2–60 months with World Health Organization (WHO)
defined severe pneumonia were enrolled in the study. The children were managed using a standard
protocol. They were closely followed up for need for change in antibiotics, prolonged hospital stay,
need for mechanical ventilation and mortality. Data on the factors influencing the outcome were
collected.

Results: Of 200 children enrolled in the study, 113 (56.5%) needed a change in antibiotics, 102
(51%) stayed for more than 5 days in the hospital, 41 (20.5%) needed mechanical ventilation and 21
(10.5%) died. On multivariate analysis, lack of exclusive breastfeeding [RR (95%CI) 2.63 (2.16–
2.86)], overcrowding [RR (95%CI) 1.94 (1.35–2.38)] and an abnormal chest x-ray [RR (95%CI) 2.29
(1.22–3.44)] were associated with the need for change of antibiotics. Lack of exclusive
breastfeeding [RR (95%CI) 2.56 (2.0–2.93)], overcrowding [RR (95%CI) 2.59 (1.78–3.23)] and an
abnormal chest x-ray [RR (95%CI) 2.99 (1.65–4.38)] were identified as determinants for prolonged
hospital stay. Head nodding [RR (95%CI) 8.34 (2.71–12.77)], altered sensorium [RR (95%CI) 5.44
(1.34–17.56)], abnormal leukocyte counts [RR (95%CI) 5.85(1.36–17.14)] and pallor [RR (95%C)
10.88 (2.95–20.40)] were associated with mortality. Head nodding (RR (95% CI) 4.73 (1.50–6.36)]
and cyanosis (RR (95%CI) 5.06 (1.80–11.34)] were the determining factors for mechanical
ventilation.

In radiographically confirmed pneumonia, the determining factors for change of antibiotics were:
lack of exclusive breast feeding [RR (95% CI) 2.05 (1.69–2.2)] and low birth weight [RR (95% CI)
1.59 (1.1–1.89)]. For prolonged hospital stay, the factors identified were mothers' education less
than graduation [RR (95% CI) 1.5 (1.19–1.7)], lack of exclusive breast feeding [RR (95% CI) 1.77
(1.19–2.09)] and oxygen saturation of < 90% at time of presentation [RR (95% CI) 2.06 (1.42–
2.42)]. Determinants for mechanical ventilation were mothers' education less than graduation [RR
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(95% CI) 3.6 (1.15–6.3)] and cyanosis at presentation [RR (95% CI) 10.9 (1.56–18.9)]. For mortality,
the only determinant was pallor [RR (95% CI) 10.54 (1.8–21.79)].

Conclusion: Children hospitalized with severe community acquired pneumonia [as defined by
World Health Organization (WHO)] who had not received exclusive breast feeding, had stayed in
an overcrowded homes and had an abnormal chest radiograph were more likely to fail to respond
with primary antibiotic regimen and require change of antibiotics and prolonged hospital stay.

In children with radiographically confirmed pneumonia, lack of breast feeding and low birth weight 
was associated with need for change in antibiotics.

Background
Pneumonia is one of the leading causes of morbidity and
mortality in children under five years of age. Recent esti-
mates from the World Health Organization suggest that
pneumonia is responsible for 20% of deaths in the above
age group, leading to 3 million deaths per year. Of these
deaths, two thirds occur during infancy and more than
90% occur in the developing countries [1,2]. In India,
recent estimates in under-fives suggest that 13% of deaths
and 24% of National Burden of Disease is due to pneu-
monia [3]. Hospital based studies have reported that 20–
30% of admissions in under-fives are due to pneumonia.
Case fatality rates in hospitalized children are reported to
be between 8.7–47% [4-7].

Various interventions have been done to reduce pneumo-
nia related morbidity and mortality. In 1983, the World
Health Organization (WHO) initiated the Acute Respira-
tory Infection (ARI) control program which led to a
decline in the infant mortality rate by 10.7 (4.8–16.7)
deaths per 1000 live births and decline in the mortality of
under-fives by 36 deaths per 1000 live births [8]. The ARI
control program includes identification of children with
pneumonia by clinical features (rapid respiration and dif-
ficulty in breathing) and administration antimicrobials
with a presumption that majority of pneumonia in devel-
oping countries are because of bacterial pathogens. For
further impact on morbidity and mortality, a thorough
knowledge of the determining factors affecting the out-
come of the disease is important. Various studies have
evaluated the determinants for mortality in children due
to pneumonia [9-17]. Factors associated with increased
mortality include young age of the mothers and lack of
proper education of the father, young age of the child, late
hospitalization with cyanosis, altered sensorium, grunt-
ing, associated chest indrawing, hepatomegaly, acute mal-
nutrition, inability to drink, associated loose stools or
heart disease, anemia, rickets and lack of breastfeeding [9-
17].

There is a need to evaluate other relevant outcomes
including the need for change of antibiotics, prolonged
hospital stay and need for mechanical ventilation. We,

therefore, conducted a study to evaluate factors determin-
ing both morbidity and mortality in children less than 5
years of age admitted with severe pneumonia.

Methods
The study was conducted in the Pediatrics Wards at All
India Institute of Medical Sciences (AIIMS), New Delhi,
which is an urban, tertiary care center (also admits chil-
dren at first presentation if they require hospitalization),
between May 2004 and February 2006. Children of either
sex, between 2–60 months of age hospitalized with severe
community acquired pneumonia (CAP) fulfilling the
WHO criteria of severe and very severe pneumonia [18]
were enrolled within 24 hours of admission. The case def-
inition of severe and very severe pneumonia included
children presenting with cough with difficulty in respira-
tion, having increased respiratory rate (children < 2
months; > 60/minute, 2–11 months, > 50 per minute and
13 to 60 months, > 40 per minute) with chest indrawing
with or without inability to drink or cyanosis. Children
with co-morbidities like meningitis or chronic respiratory
diseases, those who were admitted in another hospital
prior to presentation or whose parents did not give con-
sent were excluded.

Parents of patients who met the inclusion criteria were
invited to participate in the study. A pre-designed per-
forma was used for recording the details of personal and
demographic profile, clinical presentation, underlying
disease, laboratory investigations, treatment and course in
the hospital and the final outcome. Relevant past and
family history was enquired and recorded. The number of
people staying together and the number of available
rooms in the house was recorded. Overcrowding was
determined by calculating number of family members per
room [19]. A child who was not found to be in the follow-
ing norm was labeled as staying in overcrowded house.

1 Room 2 persons

2 Rooms 3 persons

3 Rooms 5 persons
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4 Rooms 7 persons

5 or more rooms 10 persons (additional 2 for each further
room)

Immunization status was assessed by verifying the immu-
nization records or asking the parents. The mode of deliv-
ery, any prenatal insult and birth weight of the child was
recorded.

Dietary history was obtained from parents. Details of
breast feeding and addition of top feeds was recorded. An
infant who received only breast feeding till age of 6
months was considered to be exclusively breast fed. Lack
of exclusive breast feeding was defined as receipt of any
top feed in the first 6 months of life. For children above 6
months of age and those not on breast feeding, the caloric
intake was recorded by 24 hour recall.

A detailed clinical examination was done at the first con-
tact. Results of the investigations including complete
blood count, chest x-ray, blood culture, serum electrolytes
and arterial blood gas analysis were recorded.

Chest radiographs were performed in all the patients. The
chest radiograph were read by one of the authors (KT, RL,
SKK) and interpreted as normal or showing consolida-
tion, infiltrates or pleural effusion. In addition, a
nasopharyngeal aspirate was taken for identification of
viruses: respiratory syncitial virus, adenovirus, para influ-
enza viruses 1, 2, 3, and influenza viruses A and B by
Direct Fluorescence assay (Respiratory panel 1, viral
screening and identification, DFA kit, Chemicon) [20].

Our primary objective was to determine the association
between the various clinical and laboratory parameters
and the need for change in antibiotics in children with
WHO defined severe pneumonia. Secondary objectives
were to find out the determining factors that were associ-
ated with prolonged stay in the hospital (defined as hos-
pitalization exceeding 5 full days), factors associated with
mortality and need for mechanical ventilation.

A protocol for antibiotic therapy (Additional file 1, Table
S1) was circulated to all the clinicians for the uniform
treatment of children with pneumonia [21]. The treat-
ment given and progress notes were recorded daily includ-
ing any change of antibiotics by investigators (KT, SKK).
Day of discharge or death was recorded.

The antibiotics were changed if the patient did not
improve after 48 hours of initiation of treatment or dete-
riorated in form of increasing chest indrawing or worsen-
ing hypoxemia (worsening oxygen saturation).
Mechanical ventilation was indicated if the child had res-

piratory failure (PO2 <60 mm Hg on supplemental oxygen
or PCO2 > 50 mm Hg) or had impending respiratory fail-
ure (marked respiratory distress, child likely to tire out).
Discharge was considered when the child's respiratory rate
reduced below the age-specific cut-off, with absence of
chest indrawing, hypoxemia and fever for at least 24
hours.

Statistical analysis
The method of sample size calculation for prospective
observational study was used. To estimate a rate of change
of antibiotics of 40% with 95% confidence, a sample size
of 188 was calculated to estimate the same with a preci-
sion of 7%. For estimating the relative risk for a factor
(determinant) as 2, a sample size of 108 was calculated for
80% power and 95% confidence, assuming the rate of
change of antibiotics in the group without the determin-
ing factor as 30%, and the ratio of exposed to unexposed
as 1:2 [22].

The data collected were entered in Epi Info 2000 and then
transferred to STATA 9.0 (StataCorp LP, College Station,
Texas, USA) for statistical analysis. Chi Square test was
used to study the associations between the determining
factors and the outcome. The significant factors derived
from the bivariate analysis were studied separately using
unadjusted relative risk (95% confidence interval). To
find out the independent contribution of each factor
towards the outcome, we used the multiple logistic regres-
sion analysis. From the calculated adjusted odds ratio
(95% confidence interval), we derived adjusted relative
risk using a method published by Jhang and Yu [23]. The
p value of less than 0.05 was considered statistically signif-
icant.

We analyzed our outcome variables in children with radi-
ographically confirmed pneumonia after excluding chil-
dren with normal chest radiographs and with congenital
heart diseases.

The study was approved by the faculty of the Departmen-
tal of Pediatrics, AIIMS, New Delhi. A written informed
consent was taken from parents.

Results
Factors determining the outcomes in children with 
community acquired pneumonia diagnosed on the basis of 
WHO case definition
A total of 200 children met the inclusion criteria and did
not have exclusion criteria. All the 200 {mean age (SD)
11.74 months (12.44)} children were enrolled in the
study. 143 (71.5%) were infants less than 12 months of
age, 127 (63.5%) were boys, 136 (68%) came from over-
crowded families, 119 (59.5%) had received exclusive
breast-feeding. 170 (85%) patients had a sterile blood cul-
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ture; 12 samples grew Streptococcus pneumoniae, while oth-
ers included Staphylococcus aureus in 8, Acinetobacter in 6,
Enterobacter in 2, Klebsiella in 1 and Pseudomonas spe-
cies in 1. Out of the 139 patients whose nasopharyngeal
aspirate was taken, 11 were positive for viruses- 5 for influ-
enza A, 1 for influenza B, 1 for adenovirus, 2 each for para-
influenza 1 and 3. Serum sodium values were within nor-
mal limit (142 ± 5.8 mEq/l) in all except one patient who
had serum sodium of 129 mEq/L. In 146 (83%) children,
chest radiograph showed consolidation or infiltration.
The other baseline characters and frequency of clinical
and laboratory parameters of the participants are shown
in Additional file 1, Table S2.

Of the 200 patients, 113 (56.5%) needed a change of anti-
biotics because of worsening of hypoxia and/or chest
indrawing. No antibiotic changes were needed for 'no
improvement' in clinical features at 48 hours. A total of
102 (51%) stayed in the hospital for more than 5 days,
41(20.5%) needed mechanical ventilation and 21
(10.5%) died. Ten patients died within 24 hours of hospi-
talization, 4 died between 24–48 hours and 7 died after
48 hours.

On multivariate analysis, factors associated with treat-
ment failure requiring change of antibiotics included
overcrowding at home [RR (95% CI)- 1.94 (1.35–2.38)],
lack of exclusive breastfeeding [RR (95% CI)- 2.63 (2.16–
2.86)] and an abnormal chest radiograph [RR (95% CI)-
2.29 (1.22–3.44)] (Additional file 1, Table S3).

Factors associated with prolonged hospital stay included
overcrowding at home [RR (95%CI)- 2.59 (1.78–3.23)],
lack of exclusive breastfeeding [RR (95%CI)- 2.56 (2.0–
2.93)] and an abnormal chest radiograph [RR (95%CI)-
2.99 (1.65–4.38)] (Additional file 1, Table S4) on multi-
variate analysis.

For mortality in children with severe pneumonia, head
nodding (head nods with each respiration due to contrac-
tions of accessory muscles of respiration including sterno-
mastoid) [RR (95%CI)- 8.34 (2.71–12.77)], altered
sensorium (incoherent and not interested in surround-
ing) [RR (95%CI)- 5.44 (1.34–17.56)], abnormal leuko-
cyte counts [RR (95%CI)- 5.85 (1.36–17.14)] and pallor
[RR (95%CI)- 10.88, (2.95–20.40)] were identified as
determinants on multivariate analysis (Additional file 1,
Table S5).

The determining factors for mechanical ventilation identi-
fied on multivariate analysis were cyanosis [RR (95%CI)-
5.06 (1.80–11.34)] and head nodding [RR (95% CI)- 4.73
(1.50–6.36)] at admission (Additional file 1, Table S6).

Factors determining the outcomes in children without 
underlying heart disease with radiographically confirmed 
pneumonia
A total of 127 children {mean age (SD) 11.74 months
(12.44)} had radiographically confirmed pneumonia and
no evidence of congenital heart disease. 87 (69%) were
infants less than 12 months of age, 85 (67%) were boys,
93 (73%) came from overcrowded families, 57 (45%) did
not receive exclusive breast-feeding. 106 (83%) patients
had a sterile blood culture. Out of 21 positive cultures 10
samples grew Streptococcus pneumoniae, while others
included Staphylococcus aureus in 7, Acinetobacter in 1,
Enterobacter in 1, Klebsiella in 1 and Pseudomonas spe-
cies in 1. Nasopharyngeal swabs were collected in 105
children with abnormal radiographs; none of them were
found to be positive for viruses. The other baseline char-
acters and frequency of clinical and laboratory parameters
of the participants are given in Additional file 1, Table S7.

Of the 127 patients, 84 (66%) needed a change of antibi-
otics due to worsening of hypoxia and/or chest indrawing.
None of them needed change because of 'no improve-
ment' in clinical features at 48 hours. A total of 80 (63%)
stayed in the hospital for more than 5 days, 28 (22%)
needed mechanical ventilation and 13 (10.2%) died.
Nine children died within 24 hours of admission, one
between 24–48 hours and 3 died after 48 hours of admis-
sion. There was no significant difference in these outcome
parameters between children with WHO defined pneu-
monia or radiographically confirmed pneumonia.

On multivariate analysis, factors associated with treat-
ment failure requiring change of antibiotics included lack
of exclusive breastfeeding [RR (95% CI)- 2.05 (1.69–2.2)]
and birth weight of < 2.5 Kg [RR (95% CI)- 1.59 (1.1–
1.89)] (Additional file 1, Table S8).

Factors associated with prolonged hospital stay included
mothers education less than graduation [RR (95%CI)- 1.5
(1.19–1.7)], lack of exclusive breastfeeding [RR (95%CI)-
1.77 (1.19–2.09)] and oxygen saturation of less than 90%
at time of presentation [RR (95%CI)- 2.06 (1.42–2.42)]
(Additional file 1, Table S9) on multivariate analysis.

For mortality in children with severe pneumonia, pres-
ence of pallor at presentation [RR (95%CI)- 10.54 (1.8–
21.79)] (Additional file 1, Table S10).

The factors determining need for mechanical ventilation
identified on multivariate analysis were cyanosis at pres-
entation [RR (95%CI)- 10.9 (1.56–18.9)] and mothers
education less than graduation [RR (95% CI)- 3.6 (1.15–
6.3)] (Additional file 1, Table S11).
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Discussion
We conducted a cohort study to identify the clinical and
laboratory parameters associated with adverse outcomes
in under-five children hospitalized with WHO defined
community acquired pneumonia. We observed that over-
crowding, lack of exclusive breastfeeding and an abnor-
mal chest radiograph were associated with the risk for
need of change of antibiotics. These three factors were also
associated with increased hospital stay. Head nodding,
altered sensorium, abnormal leukocyte counts and pallor
were identified as determinants associated for death. Cya-
nosis and head nodding at admission were associated
with need of mechanical ventilation. Demographic pro-
file, passive smoking, malnutrition etc were not found to
be significant factors determining the outcome of hospi-
talized children with WHO defined severe pneumonia.

We planned to include all the children (including chil-
dren with heart diseases, immune deficiency etc) present-
ing with WHO defined community acquired pneumonia
who had not received antibiotics and were not in hospital
to document whether these illnesses led to risk of treat-
ment failure in these children. Though we did not have
any child with primary immune deficiency, but congenital
heart disease, associated loose stools or severe malnutri-
tion did not emerge as factors predisposing them for
change in antibiotics, prolonged hospital stay, need for
mechanical ventilation or mortality. This finding of our
study suggests that children with associated problems
(heart disease, loose stools or severe malnutrition) can be
managed with common protocol for community acquired
pneumonia.

The primary outcome was the need for change in antibiot-
ics in children with WHO defined severe pneumonia.
Decision to change the antibiotics was based on clinical
features; no attempt was made to document bacterial
infection before changing the antibiotics as it is difficult.
First line antibiotics received by our patients included:
ampicillin + gentamicin, or amoxicillin-clavulanic acid.
These are reasonably broad spectrum antibiotics to cover
common pathogens responsible for pneumonia in chil-
dren. All our patients required change in antibiotics
because of worsening (chest indrawing or hypoxia) dur-
ing the course of illness. None of the patient required anti-
biotic change due to lack of improvement at 48 hours;
suggesting that they had possibly infection due to drug
resistant organisms and responded to change of antibiot-
ics. Reports from this part of world suggest increasing
resistance to common antibiotics including ampicillin
[24,25].

There are no previous reports on outcome measures in
terms of need of change in antibiotics, prolonged hospital
stay or need for ventilator support. We observed a mortal-

ity rate of 10.5% which compares with the reported case
fatality rate of 9.8% [13] and 10.45% [4] in similar set-
tings.

Previous studies report lack of exclusive breastfeeding
increases the risk of both upper and lower respiratory tract
illness. Lack of breast feeding has been reported to be
associated with increase risk of development of severe
pneumonia by 1.5 to 2.6 times [26-29]. In the present
study, lack of exclusive breastfeeding was identified to be
an important determinant associated with the need for
change in antibiotics and prolonged hospital stay in
severe pneumonia.

The mechanisms by which breast-feeding provides protec-
tion against respiratory infections are incompletely under-
stood. In addition to passive protection, breast milk seems
to affect the infant's systemic immune system via multiple
mechanisms including maturational, anti-inflammatory,
immuno-modulatory and antimicrobial action [30].
Changes in immune phenotype after exposure to mater-
nal milk, including increase in post-vaccination inter-
feron-α levels and in natural killer cell numbers could
result in prolonged protection against respiratory infec-
tions [31,32]. In addition, there is experimental evidence
in animals that maternal milk lymphocytes cross the
infant's intestinal wall and enter the circulation [33]. It is
postulated that these cells activate the infant's immune
system. Anti-inflammatory cytokines such as interleukin-
10 and transforming growth factor β are also present in
maternal milk and taken up by neonatal tissues, in which
they are associated with a decrease in inflammatory
immune responses [34] and augmented secretary immu-
noglobulin A synthesis [35,36]. These findings of infant
immune responses associated with breastfeeding lend
biological credence to the findings in our study, in that;
breastfeeding could result in a decrease in respiratory
infections for many months or even years [37].

There are limited number of studies that have explored
the association between breast feeding and outcome of
pneumonia. Yoon et al had concluded that lack of breast
feeding increased the rate of mortality by 5.7 times in chil-
dren with acute lower respiratory infection and diarrhea
in the first 6 months of life [14]. Victoria et al had reported
that lack of breastfeeding was associated with 3.2 times
more risk of death from pneumonia [17]. We did not
observe lack of breast feeding as a determining factor for
mortality in our study. This may be due aggressive inter-
ventions like change of antibiotics and mechanical venti-
lation.

While the influence of crowding on the risk of pneumonia
is well understood, there are only a few studies document-
ing influence of crowding on the outcome of pneumonia
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(page number not for citation purposes)



BMC Pediatrics 2009, 9:15 http://www.biomedcentral.com/1471-2431/9/15
in children. The possible mechanism may be influence of
crowding on the selection and spread of resistant bacteria
[38,39]. These observations may explain the association
of crowding with need for change in antibiotics and pro-
longed hospital stay. Shah et al had shown that sharing of
bedroom by more than two persons increases the risk of
severe pneumonia by 1.8 times. [28].

The other independent factor associated with the morbid-
ity of severe community acquired pneumonia in under-
fives in our study was an abnormal chest radiograph.
These included those showing infiltrates or consolidation.
An abnormal chest radiograph was more likely to be due
to bacterial infection and need either a change of antibiot-
ics or a prolonged stay in the hospital. However, when we
compared radiographically confirmed and WHO defined
pneumonia we did not find significant difference in the
main outcome. Djelantik et al in their study also demon-
strated that radiological findings were not significant fac-
tor determining the outcome [9].

In the present study, head nodding at admission- a sign of
severe respiratory distress, abnormal leukocyte counts,
cyanosis, pallor and altered sensorium were identified to
be determining factors associated with mortality and need
for mechanical ventilation. Head nodding, high leukocyte
counts and altered sensorium are all indicators of severity
of illness and therefore, may be associated with mortality.
Demers et al reported that altered sensorium in children
with acute respiratory tract infection is associated with
increased risk of mortality by 3.2 times [10]. Pallor, which
could be present due to anemia or shock, was identified to
be a significant determining factor affecting mortality.
Banejeh et al had identified anemia as a significant risk
factor increasing mortality from pneumonia by 5.8 times.
[14].

For need of mechanical ventilation, head nodding and
cyanosis at admission were identified as significant risk
factors. There are no earlier reports that studied risk factors
for need of mechanical ventilation. Therefore, presence of
head nodding and cyanosis, markers of severity of the dis-
ease indicate need for admission to an intensive care unit.

After excluding children with normal radiographs and
heart disease, the determining factors for change of antibi-
otics were: lack of exclusive breast feeding and low birth
weight. For prolonged hospital stay, the determinants
identified were mothers education less than graduation,
lack of exclusive breast feeding and oxygen saturation of
less than 90% at time of presentation. Determinants for
mechanical ventilation were mothers' education less than
graduation and cyanosis at presentation. For mortality,
the only determining factor was pallor.

In a recent study on WHO defined community acquired
non-severe pneumonia; chest radiographs were reported
as normal in 82% of children. In the present study, nor-
mal chest radiographs were observed in 54 (27%) of
patients with severe pneumonia. Blood cultures were
more common in children with radiographically con-
firmed pneumonia and viruses were isolated only from
those with normal chest radiographs. These findings sug-
gest that there is need to improve WHO case definition of
pneumonia as majority of children with normal chest
radiographs were suffering from viral infections [40].

Two parameters including low birth weight and maternal
education emerged as determinants of outcomes in radio-
graphically confirmed pneumonia. Rest of the determin-
ing factors were common with the analysis of clinical
severe pneumonia. Low birth weight has been associated
with development of severe pneumonia [28,41]. Low
birth weight has also been reported to be a risk factor for
increased mortality [15].

Maternal education emerged as an important determinant
in radiographically confirmed pneumonia for prolong
hospital stay and need for mechanical ventilation. There
are not reports linking maternal education with the out-
come of pneumonia. However, maternal knowledge of
symptoms of pneumonia is associated with early recogni-
tion and utilization of health care facilities for their chil-
dren [42,43]. Only possible explanation may be that
educated mothers identified illness in their children early
and availed early treatment.

Proportionately more children died within 24 hours of
hospitalization in children who had radiographically con-
firmed pneumonia, suggesting that these patients were
having bacterial pneumonia and could have been saved
only if intervention could have been done early. Though
in our study delayed reporting to the health care facility
did not emerge a significant risk factor but Banajeh et al
[13] reported late hospitalization with cyanosis as one of
the significant risk factor for mortality.

Strengths of the present study include prospective nature
of the study and that the patients were enrolled and mul-
tiple factors were observed daily till the end point
occurred. Limitations of the study were that the bacterial
etiology was based only on blood cultures. Blood culture
positivity was only between 5–10%. For identification of
bacteria we did not perform serological tests or surrogate
markers like serum C-reactive protein or procalcitonin.
Our aim in the present study was to see if we could iden-
tify children with WHO defined severe pneumonia who
require change of antibiotics or prolong hospital stay.
WHO case definition is for countries with infant mortality
of > 40/1000 live birth. These guidelines recommend
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administration of antibiotics to all children with pneumo-
nia. It does not differentiate between bacterial and viral
pneumonia as it is not possible to do so by clinical fea-
tures alone. However, the observation that failures were
associated with abnormal chest radiograph and very few
nasopharyngeal aspirates were positive for viruses suggest
that most of our patients were suffering from bacterial
pneumonia.

Conclusion
Children with severe community acquired pneumonia
having lack of exclusive breast feeding, coming from over-
crowded homes and having abnormal chest radiograph
with low birth weight are less likely to respond to first line
antibiotics and need a change of antibiotics; therefore,
may be treated aggressively with second line antibiotics
from the beginning that may reduce their hospital stay.
Children with evidence of severe respiratory distress such
as cyanosis, head nodding and altered sensorium and
with pallor or high leukocyte counts are at greater risk of
mortality and should preferably be admitted in a pediatric
intensive care unit for more aggressive monitoring and
management that could reduce their mortality.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
KT: Involved in planning of study, collected data, helped
in analysis of data and drafted manuscript, RL: Involved in
planning of study, analysis of data and manuscript writ-
ing, RMP: Involved in planning of study, and participated
in data analysis, SB: Involved in investigations for viral eti-
ology of pneumonia, MK: Participated in analysis of data
and manuscript writing, SKK: Involved in planning of
study, participated in data analysis and manuscript writ-
ing. He will act as guarantor for the paper. All authors read
and approved the final manuscript.

Additional material

References
1. Mulholland K: Global burden of acute respiratory infections in

children: implications for interventions.  Pediatr Pulmonol 2003,
36:469-474.

2. WHO News and activities : Acute respiratory infections: the
forgotten pandemic.  Bull World Health Organ 1998,
76(1):105-107.

3. Smith KR: National burden of disease in India from indoor air
pollution.  Proc Natl Acad Sci USA 2000, 97:13286-13293.

4. Sehgal V, Sethi GR, Sachdev HP, Satyanarayana L: Predictors of
mortality in subjects hospitalized with acute lower respira-
tory tract infections.  Indian Pediatr 1997, 34:213-219.

5. Agrawal PB, Shendumikar N, Shastri NJ: Host factors and pneu-
monia in hospitalized children.  J Indian Med Assoc 1995,
93:271-272.

6. Patwari AK, Aneja S, MandaI RN, Mullick DN: Acute respiratory
infections in children: a hospital based report.  Indian Pediatr
1988, 25:613-617.

7. Roy P, Sen PK, Das KB, Chakraborty AK: Acute respiratory infec-
tions in children admitted in a hospital of Calcutta.  Indian J
Public Health 1991, 35:67-70.

8. Sazawal S, Black RE: Meta-analysis of intervention trials on
case-management of pneumonia in community settings.  Lan-
cet 1992, 340:528-533.

9. Djelantik IG, Gessner BD, Sutanto A, Steinhoff M, Linehan M,
Moulton LH, Arjoso S: Case fatality proportions and predictive
factors for mortality among children hospitalized with
severe pneumonia in a rural developing country setting.  J
Trop Pediatr 2003, 49:327-332.

10. Demers AM, Morency P, Mberyo-Yaah F, Jaffar S, Blais C, Somsé P,
Bobossi G, Pépin J: Risk factors for mortality among children
hospitalized because of acute respiratory infections in Ban-
gui, Central African Republic.  Pediatr Infect Dis J 2000,
19:424-432.

11. Banajeh Salem M: Outcome for children under 5 years hospital-
ized with severe acute lower respiratory tract infection in
Yemen. A 5 year experience.  Trop Paediatr 1998, 44:343-346.

12. Smyth A, Tong CYW, Carty H, Hart CA: Impact of HIV on mor-
tality from acute lower respiratory tract infection in rural
Zambia.  Arch Dis Child 1997, 77:227-230.

13. Banajeh Salem M, Al-Sunbali N, Al-Sanohani S: Clinical characteris-
tics and outcome of children aged under 5 years hospitalized
with severe pneumonia in Yemen.  Ann Trop Paediatr 1997,
17:321-326.

14. Yoon PW, Black RE, Moulton LH, Becker S: Effect of not breast
feeding on the risk of diarrheal and respiratory mortality in
children under 2 years of age in metro Cebu, the Philippines.
Am J Epidemiol 1996, 143:1142-1148.

15. Suwanjutha S, Ruangkanchanasetr S, Chantarojanasini T, Ttotrakitya
S: Risk factors associated with morbidity and mortality of
pneumonia in children under 5 years.  Southeast Asian J Trop Med
Public Health 1994, 25(1):60-66.

16. Deivanayagam N, Nedunchelian K, Ramasamy S, Sudhandirakannan
Ratnam SR: Risk factors for fatal pneumonia: a case control
study.  Indian Pediatr 1992, 29:1529-1532.

17. Victora CG, Smith PG, Barros FC, Vaughan JP, Fuchs SC: Risk fac-
tors for deaths due to respiratory infections among Brazilian
infants.  Int J Epidemiol 1989, 18:918-925.

18. Gove S, Pio A, Campbell H, Cattane O: WHO guideline on
detecting pneumonia in children.  Lancet 1991, 338:1453-1460.

19. Park K: Park's Textbook of Preventive and Social Medicine.
Sixteenth edition.  Jabalpur, Banarasidas Bhanot and company;
2006:521. 

20. Maitreyi RS, Broor S, Kabra SK, Ghosh M, Seth P, Dar L, Prasad AK:
Rapid detection of respiratory viruses by centrifugation
enhanced cultures from children with acute lower respira-
tory tract infections.  J Clin Virol 2000, 16:41-47.

21. Kabra SK, Singhal T, Lodha R: Pneumonia.  Indian J Pediatr 2001,
68:S19-23.

22. Centers for Disease Control and Prevention (CDC): Epi Info. Data-
base and statistics software for public health professionals.
2004 [http://www.cdc.gov/epiinfo/].

23. Zhang J, Yu KF: What's the Relative Risk?  JAMA 1998,
280:1690-1691.

24. Song JH, Ko KS, Lee MY, Park S, Baek JY, Lee JY, Heo ST, Kwon KT,
Ryu SY, Oh WS, Peck KR, Lee NY: In vitro activities of ertap-
enem against drug-resistant Streptococcus pneumoniae and
other respiratory pathogens from 12 Asian countries.  Diagn
Microbiol Infect Dis 2006, 56:445-50.

25. Anonymous : Prospective multicentre hospital surveillance of
Streptococcus pneumoniae disease in India. Invasive Bacte-
rial Infection Surveillance (IBIS) Group, International Clini-

Additional file 1
11 Additional files1, Table Ss.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471-
2431-9-15-S1.doc]
Page 7 of 8
(page number not for citation purposes)

http://www.biomedcentral.com/content/supplementary/1471-2431-9-15-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14618637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14618637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9615503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9615503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11087870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11087870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9282488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9282488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9282488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8576592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8576592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3220536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3220536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1823333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1823333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1354286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1354286
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14725409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14725409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14725409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10819338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10819338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10819338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9370901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9370901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9370901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9578791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9578791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9578791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8633604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8633604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7825027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7825027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1291498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1291498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2621029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2621029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2621029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1683434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1683434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10680739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10680739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10680739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11980455
http://www.cdc.gov/epiinfo/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9832001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16949783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16949783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16949783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10217075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10217075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10217075


BMC Pediatrics 2009, 9:15 http://www.biomedcentral.com/1471-2431/9/15
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

cal Epidemiology Network (INCLEN).  Lancet 1999,
353:1201-1202.

26. Broor S, Pandey RM, Ghosh M, Maitreyi RS, Lodha R, Singhal T, Kabra
SK: Risk factors for severe acute lower respiratory tract
infection in under-five children.  Indian Pediatr 2001,
38:1361-1369.

27. Fonseca W, Kirkwood BR, Victora CG, Fuchs SR, Flores JA, Misago
C: Risk factors for childhood pneumonia among the urban
poor in Fortaleza, Brazil: a case – control study.  Bull World
Health Organ 1996, 74:199-208.

28. Shah N, Ramankutty V, Premila PG, Sathy N: Risk factors for
severe pneumonia in children in south Kerala: a hospital-
based case-control study.  J Trop Pediatr 1994, 40:201-206.

29. Victora CG, Fuchs SC, Flores JA, Fonseca W, Kirkwood B: Risk fac-
tors for pneumonia among children in a Brazilian metropol-
itan area.  Pediatrics 1994, 93:977-985.

30. Kelly D, Coutts AGP: Early nutrition and the development of
immune function in the neonate.  Proc Nutr Soc 2000,
59:177-185.

31. Pabst HF, Spady DW, Pilarski LM, Carson MM, Beeler JA, Krezolek M:
Differential modulation of the immune response by breast
or formula feeding of infants.  Acta Paediatr 1997, 86:1291-1297.

32. Hawkes JS, Neumann MA, Gibson RA: The effect of breast feed-
ing on lymphocyte subpopulations in healthy term infants at
6 months of age.  Pediatr Res 1999, 45:648-651.

33. Jain L, Vidyasagar D, Xanthou M, Ghai V, Shimada S, Blend M: In vivo
distribution of human milk leukocytes after ingestion by
newborn baboons.  Arch Dis Child 1989, 64:930-933.

34. Letterio JJ, Geiser AG, Kulkarni AB, Roche NS, Sporn MB, Roberts
AB: Maternal rescue of transforming growth-beta 1 null
mice.  Science 1994, 264:1936-1938.

35. Rousset F, Garcia E, Defrance T, Péronne C, Vezzio N, Hsu DH,
Kastelein R, Moore KW, Banchereau J: Interleukin 10 is a potent
growth and differentiation factor for activated human B lym-
phocytes.  Proc Natl Acad Sci USA 1992, 89:1890-1893.

36. Ogawa J, Sasahara A, Yoshida T, Sira MM, Futatani T, Kanegane H,
Miyawaki T: Role of transforming growth factor-beta in breast
milk for initiation of IgA production in newborn infants.  Early
Hum Dev 2004, 77:67-75.

37. Chantry CJ, Howard CR, Auinger P: Full breastfeeding duration
and associated decrease in Respiratory Tract Infection in US
children.  Pediatrics 2006, 117:425-432.

38. Bruinsma N, Hutchinson JM, Bogaad AE van den, Giamarellou H,
Degener J, Stobberingh EE: Influence of population density on
antibiotic resistance.  J Antimicrob Chemother 2003, 51:385-390.

39. Cars O: Colonization and infection with resistant gram-posi-
tive cocci. Epidemiology and risk factors.  Drugs 1997,
54(Suppl 6):4-10.

40. Hazir T, Nisar YB, Qazi SA, Khan SF, Raza M, Zameer S, Masood SA:
Chest radiography in children aged 2–59 months diagnosed
with non-severe pneumonia as defined by World Health
Organization: descriptive multicentre study in Pakistan.  BMJ
2006, 333:629.

41. Coles CL, Fraser D, Givon-Lavi N, Greenberg D, Gorodischer R, Bar-
Ziv J, Dagan R: Nutritional status and diarrheal illness as inde-
pendent risk factors for alveolar pneumonia.  Am J Epidemiol
2005, 162:999-1007.

42. Gálvez CA, Modeste N, Lee JW, Betancourt H, Wilkins RL: Peruvian
mothers' knowledge and recognition of pneumonia in chil-
dren under 5 years of age.  Rev Panam Salud Publica 2002,
11:99-108.

43. Anh NT, Tram TT, Tri L, Huu TN, Pedersen FK, Mogensen K,
Andersen E: Development of ARI case management at pri-
mary and secondary level in southern Vietnam.  Southeast
Asian J Trop Med Public Health 2000, 31:674-8.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2431/9/15/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10217075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11752733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11752733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8706236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8706236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7932932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7932932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7932932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8190587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8190587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8190587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10946785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10946785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9475303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10231858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10231858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10231858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2774634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2774634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2774634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8009224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8009224
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1371884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1371884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1371884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15113633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15113633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16452362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16452362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16452362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12562707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12562707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9474476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9474476
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16923771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16923771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16923771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16207807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16207807
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11939121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11939121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11939121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11414410
http://www.biomedcentral.com/1471-2431/9/15/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Statistical analysis

	Results
	Factors determining the outcomes in children with community acquired pneumonia diagnosed on the basis of WHO case definition
	Factors determining the outcomes in children without underlying heart disease with radiographically confirmed pneumonia

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Additional material
	References
	Pre-publication history

