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Abstract

Background: Pneumonia is considered the major cause of mortality among children with acute respiratory disease
in low-income countries but may be over-diagnosed at the cost of under-diagnosing asthma. We report the
magnitude of asthma and pneumonia among “under-fives” with cough and difficulty breathing, based on stringent
clinical criteria. We also describe the treatment for children with acute respiratory symptoms in Mulago Hospital.
Methods: We enrolled 614 children aged 2–59 months with cough and difficulty breathing. Interviews, physical
examination, blood and radiological investigations were done. We defined asthma according to Global Initiative for
Asthma guidelines. Pneumonia was defined according to World Health Organization guidelines, which were modified
by including fever and white cell count, C-reactive protein, blood culture and chest x-ray. Children with asthma or
bronchiolitis were collectively referred to as “asthma syndrome” due to challenges of differentiating the two conditions
in young children. Three pediatricians reviewed each participant’s case report post hoc and made a diagnosis
according to the study criteria.
Results: Of the 614 children, 41.2% (95% CI: 37.3–45.2) had asthma syndrome, 27.2% (95% CI: 23.7–30.9) had
bacterial pneumonia, 26.5% (95% CI: 23.1–30.2) had viral pneumonia, while 5.1% (95% CI: 3.5–7.1) had other
diagnoses including tuberculosis. Only 9.5% of the children with asthma syndrome had been previously diagnosed as
asthma. Of the 253 children with asthma syndrome, 95.3% (95% CI: 91.9–97.5) had a prescription for antibiotics,
87.7% (95% CI: 83.1–91.5) for bronchodilators and 43.1% (95% CI: 36.9–49.4) for steroids.
Conclusion: Although reports indicate that acute respiratory symptoms in children are predominantly due to
pneumonia, asthma syndrome contributes a significant proportion. Antibiotics are used irrationally due to
misdiagnosis of asthma as pneumonia. There is need for better diagnostic tools for childhood asthma and pneumonia
in Uganda.
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Introduction

Pneumonia has hitherto been regarded as the major cause
of respiratory morbidity and mortality among children less than
five years in low-income countries [1,2]. Evidence suggests
that pneumonia in this age group may be over-diagnosed and
therefore its prevalence over-estimated [3,4]. In Uganda,
pneumonia is the third most common cause of morbidity

among children less than five years [5]and is associated with
high case fatality rates ranging from 10 to 30% [6–8]. A recent
study done in Uganda showed that only 6.1% of the children
who presented with cough and/or difficult breathing were
diagnosed with asthma [9].

Asthma is the most common chronic childhood condition
worldwide [10,11]. Asthma exacerbations may have clinical
presentation similar to pneumonia [10,12]. According to World
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Health Organization (WHO) guidelines on Integrated
Management of Childhood Illnesses (IMCI), diagnosis of
asthma is based on presence of audible wheeze [13].
However, audible wheeze has low sensitivity for diagnosis of
asthma. It is present in only one-third of children with
auscultatory wheeze [3,14]. In addition, the symptom of
wheeze may not be easily recognized by caretakers [15,16].

In young children, asthma and bronchiolitis are closely
related in aetio-pathogenesis and clinical presentation [12,17].
It is therefore difficult to distinguish asthma from bronchiolitis,
especially among children less than 2 years of age. There is no
common international definition for bronchiolitis, but generally,
it is defined as the first episode of severe wheezing in
association with cough and/or difficulty breathing among
children less than 12-24 months of age [18]. On the other hand,
asthma among children less than five years is well described
[19]. It is defined as a chronic inflammatory disorder with hyper-
reactive airways resulting in cough, recurrent wheeze,
breathing difficulties and chest tightness, particularly at night
and/or early morning [20]. In this study, we use the term
“asthma syndrome” to refer to children who had asthma or
bronchiolitis. Using the term “asthma”, which is recurrent and
potentially remittent, affords an opportunity for children with
asthma syndrome to under-go regular diagnostic re-evaluation
and eventual identification of children with asthma. Studies
have indicated that about 30-50% of children who are
diagnosed with bronchiolitis in early childhood develop asthma
later on [21,22].

According to IMCI guidelines, pneumonia is diagnosed in
presence of cough and/or difficulty breathing, and fast
breathing, with/without lower chest in-drawing where the chest
moves in or retracts during inspiration. However, previous
studies indicate that some children with similar signs have viral
pneumonia [23–25]. In this study, children who had tachypnoea
with or without chest retractions but did not fulfill the criteria for
bacterial pneumonia were classified as viral pneumonia.

Over-diagnosis of pneumonia and under-diagnosis of asthma
may be contributing to significant untreated respiratory
morbidity and mortality among children less than five years in
low-income countries. This could hinder the anticipated
progress to achieving Millennium Development Goal 4 (MDG
4)-to reduce child mortality by two-thirds by the year 2015. The
aim of this study was to determine the magnitude of asthma
and pneumonia among children less than five years of age with
cough and/or difficulty breathing, based on stringent clinical
criteria. We also describe the treatment for children with acute
respiratory symptoms in Mulago hospital Uganda.

Methods

Ethical statement
The study was approved by the Higher Degrees, Ethics and

Research Committee (HDREC) at Makerere University,
College of Health Sciences and Uganda National Council of
Science and Technology (UNCST). Informed written consent
was obtained from the caretakers of the participants. Additional
consent was sought for HIV testing. Approval to extract

prescription notes from patient files was obtained from the
Department of Paediatrics and Child Health, Mulago hospital.

Design and Setting
A cross-sectional study involving 614 children aged 2 to 59

months presenting at the emergency paediatric unit of Mulago
Hospital, Kampala, was conducted between August 2011 and
July 2012. Mulago Hospital is a National Referral Hospital in
Uganda and a teaching hospital for Makerere College of Health
Sciences, Kampala. It also acts as a district hospital serving an
urban and peri-urban catchment population of about two million
people. Most services at the hospital are paid for by the state.
The paediatric emergency unit is comprised of the paediatric
intensive care unit (PICU) and, high and low-dependency
wards. Critically ill children aged 1 day up to 12 years of age
are admitted at the unit and transferred to other wards upon
stabilization. The average daily attendance is 80 children, 75%
of whom are aged 2 to 59 months. An estimated 25% of the
children present with cough and/or difficulty in breathing. The
hospital was selected as the study site because of its ability to
handle laboratory and radiological investigations for asthma
and pneumonia, services that are not readily available in other
public hospitals in Uganda.

Data collection procedure
All children attending the paediatric emergency unit at

Mulago hospital were screened and those aged 2-59 months
with cough and/or difficulty in breathing identified. Children with
fast breathing and/or chest retractions were included. Fast
breathing was defined as ≥50 breaths per minute for children
aged 2 up to 12 months and ≥40 breaths per minute for
children aged 12 up to 59 months. We excluded children with
cardiac failure secondary to severe anaemia or heart disease.
After obtaining informed written consent from the caretakers of
the children who fulfilled the inclusion criteria, a questionnaire
was administered by the nurse. This was followed by a clinical
examination by the study doctor. Children with severe
classification [26] were stabilized before proceeding with
consent. Peripheral oxygen saturation (SaO2) in room air was
measured and for those children whose SaO2 was <92%,
oxygen was given using mask, catheter or nasal prongs.
Children with wheezing were given salbutamol solution (2.5mg
in 3-5mls of normal saline) using an ultrasonic nebulizer
according to the hospital protocol [27]. The response to the
nebulized salbutamol with respect to the respiratory rate and
presence and intensity of wheezing was noted. Nutritional
assessment was done according to WHO guidelines on
management of children with severe malnutrition [28]. Six mill-
liters (6mls) of venous blood were drawn from the cubital vein
or dorsum of the hand using a BD™ blood collection set and
used for blood culture, white cell count, serum C-reactive
protein (CRP) and HIV tests. A peripheral blood smear for
malaria parasites was also done. A specimen of
nasopharyngeal epithelium was collected for identification of
Respiratory Syncytial Virus (RSV) in accordance with
manufacturer’s instructions (BD Diagnostics, Becton, Dickinson
and Company, USA). All specimens were transported to the
respective laboratories within 6 hours of collection. The details
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of the laboratory methods have been described elsewhere [29].
A posterior-anterior chest x-ray was taken within 48 hours after
recruitment. The data was shared with the Department of
Paediatrics and Child Health, Mulago National Referral and
Teaching Hospital.

Management of study participants
The ward doctors were primarily responsible for

management of the study participants. However, the study
team ensured that all participants who needed short-acting
bronchodilators received the recommended three doses and
noted the response. Information on the patients’ prescription
was extracted from their files in order to understand how ward
doctors manage the children with acute respiratory symptoms.
The study team communicated the test results of the
participants as soon as they were obtained.

Definitions
The study definitions were formulated based on current

international guidelines and in consultation with experts as
follows:

Asthma.  We used a modified definition of asthma derived
from the Global Initiative for Asthma (GINA) guidelines [19]. We
made the following modifications; we excluded the symptom of
“chest tightness” because young children are not able to
express this symptom objectively [30,31]. We also excluded
measurement of peak flow and/or spirometry because children
less than five years are not able to perform these tests
effectively [32]. Furthermore, we included chest x-rays to help
us differentiate asthma and pneumonia. Pneumonia is very
common in Uganda and among children less than five years,
the clinical presentation of acute asthma and pneumonia can
be very similar [5,12].

Bronchiolitis was defined as the first episode of wheezing in
a child less than 24 months of age, presenting with cough
and/or difficult breathing, and respiratory distress. This was
based on the South African guidelines for diagnosis,
management and prevention of acute viral bronchiolitis [18].

Asthma syndrome.  In this study, children with asthma or
bronchiolitis were collectively referred to as “Asthma
syndrome”. Cohort studies on genesis and progression of
childhood asthma noted that asthma symptoms start in early
childhood [33]. However, among young children, it is difficult to
distinguish acute asthma and bronchiolitis because of the
similarities in clinical presentation [12]. Many terminologies
including bronchitis, bronchitis-asthma, wheezing disorder and
hypereactive airways disease, have been used to describe
children with cough and wheezing [12]. We decided to use the
term “asthma syndrome” to include all children with cough and
wheezing, because such symptoms can be controlled with
available medicines. Furthermore, an asthma-related diagnosis
would indicate the potential for follow up and diagnostic re-
evaluation. Through this process, children with asthma would
be identified early and hence benefit from the available safe
and effective asthma medicines which would contribute
towards improvements in their quality of life.

Pneumonia.  We defined pneumonia as presence of cough
and/or difficult breathing and fast breathing, with/without lower

chest in-drawing. However, studies among children with WHO-
defined pneumonia have indicated that not all of them have
bacterial aetiology [23,34]. Therefore the following
modifications were made to improve on the specificity of this
definition;

1 We included results of chest x-ray to help distinguish viral
and bacterial pneumonia in some children. We acknowledge
that chest x-ray findings alone cannot be used to differentiate
viral from bacterial pneumonia [35,36]. However, in some
cases, the chest x-ray findings imply a particular aetiology. For
example, consolidation and pneumatoceles are usually
associated with bacterial pneumonia [35,37].

2 We also included test results for white cell count (total and
differential), blood culture and serum C-reactive protein, to help
differentiate viral from bacterial pneumonia. Although these
tests do not explicitly identify the aetiology of pneumonia, when
used in combination with history and examination findings can
help to identify the aetiology of pneumonia [38].

3 We included fever to help us distinguish pneumonia and
asthma syndrome. Fever is more likely to be present in children
with pneumonia compared to those with asthma syndrome [28].

Audible wheeze refers to a high-pitched whistling sound
heard without any diagnostic aid, when the child breathes out.
It can be heard by the caretaker or clinician. An auscultatory
wheeze is a high-pitched sound heard with the aid of the
stethoscope when the child breathes out [19].

Diagnosis of asthma syndrome and pneumonia
A panel of three pediatricians with experience in pediatric

pulmonology and infectious diseases reviewed the case report
form for each participant. They (paediatricians) had no access
to the children and hence evaluated the findings post hoc.
Each expert reviewed the case report individually and guided
by the study definitions, made a diagnosis. During the panel
discussions, each expert supported their choice of diagnosis. A
diagnosis was considered final if all or two of the three
panelists were in agreement. Where there was discordance
among the three panelists, a thorough case discussion
followed until a final diagnosis was assigned. Each participant
was assigned a diagnosis (asthma, bronchiolitis, bacterial
pneumonia, viral pneumonia, combination of asthma and
bacterial pneumonia, others). A participant had to obtain a
minimum score of 75% of the criteria to be assigned the
corresponding diagnosis (table 1).

Statistical considerations
To determine the proportion of children with asthma

syndrome and pneumonia among children with cough and/or
difficult breathing, a minimum sample size of 408 was
calculated. We assumed a power of 90% with 95% confidence
level, and the proportion of children with asthma syndrome to
be 46% based on a study by Sachdev and colleagues [3].
However, this was part of a larger study involving 614 children
and all were included in the analysis.

Data was double-entered in Epidata version 3.0 and
exported to Stata version 12.0 (Stata Corp, College station
Texas, USA) for analysis. A description of the participants’
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characteristics was done using frequency tables, proportions
and confidence intervals as appropriate. Logistic regression
analysis was used to determine clinical characteristics that
were independently associated with asthma syndrome or
pneumonia. Cohen’s kappa was used to measure degree of
agreement between the primary radiologists.

Table 1. Study definitions for asthma, bronchiolitis and
pneumonia.

Diagnosis Criteria
Asthma: Highly
probable if 4 of 5 are
present

1) Cough, wheeze, difficulty in breathing (at least one)

 

2) Recurrent cough, wheeze and/or difficulty in
breathing, positive history of atopy in child (eczema,
rhinitis, food, conjunctivitis), history of asthma in first

degree relative (at least one )

 
3) Fast breathing, chest indrawing, prolonged

expiration, rhonchi (at least 3)
 4) Good response to bronchodilators
 5) Chest x-ray: normal or hyperinflation

Bronchiolitis: Highly
probable if 1 and any
other criteria are present

1) Age less than 2 years, cough, difficulty in breathing,

index episode of wheeze (all must be present)

 
2) Fast breathing, prolonged expiration, chest

indrawing, rhonchi (at least two)

 
3) Total white cell count ≤15x109cells/l, CRP < 40mg/l,

positive RSV (at least one)
 4) Chest x-ray: normal or hyperinflation

Bacterial pneumonia:
Highly probable if 4 of 5
are present

1) Fever, cough, difficulty in breathing (at least two)

 
2) Axillary temperature ≥38°C, fast breathing, chest

indrawing (at least 2)

 
3) CRP ≥40mg/l, total white cell count ≤ 15 x109 cells/l,

Neutrophils ≥65% (at least one)
 4) Positive blood culture

 
5) Chest x-ray: alveolar infiltrates, consolidation, pleural

effusion (at least one)

Viral pneumonia:
Highly probable if 3 of 4
are present

1) Fever, cough, difficulty in breathing (at least one)

 
2) Axillary temperature ≥38°C, fast breathing, chest

indrawing (at least 2)

 
3) CRP <40mg/l, total white cell count <15 x109

cells/l, lymphocytes ≥45% , positive RSV

(at least one)
 4) Chest x-ray: normal or diffuse infiltrates

CRP- C-reactive protein, RSV-Respiratory Synctial Virus
doi: 10.1371/journal.pone.0081562.t001

Results

Description of participants
From August 2011 to June 2012, we recruited 614 children

with cough and/or difficulty in breathing. The median age was
10 months (Inter-quartile range 6-18 months) and 80.3% (493
of 614) were aged 24 months and below. There were 347
(56.5%) males. Twenty eight (4.6%) children were born
prematurely, 10 (35.7%) of whom had asthma syndrome.
Three (30%) of the 10 preterms with asthma syndrome tested
positive for RSV. None of the preterms had ever received
Palivizumab. Of the 460 (84.7%) children who were reported to
have received the complete dose [39] of pentavalent vaccine
(DPT – Hepatitis B + Haemophilus influenzae type b), 178
(38.7%) had bacterial pneumonia.

Magnitude of asthma syndrome and pneumonia
Of the 614 children, 41.2% (95% CI: 37.3 - 45.2) had

features of asthma syndrome, 27.2% (95% CI: 23.7 - 30.9) had
bacterial pneumonia, 26.5% (95% CI: 23.1 - 30.2) had viral
pneumonia, while 5.1% (95% CI: 3.5 - 7.1) had other
diagnoses including pulmonary tuberculosis and pneumocystis
jirovecii pneumonia (Figure 1). Of the 253 children with asthma
syndrome, 50 (19.8%) had combined asthma and bacterial
pneumonia. Only 9.5% of the children with asthma syndrome
had been previously diagnosed with asthma. The majority
(80.2%) of the children with asthma syndrome were aged 24
months old and below. Of these, 61.6% had bronchiolitis and
38.4% had asthma.

Overall, 380 of 614 (61.9%) children had pneumonia; 167
(44.0%) had bacterial pneumonia, 163 (43.0) had viral
pneumonia and 50 (13%) had combined asthma and bacterial
pneumonia. During the panel discussions, discordance among
all the three experts occurred in 33 (5.4%) of the 614 cases.

Clinical and laboratory findings of children with asthma
syndrome and pneumonia

Of the 253 children with asthma syndrome, an audible
wheeze was appreciated in only 35% (95% CI: 29.7 - 41.8).
There was no statistically significant difference in proportion of

Figure 1.  Magnitude of asthma syndrome and
pneumonia among ‘under-fives’ in Mulago hospital
Uganda.  
doi: 10.1371/journal.pone.0081562.g001
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children with hypoxia between asthma syndrome and bacterial
pneumonia (OR 1.1, 95% CI: 0.7 - 1.6, p=0.669) or the children
with viral pneumonia (OR 1.2, 95% CI: 1.0 - 1.6, p=0.110).
Likewise, there was no statistically significant difference in
proportion of children with low peripheral oxygen saturation
between asthma syndrome and combined asthma and
bacterial pneumonia (OR 1.0, 95% CI: 0.8 - 1.3, p=0.863).

Even though some laboratory characteristics were part of
particular diagnoses, positive results were noted among the
different diagnostic categories. For example, 50 (24.6%) of the
203 children with asthma syndrome alone had raised serum C-
reactive protein and 18 (8.9%) had raised total white cell
counts. The proportion of children with positive RSV test was
similar in all diagnostic categories (table 2).

Overall, 26.4% (95% CI: 22.9 - 30.1) of the children had a
positive blood smear for malaria parasites, most of whom
(31.5%) had viral pneumonia. HIV testing was performed on
589 (95.9%) of the children and of these, 41(7%) were found to
be HIV positive (95% CI: 5.0 - 9.3). The primary radiologists
agreed on the chest x-ray findings in 79.4% of the cases
(Cohen’s kappa = 0.72, SD = 0.03, p = 0.000).

Medication for children with asthma syndrome and
pneumonia

A total of 599 (97.6%) of the study participants had
prescriptions for antibiotics. Of the 253 children with asthma
syndrome, 95.3% (95% CI: 91.9 - 97.5) had a prescription for
antibiotics, 87.7% (95% CI: 83.1 - 91.5) for short-acting β2

agonists (SABA) and 43.1% (95% CI: 36.9 - 49.4) for systemic
steroids. However, of these, 50 (19.8%) had bacterial
pneumonia and their antibiotic prescriptions were justified.

Discussion

In this paper, we highlight the findings of magnitude of
asthma syndrome and pneumonia among children aged 2 to 59
months attending Mulago National referral and teaching

hospital. Among young children, it is difficult to distinguish
asthma from bronchiolitis because of the similarities in
aetiological and risk factors as well as clinical presentation
[12,17,29,40]. Several terminologies such as asthma,
bronchiolitis, bronchitis- asthma, hyper-reactive airways
disease and wheezing disorder are used to describe children
who present with wheezing [12]. In a study on the same
sample of children, we noted similarities in factors associated
with asthma and bronchiolitis, suggesting common aetiological
and risk factors [29]. Other studies have also alluded to the
challenges of distinguishing asthma from bronchiolitis among
young children [41]. In this study, we combined children with
asthma and bronchiolitis and referred to them as “asthma
syndrome” to include all children with cough and wheezing
because these symptoms are treatable. Furthermore, using the
term asthma indicates the potential for follow up and
identification of children who have asthma for appropriate
management.

Magnitude of asthma syndrome
According to the study criteria, 41.2% of the children had

features of asthma syndrome. This indicates that asthma
syndrome is a significant cause of cough and/or difficulty in
breathing in children less than five years of age. These findings
are similar to those by Sachdev and colleagues who studied
200 children aged 6-59 months with WHO-defined severe
pneumonia and wheezing, and noted that 46% of them had
asthma [3]. Using a similar criterion, Hazir and colleagues
found a high prevalence (49%) of asthma among 1622 children
aged 1-59 months in Pakistan [42]. Other studies defined
asthma based on previous history of cough and difficulty in
breathing, and current/previous history of audible wheeze, an
approach that excluded children in whom audible wheeze was
not recognized [3,43]. Having used the approach of thorough
clinical assessment, laboratory and radiological test results as
well as response to medication, to diagnose asthma syndrome,
we were able to identify children who would otherwise have

Table 2. Summary of clinical and test results of children with asthma syndrome and pneumonia.

Characteristic/Test Asthma Syndrome Bacterial Pneumonia Asthma +Bacterial Pneumonia Viral Pneumonia

 Total Positive % Total Positive % Total Positive % Total Positive %
Axillary temperature ≥38°C 203 43 21.2 167 71 42.5 50 18 36.0 163 42 25.8
Audible wheeze 203 72 35.5 167 2 1.2 50 18 36.0 163 5 3.1
Raised *WBC (15X109 cells/l) 199 18 9.1 166 70 42.2 48 17 35.4 160 20 12.5
Raised Neutrophils (≥65%) 199 15 7.5 166 57 34.3 48 31 64.6 160 7 4.4
Raised lymphocytes (≥45%) 199 104 52.3 166 24 14.5 48 3 6.3 160 88 55.0
Raised †CRP (≥40mg/dl) 193 50 25.9 156 116 74.4 48 34 70.8 151 55 36.4
Positive blood culture 203 0 0.0 165 18 10.8 50 6 12.0 163 0 0.0
RSV positive 203 39 19.2 164 20 12.2 50 9 18.0 159 29 18.2
Positive blood smear for malaria parasites 203 52 25.6 167 39 23.4 50 9 18.0 162 51 31.5
≠SaO2 (<92%) 203 98 48.3 167 90 53.9 50 30 60.0 163 69 42.3
Abnormal chest x-ray 196 77 39.3 159 127 79.9 48 45 93.8 158 51 32.3

*White cell count, †C-reactive protein, ≠peripheral oxygen saturation
We were unable to carry out some tests on some of the children, hence, the variation in the total number of children for each of the tests.
doi: 10.1371/journal.pone.0081562.t002
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been missed if the definition of asthma syndrome was based
on presence of only audible wheeze. Therefore, the estimates
from this study are fairly accurate.

Magnitude of pneumonia
Overall, 61.9% of the participants had pneumonia, of whom,

more than half had bacterial pneumonia. These findings are
comparable to earlier studies in low-income settings [23,25,44].
Estimates by WHO show that more than 90% of acute lower
respiratory tract infections in low-income countries are
classified as pneumonia, and the majority are presumed to be
bacterial [1,45]. The differences between the findings in our
study and WHO estimates may be attributed to differences in
case definitions for pneumonia. According to WHO, pneumonia
is defined as presence of cough and/or difficulty in breathing in
association with fast breathing, with/without lower chest in-
drawing whereas in this study, other clinical findings and test
results were also considered (table 1). The systematic
approach of history, clinical signs and tests may have
increased specificity. These findings reiterate current
arguments that, using WHO guidelines, bacterial pneumonia is
over-diagnosed.

Viral pneumonia was present in 26.5% of the participants.
Even though severe pneumonia has been mainly associated
with bacterial etiology [46], evidence from studies in low-
income countries shows that viral infections are responsible for
a significant proportion of severe pneumonia among young
children[25,34,47]. In low-income countries like Uganda, many
children present with co-morbidities such as malaria and
malnutrition and this may exacerbate the severity of viral
pneumonia. However, in this study, there was no significant
association between viral pneumonia and a positive malaria
test. Similarly, only 6.8% of the children with viral pneumonia
had severe acute malnutrition. Hence, we were unable to
explain the reasons for the high proportion of children with viral
pneumonia in this study. Further studies on viral pneumonia
are recommended to contribute towards deeper understanding
on the magnitude, spectrum and significance of viruses in
causation of pneumonia.

Clinical and laboratory characteristics of the children
with asthma syndrome and pneumonia

There were many similarities in test results between asthma
syndrome and viral pneumonia. This may suggest a common
primary cause which is a viral illness. The literature shows that
asthma exacerbations and bronchiolitis are commonly triggered
by respiratory viral infections [12]. Likewise, viral pneumonia
may start as an upper respiratory viral infection which spreads
to the lung parenchyma causing pneumonia [23]. In some
cases, children with viral pneumonia may have signs and
symptoms that are similar to those of asthma syndrome such
as wheezing, preceded by an upper respiratory tract infection
[48]. The similarities indicate the possibility that children who
were categorized as viral pneumonia could have had asthma
syndrome, a hypothesis which needs to be explored in future
research.

Viral respiratory infections have been associated with
asthma exacerbations in up to 80% of cases [49]. Similarly,

viruses are the major cause of bronchiolitis in children. In this
study, the proportion of children with positive RSV test was less
than 20% and its frequency was similar in all diagnostic
categories. RSV infection has been considered a major trigger
of asthma exacerbations and, an important cause of
bronchiolitis and viral pneumonia among young children
[23,50], but other viruses also play a role. We did not test for
other respiratory viruses. Therefore, we are unable to
document the association between respiratory viruses and
exacerbations/causation of asthma syndrome. Further research
on viruses and asthma syndrome is recommended, especially
in view of the current findings of high magnitude of children
with asthma syndrome.

Overall, a quarter of the study participants had malaria. Of
these, 72% had pneumonia as well. Research has consistently
documented the overlap in clinical presentation of malaria and
pneumonia among children [51,52]. In addition, the IMCI case
definitions for malaria and pneumonia are not very specific [53].
Our findings add to the current evidence of overlap in clinical
presentation of malaria and pneumonia. There is need to refine
the IMCI case definitions for malaria and pneumonia to improve
on management of both conditions, reduce irrational antibiotic
use and contribute towards reduction of mortality among
children less than five years of age.

Blood cultures for identification of fastidious bacteria were
done in 612 children, and a pathogen was identified in only
3.9% of them. These findings show a much lower proportion of
bacteraemia compared to earlier studies which were done in
the same setting [6,7]. This may be attributed to differences in
study population. These studies focused on children with WHO
severe pneumonia and excluded those with wheezing [6,7]. In
addition, 97% of the participants in the current study had a
history of having been given antibiotics before presenting to the
hospital. This is in contrast to the findings in the previous study
[6] where half of the children had history of having received
antibiotics prior to getting to the hospital. The overwhelming
use of antibiotics in the current study population may have
reduced the probability of identifying bacteria in blood.

Medication for children with asthma syndrome and
pneumonia

The majority (95.3%) of the children with asthma syndrome
had a prescription for antibiotics. However, only a small
proportion (19.8%) of them had bacterial pneumonia and the
prescription of antibiotics was justified. About 12% of the
children with asthma syndrome had no prescription for short-
acting β2 agonists (SABA). In more than half of the children
with asthma syndrome, systemic steroids were not prescribed.
These findings confirm the earlier reports which indicated that,
among children less than five years presenting with acute
respiratory symptoms, bacterial pneumonia is over-diagnosed,
contributing to irrational use of antibiotics and asthma under-
diagnosed, and therefore asthma medicines under-utilized
[3,54]. In addition, these findings point to the possibility that
even in tertiary care settings where more skilled healthcare
providers exist, clinicians tend to use primary care guidelines
for diagnosis of bacterial pneumonia. Further research into the
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clinical practice regarding acute respiratory illnesses in tertiary
care settings is recommended.

Methodological Considerations and Study
Limitations

Study definition for asthma and pneumonia
Previous researchers and clinical guidelines have used

audible wheeze to diagnose asthma [13,43]. However, audible
wheeze has low sensitivity [3,14,42]. Similarly, many earlier
studies used WHO case definition of pneumonia, an approach
that leads to over-diagnosis of pneumonia [3,4]. Chest x-ray
findings have also been used to define pneumonia. However,
chest x-rays have very low sensitivity for diagnosis of
pneumonia [55]. We used a strict criteria based on history,
clinical examination and test findings as well as response to
treatment, to define asthma and pneumonia in this study
population. Hence, this approach provided fairly accurate
estimates of the magnitude of asthma and pneumonia among
children less than five years of age in Mulago hospital Uganda.

Diagnostic approach
We used strict study definitions that were based on history,

clinical examination, laboratory tests, radiological findings and
response to treatment, to aid diagnosis. The chest radiographs
were interpreted by two independents radiologists. In addition,
we subjected the findings for each of the study participants to a
review by a panel of three experts. Therefore, we believe that
this process increased the accuracy of the diagnoses hence
providing more accurate estimates. However, the experts had
no access to the study participants and reviewed the case
report forms post hoc. Therefore, their discussions on the
clinical findings depended entirely on the record by the study
doctor. Any errors that were made when examining the patients
could not be corrected and may have resulted into
misdiagnosis of some children. However, such errors are
presumed to be very minimal because the study doctors were
trained and closely supervised by the principal investigator.

Even though we used systematic and stringent diagnostic
criteria, there may be some children who were misclassified as
pneumonia yet had asthma syndrome and vice versa. Similarly,
there may be children who had bacterial pneumonia but were
classified as viral pneumonia and vice versa. We were unable
to estimate the degree of error because of lack of diagnostic
gold standard for asthma syndrome and pneumonia among
children less than five years of age. However, given the
extensive classification methods that we used, the errors are
presumed to be minimal and hence the resulting estimates
fairly accurate.

Finally, this study was done in a tertiary hospital. The
findings may only be applicable to hospitals with similar
settings and not to lower level units or the general population.

Conclusions, Recommendations and
Perspectives

Asthma syndrome causes significant acute respiratory
morbidity among children less than five years of age, contrary
to previous reports from Uganda that pneumonia is almost the
sole cause of acute respiratory illnesses in this age group. This
implies that children with asthma syndrome have been
inappropriately managed as pneumonia. Antibiotics are used
irrationally due to mis-diagnosis of asthma syndrome and viral
pneumonia as bacterial pneumonia. Children with asthma
syndrome who are misdiagnosed miss out on short and long
term care which may impact on their growth and development
and, overall quality of life. This has implications on healthcare
costs to the families and healthcare systems and, childhood
morbidity and mortality. Research on management of children
with asthma syndrome is needed. There is need for diagnostic
tools that can be used to differentiate asthma syndrome and
pneumonia at all levels of healthcare. The findings also point to
the need for review of the current WHO case definitions for
asthma and pneumonia. Finally, a study to understand reasons
for under-diagnosis of asthma syndrome among children less
than five years in Mulago hospital is recommended.

Asthma symptoms may be chronic or recurrent and usually
start in infancy. The symptoms persist in about 30-50% of the
affected children [33]. Over time, many terminologies have
been used to describe asthma symptoms such as wheezing
disorder, bronchitis and bronchitis asthma [12]. However, the
role of symptom control among these children cannot be under-
estimated. It is important to think about using pragmatic terms
such as asthma or asthma syndrome among children with
asthma symptoms for purposes of treatment. Studies and
consensus on definitions, diagnostic terms and management of
asthma symptoms among children less than five years of age
are recommended.

Acknowledgements

We are grateful to the following individuals and institutions for
their contribution towards this research project: Data collection
team; Dr Mary Kyohere, Dr. Denis Muyaka, Nurse Benardette
Ndagire, and Nurse Norah Kadde, radiographers; Adongo and
Katende, Radiologists; Drs H.Kisembo, R.O Omara and
A.Bulamu, expert panelists; Drs. Nicolette Nabukeera Barungi,
Eric Wobudeya and Hellen T Aanyu, Levi Mugenyi for data
management and staff at Microbiology and Immunology
laboratories, Makerere University College of Health Sciences,
Uganda, MBN Clinical Laboratories, Nakasero Road Kampala
Uganda. We thank all the parents/caretakers and the children
who participated in this study. We acknowledge the support of
the Childmed coordination team.

Author Contributions

Conceived and designed the experiments: RN JKT MSO.
Performed the experiments: RN. Analyzed the data: RN. Wrote
the manuscript: RN JKT GN MSO. Conceived the study based
on MSO's hypothesis: JKT MSO. Took a lead role and
collected and interpreted the data: RN. Reviewed the

Asthma and Pneumonia among Under-Fives in Uganda

PLOS ONE | www.plosone.org 7 November 2013 | Volume 8 | Issue 11 | e81562



manuscript: JKT GN MSO. All authors read and approved the
final manuscript.

References

1. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H (2008)
Epidemiology and etiology of childhood pneumonia. Bull World Health
Organ 86: 408-416. doi:10.2471/BLT.07.048769. PubMed: 18545744.

2. UNICEF (2011) Levels and trends in child mortality.
3. Sachdev HP, Mahajan SC, Garg A (2001) Improving antibiotic and

bronchodilator prescription in children presenting with difficult
breathing: experience from an urban hospital in India. Indian Pediatr
38: 827-838. PubMed: 11520993.

4. Shah D, Sachdev HP (1999) Evaluation of the WHO/UNICEF algorithm
for integrated management of childhood illness between the age of two
months to five years. Indian Pediatr 36: 767-777. PubMed: 10742731.

5. Uganda Bureau of Statistics (2011) Uganda Demographic and Health
Survey.

6. Nantanda R, Hildenwall H, Peterson S, Kaddu-Mulindwa D,
Kalyesubula I et al. (2008) Bacterial aetiology and outcome in children
with severe pneumonia in Uganda. Ann Trop Paediatr 28: 253-260. doi:
10.1179/146532808X375404. PubMed: 19021940.

7. Srinivasan MG, Ndeezi G, Mboijana CK, Kiguli S, Bimenya GS et al.
(2012) Zinc adjunct therapy reduces case fatality in severe childhood
pneumonia: a randomized double blind placebo-controlled trial. BMC
Med 10: 14. doi:10.1186/1741-7015-10-14. PubMed: 22316073.

8. Källander K, Hildenwall H, Waiswa P, Galiwango E, Peterson S et al.
(2008) Delayed care seeking for fatal pneumonia in children aged
under five years in Uganda: a case-series study. Bull World Health
Organ 86: 332-338. doi:10.2471/BLT.07.049353. PubMed: 18545734.

9. Christensen KK (2010) Childhood pneumonia and asthma in Uganda.
Kampala: University of Copenhagen, Denmark

10. World Health Organization (2012) Chronic Respiratory Diseases.
Geneva.

11. World Health Organization (2003) Prevention of Allergy and Allergic
Asthma. Geneva.

12. Østergaard MS, Nantanda R, Tumwine JK, Aabenhus R (2012)
Childhood asthma in low income countries: an invisible killer? Prim
Care Respir J 21: 214-219. doi:10.4104/pcrj.2012.00038. PubMed:
22623048.

13. UNICEF/WHO (2008) Handbook on Integrated Management of
Childhood Illnesses. Geneva.

14. Sachdev HP, Vasanthi B, Satyanarayana L, Puri RK (1994) Simple
predictors to differentiate acute asthma from ARI in children:
implications for refining case management in the ARI Control
Programme. Indian Pediatr 31: 1251-1259. PubMed: 7875787.

15. Cane RS, Ranganathan SC, McKenzie SA (2000) What do parents of
wheezy children understand by "wheeze"? Arch Dis Child 82: 327-332.
doi:10.1136/adc.82.4.327. PubMed: 10735844.

16. Fernandes RM, Robalo B, Calado C, Medeiros S, Saianda A et al.
(2011) The multiple meanings of "wheezing": a questionnaire survey in
Portuguese for parents and health professionals. BMC Pediatr 11: 112.
doi:10.1186/1471-2431-11-112. PubMed: 22151558.

17. Mansbach JM, Camargo CA Jr. (2009) Respiratory viruses in
bronchiolitis and their link to recurrent wheezing and asthma. Clin Lab
Med 29: 741-755. doi:10.1016/j.cll.2009.07.011. PubMed: 19892232.

18. Green RJ, Zar HJ, Jeena PM, Madhi SA, Lewis H (2010) South African
guideline for the diagnosis, management and prevention of acute viral
bronchiolitis in children. S Afr Med J 100: 320: 322-325. PubMed:
20460028.

19. Global Initiative for Asthma (2005) Pocket Guide for Asthma
Management and Prevention in Children.

20. Global Initiative for Asthma (2009) Global Strategy for Asthma
Management and Prevention.

21. Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B (2000) Respiratory
syncytial virus bronchiolitis in infancy is an important risk factor for
asthma and allergy at age 7. Am J Respir Crit Care Med 161:
1501-1507. doi:10.1164/ajrccm.161.5.9906076. PubMed: 10806145.

22. Smyth RL, Openshaw PJ (2006) Bronchiolitis. Lancet 368: 312-322.
doi:10.1016/S0140-6736(06)69077-6. PubMed: 16860701.

23. Berkley JA, Munywoki P, Ngama M, Kazungu S, Abwao J et al. (2010)
Viral etiology of severe pneumonia among Kenyan infants and children.
JAMA 303: 2051-2057. doi:10.1001/jama.2010.675. PubMed:
20501927.

24. Homaira N, Luby SP, Petri WA, Vainionpaa R, Rahman M et al. (2012)
Incidence of respiratory virus-associated pneumonia in urban poor

young children of Dhaka, Bangladesh, 2009-2011. PLOS ONE 7:
e32056. doi:10.1371/journal.pone.0032056. PubMed: 22384139.

25. Hammitt LL, Kazungu S, Morpeth SC, Gibson DG, Mvera B et al.
(2012) A preliminary study of pneumonia etiology among hospitalized
children in Kenya. Clin Infect Dis 54 Suppl 2: S190-S199. doi:
10.1093/cid/cir1071. PubMed: 22403235.

26. World Health Organization (2005) Emergency Triage Assessment and
Treatment (ETAT): Manual for participants. Geneva.

27. Ministry of Health Uganda (2010) Uganda Clinical Guidelines.
Kampala.

28. World Health Organization (2005) Pocket Book of Hospitral Care for
Children: Guidelines for the management of common illnesses with
limited resources. Geneva.

29. Nantanda R, Ostergaard MS, Ndeezi G, Tumwine JK (2013) Factors
associated with asthma among under-fives in Mulago hospital,
Kampala Uganda: a cross sectional study. BMC Pediatr 13: 141. doi:
10.1186/1471-2431-13-141. PubMed: 24024970.

30. Phankingthongkum S, Daengsuwan T, Visitsunthorn N, Thamlikitkul V,
Udompunthuruk S et al. (2002) How do Thai children and adolescents
describe asthma symptoms? Pediatr Allergy Immunol 13: 119-124. doi:
10.1034/j.1399-3038.2002.01025.x. PubMed: 12000484.

31. Winter MA, Fiese BH, Spagnola M, Anbar RD (2011) Asthma severity,
child security, and child internalizing: using story stem techniques to
assess the meaning children give to family and disease-specific events.
J Fam Psychol 25: 857-867. doi:10.1037/a0026191. PubMed:
22059557.

32. Quanjer PH, Lebowitz MD, Gregg I, Miller MR, Pedersen OF (1997)
Peak expiratory flow: conclusions and recommendations of a Working
Party of the European Respiratory Society. Eur Respir J Suppl 24:
2S-8S. PubMed: 9098701.

33. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M et al.
(1995) Asthma and wheezing in the first six years of life. The Group
Health Medical Associates. N Engl J Med 332: 133-138. doi:10.1056/
NEJM199501193320301. PubMed: 7800004.

34. O'Callaghan-Gordo C, Bassat Q, Morais L, Díez-Padrisa N, Machevo S
et al. (2011) Etiology and epidemiology of viral pneumonia among
hospitalized children in rural Mozambique: a malaria endemic area with
high prevalence of human immunodeficiency virus. Pediatr Infect Dis J
30: 39-44. doi:10.1097/INF.0b013e3181f232fe. PubMed: 20805786.

35. Madhi SA, Klugman KP (2007) World Health Organisation definition of
"radiologically-confirmed pneumonia" may under-estimate the true
public health value of conjugate pneumococcal vaccines. Vaccine 25:
2413-2419. doi:10.1016/j.vaccine.2006.09.010. PubMed: 17005301.

36. World Health Organization (2001) Standardization of interpretation of
chest radiographs for diagnosis of pneumonia in children. Geneva.

37. Erdem G, Bergert L, Len K, Melish M, Kon K et al. (2010) Radiological
findings of community-acquired methicillin-resistant and methicillin-
susceptible Staphylococcus aureus pediatric pneumonia in Hawaii.
Pediatr Radiol 40: 1768-1773. doi:10.1007/s00247-010-1680-0.
PubMed: 20467734.

38. Virkki R, Juven T, Rikalainen H, Svedström E, Mertsola J et al. (2002)
Differentiation of bacterial and viral pneumonia in children. Thorax 57:
438-441. doi:10.1136/thorax.57.5.438. PubMed: 11978922.

39. Uganda National Expanded Programme on Immunization (2003) Multi-
year plan 2010-2014. Kampala.

40. McConnochie KM, Roghmann KJ (1986) Parental smoking, presence
of older siblings, and family history of asthma increase risk of
bronchiolitis. Am J Dis Child 140: 806-812. PubMed: 3728410.

41. Mansbach JM, Espinola JA, Macias CG, Ruhlen ME, Sullivan AF et al.
(2009) Variability in the diagnostic labeling of nonbacterial lower
respiratory tract infections: a multicenter study of children who
presented to the emergency department. Pediatrics 123: e573-e581.
doi:10.1542/peds.2008-1675. PubMed: 19273503.

42. Hazir T, Qazi S, Nisar YB, Ansari S, Maqbool S et al. (2004)
Assessment and management of children aged 1-59 months presenting
with wheeze, fast breathing, and/or lower chest indrawing; results of a
multicentre descriptive study in Pakistan. Arch Dis Child 89: 1049-1054.
doi:10.1136/adc.2003.035741. PubMed: 15499063.

43. Ait-Khaled N, Odhiambo J, Pearce N, Adjoh KS, Maesano IA et al.
(2007) Prevalence of symptoms of asthma, rhinitis and eczema in 13-
to 14-year-old children in Africa: the International Study of Asthma and

Asthma and Pneumonia among Under-Fives in Uganda

PLOS ONE | www.plosone.org 8 November 2013 | Volume 8 | Issue 11 | e81562

http://dx.doi.org/10.2471/BLT.07.048769
http://www.ncbi.nlm.nih.gov/pubmed/18545744
http://www.ncbi.nlm.nih.gov/pubmed/11520993
http://www.ncbi.nlm.nih.gov/pubmed/10742731
http://dx.doi.org/10.1179/146532808X375404
http://www.ncbi.nlm.nih.gov/pubmed/19021940
http://dx.doi.org/10.1186/1741-7015-10-14
http://www.ncbi.nlm.nih.gov/pubmed/22316073
http://dx.doi.org/10.2471/BLT.07.049353
http://www.ncbi.nlm.nih.gov/pubmed/18545734
http://dx.doi.org/10.4104/pcrj.2012.00038
http://www.ncbi.nlm.nih.gov/pubmed/22623048
http://www.ncbi.nlm.nih.gov/pubmed/7875787
http://dx.doi.org/10.1136/adc.82.4.327
http://www.ncbi.nlm.nih.gov/pubmed/10735844
http://dx.doi.org/10.1186/1471-2431-11-112
http://www.ncbi.nlm.nih.gov/pubmed/22151558
http://dx.doi.org/10.1016/j.cll.2009.07.011
http://www.ncbi.nlm.nih.gov/pubmed/19892232
http://www.ncbi.nlm.nih.gov/pubmed/20460028
http://dx.doi.org/10.1164/ajrccm.161.5.9906076
http://www.ncbi.nlm.nih.gov/pubmed/10806145
http://dx.doi.org/10.1016/S0140-6736(06)69077-6
http://www.ncbi.nlm.nih.gov/pubmed/16860701
http://dx.doi.org/10.1001/jama.2010.675
http://www.ncbi.nlm.nih.gov/pubmed/20501927
http://dx.doi.org/10.1371/journal.pone.0032056
http://www.ncbi.nlm.nih.gov/pubmed/22384139
http://dx.doi.org/10.1093/cid/cir1071
http://www.ncbi.nlm.nih.gov/pubmed/22403235
http://dx.doi.org/10.1186/1471-2431-13-141
http://www.ncbi.nlm.nih.gov/pubmed/24024970
http://dx.doi.org/10.1034/j.1399-3038.2002.01025.x
http://www.ncbi.nlm.nih.gov/pubmed/12000484
http://dx.doi.org/10.1037/a0026191
http://www.ncbi.nlm.nih.gov/pubmed/22059557
http://www.ncbi.nlm.nih.gov/pubmed/9098701
http://dx.doi.org/10.1056/NEJM199501193320301
http://dx.doi.org/10.1056/NEJM199501193320301
http://www.ncbi.nlm.nih.gov/pubmed/7800004
http://dx.doi.org/10.1097/INF.0b013e3181f232fe
http://www.ncbi.nlm.nih.gov/pubmed/20805786
http://dx.doi.org/10.1016/j.vaccine.2006.09.010
http://www.ncbi.nlm.nih.gov/pubmed/17005301
http://dx.doi.org/10.1007/s00247-010-1680-0
http://www.ncbi.nlm.nih.gov/pubmed/20467734
http://dx.doi.org/10.1136/thorax.57.5.438
http://www.ncbi.nlm.nih.gov/pubmed/11978922
http://www.ncbi.nlm.nih.gov/pubmed/3728410
http://dx.doi.org/10.1542/peds.2008-1675
http://www.ncbi.nlm.nih.gov/pubmed/19273503
http://dx.doi.org/10.1136/adc.2003.035741
http://www.ncbi.nlm.nih.gov/pubmed/15499063


Allergies in Childhood Phase III. Allergy 62: 247-258. doi:10.1111/j.
1398-9995.2007.01325.x. PubMed: 17298341.

44. Johnson AW, Osinusi K, Aderele WI, Gbadero DA, Olaleye OD, et al.
(2008) Etiologic agents and outcome determinants of community-
acquired pneumonia in urban children: a hospital-based study. J Natl
Med Assoc 100: 370-385

45. UNICEF/WHO (2006) Pneumonia: The forgotten killer of children.
46. Rudan I (2013) Epidemiology and etiology of childhood pneumonia in

2010: estimates of incidence, severe morbidity, mortality, underlying
risk factors and causative pathogens for 192 countries J Glob Health 3:
10401. PubMed: 23826505.

47. Nair H, Nokes DJ, Gessner BD, Dherani M, Madhi SA et al. (2010)
Global burden of acute lower respiratory infections due to respiratory
syncytial virus in young children: a systematic review and meta-
analysis. Lancet 375: 1545-1555. doi:10.1016/S0140-6736(10)60206-1.
PubMed: 20399493.

48. Wolf DG, Greenberg D, Shemer-Avni Y, Givon-Lavi N, Bar-Ziv J et al.
(2010) Association of human metapneumovirus with radiologically
diagnosed community-acquired alveolar pneumonia in young children.
J Pediatr 156: 115-120. doi:10.1016/j.jpeds.2009.07.014. PubMed:
19782998.

49. Jackson DJ, Sykes A, Mallia P, Johnston SL (2011) Asthma
exacerbations: origin, effect, and prevention. J Allergy Clin Immunol
128: 1165-1174. doi:10.1016/j.jaci.2011.10.024. PubMed: 22133317.

50. Stempel HE, Martin ET, Kuypers J, Englund JA, Zerr DM (2009)
Multiple viral respiratory pathogens in children with bronchiolitis. Acta
Paediatr 98: 123-126. doi:10.1111/j.1651-2227.2008.01023.x. PubMed:
18785966.

51. Källander K, Nsungwa-Sabiiti J, Peterson S (2004) Symptom overlap
for malaria and pneumonia--policy implications for home management
strategies. Acta Trop 90: 211-214. doi:10.1016/j.actatropica.
2003.11.013. PubMed: 15177148.

52. Ukwaja KN, Aina OB, Talabi AA (2011) Clinical overlap between
malaria and pneumonia: can malaria rapid diagnostic test play a role? J
Infect Dev Ctries 5: 199-203. PubMed: 21444988.

53. Perkins BA, Zucker JR, Otieno J, Jafari HS, Paxton L et al. (1997)
Evaluation of an algorithm for integrated management of childhood
illness in an area of Kenya with high malaria transmission. Bull World
Health Organ 75 Suppl 1: 33-42. PubMed: 9529716.

54. Alves da Cunha AJ, Alves Galvão MG, Santos M (2009) Wheezing and
respiratory infections in Brazilian children: does a standard
management work? J Trop Pediatr 55: 198-201. doi:10.1093/tropej/
fmn105. PubMed: 19073747.

55. Hazir T, Nisar YB, Qazi SA, Khan SF, Raza M et al. (2006) 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 333: 629. doi:10.1136/bmj.
38915.673322.80. PubMed: 16923771.

Asthma and Pneumonia among Under-Fives in Uganda

PLOS ONE | www.plosone.org 9 November 2013 | Volume 8 | Issue 11 | e81562

http://dx.doi.org/10.1111/j.1398-9995.2007.01325.x
http://dx.doi.org/10.1111/j.1398-9995.2007.01325.x
http://www.ncbi.nlm.nih.gov/pubmed/17298341
http://www.ncbi.nlm.nih.gov/pubmed/23826505
http://dx.doi.org/10.1016/S0140-6736(10)60206-1
http://www.ncbi.nlm.nih.gov/pubmed/20399493
http://dx.doi.org/10.1016/j.jpeds.2009.07.014
http://www.ncbi.nlm.nih.gov/pubmed/19782998
http://dx.doi.org/10.1016/j.jaci.2011.10.024
http://www.ncbi.nlm.nih.gov/pubmed/22133317
http://dx.doi.org/10.1111/j.1651-2227.2008.01023.x
http://www.ncbi.nlm.nih.gov/pubmed/18785966
http://dx.doi.org/10.1016/j.actatropica.2003.11.013
http://dx.doi.org/10.1016/j.actatropica.2003.11.013
http://www.ncbi.nlm.nih.gov/pubmed/15177148
http://www.ncbi.nlm.nih.gov/pubmed/21444988
http://www.ncbi.nlm.nih.gov/pubmed/9529716
http://dx.doi.org/10.1093/tropej/fmn105
http://dx.doi.org/10.1093/tropej/fmn105
http://www.ncbi.nlm.nih.gov/pubmed/19073747
http://dx.doi.org/10.1136/bmj.38915.673322.80
http://dx.doi.org/10.1136/bmj.38915.673322.80
http://www.ncbi.nlm.nih.gov/pubmed/16923771

	Asthma and Pneumonia among Children Less Than Five Years with Acute Respiratory Symptoms in Mulago Hospital, Uganda: Evidence of Under-Diagnosis of Asthma
	Introduction
	Methods
	Ethical statement
	Design and Setting
	Data collection procedure
	Management of study participants
	Definitions
	Diagnosis of asthma syndrome and pneumonia
	Statistical considerations

	Results
	Description of participants
	Magnitude of asthma syndrome and pneumonia
	Clinical and laboratory findings of children with asthma syndrome and pneumonia
	Medication for children with asthma syndrome and pneumonia

	Discussion
	Magnitude of asthma syndrome
	Magnitude of pneumonia
	Clinical and laboratory characteristics of the children with asthma syndrome and pneumonia
	Medication for children with asthma syndrome and pneumonia

	Methodological Considerations and Study Limitations
	Study definition for asthma and pneumonia
	Diagnostic approach

	Conclusions, Recommendations and Perspectives
	Acknowledgements
	Author Contributions
	References


