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  ABSTRACT 
  Objective   To examine the ability of the criteria 

 proposed by the WHO to identify pneumonia among 

cases presenting with wheezing and the extent to which 

adding fever to the criteria alters their performance.  

  Design   Prospective classifi cation of 390 children aged 

2–59 months with lower respiratory tract disease into fi ve 

diagnostic categories, including pneumonia. WHO criteria 

for the identifi cation of pneumonia and a set of such cri-

teria modifi ed by adding fever were compared with radio-

graphically diagnosed pneumonia as the gold standard.  

  Results   The sensitivity of the WHO criteria was 94% 

for children aged <24 months and 62% for those aged 

≥24 months. The corresponding specifi cities were 20% 

and 16%. Adding fever to the WHO criteria improved 

specifi city substantially ( to 44% and 50%, respectively). 

The specifi city of the WHO criteria was poor for children 

with wheezing (12%). Adding fever improved this sub-

stantially ( to 42%). The addition of fever to the criteria 

apparently reduced their sensitivity only marginally (to 

92% and 57%, respectively, in the two age groups).  

  Conclusion   The authors’ results reaffi rm that the 

current WHO criteria can detect pneumonia with high 

sensitivity, particularly among younger children. They 

present evidence that the ability of these criteria to 

distinguish between children with pneumonia and those 

with wheezing diseases might be greatly enhanced by 

the addition of fever.      

 Pneumonia is still a leading disease in childhood 
in developing countries.  1     2   The WHO has devel-
oped guidelines, based on simple clinical signs, for 
the identifi cation and treatment of pneumonia in 
developing countries.  3     4   

 Despite widespread recognition that the WHO 
case management strategy has helped to reduce 
mortality,  5   there is concern that children with 
non-severe pneumonia are still receiving antibi-
otics unnecessarily. Studies have reported a lot of 
antibiotic treatment failure for pneumonia in chil-
dren with wheeze,  6     7   suggesting they constitute 
a special group requiring a separate management 
algorithm.  7     8   

 We examined the ability of the WHO criteria to 
identify pneumonia among cases presenting with 
wheezing and how adding fever to these criteria 
altered their performance. 

  PATIENTS AND METHODS 
 We analysed data from a prospective study on 
children living in São Paulo, Brazil. Details of the 
clinical data have already been published.  9   

  Study population and diagnostic defi nitions 
 Children aged between 2 and 59 months present-
ing to the paediatric emergency departments 
of fi ve public hospitals in a 15-month period 
were screened by a paediatrician upon arrival. 
Children with acute lower respiratory tract 
disease (LRTD) (wheezing, rales,  tachypnoea, 
and/or dyspnoea were considered to be signs of 
LRTD) whose parents gave informed consent, 
were recruited into the study, excluding those 
with: recent history of aspiration (liquid or for-
eign body); tuberculosis; measles; pertussis; con-
genital, inherited, neurological, neuromuscular 
or immunological diseases; cancer; or gastro-
oesophageal refl ux. 

  LRTDs were classifi ed as follows: 
   Pneumonia: pulmonary infi ltrate on chest  ▶

x-ray (CXR) plus history and clinical fi ndings 
of fever and/or respiratory complaints  
  Acute bronchitis: cough and sputum after an  ▶

upper respiratory tract infection (URTI) of less 
than 3 weeks’ duration, without wheezing and 
no previous diagnosis of asthma  
  Acute bronchiolitis: cough, breathlessness, tac- ▶

hypnoea, wheezing, crepitations and pulmo-
nary hyperinfl ation on CXR, following URTI 
in children aged <2 years  
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 What is already known on this topic 

     WHO criteria to diagnose pneumonia in chil- ▶

dren (cough or diffi culty breathing plus tac-
hypnoea) are sensitive to identify pneumonia 
among children with acute respiratory infec-
tion, particularly those with upper respiratory 
infection. 
    The same WHO criteria are not sensitive to  ▶

identify pneumonia among children with acute 
respiratory infection and wheeze.   

 What this study adds 

    The addition of fever to such WHO criteria greatly 
enhances their ability to identify pneumonia 
among children presenting with wheezing.   
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  Wheezing: children with their fi rst or second episode  ▶

of wheezing, without other characteristic signs or 
symptoms  
  Recurrent wheezing: children with wheezing and with a  ▶

history of at least two similar episodes in the past.    

  Data collection 
 Children were prospectively recruited into the study when a 
full clinical history was taken and a thorough examination 
was performed by a paediatrician. Those with respiratory 
distress received appropriated medical care (ie, salbutamol) 
before examination. Respiratory rate was assessed twice by 
observing the thorax for 60 s when the child was awake, calm 
and without fever (nurses assessed their temperature and, 
when necessary, gave them an antipyretic before examina-
tion). CXRs were taken for all suspected cases of pneumonia 
and acute bronchiolitis, and when exclusion criteria needed 
investigation. 

 Using the history and clinical fi ndings recorded by the pae-
diatrician and the CXRs, a paediatric chest physician recorded 
a diagnosis for each child, blinded to the paediatrician’s diag-
nosis. The CXRs were evaluated by a paediatric radiologist, 
blinded to any other data. For children with a CXR the fi nal 
diagnosis was that agreed by two of the above professionals 
and, in the absence of a CXR, was that given by the examining 
paediatrician ( fi gure 1 ).  

 The study protocol was approved by the institutional Ethics 
Committee.  

  Analysis 
 In addition to the diagnoses they received according to the cri-
teria described above, children were classifi ed as with or with-
out pneumonia according to WHO criteria (rapid breathing or 
lower chest indrawing).  3   

 We also examined a modifi cation to the WHO criteria by 
adding mother’s report of fever or presence of fever (axillary 
temperature ≥37.5°C  3  ) on admission (WHO criteria+fever). 
The sensitivity and specifi city of the original WHO criteria 
and of the WHO criteria+fever for the diagnosis of pneumonia 
were calculated, taking radiographic diagnosis of pneumonia 
as the gold standard.   

  RESULTS 
 A total of 410 patients were examined and 20 were excluded 
because of gastro-oesophageal refl ux, sickle cell disease, HIV 
positivity and lack of data on breathing pattern. CXRs were 
available for 153 of the remaining 390 children. A total of 167 
(43%) children were aged between 2 and 11 months, 98 (25%) 
were between 12 and 23 months and 125 (32%) were between 
24 and 59 months. The male:female ratio was 1.38:1. 

 Diagnoses were acute bronchitis in 28 (7%) children, acute 
bronchiolitis in 7 (2%), wheezing in 117 (30%), recurrent 
wheezing in 168 (43%) and pneumonia in 70 (18%) (15 of them 
with recurrent wheezing). Agreement between the paediatri-
cians’ and the paediatric chest physicians’ diagnoses was high 
(κ=0.86, 95% CI 0.82 to 0.90). 

 The validity of WHO criteria with and without fever is pre-
sented in  table 1 . When only children with a CXR were consid-
ered in the analysis, WHO criteria showed similar sensitivity 
to WHO criteria+fever (84%, 95% CI 73% to 92% vs 81%, 
95% CI 70% to 90%) but lower specifi city (14%, 95% CI 8% 
to 24% vs 33%, 95% CI 23% to 45%).  

 We also examined the performance of both sets of criteria in 
children with and without wheezing at the physical examina-
tion, both sets of criteria being more specifi c in children with-
out wheezing ( table 2 ).  

  DISCUSSION 
 Our results indicate that WHO criteria have high sensitiv-
ity to detect pneumonia, particularly among children aged 
<24 months. Their specifi city, however, was low in all age 
groups and very poor in wheezing children. Adding fever to 
the WHO criteria improved specifi city substantially, with 
very little loss in sensitivity, avoiding the risk of undertreating 
children with pneumonia. 

 The diagnostic criteria used in this study were standardised 
and compliance with them was carefully evaluated.  9   All chil-
dren were walk-in patients without referral from primary 
healthcare clinics, and thus represented cases of community-

  Figure 1     Flowchart for the diagnosis of pneumonia.     

  Table 1     Sensitivity and specifi city of the WHO criteria (±fever) for 
detecting pneumonia by age  
 Criteria  Sensitivity (95% CI)  Specifi city (95% CI) 

All children (n=390)
 WHO 84% (74% to 92%) 19% (15% to 24%)
 WHO+fever 81% (70% to 90%) 46% (40% to 52%)
Children <24 months (n=265)
 WHO 94% (83% to 99%) 20% (15% to 26%)
 WHO+fever 92% (80% to 98%) 44% (40% to 53%)
Children ≥24 months (n=125)
 WHO 62% (38% to 82%) 16% (10% to 25%)
 WHO+fever 57% (34% to 78%) 50% (40% to 60%)

  Table 2     Sensitivity and specifi city of the WHO criteria (±fever) 
for detecting pneumonia according to the presence or absence of 
wheezing  
 Criteria  Sensitivity (95% CI)  Specifi city (95% CI) 

Children without wheezing (n=76)
 WHO 76% (56% to 89%) 62% (46% to 75%)
 WHO+fever 76% (56% to 89%) 70% (55% to 82%)
Children with wheezing (n=314)
 WHO 90% (76% to 97%) 12% (8% to 16%)
 WHO+fever 85% (70% to 94%) 42% (36% to 48%)
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acquired pneumonia in the whole city. Proportionally, recur-
rent wheezing was most common during the summer with the 
incidence of infectious respiratory diseases (acute bronchitis, 
acute bronchiolitis or pneumonia) and wheezing peaking in 
winter. 

 In the 1990s, several studies examined the validity of WHO 
guidelines for detecting childhood pneumonia.  10   –   15   However, 
these investigations excluded wheezing children and reveal 
that WHO criteria are sensitive and specifi c only for distin-
guishing pneumonia from URTIs, and concerns have been 
raised over the unnecessary use of antibiotics in cases of non-
bacterial disease.  16   –   19   Aiming at rationalising the use of antibi-
otics in children with wheeze, the WHO recommended a trial 
of rapid-acting bronchodilator in children with audible wheeze 
and fast breathing and/or lower chest indrawing before diag-
nosing pneumonia.  4   Hazir  et al   8   identifi ed fever, no family 
history of wheezing, and lower chest indrawing a s predic-
tors of subsequent deterioration in children with wheeze and 
fast breathing and/or lower chest indrawing who responded 
to inhaled salbutamol. In another study,  20   CXRs of children 
diagnosed with non-severe pneumonia using WHO guidelines 
were analysed and showed radiographic evidence of pneumo-
nia in only 14% of the 1848 CXRs examined. According to 
El-Radhi  et al ,  21   fever has been the best predictor of bacterial 
infection. Other studies, focusing on factors infl uencing pneu-
monia treatment outcome, reported that clinical failure was 
signifi cantly higher in children presenting with wheezing on 
examination.  22   

 Surprisingly, a recent paper by Ayieko and English  23   
reviewed the evidence supporting WHO case management 
of pneumonia but did not address the problem of wheezy 
children or mention any of these studies in which fever 
appeared to be a clinical sign worthy of evaluation. However, 
a subsequent review by Graham  et al   7   states that the  “case-
 management strategy assumes that the presentation of fever 
and cough with fast breathing means that the child has pneu-
monia and requires an antibiotic”. These authors, on the other 
hand, stress the need for a specifi c management algorithm for 
children with wheeze .     

 We analysed the subgroup of children without wheezing, 
obtaining a specifi city of 62%, similar to that reported from 
studies which excluded wheezing patients.  10   –   15   However, for 
children with wheezing, the specifi city of the WHO criteria 
dropped to 12%. The addition of fever to the WHO criteria 
appears to improve distinction between pneumonia and other 
LRTDs, particularly among wheezy children. In our study, 
fever whenever present was lowered before respiratory rate 
was assessed. This should have minimised misclassifi cation 
as it is known that fever affects children’s respiratory rate.  24    In 
an urban middle income easy access setting, the evaluation of 
tachypnoea was recently found to be useful in the assessment 
of pneumonia among children without wheeze.  25   In a similar 
setting, fever or history of fever at home was among the asso-
ciated fi ndings with pneumonia in wheezing children.  26   

 It is necessary to emphasise that the WHO guidelines were 
intended to be used by healthcare workers, especially in rural 
areas.  4   The patients studied here presented to urban paediat-
ric emergency departments, likewise those studied in inves-
tigations with fi ndings similar to ours.  25     26   In areas where 
pneumonia still threatens childhood survival,  1     2   it may be rea-
sonable to overtreat pneumonia. 

 For ethical reasons, CXRs were taken only to confi rm the 
paediatrician’s diagnostic impression and to investigate other 
possibilities. Thus, it might be argued that a bias occurring 

when the CXRs were ordered could explain our fi ndings. 
We investigated this possibility by looking at the signs/ 
symptoms which led the paediatricians to request a CXR and 
by restricting our analyses to children with a CXR. A multi-
variate analysis (data not shown) indicates that several fi nd-
ings were associated with CXR performance: crepitations, 
diffi culty breathing in a child <24 months old, fast breathing, 
fever, previous medical consultation and sickly appearance. 

 Finally, some weaknesses and strengths of this study should 
be highlighted. Radiographic evaluation is  subjective and thus 
in this study the CXRs, when available, were  evaluated by two 
independent observers.  Clinical  evaluation also has subjective 
aspects, however, having two independent clinical evalu-
ations performed at the same time for each patient was not 
possible for ethical reasons. Nonetheless, objective parameters 
such as respiratory rate and wheezing auscultation were used 
in this study and this should have minimised the subjectivity 
of the diagnosis.  This study involved children presenting to 
urban hospital settings rather than to health facilities in rural 
areas and this could limit the external validity of our fi ndings 
as it can be diffi cult for healthcare workers to measure tem-
perature in resource-poor settings. However, our defi nition of 
fever (axillary temperature ≥37.5°C or mother’s report of fever) 
is compliant with the WHO defi nition  3     4   and with common 
practice.  27   

 Our results reaffi rm that the current WHO criteria detect 
pneumonia with high sensitivity, particularly among younger 
children. They also present evidence that the ability of these 
criteria to distinguish between children with pneumonia and 
those with wheezing diseases might be greatly enhanced by 
the addition of fever.      
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