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Abstract Our objective was to compare the inter-observer
level of agreement in diagnosing pneumonia using the
World Health Organization (WHO) guidelines for the
interpretation of radiographs. We conducted a prospective
study in a pediatric emergency room. Fifteen observers (13
pediatricians, 2 radiologists) interpreted 200 pediatric
(<5 years old) chest radiographs using the WHO guidelines.
Observers were blinded to the clinical presentation. Results
were analyzed for kappa values. Individual readings were
compared to two “gold standard” teams: (1) radiologist and
pediatrician and (2) two radiologists. Results: Alveolar
pneumonia, non-alveolar pneumonia, and no pneumonia
were found (by radiologists) in 12.8%, 2.7%, and 78.6% of
readings, respectively. The mean kappa values for alveolar
pneumonia, non-alveolar pneumonia, and no pneumonia of
observers versus the team consisting of a radiologist and a
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pediatrician were 0.73, 0.23, and 0.61, respectively. For
non-alveolar pneumonia, the mean kappa value was higher
for the gold standard consisting of a radiologist and a
pediatrician when compared to the two-radiologist team.
Pediatricians overdiagnosed “non-alveolar pneumonia”
compared with radiologists. In contrast, for the alveolar
pneumonia and no-pneumonia diagnoses, no significant
differences were found. Conclusions: The WHO guidelines
for interpretation of chest radiographs result in high level of
agreement between readers for the definition of “alveolar
pneumonia” and “no pneumonia” but poor agreement for
non-alveolar pneumonia. The disagreement with regard to
the latter was associated with overdiagnosis by pediatricians, which may lead to overtreatment. We believe that
radiographic non-alveolar pneumonia should not be an
endpoint for clinical trials and research, nor should it be
implemented in clinical setting.
Keywords Community-acquired pneumonia . Chest
radiographs . Pneumonia diagnosis . World Health
Organization (WHO)

Introduction
The diagnosis of pneumonia usually derives from the
clinical presentation: cough, fever, increased respiratory
rate, crackles, and decreased respiration sounds. In young
children, some of these clinical signs and symptoms can be
absent [21]. Radiography still remains the best available
tool to diagnose pneumonia, although observer variation is
high [3, 4, 6, 13, 20].
It is believed, but not proven, that alveolar pneumonia
represents the radiographic pattern of pneumonia most
frequently associated with bacterial infections [7, 11, 15,
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23, 26]. The World Health Organization (WHO) Department of Immunization, Vaccines and Biologicals established
in 2001 a working group to standardize the categorization
of radiological pneumonia for the purpose of estimating
burden of likely bacterial pneumonia and vaccine impact [6,
24]. This working group stated that by using standardized
definitions and training, it is possible to achieve agreement
in identifying radiological alveolar pneumonia. These
definitions may enable comparison of results between
different epidemiological studies that use radiological
pneumonia as an outcome. A previous study demonstrated
that training of doctors, using standardized features with the
help of software, substantially improved agreement in
identifying radiological pneumonia, with kappa value
increasing from a range of 0.1 to 0.2 before training to a
range of 0.37 to 0.52 after training, indicating moderate to
good post-training agreement [18].
The WHO working group recommended two readers
(one radiologist and one pediatrician) as the “gold
standard” observers, but in cases of disagreement
between those two readers, the consensus reading was
made by two radiologists [6, 24]. However, several
previous studies required two radiologists as observers
for the gold standard for pneumonia diagnosis [1, 9, 27,
28]. Other studies used several different combinations of
readers: pediatric residents, experienced pediatricians, or
pediatric pulmonologists [4, 8, 19, 28].
Studies evaluating the efficacy of various pneumococcal
and Haemophilus influenzae type b (Hib) vaccines, using
pneumonia as an endpoint, require gold standard definition
of pneumonia [5, 16, 17, 25]. These vaccine trials used the
WHO criteria for diagnosis of radiographic pneumonia in
children as an endpoint, demonstrating efficacy between
20% and 37% in preventing alveolar pneumonia [8, 24].
The objectives of our study were (1) to compare the
inter-observer variations for three WHO definitions—
alveolar pneumonia, non-alveolar pneumonia, and no
pneumonia—and (2) to compare the level of agreement
for the diagnosis of pneumonia according to the WHO
guidelines (a radiologist and a pediatrician) versus two
radiologists for each category of diagnosis.

Materials and methods
Study design
Setting The study was conducted at the Soroka University
Medical Center in Beer Sheva, Israel. Chest radiographs of
children <5 years old obtained at the pediatric emergency
room because of clinical suspicion of pneumonia were
included. We analyzed chest radiographs from 200 children:
100 chest radiographs (anteroposterior and lateral views)
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each month for two consecutive months (January and
February 2001), regardless of their diagnosis.
All X-rays were processed and visualized in Hipax 3.27.1
X-ray Image processing software, Ateinhart Medizinsysteme,
Germany and were stored for future analyses. All images were
visualized by readers as Jpeg file format at a resolution of
1,024×768 pixels.
Readers Fifteen readers (observers) took part in this
study: 13 pediatricians and 2 radiologists specializing in
pediatric radiology. Of the 13 pediatricians, two were
certified pediatric pulmonologists, two were emergency
medicine pediatricians, two were certified infectious
disease specialists interested in pneumonia vaccine
studies, and seven were senior residents in their last
year of pediatric training.
We chose the group of observers according to their
specialty, with emphasis given on those who interpret chest
radiograph on a daily basis, as part of their clinical work.
All observers were introduced to the WHO criteria for
radiographic pneumonia as part of their training for the
study.
Observers were asked to review individually all chest
radiographs and categorize them according to the WHO
criteria [6, 24]. All observers were blinded to the clinical
presentation of the patients and to other readers' interpretation. We assigned one pediatrician (reader 13, chosen
randomly) and two radiologists (readers 14 and 15) as the
gold standard readers, in accordance with the WHO
regulation for gold standard readers. In cases of disagreement between the two readers of the gold standard readers,
those radiographs were excluded from the analysis.

Study definitions
The WHO radiographic definitions were as follows:
“Category 1” Alveolar pneumonia (endpoint consolidation): dense fluffy consolidation (alveolar
infiltrate) of a portion of a lobe or entire
lung. This often contains air bronchogram
and may be associated with a pleural
effusion.
“Category 2” Non-alveolar pneumonia (non-endpoint):
linear and patchy densities (interstitial
infiltrates) in a lacy pattern involving both
lungs, featuring peribronchial thickening
and multiple areas of atelectasis. Lung
inflation is normal to increased.
“Category 3” No pneumonia: no consolidation/infiltrate,
absence of endpoint consolidation, other
infiltrate, or pleural effusion.
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Technically unreadable chest radiographs were excluded.
This study was approved by the Human Ethics Committee
of the Soroka University Medical Center.
Statistical analysis
All results were analyzed by SPSS software for calculating
kappa values. Agreement rates for radiographic findings
were calculated by summing the proportion of all radiographs that read as category 1, 2, or 3 (“alveolar
pneumonia”, “non-alveolar pneumonia,” and “no pneumonia”) by the reviewers. The kappa coefficient (k) is an
appropriate index of agreement between two (or more)
readers who are regarded as more or less interchangeable
and between repeat readings by the same reader. Kappa
values and their 95% confidence intervals, a measure of
inter-reader reliability that adjusts for random agreement,
were used to assess the statistical significance of agreement
between reviewers. Several different analyses were conducted using different readers (two radiologists; a radiologist and a pediatrician) for each analysis group.
Data from previous studies suggested a pattern of
kappa values (inter-observer agreement) in the region of
0.80 for individual radiographic features and 0.30–0.60
for composite assessments of features. Kappa value of
0.75 (i.e., 75% agreement after adjustment for chance)
is regarded as “good” or “very good” and 0.30–0.60 as
“fair” to “moderate” [2, 22].
Positive and negative predictive values were calculated to
compare inter-observer agreement between senior pediatricians, pediatric residents, and the two radiologists (gold
standard readers). A two-tailed p value <0.05 was considered
statistically significant.
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Correlation between readers
The mean overall kappa value of readers (readers 1–12)
versus a gold standard consisting of a radiologist and a
pediatrician (readers 13 and 14; WHO definition as gold
standard readers) was 0.59±0.14, and the mean overall
kappa value of readers (1–13) versus two radiologists
(readers 14 and 15 as gold standard) was 0.54±0.09. The p
value between the two mean kappa values was not
significant.
The best correlation between readers was found for the
presence of alveolar pneumonia followed by no pneumonia
(Figs. 1 and 2). For these two categories, no significant
difference was found when the comparison was made with
the gold standard of a radiologist and a pediatrician or two
radiologists. For non-alveolar pneumonia, the correlation
was very poor but was the worst when the individual
readings were compared to the gold standard of two
radiologists.
The pediatricians overdiagnosed non-alveolar pneumonia. While only 2.7% (5/187) of all radiographs were
interpreted by both radiologists as non-alveolar pneumonia,
14.4% (27/187) and 12.3% (23/187) of all radiographs were
interpreted as non-alveolar pneumonia by senior pediatricians and residents, respectively. Generally, more radiographs were read as “negative” (no pneumonia) by the two
radiologists (78.6% and 83.9%) versus senior pediatricians
and residents (69.5% to 73.8%, respectively).
Deriving from the low kappa values of pediatricians in
regard to non-alveolar pneumonia and its overdiagnosis, the
positive predictive value of this diagnosis was low among
pediatricians (Table 1). In contrast, since most radiographs
were read by the radiologists as no pneumonia, the negative
predictive value was relatively higher among pediatricians.

Results
Discussion
Two hundred chest radiographs were reviewed. Thirteen
radiographs were defined as “unreadable chest X-ray” by
most readers, thus 187 chest radiographs constituted the
final studied sample. Alveolar pneumonia was diagnosed
by both radiologists in 12.8% of chest radiographs (within
observer variation: 10.2% to 17.1%), non-alveolar pneumonia was found in 2.7% (2.7% to 29.9%), and no
pneumonia in 78.6% (62% to 83.9%).
In our data analysis (including mean and median number
of readings, kappa values, positive and negative predictive
values, and standard deviation), we excluded reader number
2, as this reader's diagnoses (34.2%, 30.5%, and 25.7% for
alveolar pneumonia, non-alveolar pneumonia, and no
pneumonia, respectively) were markedly different from all
other readers' diagnoses. However, we do present all data
regarding reader 2 in the graphs.

Currently, the most commonly used and most pragmatic
method for diagnosing pneumonia is radiography [10, 12,
14, 25]. However, inter-observer variation is high for
interpretation of chest radiographs, and in clinical setting,
it is important to realize that chest radiography should not
be considered as a single, “objective” tool for pneumonia
diagnosis.
Prior to the publication of the “Standardized Radiographic Definitions for Diagnosing Pneumonia in Developed Population” by the WHO Working Group [24], it was
universally agreed that there was no strict radiological
definition of pneumonia in children. Instead, the diagnosis
of pneumonia was based upon a spectrum of clinical signs
and symptoms that are consistent with the clinical and
pathological diagnosis of pneumonia. At one end of the
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Fig. 1 Kappa values for all categories—two radiologists versus radiologist and pediatrician as gold standard methods. a Kappa values for alveolar
pneumonia. b Kappa values for non-alveolar pneumonia. c Kappa values for no pneumonia

chest radiograph, spectrum is the typical appearance of
alveolar/lobar consolidation, which is considered to be
strongly associated with bacterial pneumonia [10, 12, 14,
25]. At the other end are the mild interstitial and perihilar
changes that are often considered to be associated with viral
infections or asthma [10, 12, 14, 25].
In our study, we found a mean kappa value of 0.73
between readers and a gold standard consisting of a
radiologist and a pediatrician for diagnosing alveolar
pneumonia. This suggests a very good general agreement
for this entity, when using the WHO criteria. The overall
range of the mean kappa values in our study is similar to
that found by other authors for a variety of radiographic
diagnoses. However, good and very good agreement does
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Fig. 2 Mean kappa values comparison of three categories using gold
standard consisting of two radiologists versus a radiologist and a
pediatrician as gold standard

not necessarily imply high validity (closeness to the truth).
Observer agreement is necessary for validity, but observers
may agree and nevertheless both are wrong.
The WHO definitions for diagnosing radiographic
pneumonia are generally acceptable, regardless of the
reader's identity (in terms of specialty and experience).
These criteria can be implemented by a simple teaching
program, and its assimilation may lead to a good level of
agreement for diagnosing radiographic pneumonia in
children [6].
We found major differences in agreement between
readers, when comparing the different categories of criteria.
First, with regard to alveolar pneumonia, the reading was
characterized by very good level of agreement between
readers, as indicated by mean kappa values in the range of
0.66 to 0.79. This entity was also characterized by high
level of positive (∼80%) and negative (∼97%) predictive
values when pediatricians were compared to radiologists.
However, we also found that experienced pediatricians had
a better predictive values and correlation with radiologists
compared with the pediatric resident with regard to alveolar
pneumonia. Nevertheless, the good level of agreement, with
regard to both positive and negative predictive values,
suggests that using alveolar pneumonia for the comparison
of study outcomes is appropriate.
Second, with regard to non-alveolar pneumonia, the
reading was characterized by low level of agreement
between all readers, as indicated by mean kappa values in
the range of 0.09 to 0.23 between readers and a gold
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Table 1 Median number of diagnoses, sensitivity, specificity, and kappa values comparison between senior pediatricians, pediatric residents, and radiologists
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standard consisting of a radiologist and a pediatrician or of
the two radiologists, respectively, and by very low positive
predictive values (∼20%) when pediatricians were compared to radiologists. Several previous studies (including a
meta-analysis of those studies) also found a poor kappa for
non-alveolar pneumonia [10, 12, 14, 25].
These data suggest that the WHO criteria for diagnosis of
non-alveolar pneumonia are vague and need better specification, as the current definitions are problematic. Our data
demonstrate higher rate of reading interpretation as nonalveolar pneumonia versus no pneumonia by senior pediatricians and pediatric residents compared with radiologists. It
seems that pediatricians tend to overdiagnose non-alveolar
pneumonia, possibly influenced by their wish not to miss
“early” pneumonia (not yet fully demonstrated on chest
radiograph) and leave the child untreated. Thus, the WHO
criteria could lead to overdiagnosis of pneumonia, especially
in the non-alveolar category. We believe that diagnosis of
radiographic non-alveolar pneumonia should not be an
endpoint for clinical trials and research, nor should it be
implemented in clinical settings.
Third, with regard to no pneumonia, the reading was
characterized by good level of agreement between
readers, as indicated by kappa values in the range of
0.56 to 0.65, high level of positive predictive values
(∼98%), and moderate levels of negative predictive
values (∼55%) when pediatricians were compared to
radiologists. However, we did find higher rate of nopneumonia reading by radiologists than by pediatricians (both
specialists and residents). This probably reflects again the
pediatrician's tendency to overdiagnose pneumonia.
In our study, we did not find any differences in kappa
values between the WHO recommendations for gold
standard readers (a radiologist and a pediatrician) and two
radiologist readers for diagnosing alveolar pneumonia and
no-pneumonia endpoints, but we did find a significant
difference in kappa values between the two gold standard
groups for diagnosing non-alveolar pneumonia endpoint.
We therefore believe that using the WHO modality of two
readers (a radiologist and a pediatrician) is an acceptable
method for diagnosing pneumonia. Moreover, for practical
reasons, in the future, we believe that using the WHO
modality is the best option, since most studies uses only
one or two readers to set their gold standard diagnosis
rather than using a consensus of multiple (15 in our study)
readers/observers.
Conclusions The WHO guidelines for interpretation of chest
radiographs result in high level of agreement between readers
for the definition of alveolar pneumonia and no pneumonia
but poor agreement for non-alveolar pneumonia. The disagreement with regard to the latter was associated with
overdiagnosis by pediatricians, which may lead to overtreat-
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ment. We believe that radiographic non-alveolar pneumonia
should not be an endpoint for clinical trials and research, nor
should it be implemented in clinical setting.
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