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Abstract The role of clinical infor-
mation and chest film for the dis-
crimination between invasive pulmo-
nary aspergillosis (IPA) and its dif-
ferential diagnoses in human immu-
nodeficiency virus (HIV) infection
was studied. The diagnostic perfor-
mance of clinical information and
chest film alone and in combination
was studied for eight internists and
eight radiologists with regular expo-
sure to IPA patients. The multicenter
case sample consisted of 25 patients
with proven IPA and 25 with other
pulmonary diseases typical for HIV.
The cases were presented on a CD-
ROM. Receiver operating character-
istics (ROC) methodology was em-
ployed. With clinical information
alone, internists achieved the highest
diagnostic performance (area under
curve/AUC=0.84). Viewing the chest
films did not contribute to their per-
formance (AUC=0.80, P=0.26). 
The radiologist’s performance on 
the basis of viewing the chest film
(AUC=0.75) increased significantly
(P=0.012) when clinical information
(AUC=0.83) was supplied. IPA cases
with characteristic radiological ap-
pearance were correctly identified 
in 90% with chest film. For radiolo-
gists with regular exposure to HIV
patients, chest films hold relevant 
information and contribute to the 
determination in cases with charac-
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teristic radiological appearance.
Overall and especially in cases with
less characteristic radiological ap-
pearance, they have significant profit
from full access to the clinical data. 

For internists with regular exposure
to HIV patients, chest films do not
provide information essential for 
the verification or differentiation of
potential IPA.

Keywords Aspergillosis · Fungal
lung disease · HIV infections · 
Acquired immunodeficiency 
syndrome · ROC analysis · ROC
curve

Introduction

Invasive pulmonary aspergillosis (IPA) is a life-threaten-
ing opportunistic infection in the advanced stage of HIV
infection. The disease normally takes a lethal course
when antifungal therapy is not started in time. Compared
to other types of immunosuppression, it is, however, rare
in AIDS, with its prevalence having been further reduced
by highly active antiretroviral therapy (HAART) [1, 2].
An analysis of the US American HIV archives revealed
an average risk of IPA of 0.4% in HIV-infected patients.
Risk increases to 1.0% when CD4 counts decline below
50/µl and 3.0% in neutropenic patients [3, 4].

Numerous studies have demonstrated that invasive
fungal infections are underdiagnosed in life and their 
incidence is higher than stated. Despite HAART [5, 6],
progression from HIV infection to AIDS continues, par-
ticularly in cases of resistance to antiretroviral drugs, of
poor compliance and among immigrants. In addition, the
epidemic spread of HIV infection in countries without
sufficient antiretroviral therapy has resulted in a huge
worldwide increase of AIDS [7].

A reliable and fast diagnosis of IPA in HIV patients
thus remains essential [8]. A number of factors hinder
the effort. First, the clinical symptoms of IPA are non-
specific. However, certain pulmonary infections do oc-
cur commonly in association with one type of immuno-
suppression, but rarely with others. Knowledge of these
associations assists in narrowing down the differential
diagnosis and in deciding upon the most appropriate next
confirmatory diagnostic step. Second, as species of the
genus Aspergillus (Aspergillus spp.) are ubiquitous, res-
piratory isolation may not represent disease. Third, no
pathogen may be isolated from sputum or bronchial la-
vage in the early stages of IPA, delaying diagnosis [8].
Fourth, while serum detection systems appear promising,
they are still under clinical evaluation [9–11].

Conventional chest radiography is the imaging mo-
dality for initial evaluation of patients with AIDS and
pulmonary complications. Low radiation exposure, low
cost and overall availability are major advantages [12,
13]. Generally known problems of conventional chest
film are limited sensitivity and specifity since any infec-
tion can present with several different patterns in im-
mune compromised patients. Their evaluation has hither-
to been felt to have a decisive influence on the diagnos-
tic and therapeutic course in the initial phase of the pul-
monary disease. Studies investigating the role of com-
puted tomography showed uniformally higher sensitivity,

but different results concerning the differential diagnoses
[14–16]. The purpose of the study was to measure the 
diagnostic performance of the chest film and the corre-
sponding clinical information in the correct discrimina-
tion of IPA in HIV patients.

Patients and methods

This study was a randomized and blinded multicenter receiver op-
erating characteristics (ROC) study design. A total of 125 patients
infected with HIV were selected from the files of three institutions
(North Manchester General Hospital, Manchester, UK, Charité and
Auguste-Viktoria-Klinikum, both Berlin, Germany). All patients
suffered from AIDS-defining diseases and had been admitted with
acute pulmonary complaints compatible with IPA. Twenty-five
consecutive proven cases of IPA were included in the ROC analy-
sis (Fig. 1, 2).

The following gold standard was used for verification [17]:

– Autopsies (n=2)
– Positive microscopy and culture of transbronchially or

transthoracically acquired biopsies positive for Aspergillus
spp. (n=9)

Fig. 1 Chest film of a typical IPA with cavity (white arrows), fun-
gus (black arrow) and air crescent sign (arrow heads) in the right
upper lobe
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– Positive microscopy and culture of bronchial lavages for 
Aspergillus spp. (n=10)

– Repeated positive culture of bronchial lavages without con-
comitant pathogens (n=1)

– Repeated microscopy of induced sputum and of sputum show-
ing hyphae consistent with Aspergillus spp. without evidence
of concomitant pathogens together with a therapeutic response
over 3 months (n=3)

Patients not included in the IPA group had other pulmonary dis-
eases. They were used for the recruitment of the differential diag-
noses (25 proven consecutive cases) with the frequency distribu-
tion corresponding to the relative frequency in German AIDS pa-
tients (Pneumocystis pneumonia (n=12) [(Fig. 3)], bacterial pneu-

monia (n=10), pulmonary tuberculosis (n=1), pneumonia from My-
cobacterium avium intracellulare (n=1) and pulmonary Kaposi’s
sarcoma (n=1)). The diagnoses were verified by the demonstration
of the pathogen in bronchial lavages (n=21), transbronchial biopsy
(n=1), by autopsy (n=1) and by successful therapy (n=1). Patients
not included in the database had either no proven diagnosis or more
than one pulmonary disease.

Radiological pathologies with variously intense morphologies
were selected. Cases were blinded and randomized to compile the
case CD-ROM based on HTML (Fig. 4). The films were digitized
with 180 dpi (matrix: 2,000×2,000, system resolution 0.14 mm,
gray scale range 8 bits). Images were primarily displayed with an
800×600 matrix. They were enlarged to their maximal size on 
demand. As lateral films and CT images were not available in 
every case, only p.a. films were employed. The location of the rel-
evant pathology was stated in each evaluation form in order to
make sure that the correct lesion was analyzed. Previous unrelated
lesions were indicated to the readers.

Fig. 2 Chest film of a typical IPA with nodules in the middle
fields (black and white arrow) of both lungs

Fig. 3 Chest film showing typical infiltrations in Pneumocystis
pneumonia (white arrows)

Fig. 4 Example of a case presented on the CD-ROM with clinics,
chest film and buttons for navigation
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The participants were told that within the study every patient
suffered from HIV infection with AIDS and acute pulmonary dis-
eases, half with IPA, half with differential diagnoses including
bacterial pneumonia, Pneumocystis pneumonia, pulmonary tuber-
culosis, Mycobacterium avium intracellulare and Karposi’s sarco-
ma in characteristic frequency distribution (baseline clinical infor-
mation).

The specific clinical information provided in short texts for the
individual patients in one part of the study comprised relevant his-
tory, findings of physical examination, relevant laboratory param-
eters, former therapies and their clinical impact (e.g., ganciclovir
causing neutropenia).

Eight internists and eight radiologists took part in the ROC
analysis. They came from referral centers of infectious and onco-
logical diseases. Half of the internists were specialized in oncolo-
gy and half in infectious diseases. Radiologists were board certi-
fied with experience in infectious and oncological diseases. The
case presentation on CD-ROM allowed the participation of 
specialists from France, Germany, Great Britain, The Netherlands
and the United States. The participants were able to navigate
through the case presentation. An introductory page was placed at
the beginning, including the baseline information and working in-
structions.

First, the internists evaluated the specific clinical information
only. Three weeks later, they reviewed the same information in a
different case order in combination with the corresponding chest
film. The radiologists started with the evaluation of the chest film.
After 3 weeks, they analyzed the same images in a different case
order together with the specific clinical information. The design of
the second study part was identical for radiologists and internists.

The participants determined their degree of certainty of the
presence of IPA on a five-point scale for each case. In non-IPA
cases, they provided differential diagnoses that were documented,
but not analyzed for the ROC analysis. The precise radiological
appearances and their impact on the assumed diagnosis as felt by
the reader were also documented. Predefined radiological descrip-

tors were used. The confidence scale, which is characteristic of
ROC analyses, ranged from “(almost) sure IPA” to “probably IPA”
to “undecided” to “probably not IPA” and finally “(almost) sure
not IPA.” The participants were requested to use the whole scale.
ROC curves were calculated for each participant [18, 19]. The
area under curve (AUC) was regarded to represent diagnostic per-
formance.

Results

First, the internists achieved an average diagnostic per-
formance (AUC) of 0.84 (SD 0.055) when their decision
was based on the specific clinical information alone
(Fig. 6). Secondly, with the specific clinical information
combined with the chest film they achieved an average
AUC of 0.80 (SD 0.043) (Fig. 5, 6) (not significant:
P=0.23 Wilcoxon’s test for combined samples). Oncolo-
gists (AUC first part 0.83, second part 0.79) and infec-
tious disease physicians (AUC first part 0.85, second
part 0.79) performed alike (not significant: Wilcoxon’s
test P=0.73).

The radiologists achieved an average AUC of 0.75
(SD 0.046) with the chest film only (Fig. 6). Their per-
formance increased to an AUC of 0.83 (SD 0.036) when
their decision was based on the combination of chest
film and specific clinical information (Fig. 5, 6) (signifi-
cant: P=0.006 Wilcoxon’s test). No significant distinc-
tion was found between the diagnostic performance of
internists and radiologists.

Subgroup analysis of radiologist’s results with chest
film only showed that the distinction between IPA and
Pneumocystis pneumonia was achieved with a high de-
gree of accuracy (88%) in contrast to the accuracy of
bacterial pneumonia (62%). IPA cases with characteristic

Fig. 5 ROC curves of internists (right graphic) and radiologists
(left graphic) in part 2 of the study having chest film and detailed
clinical information
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radiological appearance (48%) were correctly identified
in 90%. They had evident nodules (92%), cavitations
(75%), air crescent sign (33%) or subpleural infarctions
(17%). IPA cases with less characteristic or evident 
findings (52%) were correctly discriminated in 23%. Of
these IPA cases, 30% showed various pathologies con-
sisting of interstitial, peribronchial opacities, consolida-
tions and nodules. They were correctly diagnosed in
50%. The other 70% of the less characteristic or evident
cases presented with interstitial (100%) and peribronchi-
al (85%) opacities and were diagnosed in only 11%. 
Tuberculosis was mentioned as differential diagnosis in
42% of the characteristic and 38% of the less character-
istic cases of IPA.

Discussion

Neutropenic hematologic patients are at high risk of get-
ting IPA over a limited period of time. The establishment
of early thoracic computed tomographic scans has re-
duced the mean time to diagnosis dramatically, which is

decisive for the therapeutic course [20–22]. The role of
imaging in AIDS patients suspected to have IPA is less
clear, partly because IPA has become an unusual compli-
cation in AIDS patients nowadays [3, 5] and a variety of
differential diagnoses that afford a different therapy have
to be distinguished. Conventional chest radiography is
the first line imaging modality when pulmonary compli-
cations are apparent. It localizes the disease process, es-
tablishes additional diseases and has the major advan-
tages of low radiation exposure, low cost and overall
availability [12, 13]. In the present ROC study, the con-
tribution of chest films to the differential diagnoses and
the corresponding clinical information to the correct dis-
crimination of IPA in HIV patients was evaluated.

Radiologists had an acceptable mean performance of
0.75 when analyzing the chest film alone, but the lowest
perfomance of all four groups. The subgroup analysis
showed that the radiological appearance of IPA-charac-
teristic findings (air crescent sign, cavitary, nodule, sub-
pleural infarction) usually led to the correct diagnosis
with the help of chest film. Less characteristic or com-
plex radiographs were often misinterpreted, being de-

Fig. 6 Average ROC curves of
internists and radiologists in
part 1 and part 2—part 1 with
either chest film (radiologists)
or clinical information (in-
ternists) and part 2 with both
chest film and clinical informa-
tion



scribed as consolidations, interstitial or peribronchial
opacities. Furthermore, cases of IPA with subtle findings
illustrated the limits of detection with conventional im-
ages since diagnostic performance depends on size and
attenuation of the radiological lesion [23]. Differential
diagnoses that were most often misinterpreted showed
nodules, cavities and consolidations frequently seen in
IPA. Tuberculosis was frequently perceived as the main
differential of IPA. On the contrary, the typical radiologi-
cal appearance of Pneumocystis pneumonia usually led
to the correct diagnosis.

The interindividual variability was lowest in the
group of radiologists. The diagnostic decision seemed to
depend more on the characteristics of the chest films
than on the experiences of the radiologists. Another rea-
son could be that board-certified radiologists with expe-
rience in opportunistic infections have similar levels of
knowledge.

The radiologists’ performance improved significantly
when chest film and clinical information was pooled.
Radiologists were able to employ clinical information
with significant benefit for diagnostic performance. The
results of previous observer performance studies looking
into the reading performance of radiologists with and
without clinical information are heterogeneous. The ma-
jority of studies found a positive impact of clinical infor-
mation on performance [24–29]. A few studies detected
an increased number of false positive diagnoses especial-
ly provoked by false and/or suggestive history of equivo-
cal and normal chest radiographs [26, 29] or no effect by
clinical history [30, 31]. The results of this study warrant
the conclusion that radiologists should be given maxi-
mum information for image interpretation.

The results showed the internists having the highest
diagnostic performance when their diagnostic decision
was based on the clinical information only, but the
spread of diagnostic performance within this group was
highest as well. In our opinion, these results have limited
significance. The artificial preselection of the detailed
clinical information might have missed the real clinical
situation and might have been suggestive. Additionally,
internists were more specialized than radiologists usually
are. Radiologists have to be both: specialist and general-
ist. In analyzing the chest film together with the clinical
information, the diagnostic performance of the internists
surprisingly decreased slightly (but statistically not sig-
nificantly); thus, internists did not profit from interpret-
ing the chest film. This is consistent with a study that
showed that board-certified radiologists’ performance in
interpreting radiographs is significantly superior to that
of non-radiologist physicians [32]. For internists, the
clinical data were decisive for the distinction of IPA. To
the best of our knowledge, no other studies exist that
look into the role of clinical information in comparison
to imaging information for the decision-making process
of internists either in the HIV setting or elsewhere.

Employing both chest film and detailed clinical infor-
mation, radiologists and internists achieved similar diag-
nostic performances. Although equal preconditions
seemed to exist for both participating groups, we believe
that the comparison between radiologists and internists is
rather critical because the clinical data presented in the
study were selected; thus, the internists’ results are artifi-
cially improved. Results showed that most of the in-
ternists were perfect in interpreting the preselected clini-
cal data, but tended to be confused by interpreting chest
films. On the contrary, radiologists’ results showed the
benefits of chest film in cases with typical radiological
pattern, but also the limits in cases with subtle or atypi-
cal or equivocal pathology. But it was clearly shown that
radiologists were able to increase the diagnostic perfor-
mance using clinical information in those cases. There
may have been a disadvantage in the lack of lateral chest
films.

The results of this study were influenced by the ap-
plied methodology. The maximal display-format of the
digitized chest films was comparable to digital images 
of 2,048×2,048 pixels (2K). Evaluations have shown
equivalent perception of pulmonary lesions with analog
films and digital radiographs of this matrix [33, 34]. A
few studies imply inferior diagnostic performances with
compressed digital images for the detection of interstitial
opacities [35–43]. In the case of our study, a systematic
bias would have affected all study parts alike. The read-
ing conditions, such as the reading time, differed individ-
ually. The image quality on the computer screen also may
have varied; adjustments for the screen display were rec-
ommended on the introductory page of the CD-ROM.
Naturally, the experimental reading situation did not 
reflect the true clinical decision process. To ensure that
the right lesion would be analyzed, its location was indi-
cated. This so-called direct search has been said to result
in higher diagnostic performances [44], but a substantial
increase of false-positive decisions has also been ob-
served [45]. The participants knew that half of the pa-
tients were positive for IPA, in contrast to clinical prac-
tice where the prevalence of IPA in patients with HIV is
less than its differential diagnoses. Thus, they tended to
overdiagnose IPA. Again, this was true for all parts of the
study and should not alter the comparative evaluation.

In conclusion, the study’s results demonstrated that
radiologists should be given full access to clinical data
(patient’s clinical symptoms, laboratory data, immune
status level, demographic information, drug therapy) and
that the internists need the radiologists’ competence in
interpreting chest films. Both points could be realized
with close cooperation between internists and radiolo-
gists. Furthermore, the study showed that the chest ra-
diograph provided adequate information in typical cases;
on the other hand, it confirmed the diagnostic limitations
of chest films in subtle and equivocal cases. Radiologists
and internists have to be aware of these limitations and

2035
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to decide upon the next diagnostic step in those cases.
Studies proved the CT to be the best second imaging 
modality in selected cases with higher sensitivity for
pathologies, but also superior performance in differential
diagnoses [12, 46]. Finally, the results illustrated the im-
portance of knowledge about opportunistic diseases that

are associated with the different types and levels of im-
munosuppression.
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