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High-resolution CT predictors of hypersensitivity pneumonitis
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ABSTRACT. Background: The purpose of this study was to evaluate the use of high-resolution chest computed to-
mography (HRCT) to distinguish hypersensitivity pneumonitis (HP) from other diffuse parenchymal lung dis-
eases (DPLDs). Methods: We examined 130 consecutive patients admitted to our hospital with DPLDs proved
by HRCT. Patients underwent clinical and paraclinical examinations. Two readers interpreted 111 HRCT scans
using predefined criteria. Resu/ts: The findings in patients with HP were compared to those with other DPLDs
(non-HP) by univariate and multivariate analyses. Five independent radiological predictors were identified and
were given a weight according to their regression coefficient: ground-glass attenuation nodules (4 points), ho-
mogeneous ground-glass opacity (3 points), patchy ground-glass opacity (2 points), absence of adenopathy (2
points), and absence of linear/reticular patterns (2 points). A total score (that we called “diagnostic index”) of
5 offered the best trade-off between sensitivity and specificity. At this point of the ROC curve, the sensitivity,
specificity, and likelihood ratio were 74%, 90% and 7.7, respectively. Given a pre-test probability of HP of 34%
(ie., 38 HP / 111 patients), the post-test probability was 79%. Conclusion: Our results provide evidence that
HRCT can accurately distinguish HP from other DPLDs. (Sarcoidosis Vasc Diffuse Lung Dis 2016; 33:117-123)
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INTRODUCTION

Hypersensitivity pneumonitis (HP) is a granu-
lomatous lung disorder resulting from repeated in-
halation of organic antigens. HP is one of the main
conditions identified in differential diagnoses of
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diffuse parenchymal lung diseases (DPLDs) which
consist of disorders of known causes as well as dis-
orders of unknown causes. HP is generally classified
into acute, subactute and chronic forms (1-2). Sev-
eral criteria are generally proposed for the diagnosis
of HP, including exposure to a potential offending
antigen, specific findings on clinical examination,
lymphocytosis at bronchoalveolar lavage (BAL),
impaired respiratory lung function, positive serum
precipitins and pulmonary infiltrates on chest radio-
graphs. Clinical independent predictors were iden-
tified in a prospective multicenter cohort study (3).
Environmental exposure to sensitizing antigens ap-
peared as the strongest clinical predictor of HP.
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High-resolution  chest  tomodensitometry
(HRCT) is commonly used to investigate DPLDs
(4-7) and is considered to be a better tool than chest
radiography for the diagnosis of HP (8). The main
features of HRCT described in the literature are
ground-glass opacities, centrilobular nodules and air
trapping (9-10). However, the diagnostic value of
these findings has never been quantified. Although
HRCT may often differentiate chronic HP from
other chronic DPLDs, atypical idiopathic pulmo-
nary fibrosis may be mistaken and only results of
lung biopsy can distinguish the histological patterns
(11-12). It may also be used to predict a poor out-
come in patients with chronic HP (13-14).

Since the prevalence of HP is high in Doubs
(France), we performed a prospective study to deter-
mine to what extent HRCT findings could be use-
ful in addition to clinical findings to distinguish HP
from other DPLD:s.

MATERIAL AND METHODS
Study design

We conducted a prospective study using con-
secutive patients admitted for DPLDs proved by
HRCT between January 1998 and November 2002
in the Department of Respiratory Diseases, Uni-
versity Hospital of Besangon (Besangon, France), a
French center labelled as a “competence center for
rare pulmonary diseases in adults”. Some of them
were included in the HP study (3). This study was
conducted in accordance with the amended Declara-
tion of Helsinki. In France in 1998, the agreement
of the University Hospital of Besangon ethics com-
mittee was not required for this type of study. The
patients systematically underwent a clinical exami-
nation and lung function tests including spirometry,
measurement of lung volume and diffusing capac-
ity of the lung for carbon monoxide, BAL, precipi-
tin tests, blood gas analysis and HRCT. Bronchial,
transbronchial and lung biopsies were not protocol-
based and left to the physician’s assessment.

Diagnostic criteria

Final diagnoses were obtained by integrating
clinical, biological, functional and imaging criteria

and, when necessary, results of BAL and/or lung
biopsy. In the absence of a unique gold standard,
the following characteristics were used to diagnose
acute/subacute HP: (1) compatible clinical manifes-
tations, (2) chronic exposure to a known offending
antigens, (3) BAL lymphocytosis (> 30% for non-
and ex-smokers and > 20% for current smokers (15)),
(4) decreased DLCO, and (5) positive serum precip-
itins against a panel of antigens locally validated (16).
Chronic HP was diagnosed when these characteris-
tics were present with emphysema and/or fibrosis on
HRCT. We did not define gold standard for non-HP
diseases and diagnosis was left to the physician’s as-
sessment. Final diagnoses of HP and non HP were
validated during agreement meetings.

High-resolution CT

HRCT were performed in the department of
radiology of the university hospital of Besangon ac-
cording to the standardized procedure used for inci-
dent cases of interstitial lung diseases. Before 2000,
a single detector incremental CT scanner (GE CT-
pace, Milwaukee, Wisconsin, US) was used with the
following 2 protocols: 12 high resolution incremen-
tal slices (1.0-mm collimation 30 mm intervals, 120
kV, 160 mA, 1 second) from apices to lung bases and
additional thick incremental slices (7.0-mm collima-
tion, 6.0-mm intervals, 120 kV, 160 mA, 1 second)
throughout the whole thorax. From the year 2000,
we used a single-detector helical CT scanner (GE
Hispeed, Milwaukee, Wisconsin, US) with the fol-
lowing protocol: 1.0-mm collimation, 0,8 pitch, 140
kV, 200-280 mA, 1 second.

HRCT reading was performed retrospectively
on dedicated workstations by two independent read-
ers with more than ten years experience: a pneumol-
ogist (JCP) and a thoracic radiologist (PM) blinded
from clinical, biological and pathological features
and from the final diagnosis (HP or not-HP). Disa-
greement was resolved by consensus or by consulting
a second thoracic radiologist (FL).

We defined a priori criteria for the description
of the main radiological features, their location and
their distribution within the lung parenchyma. The
features were defined in accordance with the Fleisch-
ner Society’s glossary of terms for thoracic imaging
(17). The following HRCT characteristics were ex-

amined: (1) nodular pattern (size, density and dis-
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tribution in the lobule), (2) linear or reticular pat-
terns, (3) high-attenuation patterns (consolidations,
ground-glass opacities and crazy-paving pattern), (4)
low-attenuation patterns (cavity, centrilobular em-
physema, mosaic-attenuation pattern, cavitated nod-
ules, or air trapping), (5) honeycombing, (6) bronchi-
al anomalies, (7) pleural anomalies and (8) adenopa-
thy. All features were scored as “present” or “absent”.
The distribution of each feature was also classified as
unilateral or bilateral, and symmetric or asymmetric.
The predominant location of the main features was
assessed in the cephalocaudal, antero-posterior, and
the sub-pleural to perihilar directions. The profusion

of findings within the lung parenchyma was quanti-
fied as follows: <25%, 26 - 50%, 51% - 75%, >75%.

Analysis

Patients were classified in two categories: HP or
non-HP. We first performed univariate analyses (Chi-
squared tests) to compare the prevalence of radiologi-
cal features and their location and distribution in the
HP and non-HP groups. From these analyses, we then
incorporated the variables found significant at the 0.05
level in a stepwise logistic regression model. The inde-
pendent radiological predictors identified from this
multivariate model were given a weight according to
the regression coeflicient that we rounded to the near-
est integer. For each HRCT scan, a global “diagnos-
tic index” was calculated from the sum of the weights
of the different predictors. Also, for each significant
predictor and for each possible “diagnostic index”, we
computed the associated sensitivity, specificity, diag-
nostic accuracy (i.e., true positive + true negative/to-
tal number of patients) and likelihood ratio (i.e., true
positive rate/false positive rate). We also constructed
a receiver operating characteristic (ROC) curve in
order to determine the threshold that provided the
best sensitivity/specificity ratio for the diagnosis of
HP. Using the Fagan’s nomogram (18), we estimated
the post-test probability of HP at this threshold from
the pre-test probability that we determined from the
prevalence of HP in our cohort of patients.

REesuLts

One hundred and thirty consecutive patients
with DPLDs were admitted to our hospital between

January 1998 and November 2002. We excluded 19
HRCT of poor quality, leaving 111 scans to be ex-
amined by the two independent physicians.

Diagnoses

The final diagnosis was HP in 38 patients (in-
cluding mainly acute/subacute farmer’s lung (n=32),
chronic farmer’s lung (n=3) and bird fancier’s disease
(n=3)); the prevalence of HP was therefore 38/111
(34%). The non-HP group (n=73) included the fol-
lowing diagnoses: idiopathic pulmonary fibrosis,
non-specific interstitial pneumonitis, and fibrosis
associated with connective tissue disorders (n=23),
acute eosinophilic pneumonia (n = 3), cryptogenic
organizing pneumonia (n=4), Langerhans cell histio-
cytosis (n=3), pneumoconiosis (n=4), drug-induced
lung toxicity (n=10), sarcoidosis (n=14), infectious
pneumonia (n=2), carcinomatous lymphangitis (n=
2), bronchiolitis (n=2), severe form of organic dust
toxic syndrom (n=1), lymphoid interstitial pneumo-
nia (n=1), pneumocystosis (n=1), chronic eosinophil-
ic pneumonia (n=1), exogenous lipoid pneumonia
(n=1), and eosinophilic granulomatosis with poly-
angeitis (n=1).

HRCT features: results of the univariate analyses

Nodular, low and high-attenuation patterns
were significantly associated with HP, whereas linear
or reticular patterns, honeycombing, pleural abnor-
malities and the presence of enlarged adenopathies
were more frequent in the non-HP group (Table 1).

With only 3 exceptions (Table 2), we found
no difference in the patterns of distribution of ab-
normalities between the two groups. The distribu-
tion was found to be bilateral (HP group: n=36/36;
non-HP group: n=69/72) and symmetric (HP group:
n=29/36; non-HP group: n= 4/72), diffuse in the an-
teroposterior direction (HP group: n=34/36; non-
HP group, n=62/72), diffuse from the sub-pleural to
hilar direction (HP group: n=33/36; non-HP group,
n=38/72), diffuse in the cephalocaudal direction (HP
group, n=30/36; non-HP group, n=41/72).

HRCT features: results of the multivariate analyses

We found five independent predictors of HP
to which we assigned an HRCT score based on the
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regression coefficients (Table 3). The total “diag-
nostic index” ranged from 0 (all predictors absent)

to 13 (all predictors present). The associated ROC

Table 1. HRCT features: results of the univariate analysis

curve is presented in the Figure 1. The area under
the ROC curve was 0.89. A diagnostic index of 5

best discriminated HP from non-HP. For instance,

HRCT features HP Non-HP P
n=38 n=73
Nodular pattern 16 (42.1%) 24 (32.9) 0.33
Size
Micronodules 15 (39.5%) 22 (30.1%) 0.32
Nodules 16 (42.1%) 24 (32.9%) 0.33
Density
Soft-tissue attenuation 1(2.6%) 23 (31.5%) <0.001
Ground-glass attenuation 15 (39.5%) 1(1.4%) <0.001
Distribution
Centrilobular 14 (36.8%) 11 (15%) 0.02
Linear/reticular pattern 6 (15.8%) 47 (64.4%) <0.001
High-attenuation pattern 31 (81.6%) 35 (47.9%) <0.001
Ground-glass opacity 31 (81.6%) 32 (43.8%) <0.001
Diffuse 29 (76.3%) 18 (24.7%) <0.001
Patchy 16 (42.1%) 10 (13.7%) <0.001
Homogenous 10 (26.3%) 5 (6.8%) <0.01
Consolidation 1(2.6%) 11 (15.1%) <0.05
Crazy-paving pattern 0 0 -
Low-attenuation pattern 23 (60.5%) 24 (32.5%) <0.05
Mosaic-attenuation pattern 2 (5.3%) 1(1.4%) 0.5
Air trapping 18 (47.5%) 10 (13.7%) <0.001
Emphysema 4 (10.5%) 8 (11%) 0.8
Cavity 0 9 (12.3%) 0.058
Honeycombing 2 (5.3%) 40 (54.8%) <0.001
Bronchial abnormalities 3 (7.9%) 6 (8.2%) 0.75
Pleural abnormalities 0 10 (13.7%) 0.04
Adenopathy 5 (13.2%) 30 (41.1%) <0.01
* More that 1 pattern could be found in a single patient
Table 2. Distribution of the main features in the lung parenchyma: results of the univariate analyses
HP Non HP P
Sparing of lung bases 29/36 (80.6%) 34/71 (47.9%) 0.001
Sparing sub-pleural fields 31/36 (86.1%) 25/71 (35.2%) < 0.0001
> 75% impairement of the lung parenchyma 25/38 (65.7%) 14/73 (19.1%) < 0.0001
Table 3. Results of the multivariate analysis
Semiological features OR CI95% Regression coefficient HRCT Score
Intercept - - -5.0877 -
Ground-glass attenuation nodules 71 3.7->999 4.2627 4
Homogeneous ground-glass opacity 15.8 2.38 - 104 2.7608 3
Patchy ground-glass opacity 12.1 2.84 -51.7 2.4951 2
Absence of adenopathy 6.2 1.21-31.8 1.8257 2
Absence of linear/reticular patterns 9.2 2.35-36.3 2.2258 2

The HRCT score is based on the regression coefficient. OR: odds ratio, CI: confidence interval
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Fig. 1. Receiver operating characteristic (ROC) curve. The ROC
curve was based on the HRCT scores. The HRCT index is the sum
of the HRCT scores

Table 4. Result-specific likelihood ratios

Diagnostic  Sensitivity ~Specificity ~ Diagnostic ~ Likelihood

index (%) (%) accuracy (%) ratio
0 100 0 34 1
2 100 16 45 1.2
3 97 70 79 3.2
4 97 71 80 3.4
5 74 90 85 7.7
6 66 96 86 16.0
7 39 99 78 28.8
8 37 99 77 26.9
9 24 100 74 g
10 16 100 71 o0
11 8 100 68 00
13 3 100 67 00

a set of predictors to obtain a diagnostic index of 5
in an individual patient would be a combination of
“homogeneous ground-glass opacity” (3 points) and
“absence of linear/reticular patterns” (2 points). At
this point of the ROC curve, the sensitivity, speci-
ficity and likelihood ratio were 74%, 90% and 7.7,
respectively, and the diagnostic accuracy was 85%.
Result-specific likelihood ratios are reported in Ta-
ble 4. Using the Fagan’s nomogram (Figure 2), given
a pre-test probability of 34% and a diagnostic index
of 5, the post-test probability was 79%.
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Fig. 2. Nomogram for interpreting diagnostic test results. Adapted
from Fagan (18). This involves an estimate of the prevalence of the
disease (pre-test probability) and the knowledge of the likelihood
ratio corresponding to a given test result. Example: Using 45% as
the pre-HRCT probability of HP, a diagnostic index of 6, which
is associated to a likelihood ratio of 16, the result of the HRCT
would bring the post-HRCT probability of HP to 93% when us-

ing the nomogram of Fagan

Discussion

HRCT is one of the cornerstones in the investi-
gation of DPLDs (6-8). Typical patterns of HRCT
findings may guide clinicians in the diagnosis of
DPLDs without the necessity of BAL or lung biopsy.
In this regard, it is currently accepted that a com-
bined “clinical and radiological” diagnostic approach
is useful for the diagnosis of idiopathic pulmonary
fibrosis (19-21). The results of our study add to the
interest of HRCT as a diagnostic tool when acute or
subacute HP is suspected.

We described acute or subacute HP as a diffuse
and symmetrical lung disease, with an impairment
covering more than 75% of the lung parenchyma.
The main abnormalities were ground-glass opaci-
ties (either patchy or homogeneous), nodules with
a centrilobular distribution, and air trapping. These
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features spared the sub-pleural fields and the lung
bases. In this regard, the results of our study con-
firmed those published in the literature (8-9). The
original contribution of our study is that it quantifies
the diagnostic value of HRCT findings in HP.

To diagnose acute or subacute HP with higher
level of confidence without BAL or biopsy, our mod-
el could be improved by including clinical predictors
of the disease in the analyses. Combining the inde-
pendent predictor “exposure to a known offending
antigen” (which was the strongest predictor of HP
in the HP study (3)) with the HRCT index that we
describe may be the best approach to diagnose acute
or subacute HP in our region. A simple but more
sophisticated approach would be to estimate the pre-
test probability of HP from the results of the HP
study (3). For instance, in a farmer presenting with
recurrent episodes of respiratory symptoms, inspira-
tory crackles and testing negative for the correspond-
ing precipitating antibodies, the clinical probability
of HP would be 45%. Further investigation would
be mandated if HP was still considered in the dif-
ferential diagnosis. In this patient, the combination
of patchy ground-glass opacity” (2 points) in the ab-
sence of hilar or mediastinal adenopathies (2 points)
or linear/reticular markings (2 points) would result
in a diagnostic index of 6, which is associated to a
likelihood ratio of 16.0 (Table 4). Using 45% as the
pre-HRCT probability of HP and the nomogram of
Fagan (18), the result of the HRCT would bring the
post-HRCT probability of HP to 93%. This would
secure the diagnosis of HP, without resorting to sur-
gical lung biopsy. This approach could also be refined
by incorporating the result of site-specific serum pre-
cipitins (16).

It has been suggested that a post-test probability
2 90% or < 10% should be sufficient in most cases to
respectively rule in or rule out HP, especially in areas of
high or low prevalence of HP respectively (3). How-
ever, the « test threshold » (i.e., the probability below
which a clinician would dismiss the diagnosis and or-
der no further test) and the « treatment threshold » (i.e.,
the probability above which a clinician could consider
the diagnosis confirmed and would stop testing) are
likely to differ according to the clinical implications of
the diagnosis (22). A clinician and his/her patient may
be more likely to accept the diagnosis of bird fancier’s
disease when the offending antigen is a pet, even if

the probability of HP is 75%. In this patient, antigen

avoidance would be appropriate, and further investi-
gation would be required only if the clinical course is
unusual. On the other hand, a clinician and his/her pa-
tient will want to secure the diagnosis of farmer’s lung
even if the probability of HP is around 90%, given the
implications of such a diagnosis (23).

Our study has however some limitations. First,
it was performed in an area with a high prevalence of
farmer’s lung and included mainly acute or subacute
cases of farmer’s lung. Second, our model may not be
appropriate for screening chronic HP or other types
of HP and for discriminating chronic HP from other
chronic diffuse interstitial lung disease because we
compared mostly acute/subacute HP with an heter-
ogenous group of non HP lung diseases. Our model
was not validated in an independent cohort. Also, we
did not formally assess the concordance between the
two readers.

CoNcLUSION

HRCT is a good tool for discriminating HP,
especially acute/subacute farmer’s lung, from other
DPLD, in a region where HP is highly prevalent.
A combined approach using clinical, laboratory and
HRCT criteria may be effective in diagnosing HP
without resorting to invasive procedures.
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