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Background: Hypersensitivity pneumonitis (HP) is an immune-mediated disorder that 
causes inflammation of interstitial lung, bronchioles, and alveoli. Although corticosteroids 
have been used as first line treatment for HP for many years, it does not provide satisfactory 
results in all patients. The aim of this study is to compare the effect of oral methylpredni-
solone on different radiological patterns of HP to identify the most adequate candidates for 
corticosteroids.
Patients and Methods: Fifty-three patients with confirmed diagnosis of HP were divided 
into two groups according to their radiological patterns based on high resolution computed 
tomography (HRCT) findings. The first group included 21 patients with fibrotic HP (fHP), 
the second group included 32 patients without fibrosis; non-fibrotic HP patients (nfHP). 
The second group is divided into 3 subgroups: mosaic, attenuation, centrilobular nodules and 
finally, ground-glass opacities. All patients were administered methylprednisolone by dose 
0.5mg/kg/day for eight consecutive weeks. HRCT was performed at the beginning of the 
study. Spirometry, six-minute walk and oximetry were performed periodically to assess the 
patients’ progress.
Results: Upon finalizing the treatment process, a significant improvement was noticed in 
FEV1 (p < 0.001), FVC (p <0.001), six-minute walk test (p =0.001) and oximetry (p <0.05) 
in nfHP compared to the fHP patients. However, there was a significant improvement in 
(p <0.01), FVC (p <0.01), oximetry (p <0.01) and six-minute walk test (p <0.01) in fibrotic 
patients after receiving the treatment. There was no significant difference in the response of 
FEV1 (p =0.82), FVC (p =0.15), six-minute walk test (p =0.36) and oximetry (p =0.27) 
among the subgroups of nfHP patients.
Conclusion: It was accordingly concluded that corticosteroid treatment is more effective in 
treatment of nfHP than fHP patients but still has effect on fibrotic patients. There is no 
significant difference in the response to corticosteroids among nfHP patients’ subgroups.
Keywords: fibrotic hypersensitivity pneumonitis, non-fibrotic hypersensitivity pneumonitis, 
corticosteroids, radiological pattern

Introduction
Hypersensitivity pneumonitis (HP) also known as extrinsic allergic alveolitis, 
a disease that causes inflammation in the alveoli along with the terminal 
bronchioles.1 It mainly occurs in individuals after breathing in antigenic sub-
stances present in the environment.2 For genetically predisposed individuals, this 
reaction occurs due to prolonged and repeated inhalation of various types of 
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dusts, microorganisms; bacteria such as Thermophilic 
actinomycete found in moldy hay and straw, Klebsiella 
oxytoca found in humidifiers, mycobacteria such as 
Mycobacterium avium complex found in outdoor hot 
tubs and Mycobacterium immunogenum found in metal- 
working fluid,3 fungi such as Absidia corymbifera found 
in moldy hay and straw and, Aspergillus fumigatus, 
Aspergillus Flavus found in moldy barley4 and other 
substances to which patient is sensitized commonly 
organic dusts of animals (i.e., raising birds) or vegeta-
bles, and rarely from chemicals.5 Furthermore, workers 
in specific industries such as mining and painting are 
more prone to develop HP. The sensitization and evolu-
tion of HP is primarily due to exposure to more than one 
antigen, rather than a single one.6,7 Symptoms begin with 
coughing which most probably develops to be severe and 
productive, patient may present with flu-like symptoms, 
malaise, dyspnea and in some cases, fever. In some 
severe cases the patient may show symptoms of wheez-
ing. Upon physical examination there may be rales and 
rhonchi.8

HP diagnostic criteria was based on antigen exposure, 
pulmonary functions test, high resolution computed tomo-
graphy (HRCT) findings, biopsies and broncho alveolar 
lavage (BAL).8,9 The radiologic findings of HP are those 
of acute pulmonary edema, a HRCT should be performed 
to assess these patients.10 The HRCT scans may display 
patchy or diffuse bilateral ground-glass opacities, poorly 
defined small centrilobular nodules and lobular areas with 
reduced attenuation.11 Ground-glass opacities generally 
indicate diffuse lymphocytic interstitial pneumonitis, 
where poorly defined centrilobular nodules are caused by 
cellular bronchiolitis or focal areas. The lobular areas of 
decreased attenuation and air trapping are due to small- 
airway obstruction by cellular bronchiolitis.12,13

Differential diagnosis of HP is further expanded to 
exclude drug induced hypersensitivity syndrome which 
commonly manifests symptoms like dyspnea, cough or 
pleurisy14 or any drug toxicity with similar symptoms 
but the main aspect of diagnosis of HP is antigen expo-
sures which differ HP from any drug induced toxicity with 
respiratory symptoms involvement.8 Recent studies were 
performed to identify the biomarkers for HP which lead to 
considering results towards gene therapy of HP.15

Corticosteroids are an effective anti-inflammatory ther-
apy for many chronic inflammatory diseases.16 They reduce 
immune system activity, accordingly, they are often used in 
treatment of HP. The objective of this study is to investigate 

the therapeutic effect of corticosteroids on pulmonary func-
tions evolution in both non-fibrotic pneumonitis (nfHP) and 
fibrotic pneumonitis (fHP) patients, starting with the hypoth-
esis that corticosteroid effects would not be the same in 
nfHP and fHP patients. So by evaluating the patients' clinical 
and functional status after finishing the treatment course we 
will be able to specify which HP patients will gain the best 
benefit from taking corticosteroids so that other patients will 
be protected from prescribing unneeded medication with 
numerous side effects.

Patients and Methods
Study Design
A parallel comparative prospective trial was conducted at 
Al-Kasr Al-Aini Hospital, Chest department, Giza, Egypt. 
The patients were identified by coded numbers to ensure 
the patients’ privacy, the patients willingly signed 
a written informed consent before contributing in the 
study, the patients were classified based on their radiolo-
gical pattern, so any bias is eliminated. The study was 
carried out after approval of the medical ethics committee 
number N-172-2018, registration in ClinicalTrials.gov 
NCT04402177. The study was conducted in compliance 
and accordance to the ethical principles originated in the 
Declaration of Helsinki Good Clinical Practice.

Patient Selection
Enrollment eligible patients at baseline were male or 
female aged between 20 to 75 years. Patients enrolled 
in the study were already newly diagnosed with HP at 
the parenchymal lung diseases department in Al-Kasr 
Al-Aini Hospital, according to the recent studies done 
by Raghu et al17 the diagnosis was based on 
a combination of symptoms, which include dyspnea 
with or without cough which may appear shortly after 
exposure to antigen, malaise, flu-like symptoms in addi-
tion to CT findings, lung function test and having history 
of exposure to allergen either in work place or at their 
residence and BAL18,19 and serology tests were carried 
out in some patients to exclude collagen vascular dis-
ease. All patients must be steroid naïve; have not been 
treated with oral or inhaled corticosteroids for at least 
two months20 to be able to assess the corticosteroid 
effect. All were with the same causative factors which 
are birds like pigeons or poultry, to reduce any possible 
variables other than the effect of the treatment. Patients 
with respiratory co-morbidities, patients with other types 
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of interstitial lung diseases, smokers, patients already 
taking steroids, patients with history of allergy to corti-
costeroids, pregnant, or nursing females were excluded 
from the study.

Sample Size Calculation
A priori test for sample size calculation was conducted 
using G*Power 3.1.9.2 software. A simple assumption of 
four and three points were chosen for FVC mean differ-
ence between the two groups as 4 points and standard 
deviation, respectively. An alpha = 0.05, power (1-β) = 
0.85 and N1/N2 group ratio = 0.67 lead to a total number 
of subjects = 42 (N1=17, N2=25).

The goal was to include 30 cases in group 1 and 62 
cases in group 2 to compensate for subject drop off during 
the follow-up phase.

Methods
The study started with 92 patients who had a confirmed 
diagnosis of HP, of those 92 patients, 53 managed to 
complete the study. The patients’ withdrawal was a result 
of inefficient follow-up due to the distance and some 
patients developed other respiratory diseases which did 
not match the inclusion criteria.

Fifty-three patients were divided into two groups 
according to their radiological pattern based on HRCT 
findings. The first group contained 21 patients with fibrosis 
on HRCT as shown in Figure 1 fHP, the second group 32 
patients without fibrosis on HRCT (nfHP). Then 
the second group, nfHP, was divided into three subgroups 
according to their radiological pattern. Ten patients were 
showing Mosaic attenuation as shown in Figure 2, eleven 
patients were showing ground glass opacities as shown in 
Figure 3, ten patients showing centrilobular nodules as 
shown in Figure 4.

All patients underwent the following assessments to 
evaluate their clinical and functional status:

High Resolution CT of the Chest
An HRCT of the chest was performed at the start of the 
study in order to allow the segmentation of groups accord-
ingly. This technique obtains images with superb lung 
detail, which are ideal for the evaluation of diffuse inter-
stitial lung diseases. It was performed to assess the 
patient’s radiological pattern.

The first group showed fibrosis on the HCRT which 
was defined as the presence of honeycomb, traction 
bronchiectasis, extensive reticulation, or a combination of 

these findings.21 The second group were patients with no 
signs of fibrosis (nfHP); nfHP patients may present with 
more than one pattern simultaneously, but they were clas-
sified according to the dominant pattern which appeared 
on the HRCT. Mosaic attenuation represents coexisting 
pneumonitis-affected lobules interspersed with regular or 
slightly decreased attenuation lobules which is due to 
bronchiolar obstruction.17 Ground glass opacities; 
a radiological term that clearly suggests a region of hazy 
increased lung opacity that can still be found through 
vessels and bronchial structures.22 Centrilobular nodules; 
may become evident at the center of the secondary pul-
monary lobe when excessive soft tissue is present in or 
around the bronchioles.8

Spirometry
Pulmonary function tests were measured by an electronic 
spirometer (Model-Schiller AG, CH6304). The ventilator 
function test was carried out in sitting position. Patients 
had to take deep breath, hold their breath for a couple of 
seconds, and then exhale as hard as possible into the 
breathing device. On an automated pulmonary function 
examination, lung volumes were performed in at least 
three suitable forced expiratory maneuvers. Forced vital 
capacity (FVC) and forced expiratory volume in 1 second 
(FEV1) were recorded. Patients were asked to stop smok-
ing one hour prior to the spirometry, not to wear very tight 
clothes which may restrict optimum breathing and to avoid 
heavy meals which may limit breathing capacity.

Six-Minute Walk Test
Patients were asked to walk for six minutes on a rough flat 
surface, the entire walking distance, and the area covered 
were later measured.

The purpose of this test is to spend six minutes walking 
as far as possible. The patient was asked to walk between 
the marks, as many times as he could in six minutes, along 
the corridor. The patients were notified when each minute 
passed, and then the patients were asked to stop where 
they were six minutes into the test and place a mark on the 
distance walked. The patients were seated at the end or if 
the patient preferred, they were allowed to stand.

Oximetry
Pulse oximeter (Ana Pulse 100, Ana Wiz Ltd., and UK) 
was used to measure the amount of oxygen transported 
through the body. This is a non-invasive tool that connects 
to the fingertip painlessly. The oximeter records the per-
centage of oxygen in the blood flowing from the heart and 
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displays it on its screen. Percentage of oxygen in blood 
was measured before and after exertion, it was measured 
before and after performing the six-minute walk test.

Study Outcomes
The study outcomes were designed to measure the 
improvement in each patient's clinical and functional sta-
tus after administering 0.5mg/kg/day of methyl predniso-
lone for eight weeks.The change in the patient’s FEV1 was 
measured at the beginning of the study before taking the 
medication, every two weeks at follow-up, and at the end 
of the eight week course. The changes in the patient’s FVC 
was measured at the beginning of the study before taking 
the medication, every two weeks at follow-up, and at the 
end of the eight week course. Changes in the patient’s 
oximetry before exertion and after exertion by measuring 
the percentage of oxygen in the blood was measured 
before and after the designated treatment period. 
Changes in the “six-minute walk test,” which measures 
the distance an individual is able to walk over a total of six 
minutes on a hard, flat surface, was measured before and 
after eight weeks of administering methyl prednisolone.

Treatment
Methyl prednisolone (Solupred) ® Sanofi Aventis company 
0.5 mg/kg/day was given to all patients for eight weeks 
once the patient had been diagnosed with HP.23

Statistical Method
Data were coded and entered using the statistical package 
for the Social Sciences (SPSS) version 26 (IBM Corp., 
Armonk, NY, USA). Data was summarized using mean 
and standard deviation for quantitative variables and fre-
quencies (number of cases) and relative frequencies (per-
centages) for categorical variables. Comparisons between 
groups were done using unpaired t-test for comparing the 
improvement of fibrotic and non-fibrotic groups every 
periodic measurement while non-parametric Mann– 
Whitney test was used for comparing the improvement 
between fibrotic and non-fibrotic groups after the desig-
nated treatment period. Analysis of variance (ANOVA) 
with multiple comparisons post hoc test was used to com-
pare between the nfHP subgroups (mosaic attenuation, 
centrilobular nodules and GGO’s) every periodic measure-
ment while non-parametric Kruskal–Wallis test was used 

Figure 1 HRCT of chest for patient with fibrosis.
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Figure 2 HCRT of chest for showing mosaic attenuation.

Figure 3 HRCT of chest showing ground glass opacities.
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to compare between the non-fibrotic subgroups after the 
designated treatment period.

For comparing categorical data, a Chi square test was 
performed. The exact test was used instead when the 
expected frequency is less than five.24 P- values less than 
0.05 were considered as statistically significant.

Results
All 53 patients were administered 0.5mg/kg/day of methyl 
prednisolone for eight weeks. The study has a mean age of 
49.48 for fibrotic patients and 50.53 for non-fibrotic 
patients where there is no significant difference in the 
mean ages of the two groups. The majority were females 
as shown in Table 1.

The first aspect of the study was to compare the effect 
of methyl prednisolone between fHP and nfHp by measur-
ing the improvement in lung function tests, six-minute 
walk test and oximetry. A significant improvement of 
clinical and functional status was found in the patients 
with nfHP compared to fHP. There was a significant 
improvement in FEV1 (p< 0.001) (Figure 5A), FVC, 
(p<0.001) (Figure 5B), oximetry before exertion 
(p =0.003) (Figure 5C), oximetry after exertion 
(p =0.001) (Figure 5D) and six-minute walk test 
(p =0.001) (Figure 5E) in nfHP vs. fHP after taking 
methylprednisolone for eight weeks, as shown in 

Table 2. In other words, methylprednisolone delivers bet-
ter therapeutic effects in nfHP patients.

The nfHP patients were divided into three groups 
according to their radiological pattern into mosaic 
attenuation, centrilobular nodules and ground-glass 
opacities. After comparing the effect of methylpredni-
solone among the subgroups of nfHP patients mosaic 
attenuation vs.ground glass opacities vs. centrilobular 
nodules and measuring FVC, FEV1, oximetry and six- 
minute walk test, no significant difference was found in 
the response of FEV1 (p =0.82) (Figure 6A), FVC 

Figure 4 HRCT of chest showing centrilobular nodules.

Table 1 Descriptive Data of the Patients

Fibrotic HP Non-Fibrotic HP P value

Age (years) 49.48± 13.31 50.53±10.21 0.746

Height (m) 1.65± 0.1 1.67±0.12 0.728

Weight (Kg) 95.71± 22.2 93.16± 27.57 0.723

BMI 35 ±7.66 33.11±6.78 0.348

Sex Count % Count % p value

Male 8 38.10% 12 37.50% 0.965

Female 13 61.90% 20 62.50%

Note: Data is presented as mean ± standard deviation (SD) or as patient numbers 
(%). 
Abbreviation: BMI, body mass index.
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(p =0.15) (Figure 6B), oximetry before exertion 
(p =0.27) (Figure 6C), oximetry after exertion 
(p =0.214) (Figure 6D) and six-minute walk test 
(p =0.36) (Figure 6E) after having being taking methyl-
prednisolone for eight weeks of administration of 
methylprednisolone as shown in Table 2. However, as 
shown in Table 3 A significant improvement was found 
of fHP in FEV1 (p <0.001), FVC (p <0.001), oximetry 

before exertion (p <0.001) oximetry after exertion (p < 
0.001) and six-minute walk test (p <0.001) after taking 
the treatment, but not as much as the improvement 
shown in the nfHP groups.

Discussion
The study assessed the effect of corticosteroid treatment in 
both fHP and nfHP patients. Although corticosteroids have 

Figure 5 Comparing the effect of methyl prednisolone between fibrotic and non-fibrotic groups after finishing the designated treatment course regarding FEV1 (A), FVC 
(B), oximetry before exertion (C), oximetry after exertion (D), six-minute walk test (E): black (Fhp), blue (nfHP). All p values are significant.
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been used as first line treatment for HP for many years, it 
does not give satisfactory results in all patients.

Patients age ranges from 20–75 years from both sexes 
were collected. According to the literature the ratio of the 
disease in Egypt is 10:1 female to male25 but in this study 
the ratio was 2:1 female to male as shown in Table 1. 
A high percentage of females who initially contributed to 
the study did not continue till its end since they did not 
wish to take steroids due to the fear of their side effects. 
Nevertheless, the study done by Lacasse et alshowed 
a female to male ratio to be almost 2:1.19

HRCT is more sensitive than chest radiography.26 So it 
was used in our study to differentiate between fibrotic and 
non-fibrotic patients.

Lung function tests are very beneficial in the assess-
ment of the initial impact of the disease, to monitor the 
clinical course under treatment and as a prognostic 
parameter.19 According to the European Respiratory 
Society (ERS) and American Thoracic Society (ATS) 
guidelines27 three acceptable maneuvers were performed 
per each measure in spirometry to ensure accurate results. 
We measured the patient’s FEV1 as it is a perfectly suited 
indicator for airway obstruction.28,29 The FVC maneuver 
depends on rapid maximum inhalation, rapid forced exha-
lation and continued maximum exhalation. The assessment 
of FEV1 and FVC was an excellent predictor of the func-
tional state of the lung of the patient.30

Pulse oximetry depends mainly on two fundamental 
points. Firstly, the arterial blood generates pulsatile signals 

and secondly the fact that oxyhemoglobin and decreased 
hemoglobin have distinct absorption spectra.31 Therefore, 
it can easily measure the percentage of oxygen in blood by 
a non- invasive way. The six-minute walk test is safe and 
reflects the daily living activities more than other tests32,33 

Patients were permitted to walk on a flat surface without 
bearing any weight for six minutes unassisted34,35 so by 
measuring pulse oximetry andthe six-minute walk test the 
patient’s functional status can be accurately assessed.

By comparing the effect of methylprednisolone in both 
nfHP and fHP and measuring FVC, FEV1, oximetry and 
the six-minute walk test a significant improvement of 
clinical and functional status of the patients with nfHP 
was noticed when compared to fHP. There was 
a significant improvement in FEV1 (p <0.001), FVC 
(p <0.001), oximetry before exertion (p =0.003), oximetry 
after exertion (p =0.001) and six-minute walk test 
(p =0.001) in nfHP vs. fHP after been taking methylpred-
nisolone for eight weeks of administration of methylpred-
nisolone as shown in Table 2, and this agrees with a study 
carried out by De Sadeleer et al21 who did a part of the 
study to assess the effect of corticosteroids on the reversal 
of the decline of FVC in both nfHP and fHP patients. He 
found that in nfHP corticosteroid resulted in a reversal 
from a monthly FVC% decline of 0.35% to an FVC% 
increase of 0.84% (p < 0.001) compared to the changes 
observed in fHP (FVC%: p = 0.96).

However, as shown in Table 3 a significant improve-
ment of fHP in FEV1 (p <0.001), FVC (p <0.001), 

Table 2 Comparison Between fHP Group and nfHP Group After Taking Methylprednisolone 0.5mg/Kg/Day of for Eight Weeks

Fibrotic 
HP

Non-Fibrotic 
HP

Mosaic 
Attenuation 

nfHP

Centrilobular 
Nodules nfHP

Ground Glass 
Opacities 

nfHP

Mean Mean P value Mean Mean Mean P value

FEV1 change after eight weeks (L) 7.72 ± 6.55 11.97±4.12 < 0.001 11.91 ±4.06 12.1 ± 4.65 11.91 ± 4.09 0.826

FVC change after eight weeks (L) 6.95 ± 5.12 11.12±3.03 < 0.001 9.82 ± 2.48 12.18 ± 3.61 11.45 ± 2.73 0.159

Oximetry change before exertion 

after eight weeks (%)

2.19 ± 1.6 3.5 ±1.97 0.003 4.36 ± 1.86 3.4 ± 1.65 2.73 ± 2.15 0.279

Oximetry change after exertion 

after eight weeks (%)

1.78 ± 3.04 5.17 ±2.83 0.001 6.18 ± 2.79 5.2 ± 2.35 3.89 ± 3.14 0.214

Six-minute walk change after 

eight weeks (m)

25 ± 15.43 44.33 ±19.02 0.001 48.18 ± 17.79 38 ± 19.32 46.67 ± 20.46 0.365

Note: Data is presented as mean ± standard deviation (SD). 
Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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oximetry before exertion (p <0.001) oximetry after exer-
tion (p <0.001) and the six-minute walk test (p <0.001) 
after taking methylprednisolone. This was debatable and 
discussed by Kouranos et al36 and Varone et al37 who said 
that fibrotic patients may show improvement after the use 

of corticosteroids but they suggested antigen avoidance 
may offer better results. But in a study carried out by 
Sadeleer et al38 it was found that FVC% in fibrotic 
patients' decline was similar before and after corticosteroid 
initiation in patients with honeycomb presence (p =0.78). 

Figure 6 Comparing the effect of methyl prednisolone between non-fibrotic subgroups after finishing the designated treatment course regarding FEV1 (A), FVC (B), 
oximetry before exertion (C), oximetry after exertion (D), six-minute walk test (E): black (mosaic attenuation nfHP), gray (centrilobular nodules nfHP), blue (GGO’S nfHP). 
All p values are non-significant.
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However, patients without honeycomb showed a small 
increase in FVC% (4.21%) after corticosteroid initiation 
(p =0.07). Our rationale for this improvement is that HP is 
a patchy disease and in the patients with fibrosis there are 
a non- fibrotic patches. We advocate that increasing the 
dose or the duration of treatment of corticosteroid may 
have better results in fHP patients.

Moreover, nfHP patients were divided into three groups 
according to their radiological pattern into mosaic attenuation, 
centrilobular nodules and ground-glass opacities. By compar-
ing the effect of methylprednisolone among the subgroups of 
nfHP patients mosaic attenuation vs. ground glass opacities vs. 
centrilobular nodules and measuring FVC, FEV1, oximetry 
and the six-minute walk test, it was found that there was no 
significant difference in the response of FEV1 (p =0.82), FVC 
(p =0.15), oximetry before exertion (p =0.27), oximetry after 
exertion (p =0.214), and the six-minute walk test (p =0.36), as 
shown in Table 2 and in agreement with Salisbury et al12 and 
De Sadeleer et al21 who found that inall nfHP patients, starting 
corticosteroid resulted in a reversal from a monthly FVC% 
decline of 0.35% to an FVC% increase of 0.84% (p <0.001) 
which support our results that there was no significant differ-
ence between the response of different patterns in nfHP 
patients to corticosteroids.

Conclusion
In the context of the observed results of this study we can 
conclude that the corticosteroid treatment gives better ther-
apeutic effects in nfHP patients than in fHP patients, but still 
have an effect on fHP patients. On the other hand, the study 
showed that there is no significant difference in the response 
to corticosteroids among nfHP patients’ subgroups

Abbreviations
HP, hypersensitivity pneumonitis; HRCT, high resolution 
computed tomography; fHP, fibrotic hypersensitivity pneu-
monitis; nfHP, non-fibrotic hypersensitivity pneumonitis; 
BAL, broncho alveolar lavage; FVC, forced vital capacity; 
FEV1, forced expiratory volume in 1 second; BMI, body 
mass index; 6MWD, six-minute walk test distance.

Data Sharing Statement
The data that support the findings of this study are avail-
able from the corresponding author upon request.
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