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Abstract

Background: The incidence of childhood interstitial lung diseases increased in the last years in Egypt. Changes in
environmental and climatic conditions may be contributing factors. Also, raising birds at home increased in the past
years due to financial issues. Other environmental factors include increased industries, traffic, and pollution. Our
study aimed to assess the environmental hazards and the severity of childhood interstitial lung diseases.

Results: Sixty-five percent of patients with childhood interstitial lung diseases (chILD) were exposed to cigarette
smoke; 45% were exposed to birds, 30% to industrial wastes, 20% to grass and pesticides, and 10% to animals.

Conclusions: Exposure to cigarette smoke and birds increases the risk of development of chILD.
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Background
Interstitial lung disease (ILD) defines any disease that
affects the interstitium and the distal alveoli of the lungs,
leading to impaired lung diffusion. In pediatrics, the dis-
ease may also include affection of the airways, vascular,
and lymphatic vessels [1]. The prevalence of pediatric
ILD is estimated to be 3.6 and 1.32 per million in the
UK and Germany, respectively [2], but there are no re-
corded studies for its prevalence in Egypt. Mortality
from childhood interstitial lung diseases (chILD) ranges
from 15 to 60% in different research reaching up to
100% in genetic and developmental causes [3].
Although the cases diagnosed as chILD increased in

the past years in Egypt, there is no available data for the
demographic data of these patients and the possible
environmental conditions that aid in increasing their
prevalence.
Several environmental exposures have a key role in the

etiology of chILD. Cigarette smoke is a studied factor.

“Smoking-related interstitial lung disease” is a pathological
term used to describe lung biopsies with findings suggestive
of desquamative interstitial pneumonia (DIP), Langerhans’
cell histiocytosis, and respiratory bronchiolitis-interstitial
lung disease (RB-ILD) [4].
Hypersensitivity pneumonitis (HP) or extrinsic allergic

alveolitis is another known subtype of chILD resulting
from exposure to different organic or inorganic dusts of
bird, animal, or plant origin. In genetically susceptible
persons, sensitization to inhaled dust induces in the
alveolar and interstitial space an inflammatory reaction
that affects gas exchange. In children these diseases are
often due to exposure to antigens present in the domes-
tic environment [2].
In many parts of the world especially in rural areas

and in developing countries, the exposure to fire smoke
is a recognized cause of interstitial lung disease. Burning
trashes occurs in Egypt in the season of harvesting rice
and causes black cloud in the sky of Egypt during this
season which may affect the lungs of genetically predis-
posed subjects [5].
Our study aimed to determine the demographic data

and the most common environmental factors affecting
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the children and adolescents with childhood interstitial
lung disease in Egypt.

Methods
A cross-sectional study was done on 40 patients with
interstitial lung diseases attending the Pediatric Chest
Clinic, Children’s Hospital, Ain Shams University. The
study was undergone from September 2018 to Novem-
ber 2019.

Inclusion criteria
chILD was diagnosed by the presence of 3 out of 4 of
the following criteria [6]:

1. Symptoms of impaired respiratory function
(dyspnea, cough or exercise intolerance)

2. Signs (tachypnea, adventitious sounds, retractions,
clubbing, failure to thrive, or respiratory failure)

3. Radiological findings suggestive of interstitial lung
disease (e.g., lung infiltrates, ground glass
appearance)

4. Restrictive lung disease in pulmonary functions or
evidence of hypoxemia (resting hypoxemia or
desaturation with exercise)

Exclusion criteria
Any Interstitial lung disease due to a known cause as
collagen vascular diseases, post-chemotherapy or radio-
therapy, postinfection, or genetic causes.

Approval of the medical ethical committee of Chil-
dren’s Hospital, Ain Shams University, was taken first;
also, a verbal and written informed consent was taken
from all subjects’ care givers prior to the study.
All children were subjected to complete history taking;

with special emphasis on age, sex, age of onset of symp-
toms, family history, exposure (drug, smoking, environ-
mental exposure), and previous hospital admission (their
cause and frequency).
The severity of chILD was assessed by:

1. Dyspnea was assessed with the modified Medical
Research Council (MRC) dyspnea scale score (6
points) that consists of six questions about their
subjective dyspnea [7].

2. The high-resolution CT Score of ILD [8].
3. ILD severity of illness score [6].
4. Six-minute walk test [9, 10].
5. Oxygen saturation by pulse oximeter. Desaturation

in children with ILD was defined as oxygen
saturation by pulse oximetry below 93% [11].

6. Spirometry: It was performed for only cooperative
children, above 7 years of age (26 patients) using
VIASYS Healthcare GmbH. Leibnizstrasse 7 to
measure the forced expiratory volume in first
second (FEV1) and forced vital capacity (FVC)
expressed as percentage of the predicted value for
age, sex, weight, and height.

7. Diffusion capacity of carbon monoxide (DLCO).
Only 12 patients were able to perform the

Table 1 Demographic data of Egyptian patients with chILD

Minimum Maximum Mean (SD)

Age of onset (years) 0.50 13.00 5.83 (4.15)

Disease duration (years) 0.50 12.00 3.98 (3.17)

Frequency of hospital admissions per year 1.00 7.00 2.28 (1.75)

MRC dyspnea score .00 5.00 2.05 (1.65)

ILD severity score 2.00 5.00 2.80 (1.09)

HRCT score .00 3.00 1.85 (0.92)

Respiratory rate (breath/minute) 15.00 78.00 35.30 (16.53)

Heart rate (pulse/minute) 85.00 140.00 102.53 (14.52)

Oxygen saturation (%) 68.00 99.00 93.75 (7.22)

FEV1 (% of predicted) 24.80 77.20 53.66 (14.42)

FVC (% of predicted) 26.80 75.40 57.37 (11.99)

FEV1/FVC ratio (% of predicted) 55.00 111.40 91.64 (16.22)

DLCO-SB (% of predicted) 27.90 82.10 61.72 (21.76)

Total leukocyte count (× 103/μl) 3.30 26.80 9.70 (5.44)

Hemoglobin (g/dl) 7.90 14.20 11.77 (1.63)

Platelets count (× 103/μl) 171.00 717.00 366.80 (143.32)

MRC modified Medical Research Center, ILD interstitial lung diseases, HRCT high-resolution computerized tomography, FEV1 forced expiratory volume in 1 s, FVC
forced vital capacity, DLCO-SB diffusion of lung to carbon monoxide (single breath)
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technique due to the forced maneuver and the need
to hold their breath for 10 s which could not be
performed by the young and distressed patients.

Statistical analysis
Data were analyzed using Statistical Program for Social
Science (SPSS) version 18.0.
Quantitative data were expressed as mean ± standard

deviation (SD). Qualitative data were expressed as
frequency and percentage.

Results
Forty patients were included in the study. Their age
ranged from 5 to 15 years old with the mean age of 9.7 ±
3.09 years. The patients were 16 males (40%) and 24
females (60%). Demographic and clinical data of the
studied patients are presented in Table 1.
Among the 40 studied patients, environmental expos-

ure to passive cigarette smoking was the most frequent
(65%), followed by exposure to birds especially pigeons
(45%). Exposure to industrial wastes represented 30% of
the studied patients (divided into 10% exposed to iron
and cement industries, 5% to plastic industries, 5% to
petroleum industries, and 10% to other industries). On
the other hand, exposure to agricultural areas and pesti-
cides represented 20%, animals 10%, paints 5%, dust 5%,
and fire smoke 5% (Fig. 1).
The most frequent symptom among the studied pa-

tients was dyspnea (90%), followed by cough (87.5%), ex-
ercise intolerance (70%), recurrent chest infection (50%),
chest pain (20%), and expectoration (10%). While among
the physical signs, tachypnea was the most common sign
(85%) followed by crackles (70%), clubbing (62.5%),
wheezes (15%), cyanosis (15%), accentuated second heart

sound (15%), and corpulmonale and heart failure (5%).
Only 10% of the patients were not dyspneic by modified
MRC dyspnea score, while the rest had varying degree of
dyspnea as shown in (Fig. 2).
Oxygen saturation at the rest of our patients ranged

from 68 to 99 with a mean of 93.75 ± 7.22. Fifty-five
percent of the patients were normoxemic at rest and
after exercise (ILD score ≤ 2), 25% became desaturated
after six-minute walk test (ILD score = 3), and 20% of
them were desaturated at rest or have pulmonary hyper-
tension (ILD score ≥ 4) (Fig. 3).
Most of our patients (45%) were given score 2 for their

HRCT findings denoting moderate disease (traction
bronchiectasis, peribronchovascular thickening, tracheal
retraction involving one or two lobes of the lungs); then,
score 1 was for 30% of the patients with minimal disease
(ground-glass pattern, thickened interlobular septa, reti-
culonodular pattern and subpleural cysts), while 25%
had score 3 denoting severe disease (the findings in
scores 1 and 2 involving 3 or more lung lobes) (Fig. 4).
Spirometry done by only 26 cooperative patients

revealed a restrictive pattern in 88.5% of patients while
only 3 patients (11.5%) had a mixed obstructive and re-
strictive pattern. The DLCO done by 12 of our patients
was ranging from 28.00 to 78.70% of the predicted
normal values for age and sex, with a mean of 61.72 ±
22.84%.
Six-minute walking distance ranged from 189 to 459

m, with mean of 285.91 ± 81.07 m.
The weight of our patients ranged from 15 to 45 kg

(mean of 25.28 ± 8.68 kg), with 52.5% being under-
weight. Their height ranged from 99 to 160 cm (mean of
127.9 ± 17.31 cm), with 72.5% being stunted, while their
BMI ranged from 11.34 to 20.27 kg/cm2 (mean of 15.09

Fig. 1 Percentage of environmental exposure among studied patients with ChILD

Ishak et al. The Egyptian Journal of Bronchology            (2021) 15:2 Page 3 of 8



± 2.07 kg/cm2), with 42.5% being thin (Table 2). Con-
cerning hematological abnormalities, 60% of the patients
had anemia, 25% had leukocytosis, and 35% had
thrombocytosis.
Two of our studied patients (5%) died during the period

of our study. Both of them were females, aging 7 and 12

years. Both of them were common in their exposure to
birds and cigarette smoke; they were underweight,
stunted, with low BMI, and anemic with leukocytosis.
Also, both had ILD severity score ≥ 4, HRCT score of 3,
moderately severe and severe restrictive pattern in spirom-
etry, and decreased airway reactance by IOS (Table 3).

Fig. 2 Pie chart of modified MRC dyspnea score of chILD in Egyptian patients

Fig. 3 Pie chart of ILD severity score of chILD in Egyptian patients
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Discussion
In our study, 18 children with interstitial lung diseases
had history of exposure to birds. Pigeon exposure was
found in 6 patients (33.33% of those exposed to birds).
Stauffer-Ettlin et al. [12] reported that up to 22% of
pigeon breeders develop lung diseases, and Cramer et al.
[13] mentioned that there is 56% increased risk of devel-
oping interstitial lung diseases among those exposed to
pigeon. Another study done in Egypt including adult
and pediatric patients with diffuse parenchymal lung dis-
ease showed that 73% of them were raising birds at
home [14]. In addition, Saha [15] has mentioned in-
creased risk of ILD among farm workers, poultry
workers, bird fanciers, pigeon breeders, and home envir-
onment (in rural areas). Morell et al. [16] diagnosed 86
patients as BFL during the period 1977–2003, of which 7
(8%) were in the pediatric age. Development of chILD
after birds’ exposure occurs when the birds’ antigens

trigger the development of immunoglobulin G that
results in formation of antigen-antibody reaction or
immune complex that accumulates in the lung lead-
ing to hypersensitivity pneumonitis (HP) that is con-
sidered as a type of interstitial lung diseases; this
raises the importance of taking the history of expos-
ure to birds as it is usually missed by many physi-
cians [12, 17]. In the UK, bird fancier’s lung is the
most common form of HP. If not treated, HP is usu-
ally progressive leading to pulmonary fibrosis and in-
creased mortality [18]. There is a clear link between
cigarette smoke and induction of interstitial lung dis-
eases; however, the responsible substances in cigarette
smoke are not identified [19]. But interstitial lung dis-
ease is now arising in pediatrics as a result of expos-
ure to passive smoking, most of them are in the form
of respiratory bronchiolitis associated interstitial lung
diseases (RB-ILD) [20]. Moreover, toxic substances of

Fig. 4 Pie chart of HRCT score of chILD in Egyptian patients

Table 2 Anthropometric measures of Egyptian patients with child

BMI for age Weight for age Height for age

Z score N (%) Z score N (%) Z score N (%)

Between 2 and 1 (overweight) 1 (2.5) Between − 1 and + 2
(Normal)

19 (47.5) Between − 1 and + 2
(normal)

11 (27.5)

Between 0 and 1 (normal) 22 (55) Between − 2 and − 1 (mildly underweight) 12 (30) Between − 2 and − 1
(mildly stunted)

15 (37.5)

Between − 2 and − 3 (thin) 14 (35) Between − 3 and − 2 (moderately underweight) 5 (12.5) Between − 3 and − 2
(moderately stunted)

8 (20)

Below − 3 (very thin) 3 (7.5) < − 3 (severely underweight) 4 (10) < − 3 (severely stunted) 6 (15)

BMI body mass index
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more than 4000 chemicals generated from combus-
tion of tobacco plant leaves are known to cause
several respiratory diseases and are associated with an
increase in respiratory infections [21, 22].
Pesticides including insecticides, fungicides, or herbi-

cides are commonly used in agricultural areas and are
considered a major occupational hazard. Studies show
that organophosphate causes serious pulmonary effects
that lead to significant deterioration in lung functions
whether the route of entry to the body is through the
skin or gastrointestinal or respiratory tracts [23]. Expos-
ure to animals can cause interstitial lung disease not
only by causing inflammation in the lung by animal
feathers, secretions, urine, and feces but also by

increased risk of zoonotic infections by multidrug resist-
ant organisms whether bacterial, viral, or fungal that
may end up by lung fibrosis [23]. Our study showed fe-
male predominance, with male to female ratio 2:3; this
goes with the study of Morell et al. [16] on BFL that
showed female predominance, with male to female ratio
1:3 and also Selman et al. [24] who had 89% of their pa-
tients were females. The slight female predominance in
children with ILD was also noticed by Nathan et al. [25].
However, Clement et al. [26] and Annamalai et al. [27]
noticed more male predominance. Also, Wells and Hir-
ani [18] found male predominance among patients with
BFL. This difference may be related to different cultural
backgrounds, epigenetics, and different age groups

Table 3 Demographic data of the two dead patients during our study

Demographic data Patient 1 Patient 2

Age (years) 12 7

Sex Female Female

Age of onset of symptoms
(years)

3 5

Disease duration (years) 10 3

Frequency of hospital admission (/year) 2 4

Exposure Birds
Cigarette smoke
Fire smoke

Birds
Cigarette smoke

Symptoms Cyanosis
Dyspnea
Cough
Clubbing
Expectoration

Cyanosis
Dyspnea
Cough
Clubbing

Weight for age (Z-score) < − 3 Between − 3 and − 2

Height for age (Z-score) < − 3 Between − 3 and − 2

BMI for age (Z-score) < − 3 Between − 3 and − 2

Respiratory rate (breath/min) 53 (Tachypneic for age) 62 (Tachypneic for age)

Heart rate (beat/min) 104 (Tachycardic for age) 113 (Tachycardic for age)

Modified MRC dyspnea score 4 3

Chest examination Fine and coarse crepitations Fine crepitations

Heart examination Accentuated second heart sound Normal

Oxygen saturation at rest (%) 92 93

ILD severity score 5 4

Total leukocyte count (× 103/μl) 18.7 26.9

Hemoglobin (g/dl) 11.3 10.9

Platelets count (× 103/μl) 392 369

Chest x-ray Reticulonodular pattern Reticulonodular pattern

HRCT score 3 3

FEV1 % of predicted 46.4 59.4

FVC % of predicted 50.7 52.7

FEV1/FVC 80.92 111.3

DLCO-SB (%) Could not be performed Could not be performed

BMI body mass index, MRC modified Medical Research Center, ILD interstitial lung diseases, HRCT high-resolution computerized tomography, FEV1 forced
expiratory volume in 1 s, FVC forced vital capacity, DLCO-SB diffusion of lung to carbon monoxide (single breath)
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studied. Also, another Egyptian study showed that
females working in farming and birds breeding, exposed
to animals, dust or, pesticides, have increased risk of
developing ILD [28]
The most frequent symptoms and signs were also stud-

ied by Clement et al. [26] who reported that tachypnea
was observed in 80% of patients and was usually the earli-
est and most common respiratory symptom followed by
cough (75%), fever (33%), and faltering growth (37%). The
frequent 206 clinical findings in his study were crepita-
tions (44%), cyanosis (28%), and clubbing (13%) [26].
The causes of faltering growth are mostly multifactor-

ial and include repeated chest infections, anorexia, and
increased caloric requirement attributed to increased
work of breathing [29]. Low BMI is associated to poor
prognosis and decreased survival [30]. Efforts should be
directed not only to medical treatment of Egyptian chil-
dren with chILD, but also to improve their nutritional
status, because it definitely can improve their quality of
life and increase survival. More than 60% of the patients
exposed to birds had MRC dyspnea score grades 0 to 1,
while 27.78% had scores 3–4. This goes with the study
of Morell et al. [16] who found that 25% of the patients
had grades 3–4 at the time of diagnosis.
The commonest HRCT finding was ground glass ap-

pearance (80%), and this coincides with the findings of
Vijayasekaran et al. [31] who mentioned that ground glass
opacification is the commonest radiological abnormality,
seen in all the cases, followed by interstitial thickening in
53.84% of the cases and interlobular septal thickening and
traction bronchiectasis in 23.07% of the cases. But Sankar
et al. [32] mentioned that ground glass appearance was as
common as septal thickening. In the study of Morell et al.
[16], 68% of the patients with BFL had ground glass
appearance which was also considered the commonest
radiological finding. HRCT represents the method of
choice for the diagnosis of ILD [33] as 30% of our patients
had normal chest x-ray although there were positive find-
ings in HRCT. This agrees with Vijayasekaran et al. [31]
who reported that x-rays revealed abnormalities suggestive
of ILD in only 75% of the cases. Also Ryu et al. [34] men-
tioned that 10% of patients with ILDs had normal chest
radiograph early in the course of disease and Palmucci
et al. [35] concluded that chest x-rays have low diagnostic
specificity and can sometimes be normal.
DLCO done to our patients had a mean of 61.72 ±

22.84 % of the predicted values; this was higher than the
results of Inage et al. [36] and Liu et al. [37] (mean ±
SD; 40.7 ± 6.7 and 45.8 ± 2.6, respectively) [36]; this is
probably because our results represent the diffusion of
the lung of patients with better respiratory effort capable
of performing the test and not including very young and
severely dyspneic patients. The study done by Fan and
Kozinetz [38] revealed that age of onset, underweight,

clubbing, crepitations, family history of ILD, or duration
of illness were not associated with decreased survival,
but survival was only related to the ILD severity score
which was high in our study in both dead patients
(scores 4 and 5) [37]. Annamalai et al. [27] concluded
that ILD severity score of 5 (denoting pulmonary hyper-
tension) has 5 years’ survival of 38%. Also, the study of
Collum et al. [39] revealed that pulmonary hypertension
complicating patients with interstitial lung disease
increases morbidity and mortality [39].

Conclusion
Exposure to cigarette smoke and birds were found in 65
and 45% of children with interstitial lung disease re-
spectively and they represent significant environmental
hazard.
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