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ABSTRACT:  In order to determine 1) the features of airway inflammation after
removal from exposure to high (HMW) and low (LMW) molecular weight agents
2) if there are any differences in the pattern of inflammation induced by these two
types of agents, we studied 18 subjects with a recently confirmed diagnosis of occu-
pational asthma (OA) due to HMW (n=11) and LMW (n=7) agents.

The duration of asthma symptoms varied from 2 to 108 months (mean 33 months),
and withdrawal from exposure to the sensitizing agent from 3 to 24 weeks (mean
10 weeks).  All subjects underwent measurements of expiratory flow rates, metha-
choline inhalation tests, and a flexible bronchoscopy with bronchoalveolar lavage
(BAL) and bronchial biopsies.  Endoscopic findings were compared with a group
of 10 normal subjects.  At the time of the bronchoscopy, asthma symptoms were
minimal in most subjects.

Although 15/18 subjects had normal forced expiratory volume in one second
(FEV1>80% pred), all subjects had increased airway responsiveness to methacho-
line (provocation concentration producing a 20% fall in FEV1=0.2-10.0 mg·ml-1).
BAL analysis showed similar median percentages of the total number of cells and
differentials in control subjects and those exposed to HMW and LMW agents.
Bronchial biopsies showed that mean inflammatory cell count, both epithelial and
sub-epithelial, was similarily raised in OA subjects exposed to either HMW or LMW
agents, compared to controls, except for epithelial lymphocyte count.  In contrast
to the controls, bronchial biopsy of both groups with OA also showed other changes
such as extensive epithelial desquamation, ciliary abnormalities of the epithelial
cells, smooth muscle hyperplasia and subepithelial fibrosis.

Bronchial biopsies from subjects with occupational asthma showed similar sig-
nificant inflammatory changes after withdrawal from exposure to either high or
low molecular weight sensitizing agent, even when symptoms were minimal.
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In recent years, numerous studies have demonstrated
that inflammation is a key feature of asthma [1–5].
Bronchoalveolar lavage (BAL) has shown that asthma-
tic subjects have more eosinophils, mastocytes and neu-
trophils than normal subjects [6, 7].  Bronchial biopsies
have also shown extensive damage of the epithelium and
inflammatory reaction in the airways, even in those with
mild asthma symptoms [8–11].

Occupational asthma (OA) is the most common occu-
pational respiratory ailment [12, 13].  Once subjects are
removed from the workplace, the majority of subjects
will still demonstrate significant airway hyperrespon-
siveness [14–18].  Studies on OA have shown that there
is an influx of neutrophils or eosinophils in the BAL
fluid after challenges with toluene diisocyanate (TDI) or
plicatic acid that causes late asthmatic reactions [19, 20].

Bronchial biopsies in subjects with OA due to TDI showed
an increased number of inflammatory cells, such as
eosinophils, in the airway mucosa [21].  On electron
microscopy, eosinophils and mast cells appeared de-
granulated.  Intercellular spaces between epithelial cells
were widened.  There was a thicker subepithelial retic-
ular layer, with deposition of Type III collagen.  Six
subjects were removed from exposure to TDI;  there was
reversal of the reticular basement membrane thickening
but the inflammatory cell infiltrate persisted [22].

The physiopathology of OA due to low molecular
weight (LMW) agents may be different from that which
occurs after exposure to high molecular weight (HMW)
agents.  The mechanism of asthma caused by LMW
agents remains unknown for most agents, whereas an
immunoglobulin E (IgE) -mediated phenomenon has been



clearly identified for HMW agents, generally protein-
derived antigens.  Moreover, BAL and biopsy assess-
ments have been performed in only six subjects after
removal from exposure, all to TDI [22].  This study was
designed: 1)  to evaluate the presence and characteris-
tics of airway inflammation in a larger group of work-
ers with confirmed OA after a wider interval of removal
from exposure;  and 2)  to compare the features of inflam-
mation induced by either HMW or LMW agents.

Methods

Subjects

Eighteen subjects (11 men and 7 women) aged 20–54
yrs (mean 33 yrs), who had been referred to the Laval
and Sacré-Coeur hospitals for investigation of OA, were
enrolled in the study.  Twelve were atopic (see below),
three were smokers (1, 9 and 16 pack-years), two were
ex-smokers (8 and 9 packs-years).  All had recently had
the diagnosis of OA to HMW (total=11;  flour=7;  psyl-
lium, lobster, shrimp and tobacco=1 each) or LMW
(total=7; hexamethylene diisocyanate (HDI)=4; weld-
ing=2; zinc=1) agents confirmed.  The mean duration of
exposure at work was 113 months (range 7–432 months),
and the mean duration of symptoms while at work was
33 months (range 2–108 months).  The criteria for inclu-
sion were:  1) the diagnosis of OA was confirmed by
specific inhalation challenges in all instances, except one
in which monitoring of peak expiratory flow rate was
used;  2)  the subjects' exposure to the offending agent
had ended (mean interval of 10 weeks;  range 3–24
weeks;  ≤16 weeks in 16 out of 18 subjects);  3)  sub-
jects had not required inhaled or oral steroids since leav-
ing work;  4)  no other clinically relevant perennial
allergen (except for house dust) was present in their usual
environment;  5)  the provocative concentration of metha-
choline causing a 20% fall in forced expiratory volume
in one second (PC20FEV1) was ≤16 mg·ml-1 (significant
bronchial hyperresponsiveness);  6)  bronchoscopy was
carried out 3–24 weeks from the time of diagnosis (there-
fore, after specific inhalation challenges in 17 out of 18
instances);  and 7)  subjects had not used inhaled or oral
steroids in the 3 months preceding entry into the study.
One subject had taken inhaled beclomethasone for four
months at a low dose (400 µg daily), whilst eight others
had had short courses (less than one month) of inhaled
steroids at a time when they were still exposed but still
3 months or more before enrolment.

Results were compared with data obtained from 10
normal controls, not exposed to agents causing OA.  They
included 8 men and 2 women, aged 20–32 yrs (mean
24 yrs).  The normal subjects had no past history of
asthma or atopy, a PC20 methacholine >16 mg·ml-1, had
never smoked and were on no medication.  They had no
evidence of recent upper or lower airway infection.

All the asthmatic subjects used an inhaled beta2-ago-
nist agent if needed (not daily).  In the month preceding
their entry to the study, none of the asthmatic subjects
had had a respiratory infection or an increase in asthma
symptoms.  The study conformed with the Helsinki dec-

laration and was approved by the Ethics Committees of
Laval and Sacré-Coeur Hospitals.  The subjects had given
written consent.

Assessment

Spirometry and responsiveness to inhaled methacholine
were measured according to a standardized procedure, us-
ing a Wright's nebulizer at tidal volume breathing for 2
min (output=0.14 ml·min-1), two weeks before undergoing
bronchoscopy [23].  Skin prick tests with a battery of 15
common inhalants had been carried out before entry into
the study.  Atopy was present if one or more positive (>3
mm wheal) tests to the inhalants, a reaction to histamine
phosphate at 1 mg·ml-1 and a negative reaction to the dilu-
ent were seen.  BAL analysis was performed in blind fash-
ion by a designated technician at each centre, and biopsies
were examined, also in a blind fashion, by the same pathol-
ogist for the two centres (MB, Hôpital Laval).

Bronchoscopy lavage and biopsies

Before the bronchoscopy, a 200 µg dose of salbuta-
mol was given using a metered-dose inhaler.  All sub-
jects received oxygen at 5 l·min-1 via a nasal catheter
during bronchoscopy.  Vital signs, electrocardiograph and
oximetry were recorded throughout the procedure.
Spirometry was performed before and after the proce-
dure, and patients were kept under observation for at
least one hour after the bronchoscopy.  Spirometry and
bronchoalveolar lavages were performed according to
standard guidelines [24, 25].  After local anaesthesia of
the throat, larynx and bronchi with 2 and 4% lidocaine,
the flexible bronchoscope (Olympus OES 10 fibrescope,
Olympus, Markham, ONT, Canada) was introduced into
the bronchial tree and gently wedged into a segmental
or subsegmental bronchus of the right middle lobe.  Four
50 ml aliquots of normal saline (37°C) were instilled and
aspirated with a syringe or with mild suction via the
bronchoscope channel.  BAL fluids were kept on ice.
After gauze filtration, the lavage fluid was pooled and
the total number of cells was estimated on a haemocy-
tometer.  Cell differentials were obtained by counting at
least 300 cells on glass cover preparations from the pooled
lavage fluid and stained using Diff-Quik or nonspecific
esterase stains as described previously [26].  The search for
ciliated epithelial cells was performed by counting 1,000
cells on Diff-Quik stained preparations. The meta-chrom-
atic cell count was carried out using toluidine blue stained
preparations and counting at least 1,000 cells [26].

Bronchial biopsies were taken immediately after the
lavages, on the same side.  Six to eight specimens were
taken from the carinae of the right upper and lower lobes
and the segmental bronchi of the upper and lower lobes
using conventional forceps.  For light microscopy, rou-
tine studies were carried out after biopsies were fixed in
Bouin's solution.  The following light microscopic stain-
ing techniques were performed on all sections: haema-
toxylin and eosin;  Masson's trichrome,  Giemsa;  periodic
acid-Schiff (PAS); PAS with diastase digestion; and
Weigert.  Inflammatory cells were classified as follows:
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lymphocytes, plasmocytes, monocytes, macrophages,
mast cells, polymorphonuclears (neutrophils, eosino-
phils and basophils), and unidentified cells.

Measurements were obtained on bronchial specimens
examined with a light microscope (Zeiss), using an image
analysis system (Mocha, Jandel Scientific, San Rafael,
USA).  The measurements included the degree of sub-
epithelial fibrosis (mean of three measurements from his-
tological sections stained with Massons' trichrome),
percentage of epithelial desquamation, biopsy surface in
mm2, and inflammatory cell type per mm2.  The per-
centage of cell desquamation was measured by evaluat-
ing the length of the basement membrane denuded of
epithelial cells over the total length of the basement mem-
brane.  Biopsy surface was evaluated for cell count, as
the surface of connective tissue excluding smooth mus-
cle cells and mucous glands.

Samples for electron microscopic studies were fixed
by immersion in Karnovsky's fluid, washed in cacody-
late buffer, osmicated, dehydrated in alcohol and embed-
ded in Epon.  Half of the samples were treated "en bloc"
with uranyl acetate.  Sections were stained with lead cit-
rate and analysed using a Jeol 100 CX electron micro-
scope. Electron microscopic studies evaluated cellular
alterations, cilial abnormalities, evidence of cell activa-
tion (degranulation) and basement membrane changes,
and subepithelial fibrosis.  The mean number of cilia per
epithelial cell was evaluated in each group from avail-
able electron micrographs.

Analysis of results

Reference values for spirometry were taken from
KNUDSON et al. [27]. A PC20 ≤16 mg·ml-1 was considered
indicative of increased bronchial responsiveness [28].

BAL cell differentials were compared using paramet-
ric analysis as normality and homogeneity of variance
assumptions were met.   Results were considered to be
statistically significant if the p-value was ≤0.05 with a
multivariate test.  For each of the five BAL parameters,
as well as for the total number of cells and the percent-
age of lymphocytes, macrophages, neutrophils and
eosinophils, the Bonferroni's inequality was applied;  the
results were, therefore, considered significant if the p-
values were ≤0.05/5=0.01, to obtain an overall 0.05 level
of significance.  To compare pairs of group means, we
used the Tukey's multiple comparison procedure at 0.01
for each parameter.  Original data from the bronchial bio-
psy analysis were transformed. For each bronchial biop-
sy parameter, the number of lymphocytes, macrophages,
neutrophils, eosinophils and metachromatic cells·mm-2

surface, we replaced the original observations, X values,
to a different form, X'=X(1-C), where c is a constant of
proportionality obtained from the regression of log (vari-
ance) on log (mean).  The values calculated for each
parameter have made it possible to obtain a variance
stabilizing transformation.  For each of these last para-
meters, the results were considered to be significant if
the p-value was ≤0.0083, to obtain a overall 0.05 level
of significance.  For subepithelial fibrosis and percentage
of epithelial desquamation, we replaced the observations

by their ranks as no variance stabilizing transformation
was encountered, with a 0.05 level of significance.
Lymphocyte and eosinophil counts of epithelium were
analysed using the same method (rank transformation).

Fisher exact probability test was also used for com-
parison of clinical and functional indices of subjects in
the HMW and LMW groups.

Results

Clinical and functional findings

There were no significant differences in the baseline
clinical and functional parameters between the HMW
and LMW groups of subjects, except that subjects with
LMW-induced asthma had a shorter interval since the
end of exposure at work (6 and 13 months, respectively;
p=0.02).  Eight subjects (73%) with HMW asthma and 4
(57%) with LMW asthma were also sensitized to at least
one other common airborne allergen.  However, they had
no symptoms related to exposure to these antigens at the
time of the study.  All but three subjects (Nos 12, 14
and 15) had normal (≥80% predicted) forced expiratory
volume in one second (FEV1) (table 1).  Ten subjects (9
HMW and 1 LMW) had an isolated early asthmatic
response (EAR: fall in FEV1 >20% within the first hour
of the challenge) to the offending agent.  Four others (3
HMW and 1 LMW) had isolated late responses (LAR:
fall in FEV1 >15% between 2 and 8 h after the chal-
lenge).  Three subjects (2 LMW and 1 HMW) had dual
responses (table 1).   More subjects in the HMW group
had isolated immediate asthmatic reactions (9/11, 82%);
whereas, more subjects in the LMW group had dual or
isolated late asthmatic reactions (5/6, 82%) (p<0.01).

Bronchoalveolar lavages

The median number of cells (×104·ml-1) from subjects
with asthma induced by HMW agents (15.2) and LMW
(26.6) agents were significantly higher (p=0.03) than the
controls (9.3).  The differentials (in %) were similar for
the three groups (HMW, LMW, controls):  macrophages
77, 83 and 79; lymphocytes 18, 13 and 18; neutrophils
1, 2 and 1; eosinophils 0, 1 and 0.5;  epithelial cells 0.7,
0.8 and 0.9;  mast cells (n=9) 0.1, 0 and 0 (all p>0.05).
Counts for mast cells were only obtained from one of
the two centres (Laval), but for these nine subjects, they
were not higher between subjects with HMW or LMW
OA and the controls (0.1, 0 and 0; p=0.19).

Bronchial biopsies

Biopsy material was adequate for light and electron
microscopy analysis and included the epithelium and the
submucosa.  Light microscopic examination of bronchial
biopsies showed good quality specimens in the three
experimental groups.  In contrast with the controls, the
bronchial biopsies of subjects with OA showed evidence
of airway inflammation, with numerous inflammatory
cells, epithelial desquamation and subepithelial fibrosis.
In control subjects and those with asthma due to HMW
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and LMW agents, mean "apparent" basement membrane
thickness (basement membrane and subepithelial fibro-
sis) was, respectively, 6.7, 17.5, 18.3 µm.  Squamous
cell metaplasia was present in all patients with OA.
Epithelial desquamation was observed in association with
inflammatory changes, and, compared to controls, was
increased in subjects with asthma due to HMW or LMW
agents (% desquamation:  32.5, 55.7 and 41.8 in the three
groups;  p=0.02).  Formation of cilia was decreased and
the sub-epithelial reticular layer was thicker, compared
to the controls (p<0.001).  Smooth muscle cells, identi-
fied in specimen biopsies of 10 subjects with OA, were
hypertrophic or hyperplastic.  Mild fibrosis of the sub-
epithelial connective tissue was observed on Masson's
trichrome in eight subjects.

In subjects with asthma induced by HMW and LMW
agents, we observed a statistically significant increase in
the mean cell differentials (number of cells·mm-2 of con-
nective tissue) as follows (controls, HMW, LMW):  lym-
phocytes 51.5, 135.6 and 162.3 (p=0.0008);  monocytes
and macrophages 1.5, 12.1 and 14.2 (p<0.001); neutro-
phils 2.5, 15.0 and 17.4 (p=0.005);  eosinophils 0.6, 22.3
and 24.1 (p<0.001);  mast cells 0, 3.5 and 6.8 (p<0.001);
plasma cells 1.6, 5.9 and 9.2 (p=0.04) (fig. 1a).  Inflamma-
tory cell counts for the epithelium were (median of
cells·mm-2 surface) for controls and subjects exposed to
HMW and LMW agents and controls were:  eosinophils

0, 100.0 and 32.1  (p<0.001);  and lymphocytes 125.0,
166.7 and 95.8 (NS) (fig 1b).

There was no difference in the median cell count of
bronchial biopsies according to the type of causal agent,
PC20, baseline FEV1, duration of asthma, time since last
exposure or duration of exposure (NS).  We also reanalysed
results of BAL and biopsies by excluding all those (n=5)
who had a smoking history, whatever the number of
years.  The analysis still showed significant differences
by comparison with the control group in subepithelial
fibrosis (p=0.001) and for the number (/mm2 of connec-
tive tissue) of lymphocytes (p<0.001), eosinophils (p<0.001),
monocytes-macrophages (p<0.001), neutrophils (p<0.001),
mast cells (p<0.001) and plasma cells (p=0.08) in the
biopsies.  Among subjects with asthma induced by HMW
agents and LMW agents as compared to controls, we
observed a statistically significant increase in eosinophils
(p<0.001) in the epithelium (median of cells /mm2 sur-
face) but not in lymphocytes (p=0.53).  Granulated mast
cells were absent.  There were no significant differences
in features of BAL.

On electron microscopy, in asthma induced by either
HMW or LMW agents, epithelial cells (fig. 2) showed
intercellular oedema and partial separation of junctional
complexes, mitochondrial swelling, dilatation of smooth
endoplasmic reticulum, and loss of glycogen.   Some cells
were devoid of cilia or showed cilial alterations, such as
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Table 1.  –  Physiological parameters

Baseline Baseline Baseline PC20 Specific challenge

No. FEV1 FVC FEV1/FVC methacholine EAR LAR
l % pred l % pred % mg·ml-1 % fall in FEV1

Low molecular weight agents (n=7)

1 4.04 94 4.67 94 87 1.10 15 25
4 3.47 99 4.79 111 72 4.60 20 26
5 3.86 100 5.20 109 74 2.94 0 47
8 3.59 103 4.15 97 87 0.99 ND ND

10 2.54 103 3.32 111 77 2.80 0 20
12 2.00 62 3.10 79 65 0.33 43 0
14 2.27 73 3.80 100 60 0.58 0 28

Mean 3.11 91 4.15 100 75 1.3 - -
SEM 0.31 6 0.30 5 4 - - -

High molecular weight agents (n=11)

2 2.43 80 3.36 93 72 0.75 60 0
3 3.32 86 4.73 99 70 0.75 35 0
6 2.86 98 3.85 112 74 0.20 51 0
7 3.32 105 3.91 104 85 3.10 59 31
9 3.87 110 5.11 100 76 10.0 50 0

11 4.22 101 5.20 104 81 1.52 32 0
13 3.07 101 3.63 102 85 1.05 25 0
15 3.38 76 4.55 89 74 0.36 22 0
16 3.78 134 4.43 137 85 0.36 24 0
17 3.36 97 4.69 112 72 1.39 22 0
18 4.01 115 4.85 119 83 2.42 0 20

Mean 3.42 100 4.39 106 78 1.1 - -
SEM 0.16 5 0.18 4 2 - - -

FEV1:  forced expiratory volume in one second;  FVC:  forced vital capacity;  PC20:  provocative concentration pro-
ducing a 20% fall in FEV1;  EAR:  early asthmatic response;  LAR:  late asthmatic response;  ND:  not determined,
diagnosis proved by serial monitoring of peak expiratory flow rates.
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Fig. 1.  –  a)  Comparison of cell differentials of bronchial biopsies from control subjects and those with asthma induced by high (HMW) or low
(LMW) molecular weight agents in the subepithelial area (cells·mm-2 connective tissue).  There was a significant increase in all inflammatory cell
counts, with the exception of plasma cells, in subjects with occupational asthma compared to controls.  Mean values are shown by the horizontal
lines.  n values indicate the number of points at the specific place.  For each of these last parameters, the results were considered to be significant
if the p value was ≤0.0083 to obtain and overall 0.05 level of significance.  b)  Comparison of cell differentials of bronchial biopsies from con-
trol subjects and those with asthma induced by HMW or LMW agents in the epithelium (median cells·mm-2 surface).

incomplete formation of cilia from basal corpuscles, blebs
formation and separation from the apical portion of the
cell membrane containing numerous cilia.  Ciliated cells
showed a mean number of 9.0 cilia per cell in controls
and 1.9 in asthmatics (p<0.01).  Impaired genesis of cilia
was associated with the accumulation in the cytoplasm
of apical cells of contractile filaments associated with
basal corpuscle formation (fig. 3a and b).  In areas of
epithelial desquamation, a persistence of basal cells attached
to the basement membrane by hemidesmosomes was noted.
Focal areas of squamous cell metaplasia were character-
ized by ovoid cells with larger and longer desmosomes,
to which were attached tonofilaments (fig. 3c).  The true
basement membrane (nonreticular) was not thickened, but
there were numerous reticulo-collagenic fibres beneath
the epithelial layer (increased reticular basement mem-
brane).  Connective tissue cells showed fibroblasts with
contractile filaments (myofibroblasts).  In the subepithe-
lial connective tissue, various inflammatory cell types
were observed, such as lymphocytes, mast cells, poly-
morphonuclear cells (eosinophils and neutrophils).  Some
of these cells were partially degranulated (fig. 4 a–d).

Fig. 2.  –  Subject with occupational asthma.  Right upper insertion:
epithelial desquamation (arrow) with remaining epithelial basal cells
overlying subepithelial fibrosis (thickened subepithelial reticular layer).
Main panel:  electron micrograph of the area illustrated by the arrow,
showing the reticulo-collagenic subepithelial fibrosis (SF) covered by
a single layer of basal cells (BC) devoid of cilia.  On the top, note
intercellular separation of basal cells (arrowheads).  (Original magni-
fication ×7,200;  bar=2 µm).
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Fig. 3.  –  Electron micrograph of epithelial and inflammatory cells in occupational asthma (bars=2 µm).  a)  Incomplete genesis of cilia (arrows),
with few cilia and basal corpuscles.  (Original magnification ×4,800);  b)  Two cells are completely devoid of cilia (arrows).  Arrow-head shows
incomplete basal corpuscle formation with accumulation of ciliary rootless material in apical portion of a cell with few cilia.  (Original magnifi-
cation ×6,700);  c)  Squamous cell metaplasia with desmosomes and cytoplasmic filaments (arrows).  (Original magnification ×6,700).

Fig. 4.  –  Electron micrograph of inflammatory cells in occupational asthma (bars=2 µm).  a)  Mast cell in the process of releasing secretory gran-
ules into connective tissue.  (Original magnification ×4,800).  b)  Polymorphonuclears releasing numerous granules into connective tissue.  (Original
magnification ×5,400);  c)  Lymphocyte (L) and mast cell (M) partially degranulated.  Note empty eosinophilic granules (arrow-head).  (Original
magnification ×3,800).  d)  High magnification of free eosinophilic granules with crystalloid central part.  (Original magnification ×9,400).
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Discussion

In this study, carried out in subjects with OA 3–24
weeks after removal from exposure, we showed: 1)
marked inflammatory changes in the bronchial biopsy
of subjects with OA, such as an increased numbers of
inflammatory cells, extensive epithelial desquamation,
ciliary loss and abnormalities,  subepithelial fibrosis (thick-
ened subepithelial reticular layer) and smooth muscle
hyperplasia;  and 2)  no significant difference in the type
and extent of airway inflammation according to whether
the asthma was induced by HMW or LMW agents and
regardless of the duration of asthma symptoms.

Previous studies on the inflammatory changes in OA
after removal from exposure were performed in six sub-
jects exposed to toluene diisocyanate (TDI) [22, 29].  Our
results extend these findings to a larger group of sub-
jects and to HMW agents, which cause sensitization
through an IgE-dependent mechanism, similar to "ex-
trinsic asthma".  Even if several HMW agents were
incriminated, the mechanism was IgE-dependent in all
instances, as confirmed by a positive immediate skin
reaction to the causal agent.  Therefore, the HMW group
should not be considered as heterogeneous, even if there
were several causal agents

Our findings are in keeping with those described in
atopic or nonatopic non-OA, showing alterations of the
bronchial epithelium and ciliary structure, and an increase
in airway inflammatory cells, such as eosinophils, neu-
trophils and activated lymphocytes [8–11, 30–32].  We
observed similar findings in our subjects with OA, as
well as shedding of the epithelium, collagen deposition
beneath the epithelial basement membrane, partial mast
cell degranulation and eosinophil infiltration of the lam-
ina propria.

Our observations are also in keeping with another re-
port on asthma induced by a LMW agent (TDI), show-
ing the presence of airway inflammation, widening of
the intercellular spaces between columnar cells, thick-
ening of the subepithelial reticular layer, with deposition
of Type III collagen, and evidence of degranulation of
eosinophils and mast cells [22].  The observation of a
common inflammatory pattern in OA induced both by
HMW and LMW is also in keeping with the findings of
BENTLEY et al. [31], who looked at the state of activa-
tion of lymphocytes in isocyanate-induced asthma.  Five
subjects with TDI-induced asthma and four with methy-
lene diisocyanate-induced asthma had bronchial biopsies
taken, which were compared to 12 allergic asthmatics
and 12 normal subjects.  There was a significant increase
in CD25+ cells (interleukin-2 receptor bearing cells) and
in major basic protein positive and EG2+ cells seen in
isocyanate-induced asthma and in extrinsic allergic asth-
matics.  There was, however, no difference in the num-
ber of T-lymphocyte phenotypic markers (CD3, CD4,
CD8) between asthmatics and controls.  The ciliary abnor-
malities observed in OA were also found in one of our
previous studies on allergic asthma [30].  These alter-
ations may play a role in regeneration of cilia and may
increase the contractile potential of cells influencing the
epithelial desquamation process.  The accumulation of

contractile material in epithelial cells may indicate abnor-
mal basal corpuscle formation and a reduced number of
cilia at the epithelial cell surface.

Regarding the cell counts, we should point out that it
is difficult to compare our observations on mast cells,
made on light microscopy, with other techniques such
as electron microscopy, as it may be difficult to iden-
tify degranulated cells with the first method.  PESCI et al.
[33] have shown the heterogeneity of mast cells in the
bronchial muscosa, and have reported the absence of
granulated mast cells in the airway epithelium in asth-
ma, whilst they represented about one third of the total
cell count in the lamina propria.  Furthermore, we had
an increased number of neutrophils in bronchial biopsies
of subjects with occupational asthma, compared to
previous studies reporting bronchial biopsy analysis in
asthma.  These neutrophils were clearly identified on
electron micrographs, as shown in figure 4b.  It is pos-
sible that subjects with occupational asthma have dif-
ferent cell changes compared to the other types of asthma.
Furthermore, up to the present time in the literature, many
asthmatic subjects biopsied had recently diagnosed asth-
ma, whilst ours sometimes had evidence of asthma for pro-
longed periods of time, up to 108 months (mean 33
months), before withdrawal from the workplace.

We found no significant increase in metachromatic
and epithelial cells through BAL analysis, as has been
previously described in allergic asthma.  Our results are,
however, in keeping with those of researchers looking
at BAL in TDI-induced [19] and Western red cedar-
induced [20] asthma, showing minimal changes before
late asthmatic responses, although the late response was
associated with an influx of neutrophils or eosinophils
in the BAL fluid.  Baseline airway inflammation in sub-
jects with OA after removal from exposure is, therefore,
more evident in bronchial biopsies than in BAL fluid.
Biopsies represent a more direct means of investigating
the pathophysiology of asthma than does BAL [34].
BAL findings can show minimal changes in terms of
markers of inflammation, whilst marked inflammatory
changes may be found in the airway wall [8, 30].  Moreover,
we do not think that the failure to find significant changes
in BAL is due to the relative insensitivity of our method.
This methodology is accurate, has been standardized,
has been found comparable to the other methods [26],
and is capable of picking up differences in BAL cells in
many disorders [35–37].  This comment also applies for
biopsy studies that were performed according to recent-
ly   published methodologies [10].  Sampling of bronchial
tissue may cause artifactual damage but, if this is the
case, it should be identical in normal controls and in sub-
jects exposed to either HMW or LMW agents.  Our sam-
pling methodology allowed us to obtain airway smooth
muscle, and smooth muscle hyperplasia is evident on
light microscopy, where the number of muscular cells is
increased.  We could also assess subepithelial fibrosis
using a standard morphological method.  We therefore
think that biopsies may be more appropriate for looking
at airway inflammation in stable asthmatics, whilst BAL
may be more useful after bronchial provocation, where
increases in cell influx have been documented.
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Although the number of studies on airway inflamma-
tion is limited, our study and others [21, 31] suggest that
inflammatory features are similar, regardless of whether
the inducing agent is occupational or a common airborne
antigen.  Differences may be minimal, and perhaps only
detected by immunohistochemical studies which more
specifically address the functional state of cells.  How-
ever, the purpose of this study was not to assess the func-
tional state of various cell populations but, rather, to
describe the inflammatory process in a more general  man-
ner, by identifying various histopathological features.  The
functional state will have to be explored further in future
studies.

The fact that the interval since removal from exposure
varied from 3–24 weeks (although it was ≤16 weeks in
16 out of 18 subjects) did not seem to affect our results.
Biopsy material all showed features of inflammation, and
there was no relationship between the extent of inflam-
mation and the interval since removal from exposure.
Our results extend to a wider interval, those of SAETTA

and co-workers [22], studying six subjects who had not
been exposed for a fixed interval of 6 months (24 weeks).

It can be argued that the fact that most of our subjects
were atopic could explain why they were left with per-
manent inflammatory sequelae and persisting asthma.
This possibility is unlikely, for the following reasons.
Atopy is a frequent finding in a general population.  In
previous studies, we showed that the prevalence of atopy,
defined by at least one immediate skin reaction to a bat-
tery of common inhalants, was 60–76% [38–40].  However,
only 2–5% of these had OA.  In this study, 12 out of 18
subjects (67%) were atopic, which corresponds to pro-
portions found in our previous population studies.  It
seems unlikely that atopy defined by skin testing (this
was the case in subjects with OA), or in controls (as
defined by history), can affect results of biopsies, as
atopy is a genetic marker and should not alter the his-
topathological features if no target organ, such as the
bronchi in asthma, is involved.  Activation of inflam-
matory cells was demonstrated in 10 atopic subjects
described by BRADLEY et al. [41], but six of these had
evidence of rhinoconjunctivitis.  These results should,
therefore, not be interpreted as showing that atopy per
se can influence airway inflammation.  In keeping with
the persistence of airway inflammation after cessation of
exposure to a sensitizing substance at work, PAGGIARO et
al. [29] also showed that after cessation from exposure
to TDI, persistence of airway hyperresponsiveness in
sensitized subjects was associated with an increased
number of eosinophils in BAL fluid.

Finally, the diagnosis of OA was always based on the
following: 1)  no subject had a history of asthma before
starting exposure to the causal agent; 2)  no subject had
respiratory symptoms on exposure to common airborne
allergens; 3)  the history was always that subjects were
more symptomatic during a working period than when
they were away from work; and 4)  specific inhalation
challenges to the causal agent proved the relationship
between exposure and symptoms.  Therefore, even though
we cannot entirely exclude the possibility that the per-
sisting asthma was due to other causes, the clinical and

functional evidence points out that the occupational agent
was at least the principal cause of the asthma.  In the
same way, we do not think that smoking affected our
results.  Indeed, by excluding smokers or ex-smokers of
>10 packs-years (n=5) from the analysis, we showed that
smoking did not alter our results.

In conclusion, this study shows that in subjects with
OA who had been recently removed from exposure, no
significant increase in inflammatory cells could be found
in BAL fluid but bronchial biopsies show significant
airway inflammatory changes using both light and elec-
tron microscopy, which were not different in subjects
with asthma induced by high and low molecular weight
agents.
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