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Case Report

Occupational Asthma Due to Azodicarbonamide
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Azodicarbonamide is a low molecular weight foaming agent
for plastics and rubbers. Azodicarbonamide can elicit acute and
chronic health related problems due to its potential for pul-
monary and cutaneous sensitization. Some cases of occupa-
tional asthma associated with exposure to azodicarbonamide
have been reported, of which only a few cases were confirmed
by specific inhalation challenges. Here, the first case of
occupational asthma due to azodicarbonamide in Korea, in
which the diagnosis was confirmed by specific inhalation
challenge, is reported.
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INTRODUCTION

Azodicarbonamide or 1,1° azobisformamide
(H2N-OC-N=N-CO-NI) is a condensation pro-
duct of hydrazine and urea. It is a low molecular
weight amide widely used in industry as a
foaming agent. It is manufactured predominantly
as a fine, yellow powder of particle sizes in the
2-10 micron range. Mixing with other chemicals
may produce modified products for a specific
purpose such as high expansion, self-dispersion
and adjustment of decomposition temperature.
The main usages are in the manufacture of plas-
tics and rubbers for wall coverings, floor cover-
ings, insulation and packaging materials.

Azodicarbonamide has been reported to cause
pulmonary and cutaneous sensitization."” Despite
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its widespread use in industrial processes, it only
sporadically causes occupational asthma. To date,
over 37 cases of occupational asthma associated
with exposure to azodicarbonamide have been
reported, of which only 4 cases were confirmed by
specific inhalation challenges.>” For uncertain
reasons, however, no further study concerning
occupational asthma due to azodicarbonamide has
been reported after the late 1980’s.

We report the first case of occupational asthma
due to azodicarbonamide in Korea, in whom the
diagnosis was confirmed by specific inhalation
challenge.

CASE REPORT

A 56-year-old man presented with cough,
dyspnea, and wheezing. Ten years earlier, he had
commenced employment at an azodicarbonamide
producing factory and his main job included
monitoring the quality of finely ground azodi-
carbonamide powder. Seven years after beginning
this work, he began to experience a cough, short-
ness of breath and wheezing. He was clinically
diagnosed as bronchial asthma at another hospital
and had been under medical treatment accord-
ingly. However, his symptoms did not improve
and became progressively aggravated, especially
during the evening after work. He had to stop the
work and visited the Inha University Hospital for
further evaluation and treatment of asthma. He
had no medical history apart from respiratory
symptoms, and had smoked half pack of ciga-
rettes a day between the ages of 30 and 50 years.

When initially evaluated, the patient had been
treated with fenoterol 5 mg orally 3 times a day,
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and inhaled fenoterol 200 microgram as needed.
Hemoglobin, white blood cell count and dif-
ferential counts were normal and the serum total
IgE was 20 U/ml. Allergy skin prick tests with 50
common inhalant allergens were all negative.
Chest X-ray film findings were normal.

The patient’s forced expiratory volume in one
second (FEV1) was 1.78L (67.7% pred.) with a
forced vital capacity (FVC) of 271 L (82.9% pred.)
and a normal carbon monoxide diffusing capacity.
The provocative concentration of methacholine
causing a fall of 20% in FEV; (PCy) was 0.85 mg/
mL. He was treated with budesonide dry-powder
inhaler two puffs (200 zg/puff) inhaled twice
daily, theophylline 200 mg orally twice daily, bam-
buterol 10 mg orally once daily, and salbutamol
metered-dose inhaler for as-needed use with a
2-week course of oral prednisolone treatments.
After 4-week treatment, his FEV; and FVC in-
creased to 2.58 L (98.1% pred.) and 3.24 L (98.9%
pred.) respectively and airway hyperresponsive-
ness was improved (PCyp 4.69 mg/mlL).

The patient showed a stable clinical condition
and diurnal variability of peak expiratory flow
rate (PEF variability < 20%) with treatments, thus
specific inhalation challenge tests were planned to
assess the possibility of occupational asthma. The
challenge tests were performed by the previously
reported method with slight modification at 5
weeks after initial treatments.” Because azodicar-

bonamide is not water-soluble and insoluble in all
common solvents, inhalation challenges were
performed with azodicarbonamide and lactose
powder. On day 1, as a control challenge, the
patient was asked to move 30 g of lactose powder
from one tray to another for 10 minutes in a small
isolated room. No significant change in FEV1 was
noted over the next 7 hours. On day 3, challenge
with a mixture of 50% lactose powder and 50%
azodicarbonamide powder was done by the same
method. Five hours after the inhalation, his FEV;
decreased from 2.54 to 1.97 L (22.4% fall) and the
patient complained of cough and chest tightness
(Fig. 1). Nonspecific bronchial hyperresponsive-
ness increased after the inhalation challenge (PCyo
at 7 days before challenge - 4.69 mg/mL; PCy at
2 days after challenge - 0.47 mg/mL).

To investigate the mechanism of azodicarbo-
namide-induced asthma, skin prick tests were
performed with 0.1, 1.0, and 5.0% (w/v) solutions
of azodicarbonamide in dimethyl-sulphoxide, and
patch tests were performed with azidicarbo-
namide in petrolatum at concentrations of 0.1, and
1.0% (w/w). The prick tests were negative at all
concentrations, but the patch test showed ++
reaction (erythematous papules with edema) at 48
and 96 h to 1.0% concentration. In vitro test for
antibody measurement was impossible due to the
insolubility of azodicarbonamide.

The patient was confirmed to have azodicar-
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Fig. 1. Specific inhalation challenges
by exposing the subject to lactose
(closed squares) or to azodicarbona-
mide (closed circles) powder for 10
min. No significant change in FEV,
was noted after exposure to lactose
powder. Late asthmatic reaction with
significant fall in FEV; was noted
- after exposure to a mixture of 50%
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lactose and 50% azodicarbonamide
powder. FEV: forced expiratory
volume in one second.
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bonamide-induced occupational asthma. Ie was
advised to discontinue exposure to azodicarbo-
namide and to take anti-asthma medication in-
cluding inhaled corticosteroid.

DISCUSSION

Azodicarbonamide is a chemical foaming agent,
which is an additive that decomposes when
heated to yield at least one type of gaseous de-
composition product. This evolved gas produces
micro-cellular materials for plastic and rubber
products. It is one of the most widely used
blowing agents due to its self-extinguishing, rela-
tively high decomposition temperature, and rela-
tively large gas evolution properties. Animal
experiments showed that it has no toxic or side
effect after acute or chronic exposure.”” Although
it is considered to be a non-toxic for man, several
reports indicated that it has a potential for
pulmonary and cutaneous sensitization."”

Asthma and asthma-like symptoms after long-
term exposure to azodicarbonamide powder have
previously been reported. Azodicarbonamide
caused substantial (8 -21%) falls in FEV, over one
shift in a grinding factory in the USA and 2 cases
of occupational asthma were identified.” In the
United Kingdom, 28 cases were detected on the
basis of a questionnaire study in the plastic in-
dustry.* Another case was described in the Ttalian
literature.” However, specific inhalation challenges
were not carried out to confirm the diagnosis in
these reports. Up to now, only 4 cases of occupa-
tional asthma due to azodicarbonamide have been
confirmed by specific inhalation challenges.”” In
addition, there has been no report of azodicar-
bonamide-associated occupational asthma during
the last decade.

The patient in this study demonstrated typical
features of occupational asthma similar to those
described elsewhere; a strong relationship be-
tween work and asthmatic symptoms, presence of
the latency period, worsening of symptoms at the
end of the day’s work or in the evening, and the
characteristic late-phase response to inhalation
challenge. The most distinguishing clinical dif-
ference between our patient and previously
reported cases is the duration of work exposure

before the onset of respiratory symptoms. Most
cases generally developed the attacks of asthma
within one year of exposure.”” Our patient had
only begun to experience asthma symptoms seven
years after beginning the work where he was
exposed to azodicarbonamide. There are, how-
ever, interindividual variations of the latency
period from months to years, and various factors
such as improved working condition and indi-
vidual susceptibility may contribute to the long
latency period of our patient.

The specific inhalation challenge in this study
was performed using azodicarbonamide powder,
because it is not water-soluble. We consider that
the bronchial reaction to the inhalation challenge
is not an irritant but a specific response. Asthma-
tic reaction was noted after exposure to azodicar-
bonamide powder, but no signification reaction
was noted after lactose power exposure. The
patient developed late-phase reaction and it is un-
likely that this late reaction is due to irritation.'”"
Worsening of nonspecific bronchial hyperrespon-
siveness to methacholine after inhalation chal-
lenge also suggests that the reaction is specific."""
In addition, we carried out azodicarbonamide
inhalation challenges on 2 control asthmatics with
similar nonspecific bronchial hyperresponsiveness
(PCx of 391 and 513 mg/mL) and no occupa-
tional exposure to azodicarbonamide. There was
no significant change in FEV; at these challenges.

The mechanism of azodicarbonamide induced
asthma remains unclear. Immunologic hypersensi-
tivity to azodicarbonamide in the form of allergic
contact dermatitis is well recognized.” Valentino et
al. described the protective effect of disodium
cromoglycate pretreatment and suggested an im-
munopathological mechanism of azodicarbona-
mide-induced asthma.” In general, patients sen-
sitized to high-molecular-weight allergens show
typical early- and late-phase reaction in inhalation
challenge. In contrast, patients sensitized to low-
molecular-weight chemicals may show isolated
late-phase reactions.”” The mechanism of airway
obstruction in isolated late-phase reactions may be
different from that of the late-phase in typical
dual reactions. Recent study showed that injection
of short peptide fragments of cat allergen that did
not cross-link IgE in patients with cat allergy
elicited isolated late-phase reactions with no
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visible early-phase reactions.”” This suggests that
the isolated late-phase response is probably dri-
ven by T cell reactivity."”"* Prick test to azodicar-
bonamide was negative, but patch test was posi-
tive in our patient without sign of allergic contact
dermatitis. Thus we consider that immunologic
mechanisms, especially T cell immunitiy rather
than IgE-mediated immunity, may be involved in
the development of azodicarbonamide-induced
occupational asthma.

In this regard, there have been some interesting
studies which demonstrated that azodicarbona-
mide is a T cell immunosuppressant both in vitro
and in wivo. It inhibits both the proliferative
response of CD4+ T cells and their secretion of
IL-2, IFN-y, IL-4 and IL-5, and these inhibitory
actions may have a negative effect on the devel-
opment of azodicarbonamide-induced asthma.”"”
But it display immunosuppressive effects in a
dose-dependent manner, and relatively large a-
mounts are required to exert T cell immunosup-
pressive action (over several grams/day orally in
human).”"” Although our patient had been chro-
nically exposed to azodicarbonamide, the expo-
sure dose was relatively low to exhibit immuno-
suppressive action because his exposure was by
the inhalation route only. Thus we think that T
cell immunosuppressive activity of azodicarbo-
namide may have no direct effect on the develop-
ment of asthma in this case.

The prognosis of azodicarbonamide-induced
occupational asthma has not been clearly deter-
mined mainly due to a paucity of case detection.
Previous reports described the disappearance of
symptoms and bronchial hyperresponsiveness
following the complete cessation of exposure or
even improved working conditions.”” Our patient,
however, had persistent symptoms of bronchial
hyperresponsiveness in spite of complete avoid-
ance of exposure for 6 months. Delayed avoidance
from the onset of symptoms may be the most
important cause of such an incomplete recovery,
because the patient had had prolonged exposure
to azodicarbonamide for more than 3 years after
the onset of symptoms. In fact, more than half the
patients who develop occupational asthma will
continue to have symptoms even if they leave the
workplace, and the duration of exposure after the
onset of symptoms and the severity of the asthma
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at the time of diagnosis are important determi-
nants of the prognosis.'*""

In conclusion, we report upon a case of occu-
pational asthma due to azodicarbonamide. Occu-
pational history and details of working conditions
should be carefully obtained whilst examining
any suspected case, and specific inhalation chal-
lenge should be performed.
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