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Reactive Dye Induced Occupational Asthma
without Nonspecific Bronchial Hyperreactivity

Hae Sim Park', Mi Kyung Lee and Chein‘-Soo Hong

Current asthma is often excluded by the presence of normal bronchial hyperresponsiveness. We report
two asthmatic patients with normal bronchial hyperresponsiveness and one asthmatic patient with mild bron-
chial hyperresponsiveness (methacholine PCzo; 24 mg/mi) which was presumed to be caused by sensitization
and exposure to Black GR, the most frequent sensitizer among reactive dyes. They all complaiend of lower
respiratory symptoms after work as wel as at the workstation. The bronchoprovocation test with Black GR
revealed isolated immediate bronchoconstrictions in all 3 patients and all had high specific IgE antibodies to
Black GR-human serum albumin conjugate. After one worker continued at work for 3 days, he experienced
a marked drop of methacholine PCso, and it returned to the pre-exposure level during 1 week. The other pa-
tient whose initial methacholine challenge was negative developed bronchial hyperresponsiveness on the first
day after the dye bronchoprovocation, and returned to normal bronchial hyperresponsiveness on the third
day.  These findings suggested that patients with occupational asthma caused by reactive dye may not always
have bronchial hyperresponsiveness to methacholine, and the screening program utilizing methacholine challenges

[0 Original Article [J.

may not always identify these patients.
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Occupational asthma has been defined as variable
airway narrowing causally related to exposure.in the
working environment to airborne dusts, gases, vapours
or fumes (Newman-Taylor 1980). The majority of pa-
tients with symptomatic occupational asthma have
demonstrable non-specific bronchial hyperreactivity
(Lam et al. 1979). It is unclear at present whether it
is the result of occupational exposure or a predispos-
ing factor.

Some investigators (Hargreave et al. 1980; Smith
et al. 1980; Stanescu and Frans 1982) reported several
cases of occupational asthma caused by toluene diiso-
cyanate (TDI) without nonspecific bronchial hyperreac-
tivity. Our previous report described 2 of 20 asthmatic
workers employed in dye industries who had a
positive response on Black GR-bronchoprovocation
test, but negative methacholine challenges.

This study describes our experience with three sen-
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sitized workers who demonstrated negative
methacholine challenges and one worker with mild
nonspecific bronchial hyperreactivity, but significant
bronchoconstrictions on the bronchoprovocation test
with Black GR, one of the most frequent sensitizers
among reactive dyes according to our recent studies
(Park et al. 1989; Park et al. 1989). And also, the
changes of nonspecific bronchial hyperreactivity with
exposure and avoidance to causative dye were
observed.

MATERIALS AND METHODS

Specific IgE to Black GR-Human serum albumin (HSA)
conjugate by RAST assay

The Black GR-HSA conjugate discs were prepared
and used to detect the specific IgE according to our
previous studies (Park et al. 1989; Park et al. 1989) as
follows: the dried discs were blocked with 10%
newborn calf serum for-1 hour, and incubated with
50 ul of patient serum for 6 hours at room
temperature. After a washing step, 50 ul of ***l labell-
ed anti-human IgE (Pharmacia, Uppsala, Sweden) was
added and left for 18 hours at room temperature. After
a repeated washing step, the bound radioactivity was
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measured using a gamma counter (Packard). The
results were expressed ‘as RAST percent bindings,
defined as a percentage of added counts per minute
(cpm) bound to a reactive dye-HSA conjugate disc.

Methacholine bronchial challenge test

The nonspecific bronchial hyperreactivity was
determined by the previously described method (Chai
et al. 1975). An aerosol of 0.9% NaCl, followed by
doubled concentrations of methacholine (0.075 to 25
mg/ml) was inhaled. The forced expiratory volume in

one second (FEV1) was measured 5 minutes after each-

- inhalation and continued until FEV1 had fallen by 20%
(calculated from the post-saline value). The pro-
vocative concentration of methacholine required for
a 20% decrease in FEV1 (PC,0) was obtained from the
dose-response curve. ‘

Bronchoprovocation test with Black GR

The bronchoprovocation test was performed ac-
cording to our previous studies (Park et al. 1989; Park
et al. 1989) using Black GR solution which was
prepared by dissolving Black GR in 0.4% phenolized
saline. The FEV1 and maximum mid-expiratory flow
(MMEF) were measured with a spirometer (HI 298,
Japan) before inhalation and 10 minutes after inhala-
tion. The test solutions were delivered by a
Vaponefrine nebulizer (Meiko Co., Japan) and a com-
pressed air source. The subjects were asked to breathe
the nebulized aerosol 5 times until their vital capaci-
ty was achieved. A phenolized saline solution was in-

haled for a baseline value, and serial increments in:

antigen concentrations (0.01, 0.1, 1.0, 2.5 mg/ml) were
given at 10 minute intervals until a 20% or greater
decrease in FEV1 from the baseline value was record-
ed. The FEV1 and MMEF were measured frequently

during the first hour, and then a pulmonary function
test was performed every 9 or 10 hours after the
challenge.

SUMMARY OF CASES

Three workers employed in two dye industries
located in Incheon, Korea were selected and the:
clinical and laboratory findings are summarized .in
Table 1.

Worker MY was a 38-year-old smoking man with
no past or family history of atopy and asthma. For the
previous 47 months he had worked at the dye in-
dustry. After 36 months, he began to experience short-
ness of breath and coughing with dye exposure. The
chest PA was within normal limits and the initial
methacholine bronchial challenge test was negative
at that time. A skin prick test with Black GR revealed
a strong positive response (7+), and the specific IgE
level to Black GR-HSA measured by RAST was 9.0%

- of bound radioactivity. A bronchoprovocation test
- with Black GR demonstrated an isolated immediate

bronchoconstriction after the inhalation of a 2.5 mg/ml
Black GR solution. The following methacholine
challenges revealed that nonspecific bronchial hyper-
reactivity developed 24 hours after the bron-
choprovocation test, and returned to the normal range
on the third day, as shown in Fig. 1.

Worker CY was a 32-year-old male working in
another dye industry. He had worked for 20 months
and was also a smoker.: He showed a significant
positive response (4+) on a skin prick test with Black
GR, and the specific IgE level was high (30% of bound
radioactivity). The methacholine bronchial challenge
test showed a negative response, and the bron-
choprovocation test with Black GR showed early bron-
choconstriction after inhalation of the 2.5 mg/ml Black

Table 1. Clinical and laboratory data of patients studied

Sex/Age Exposure

Methacholine

ki tivi ' ific 1gE
Skin reactivity - Specific lg Bronchoprovocation

Patients ) Atopy* to Black GR to Black GR ) .
(yrs) Duration (M) PCy (mg/ml) (AM ratio) (bound %) test with Black GR
. Early response
MY 4 - N
M/38 7 egative 7+ 9 at 2.5 mg/ml
. Early response
Y M i
cy /32 20 + Negative, 4+ 30 at 2.5 mg/ml
KM M/30 20 - 240 2+ 3 Early response
at 1.0 mg/ml

Atopy* was defined as a positive responder to one or more antigens on a skin prick test with seven common inhalant allergens.

M: Months
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Fig. 1. Changes of methacholine PC,, after Blatk GR-
bronchoprovocation test (3 ) in patient MY.
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Fig. 2. Changes of methacholine PCy, after Black GR ex-
posure (wgg ) for 3 days and Black GR-

Bronchoprovocation test ( i ) in patient KM. :

GR solution. The following methacholine challenges
could not be performed because he refused them.

Worker KM was a 30-year-old male worker and he
was also a smoker. He had worked for 20 months at
the same dye industry with worker CY. A skin prick
test with Black GR showed a 4+ response, and his
specific IgE was 3.0 %. His initial methacholine PCzo
was 24 mg/ml and he also demonstrated an isolated
immediate bronchoconstriction after inhalation of the
1.0 mg/ml Black GR solution. After working at his
workstation with dye exposure for 3 days, his
methacholine PC,, markedly decreased to 2.4 mg/ml
24 hours after the dye exposure stopped and then in-
creased to 4.5 mg/ml on the third day, 8.5 mg/ml on
the 5th day, and% 18 mg/ml on the seventh day, as
shown in Fig. 2. The Black GR bronchoprovocation test
was performed again on the second day, but his
methacholine PCy did not decline:
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DISCUSSION

The workers studied had clinical presentations of
occupational asthma without bronchial hyperrespon-
siveness- as other investigators have reported
(Hargreave et al. 1980; Stanescu and Frans 1982). But-
cher et al. (1977) reported that 8 of 11 TDI-sensitive
asthmatic workers showed positive methacholine
challenge tests, and O'Brien et al. (1979) noted increas-
ed bronchial reactivity to histamine in only 17 of 31
subjects sensitive to TDI. Our previous study (Park et
al. 1989) revealed that 2 of 20 asthmatic workers who -
showed positive bronchoprovocation tests after in-
halation of Black GR had 'negative methacholine
challenge studies. These findings are interesting obser-
vations, since the question occurs as to whether
underlying airway hyperreactivity, as demonstrated by
sensitivity to methacholine, predisposes an individual

‘to reactive dye asthma, and also as to whether it is

present before the development of clinically over
asthma. In this study, we could speculate that the Black
GR-bronchoprovocation test could develop
nonspecific bronchial hyperreactivity in a worker with
a negative methacholine challenge test, and repeated
dye exposure could decrease the methacholine PG
in a worker with initiatly mild nonspecific bronchial
hyperreactivity. Furthermore, careful inquiry about
whether he has ever experienced respiratory symp-
toms have ever been experienced with dye exposure
might be needed to identify reactive dye induced oc-
cupational asthma patients whose initial methacholine
challenge tests are negative. _

The mechanism which would explain the airway
response to Black GR cannot be ascertained from this
study. Our previous studies suggested that more than
one mechanism may be responsible for reactive dye
asthma (Park et al. 1989; Park et al. 1989). Black GR,
which has two reactive groups combined with tissue
proteins, can also act as an allergen. The specific IgE,
specific IgG and 1gG4 antibodies to Black GR-HSA con-
jugate were demonstrated in patients with occupa-
tional asthma caused by reactive dyes in our recent
studies (Park et al. 1989; Park et al. 1989; Park et al.
1989). In this study, our patients demonstrated signifi-
cant bronchoconstrictions on Black GR-
bronchoprovocation test. They all showed significant
positive responses on a skin prick test with Balck GR,
and had high specific IgE antibodies. These findings
suggested that the immunological, probably IgE
mediated, reaction was operative in their asthmatic
symptoms after the dye exposure.

N\
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Continued antigen exposure was associated with
an increase in- methacholine responsiveness in sen-
sitive patients. Such increases have been recognized
in association with late asthmatic responses which
have been known to probably be a consequence of
the allergic inflammatory reaction (Cartier et al. 1982;
Boulet et al. 1983). Patterns of variable airway narrow-
ing when the patient was at work suggested that he
had late asthmatic responses which are known to be
common in occupational asthma caused by a chemical
sensitizer (Chan-Yeung 1982). These late responses are
considered to be associated with an inflammatory
reaction (Gleich 1982),.and the occurrence of inflam-
mation is dependent on the level of IgE antibodies in
sensitive patients (Boulet et al. 1983). In this study, all
patients experienced asthmatic symptoms during the
night after work, as well as at the workstation, sug-
gesting late responses. The following methacholine
challenges revealed that repeated dye exposure could
increase airway hyperresponsiveness.

Changes in bronchial hyperresponsiveness to
histamine or methacholine have been described after
late or dual asthmatic reactions with common inhal-
ed allergens (Cockcroft et al. 1977; Cartier et al. 1982)
or occupational allergens (Cockcroft et al. 1979; Car-
tier et al.-1984). The inflammation that accompanies
- late bronchoconstriction is assumed to be responsi-
ble for such changes (Mapp et al. 1985; Hargreave et
al. 1985; Fabbri et al. 1987). Several studies (Cockcroft
et al. 1977; Cartier et al. 1982; Mapp et al. 1986) have
demonstrated that isolated immediated reactions after
exposure to commen allergens and to low molecular

weight chemicals do not induce significant changes *

in nonallergic bronchial responsiveness. However, Fab-
bri et al. (1987) described one subject who showed
an isolated immediate response, but had a change in
methacholine PC;o 2 hours after TDI exposure. Malo
et al. (1989) described two patients who demonstrated
isolated immediate bronchoconstrictions, but had very
significant changes in methacholine PC. In this study
the patient MY showed early asthmatic response on
the Black GR-bronchoprovocation test;, but nonspecific
bronchial hyperreactivity developed on the first day
after the bronchoprovocation test and disappeared
on the third day. The mechanism that developed bron-
chial hyperresponsiveness in this worker is unclear.
Cartier et al. (1986) described that a subject ex-
periences a significant drop in methacholine PC;, after
inhalation of plicatic acid for 30 seconds even if there
has been no evidence of airway obstruction. After a
previous challenge with plicatic acid for 7 minutes, he
did experience severe isolated late asthmatic
responses associated with a significant change in
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methacholine PCa. It is possible that more prolong-
ed exposure to reactive dye in our workers would

‘have induced late asthmatic reactions.

In conclusion, reactive dye induced occupational
asthma can occur at a time when methacholine bron-
chial responsiveness is normal and an isolated im-
mediate reponse induced by reactive dye might lead
to nonspecific bronchial hyperreactivity.
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