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Non-specific bronchial hyper-reactivity in workers exposed to
toluene di-isocyanate, diphenyl methane di-isocyanate and
colophony
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INTRODUCTION

The current immunopharmacological
concepts of asthma involve specific
triggers, mediated via antibody, and non-
specific amplification mechanisms. The
most important non-specific amplifica-
tion system involves a vagal reflex, with
the afferent limb probably involving the
irritant receptors in the bronchial
epithelium and the efferent limb ending in
bronchial smooth muscle. Non-specific
bronchial reactivity can be measured by
several methods, the most ususal involve
the inhalation of histamine, methacho-
line, acetylcholine or cold dry air. Some
believe that all workers with occupational
asthma have bronchial hyper-reactivity as
measured by these tests (10) and that a
negative test excludes occupational
asthma in a currently exposed worker.
Others argue that a correlation between
non-specific bronchial reactivity and
bronchial reactions to occupational
agents imply that the latter are acting by
pharmacological rather than by immuno-
logical mechanisms (13). This report ex-
amines the relationship between non-
specific bronchial reactivity to histamine,
and reactivity to toluene di-isocyanate
(TDI), diphenylmethane di-isocyanate
(MDI) and colophony. It also aims to
clarify the temporal relationship between
bronchial reactivity and occupational
asthma, to see if bronchial reactivity is the
cause or the result of occupational
’sensitisation’.

SUBJECTS AND METHODS

Bronchial reactivity to histamine was
measured the day before starting occu-
pational type bronchial provocation tests
in the following groups: 51 workers with
respiratory symptoms exposed to TDI at
work within the previous month; 40
workers with respiratory symptoms ex-
posed to MDI at the work within the
previous month; 45 electronics workers
with respiratory symptoms exposed at
work to electronic fluxes containing
colophony and 13 subjects without
occupational colophony exposure. Finally
38 workers with colophony exposure had
repeat measurements of histamine
reactivity after moving their place of
work.

Bronchial reactivity to histamine was
measured by the method of de Vries et al
(8) as modified by O’Brien et al (11).
Normal subjects do not react at 32
mg/ml, wheres the majority of asthmatics
react at concentrations below this. Ex-
posures to TDI were made with single
exposures on each day, with increasing
concentration from less than 0.001 ppm
to 0.02 ppm over at least five separate
days (12). Exposure to MDI were made
with single exposures on each day with
increasing concentrations from less than
0.001 ppm to 0.02 ppm, generally in three
stages (12). Colophony exposures were
made in eleven stages over four separate
days starting with a single breath and
increasing to a fifteen minute exposure (2,
4).
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RESULTS
Workers exposed to TDI

Thirty workers reacted to TDI at at-
mospheric concentrations up to the TLV
of 0.02 ppm. Twenty one currently ex-
posed workers failed to react to TDI at
the TLV, suggesting that their respiratory
symptoms were from other causes. Figure
1 shows the relationship between the
threshold doses of histamine and TDI.
Ten workers with histamine hyper-reac-
tivity failed to wheeze after TDI ex-
posures, showing that TDI was not acting
as an irritant at 0.02 ppm. There was a
significant correlation between threshold
doses of TDI and histamine for the 30
TDI reactors (r,=0.55, p<0.01, r,2=0.3,
Spearmans rank correlation test). Thirty
percent of the total variance in threshold
dose of TDI was therefore “’explained’”
by the histamine reactivity. When the
correlation included all 51 workers the
correlation coefficient fell to 0.33 but was
still significant (p <0.01). Histamine
hyper-reactivity was not obligatory in
workers with TDI asthma, it was normal
in 13/30 (43 %) of them.

Workers exposed to MDI

Twenty four workers reacted to MDI at
atmospheric concentrations up to the
TLV 0.02 ppm and 16 failed to react to
this concentration. Figure 2 shows the
relationship between threshold doses of
MDI and histamine. As with TDI, there
were exposed workers with histamine
hyper-reactivity who failed to react to
MDI at 0.02 ppm, showing that MDI also
was not acting as an irritant at 0.02 ppm.
There was no significant correlation be-
tween threshold doses of histamine and
MDI in the 24 MDI reactors (r,=0.1,
r2=0.01, Spearmans rank correlation
test). The lack of correlation may have
been due to the less predictable MDI
exposures and the fewer incremental
stages used.

Electronics workers exposed to colophony
Sfumes

Thirty one workers reacted to colophony
fumes when heated for up to 15 minutes,
during which the aldehyde content of the
fume did not exceed the TLV of 0.1
mg/m?. Fourteen workers failed to react
to a fifteen minute exposure (Fig 3).
There was good evidence from other
sources that their respiratory symptoms
were not work related. All but two of the
non-reactors had normal histamine
reactivity, as did 9/31 of those with
colophony asthma. There was a signifi-
cant correlation between threshold doses
of histamine and colophony in those with
colophony asthma (r,=0.42, p <0.025,
r2=0.18, Spearmans rank correlation
test). The correlation improved to 0.66
when all the exposed workers were
included. The paucity of colophony non-
reactors with histamine reactivity and the
improved correlation when colophony
non-reactors were included suggests that
irritant concentrations of colophony were
sometimes being achieved. This was
supported by an unexposed asthmatic
who responded to histamine at 1 mg/ml
and also to a five minute colophony
exposure. Nevertheless the correlation
between histamine and colophony thres-
hold doses was much less than be
expected if colophony was acting purely

as an irritant.
Thirty nine electronics workers who had

provocation testing with colophony and
histamine at presentation were followed-
up after a mean period of two years. They
were divided into three groups. The first
two groups had positive colophony
provocation tests at presentation. The 20
in group 1 had left the electronics industry
after diagnosis, the eight in group 2 had
been moved from direct exposure but still
worked within their original factories.
Group 3 included 11 workers with
respiratory symptoms who had negative
provocation tests at presentation. The
results are shown in Figure 4. Sixteen/
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Figure 1. Relationship between bron-
chial reactivity to histamine and the
threshold dose of toluene di-isocya-
nate in 51 currently exposed workers.
® = TDI reactors

A= TDI non-reactors.

Figure 2. Relationship between bron-
chial hyper-reactivity to histamine
and the threshold dose of diphe-
nylmethane di-isocyanate in 40 cur-
rently exposed workers.

* = MDI reactors

A= MDI non-reactors.

Figure 3. Relationship between bron-
chial reactivity to histamine and the
threshold dose of colophony.

* = 31 exposed workers with occu-
pational asthma due to colo-
hony.

A= 14 exposed workers not react-
ing.

0= 13 workers not occupationaily
exposed
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twenty of group 1 cases had hyper-
reactivity at presentation which had
returned to normal in nine at follow-up.
A further two showed improvement by at
least two concentrations. One group 2
worker returned to normal and one
improved by three concentrations. Of the
11 workers thought not to have
occupational asthma at presentation nine
remained unchanged, one improved and
one deteriorated, suggesting that these
were not missed cases of occupational
asthma.

DISCUSSION

Two important studies have assessed the
role of non-specific bronchial reactivity
and IgE antibody in asthma induced by
common environmental allergens (1, 7).
Both found that the level of specific IgE
antibody was the most important
variable, but that histamine reactivity
’accounted’ for 29% and 27% of the
difference in threshold doses of allergen.
The figures for the TDI and colophony
workers were 30% and 18 % suggesting
that histamine reactivity played a similar
role in both occupational and non-
occupational asthma. If TDI and
colophony were acting primarily as
irritants, the correlation between thres-

Figure 4. Histamine reactivity at pre-
sentation and follow-up (after a mean
of 2 years) in electronics workers (a)
in 20 workers who had occupational
asthma due to colophony and left
work at follow-up (b) in eight work-
ers who had occupational asthma due
to colophony and had been moved
within their original factories, and (c)

! 2 in 11 workers who had negative
Challenge colophony provocation tests at
negative presentation.

hold dose and histamine reactivity should
have been much higher. These results
suggest that a major variable, such as
specific antibody, was present, but so far
no specific antibodies to colophony have
been found, and TDI antibodies appear
only in a minority of sensitised workers.
There was no significant correlation
between the threshold doses of histamine
and MDI, partly because MDI exposures
were less pedictable and fewer
incremental stages were used.

There were fifteen exposed workers
with bronchial hyper-reactivity who failed
to react to 0.02 ppm of TDI or MDI,
providing good evidence that 0.02 ppm is
below the irritant concentration of these
isocyanates. Chester et al (6) found
similar results in 20 workers exposed to
TDI. However, in a study of a plant
manufacturing TDI, threshold dose of
methacholine and TDI were closely
related in 10 TDI reactors and 4 TDI non-
reactors (5). The TDI manufacturers were
intermittently exposed to high levels of
TDI, and to phosgene, both of which
could cause non-specific irritant
reactions. The TDI workers in the present
study were mostly printers and laminators
of flexible packaging, where TDI ex-
posures over 0.02 ppm were very unusual.
The difference in exposure patterns may





[image: image5.png]explain why TDI appeared to be acting as
an irritant in one study and as a specific
sensitiser in the other.

Thirty eight percent (30/79) of the
present workers with occupational asthma
had normal histamine reactivity despite
recent occupational exposure. Normal
bronchial reactivity cannot therefore be
used to exclude occupational asthma, as
suggested in workers exposed to Western
Red Ceder whose non-specific hyper-
reactivity was measured with methacho-
line (10). In general there is a good
correlation between non-specific
reactivity measured with histamine and
cholinergic drugs (8, 9). In Bryant and
Burn’s (1) study the combination of
specific IgE levels and histamine thres-
hold doses left 39% of the threshold
doses of house dust mite unexplained,
suggesting that other variables were
present. The presence of blocking IgE
antibody may increase the threshold doses
of antigen, and other non-specific ampli-
fication mechanisms may reduce it; these
include the ease with which histamine is
liberated from basophils by the same
combination of antigen and antibody, the
degree of cyclic AMP response to f3-
sympathonimetic agents, and the excit-
ability of the bronchial smooth muscle
itself. It is therefore reasonable to find
histamine reactivity as an important
variable in occupational asthma, but
unreasonable to expect it to be the only
important one.

Having defined histamine reactivity as
an important variable it is necessary to
determine whether it is the cause or the
result of occupational sensitisation. So
far there are no prospective studies
measuring bronchial reactivity in workers
developing occupational asthma. The
improvement of histamine reactivity in
workers removed from exposure in this
study, and in nine workers exposed to
Western Red Cedar reported by Lam et al
(10), strongly suggests that the hyper-
reactivity is the result of sensitisation.
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Several chemicals capable of causing
occupational asthma (including TDI and
colophony) are irritant at high concentra-
tions. This property may enhance the
likelihood of their causing occupational
asthma by causing transitory bronchial
hyper-reactivity. Workers with pre-
existing asthma are more likely to develop
occupational asthma (3) probably because
they are likely to have the non-specific
amplification mechanisms present
beforehand.

In conclusion it seems that bronchial
hyper-reactivity is an important amplifi-
cation system in these groups with
occupational asthma but is not obligatory
for its development. It appears to be the
result rather than the cause of sensitisa-
tion, and returns towards normal when
the occupational exposure ceases.

SUMMARY

Non-specific bronchial reactivity to
histamine has been measured before
specific occupational bronchial tests in
the following groups: 51 workers exposed
to toluene di-isocyanate (TDI); 40
workers exposed to diphenylmethane di-
isocyanate (MDI); 45 electronics workers
exposed to colophony fumes and 13
unexposed controls. Finally 38 electronics
workers had repeated measurements after
moving their place of work. The results
showed that histamine reactivity was an
important, but not obligatory, factor in
the development of occupational asthma,
and that it appeared to be the result rather
than the cause of occupational asthma, as
it returned towards normal in workers
removed from exposure. TDI and MDI
were shown to be acting as specific causes
of occupational asthma rather than non-
specific irritants at concentrations up to
0.02 ppm. There was evidence that some
irritant reactions to colophony were
occurring at exposure levels encountered
at work, but that the majority of workers
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with colophony asthma were having
specific reactions to the colophony fume.
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