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ABSTRACT The acid anhydrides are a group of reactive chemicals used widely in alkyd and epoxy

resins. The major hazards to health are mucosal and skin irritation and sensitisation ofthe respiratory
tract. Most occupational asthma caused by acid anhydrides appears to be immunologically mediated.
Immunological mechanisms have been proposed to explain an influenza-like syndrome and
pulmonary haemorrhage, but direct toxicity may also be important in the aetiology of these
conditions.

Acid anhydrides are reactive organic chemicals of low
molecular weight which have been used in industry for
over 50 years. Their major toxic effects are irritation of
mucous membranes and hypersensitivity, in particular
asthma (tables 1 and 2).'-'4 These are not unusual
effects and other reactive chemicals, such as isocyan-
ates and amines, have a similar spectrum of toxicity.
But the acid anhydrides are of special interest because
in vitro tests for the immunological response to them
have been developed in the past ten years which give
a new dimension to clinical and epidemiological
research.

Industrial uses

Acid anhydrides are named after their parent acid.
Acetic anhydride is the simplest member of the family.
Figure I shows the chemical structures of those
reported to cause asthma: phthalic anhydride (PA),
tetrachlorophthalic anhydride (TCPA), trimellitic
anhydride (TMA), hexahydrophthalic anhydride
(HHPA), himic anhydride (HA), maleic anhydride
(MA), and pyromellitic dianhydride (PMDA).
The major uses of the chemicals are in alkyd and

epoxy resins."'9 PA is used to make phthalate plasti-
cisers and other chemicals. Alkyd resins are named
from akohol and acid but anhydrides are often more
reactive than their parent acids and are used instead.
PA and MA are common constituents of alkyd resins,
which form the base for paints, varnishes, and reinfor-
ced plastics. Epoxy resins are made from epichlor-
hydrin and bisphenol A (diphenoyl propane) and
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cured by a reactive chemical, such as an amine or acid
anhydride. They have good adhesive strength, elec-
trical insulation, and chemical resistance and are
widely used in adhesives, casting, encapsulation, coat-
ing, sealants, printing inks, fabric treatment, and
dental and surgical appliances, often in small work-
Table 1 Effects ofacid anhydrides on man*

Direct toxicity:
Skin irritation, burns, vesicles' 6
Conjunctivitis, keratitis, corneal burns, ulcers' 2
Rhinitis, pharyngitis' 8 1114 719 22

Epistaxis 8 11 121 16 19 20 22
Cough' 3 57811112 15 1722
Dyspnoea, wheezing7 22 24
Pulmonary congestion
Haemoptysis" " lo0 21 21
Bronchitis, emphysema346416 20
Transient increase in airway resistance2'
Dyspepsia

48 1A nausea, vomiting), anorexia, weight

Anaemia (± reticulocytosis, leucocytosis)4 12 23 24
Fever, chills, malaise weakness, headache,

dizziness2478 11 12 15 16 192324

Hypersensitivity:
Asthma (± rhinitis, conjunctivitis)3 47 172225 49
Urticaria3 433 43 50
Possible contact dermatitis5' 5
Fever, chills, malaise, anorexia, weight loss, myalgia:

Late respiratory systemic syndrome (TMA flu)' 38 39
With asthma""t3
With haemoptysis/haemolysis5"

Haemoptysis/haemolysis54 55

Other:
Possible lung cancer risk'5

*The author takes responsibility for interpretation of mechanism
where this was not clearly stated. Repeat publications on the same
patients have been excluded, except when the second paper reported
additional cases or new information relevant to this
review.7 12. 26 29. 22 41 A supplementary reference list is available from
the author.
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Low molecular weight chemicals, hypersensitivity and direct toxicity: the acid anhydrides
Table 2 Effects ofacid anhydrides on animals

Inhalation Mucosal irritation, other acute effects"' 53 57 58
Pulmonary oedema, bleeding" 53 58 59

Oral Little toxicity5'""'
Eye Eye irritation, corneal damage'"586263
Skin Irritation, reddening, acantholysis' 6465
Immunological Sensitisation596 74

places where occupational hygiene is poor.' Most acid
anhydrides are solids and need heat for curing, which
is expensive but, by contrast with amine hardeners,
most of which are liquids and cure at room tem-
perature in an exothermic reaction, allows for better
control ofthe reaction, thus improving the mechanical
and electrical properties of the cured resin. By the mid-
1960s about ten acid anhydrides were of major
commercial importance as epoxy hardeners.

Direct toxicity

Until the last ten years, most toxic effects reported
were direct irritation of mucous membranes or skin;
reports of hypersensitivity were rare (table 1). The
balance has changed recently. Concerning other
mechanisms of toxicity, one case-referent study has
associated lung cancer with a factory which manufac-
tured PA,56 but it also made acetylene and phthalates,
and as it was not possible to group subjects by
exposure to different chemicals, a specific association
has not been shown.
Acid anhydrides can cause severe irritation, includ-

ing skin burns, corneal ulcers, epistaxis, and haemop-
tysis (table 1). In animals they have caused eye
damage, respiratory mucosal irritation, and pulmon-
ary oedema and haemorrhage (table 2). The first
report of occupational toxicity from acid anhydrides
was made by the Chief Inspector of Factories and
Workshops in his report for 1937.' Eight men
developed mucosal irritation and a blistering rash
after working with MA and three required sick leave
for up to 40 days. In Japan 73% of 265 printers
exposed to MA reported eye pain, lachrymation, and
blurring of vision and 17 had signs of diffuse
superficial keratitis."3 In toxicological studies of 180
chemicals Carpenter and Smyth scored damage to
rabbit eyes on a 10 point scale and only two scored 10,
sodium hydroxide and MA.62 Epistaxis is a prominent
feature in early reports of PA toxicity and often
continued after work to be noted on waking the next
day."12 Haemoptysis and "pulmonary congestion"
due to PA were not uncommon in the 1940s and 1950s,
reported first by Donnat in synthetic textile workers.7
TMA in powder epoxy coatings has caused haemop-
tysis in recent years.23245" " The Health and Safety
Executive's review of the toxicity of TMA included
previously unpublished inhalation studies in animals58

which suggest that pulmonary oedema, haemorrhage,
and acute inflammation increase in severity with
increasing intensity of exposure.
These severe irritative effects appear related to

heavy occupational exposure, such as occurred in the
postwar organic chemical and plastics industries. Few
early reports included environmental measurements,
but occupational exposure to PA at 10-18 mg/m3 14
and 4-40 mg/m3 "7 caused symptoms of mucosal
irritation, the latter study reporting evidence for dose
related symptoms. Indirect evidence suggesting heavy
exposure comes from reports of environmental con-
tamination in the 1950s and 1960s. A German factory
contaminated its environment with PA, affecting
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Fig 1 Acid anhydrides reported to cause asthma.
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224
vegetation, farm animals, and children in the local
school.3 PA production plants in the United States
caused eye irritation in local residents.8' Concentra-
tions of MA around a Soviet factory were up to 3-3
mg/m3 at 500 m distance and up to 2-6 mg/m3 at
1 km.82 Irritative symptoms also occur in current
working conditions: TMA at 1 7 to 4 7 mg/m3 22 4' and
0 007 to 2-1 mg/m3 3883 8 has caused rhinitis, epistaxis,
cough, dyspnoea, and wheezing. Most reports have
expressed exposure as time weighted averages and the
peak concentrations may have been much higher. This
may explain why irritation still occurs today.
There is some evidence for individual variation in

irritation. One report suggested blondes are more
susceptible to skin burns basing this on observation of
German prisoners conscripted to factory work in
wartime France.2 In a study of acute effects of
exposure to PA and tetrahydrophthalic anhydride on

lung function workers with considerable past exposure
had minor effects, but an investigator with asthma had
a pronounced increase in airway resistance, requiring
the use of a bronchodilator.2' There is a second report
of an investigator with asthma experiencing an asth-
matic attack on exposure to PA.34 Two reports have
suggested that patients with pre-existing chronic bron-
chitis take longer to recover from accidental exposure
to acid anhydride.62°
Some reports of bronchitis or emphysema (table 1)

are based on clinical observation rather than formal
prospective studies and they may be erroneous. Two
refer to spastic or asthmatic bronchitis'6 ' and the
cases may have had asthma. The possibility that acid
anhydrides cause chronic airway narrowing, however,
cannot be discounted.

It is not clear if ingested acid anhydrides are toxic.
Although animal experiments suggest they are not
(table 2), acid anhydride containing dust impacted on

the pharynx after inhalation may be swallowed and
upper gastrointestinal irritation has been proposed512
as the mechanism for dyspeptic symptoms in exposed
workers, which are sometimes accompanied by loss of
weight or anaemia (table 1). Phthalic acid, the
metabolite ofPA after hydrolysis, has been detected in
the urine of men exposed to PA" but it is not clear if
systemic absorption occurs from the respiratory or

gastrointestinal tracts. A 1964 review commented on

the lack of systemic toxicity in animal studies53 but
systemic symptoms in man have been reported
frequently, particularly influenza like symptoms of
fever, malaise, and headache, often accompanied by
respiratory symptoms (table 1). Some authors have
attributed such symptoms to acid anhydrides, others
to exposures different from, but occurring in parallel
with, acid anhydrides, such as vanadium pentoxide,
benzene, or naphthalene in PA production,5 or
solvents in phthalate production.'6

Venables
Hypersensitivity

The reactive anhydride group so useful for extending
and cross linking polymeric chains also reacts readily
with amino acids. Protein chemists use acid
anhydrides as laboratory reagents because of their
property of linking with lysine.85 86 This explains their
effectiveness as haptens and as causes of occupational
hypersensitivity. The major form is allergic asthma,
with or without rhinitis, conjunctivitis, or urticaria,
called type I hypersensitivity in the 1963 classification
of Gell and Coombs (table 1).8 It has been suggested
that acid anhydrides cause haemoptysis through a
type II response and systemic influenza like symptoms
through a type III response88; these are discussed
below. The evidence for contact dermatitis (Gell and
Coombs type IV) is slight. PA was included in a review
of agents known to cause both asthma and contact
dermatitis, but no supporting references were
quoted.89 Contact dermatitis has been reported to
materials containing MA but could equally have been
caused by other chemicals.5' 52 The present reviewer
has found one report of a positive patch test to PA.53

ASTHMA
Of the 29 reports traced by the author which refer to
asthma caused by acid anhydrides, most are of PA
induced asthma.3 4 7 17 233 35 39424 46Asthma caused by
TMA 22 31 38 39 41 47 TCPA,34048 and MA3647 appears less
common and there are single case reports only of
asthma caused by PMDA,37 HA,43 and HHPA.45
Twenty five of the 29 have included either a challenge
test or an immunological test (table 3). Surprisingly
few publications (only nine) have included results
from both types of test, of which only six323440444648
used challenge tests which would be technically ac-
ceptable today. Of the four using neither type of test,
three were early reports347 and one was a review of
Swiss social security benefit claims.27 There have also
been some unreferenced statements that PA and MA
cause asthma.8"9'

CHALLENGE TESTS
Sixteen reports included challenge tests. The first
formal inhalation challenge test was reported from

Table 3 Reports ofasthma caused by acid anhydrides

Laboratory Immunological reactivity
or workplace
challenge test Positive Negative No test Total

Positive 622 30404446 232 34 731 33 35 37 4247 15
Negative 0 129 0 1

No test 725 29 38 394143 45 217 26 43 4 7 7 13

Total 13 5 1 1 29
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Low molecular weight chemicals, hypersensitivity and direct toxicity: the acid anhydrides

Table 4 Challenge tests in acid anhydride induced asthma

Response to test
Report and
chemical No Immediate Late Comments

19773 UK PA 3 + + Vapour (2), 1 breath, 2 mins. Dust (1) 29%* for 10 mins
TMA I + ' + Vapour I breath

197732 USA PA I + + Vapour 1 25 mins
197833 Japan PA I + +
19783' USA TCPA 3 - + Mixing powders 20 mins
19834° UK TCPA 4 +(2/4) + Dust 30 mins. Responses at 1 1-10% in dust, 67-630,pg/m3

in air (mean values), highest single reading 961 ug/m3
198342 UK PA I + + Vapour 5 breaths
19864' Sweden PA 2 + + Dust aerosol via mask. 0 5 mg/m3 for 10 mins, 6 mg/m3 for 5

mins
198747 UK MA 2 + + Dust 1% for 5 minst

TMA I + - Dust 1% for5 mins
19874 UK TCPA I + + Dust 1% for 30 mins

*Concentration (%) of acid anhydride by weight in lactose powder.
tOne case also had an isolated late response at 0 2% in dust and the response peak was several hours later than at I % (fig 2). This study also
showed an increase in non-specific bronchial responsiveness after late, but not immediate, asthmatic responses.

Romania in 196928 and was negative. Interestingly, it
was carried out with an alcoholic solution of PA. The
first positive challenge test was reported in 19763° and
used a PA dust test, but an alcoholic solution of PA
had also been tried before the dust test and elicited
only a small response. The reason for the lack of
response to alcoholic solutions may be simply that the
dose was inadequate but animal studies have shown
that large antigen particles of 100 ,um diameter elicit
greater airway responses in sensitised guinea pigs than
particles of 3 to 5 gm diameter, or than antigen in
solution,92 so possibly particle size was too small in the
alcoholic solutions.
Nine of the 15 reports of positive challenge tests

describe standardised, laboratory tests, with lung
function monitoring for an adequate period (table 4).
Several hours of observation are necessary to detect
late asthmatic responses, which are a characteristic
feature of occupational asthma in general,93 and of
asthma caused by acid anhydrides, as table 4 shows.
Twelve of the 20 patients in table 4 were tested at the
Brompton Hospital.3"404748 Ofthe 20, 19 had either late
asthmatic responses, maximal several hours after
exposure, or dual responses with an immediate com-

ponent within the first hour as well as a late response
(fig 2). Only one had an isolated immediate response.47
These responses were provoked by low exposures-for
example, PA and TMA vapour exposure for the
duration of only one breath.3' In four patients tests
were carried out over a range of exposure, which was

monitored by environmental measurements" and the
size of the asthmatic response appeared to be dose
related.48 In the only study to monitor non-specific
bronchial responsiveness, late asthmatic responses
were accompanied by an increase in responsiveness
but the one patient with an isolated immediate res-

ponse had no change in responsiveness.47 Others have

shown that the increased non-specific responsiveness
after late asthmatic reactions may persist for days, or
even weeks.9394 The importance of these observations
is that they show that the late, not the immediate,
asthmatic reaction is the reaction component
associated with non-specific bronchial hyperrespon-
siveness, the characteristic pathophysiological feature
of asthma, which is related quantitatively to the
clinical severity of asthma.95
Of the remaining six reports of positive challenge

tests, one is an abstract with information only on
immediate responses' and the other five monitored
lung function for only a short period, three in the
laboratory303536 and two in the workplace.2237 It is
difficult to interpret falls in lung function of short
duration, because an asthmatic subject with hyper-
responsive airways will experience transient airway
narrowing to a range of inhaled irritants and may have
a false positive response to acid anhydride. One
"positive" challenge included in table 3 may well be
such a response.35 A patient with meat wrapper's
asthma had an immediate response within minutes to
heated packaging labels and also to PA, which may be
eluted from labels. The patient, however, was hyper-
responsive to inhaled acetylcholine so may have
responded to PA as an irritant. Late asthmatic respon-
ses were seen to heated PVC film and to epoxidised
soya bean oil but no serological or skin tests to confirm
PA hypersensivity were carried out so it is not clear if
PA causes meat-wrapper's asthma as was claimed.

IMMUNOLOGICAL TESTS
Many low molecular weight chemicals other than acid
anhydrides cause asthma, such as isocyanates, amines,
plicatic acid (in western red cedar wood) and abietic
acid (believed to be the agent in colophony responsible
for asthma) but progress in developing reliable assays
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Fig 2 Asthmatic responses in challenge tests. Patients with asthma caused by MA (left) and TCPA (right). Dust challenge
tests were carried out with appropriate acid anhydride diluted in lactose powder. Dual asthmatic response was seen at a higher
exposure than that provoking a late response. (Redrawn with permission,from J Allergy Clin Immunol.'47)

for the immunological response to these chemicals has
been slow. Such tests are useful in research and,
particularly in patients exposed to several different
chemicals, help to establish the cause of symptoms in
clinical practice. The first report of asthma caused by
an acid anhydride was by Kern in 193925 and was ofan
industrial chemist with asthma and rhinitis caused by
PA. This was also the first report to describe an
immunological response to acid anhydride: the patient
had weals to scratch tests with PA crystals and serum

reagin to PA, shown by a Prausnitz-Kustner test.
Thirty years later, reagin was identified as a new

antibody class and named IgE. This case report led to
experiments in the 1940s in which a range of acid
anhydrides was used to sensitise animals which
developed weals in scratch tests, occasionally general-
ised urticaria, and had a serum antibody resembling
human reagin."9 The first description of a specific
response in an in vitro assay was of lymphocyte

transformation in 1972.29 Serum IgE antibodies to acid
anhydride were shown first in 197630 and IgG
antibodies in 1977.22 IgA and IgM antibodies96 and
histamine release from leucocytes22 have been
reported.

Table 5 summarises the results ofstudies which have
measured serum antibody to acid anhydrides in cases
of acid anhydride induced asthma. Most cases have
serological reactivity to acid anhydride, both IgE and
IgG, but IgE appears to discriminate cases of asthma
from exposed workers without asthma better than
IgG, because the prevalence of IgG is high in exposed
workers. Although most of the cases and controls in
table 5 were selected subjects, investigations on a

complete series of cases from one factory and on the
population from which they were drawn have confir-
med the relative frequency of IgE and IgG antibody.
All of a group of seven cases of TCPA asthma' had
IgE antibody to TCPA, compared with 8% of 300
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Low molecular weight chemicals, hypersensitivity and direct toxicity: the acid anhydrides
Table 5 Serum IgE and IgG antibody in acid anhydride induced asthma

Cases ofasthma Exposed but no asthma

Report and chemical No IgE(%) IgG(%) No IgE(%) IgG(%)

197722 USA TMA 4 75 100 10 10019813' USA TMA I 100 100 19 ii 63
198239* USA PA, TMA 5 40 60 15 13 2019834"t UK TCPA 7 100 100 300, 14 8 29198444 Finland PA 3 100 ? 64 ? 561985" USA HHPA 4 100 50 23 35 39

? Number of significant antibody level not reported.
* Including two cases of rhinitis.
t IgE results in 300 exposed workers taken from a survey at the factory where the seven cases had worked.97 IgG results taken from a studywhich included the seven cases and 14 exposure matched controls without serum IgE from the factory survey.'

exposed workers without TCPA asthma.97 By con-
trast, all cases had IgG as did 29% of a sample of
exposed workers.4 As workers with IgE were excluded
from this sample, the true prevalence of IgG in the
factory was probably higher than 29%. It is possible
that the formation of IgG antibody is a reflection of
exposure to acid anhydride, but the formation of IgE
reflects clinical hypersensitivity.

It is often proposed that low molecular weight
chemicals cause asthma by several pathways, includ-
ing non-immunological mechanisms. A recent survey
of 118 Swedish workers exposed to PA found that
symptoms in 21 (18%) met a questionnaire based
definition of occupational asthma.4 The authors sug-
gested that some of these cases had asthma caused by a
non-immunological mechanism as, in three, symp-
toms improved despite continued exposure and only
27% of those with occupational asthma who were
tested (3/11) had a positive scratch test to pulverised
PA crystals. The authors further suggested that tem-
porary heavy exposure might have been the cause of
asthma in the three cases whose asthma improved.4
Heavy exposure to mucosal irritants is known to cause
bronchial hyperresponsiveness which may persist for
months or years.93 This has been termed "reactive
airways dysfunction syndrome," but the distinction
from asthma seems arbitrary. The negative skin tests,
though, may be false negatives as they were carried out
with PA crystals and may have been insensitive. Forty
years ago, Chase commented that reactions to hapten-
protein conjugates were stronger than those to the
hapten alone in animals sensitised by low molecular
weight chemicals.' This has been confirmed recently
by in vitro inhibition studies which show that serum
antibodies in sensitised workers are directed against
the combination ofhapten with human protein, rather
than the hapten alone.43"

Five papers have reported failure to confirm hyper-
sensitivity by immunological tests (table 3). Insensitive
techniques may explain these negative results: skin
tests in one,'7 two,l and four' patients using PA rather
than PA-protein conjugate and tests for precipitating

antibodies in one3 and two28 patients, rather than the
recent sensitive assays for IgG antibody.2 Other
technical problems may also play a part. One study
used a radioallergosorbent test for anti-PA IgE in a
patient with PA asthma.32 It was negative but the
authors commented that the serum had been stored for
some time, perhaps not under optimal conditions.
Another used the same test for anti-PA IgE in a patient
with TCPA asthma, some years after removal from
exposure.4 Although there is cross reactivity between
TCPA and PA, the test results in TCPA asthma are
lower with PA than TCPA9 and levels of anti-TCPA
antibody fall after removal from exposure.1 The
antibody activity may have been too low at the time of
the test to be detected using PA. Nevertheless, even
studies using technically satisfactory immunological
tests find no evidence of hypersensitivity in occasional
patients (table 5), so the possibility of alternative, non-
immunological mechanisms cannot be excluded.

FACTORS CAUSING ASTHMA
The exposures that provoke asthma in a sensitised
patient may be no guide to those which cause sensitisa-
tion in the first place. Little is known about the acid
anhydride exposure that causes asthma.TMA at 1-7 to
4.7 mg/M3 I' and 0007 to 2-1 mg/M3 3883 8 has caused
asthma and PA at 03 to 15 mg/M3.4 Heavy intermit-
tent exposure may be important in causing occupa-
tional asthma, including acid anhydride induced
asthma.'"' The patient described in the first report of
PA asthma, however, was a chemist.whose exposure
was indirect, from the nearby factory floor,25 so it is
possible that direct, heavy exposure is not essential. A
recent case ofasthma was caused by PA released from
grinding freshly cured resin moulds,42 and this
exposure may have been low.
Most cases of acid anhydride induced asthma

appear to develop in the first few years of exposure.
The median latent interval ofPA asthma was less than
one year in a Swedish survey4 and cases of TCPA
asthma developed within two years ofthe introduction
of TCPA to an epoxy coating process.49' "'i Most
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studies of occupational asthma show similar short
latent intervals.
Atopy is usually defined on skin reactivity in prick

tests with common allergens, such as pollens and
house dust mites, sometimes also on a personal or
family history of allergic disease. It is recognised as a
risk factor for occupational asthma caused by some
agents, notably those of biological origin.93" ' As with
other low molecular weight chemicals, no study of
asthma caused by acid anhydrides has noted a strong
association with atopy. In a survey of TCPA workers
in which 276 exposed workers had skin prick tests and
gave a blood sample 12% of atopic subjects had serum
IgE antibody to TCPA compared with 6% of non-
atopic subjects, a relative risk of two, though not
statistically significant,9" and this order ofrisk has been
observed for atopy and PA asthma' in Sweden.

In the survey of TCPA workers there was a
significant, sixfold excess of anti-TCPA IgE in current
smokers, so smoking was more important than
atopy.9" All the cases of TCPA asthma from this
factory were current smokers.' In an earlier series of
cases of TCPA asthma three of the five were current
smokers and two ex-smokers.' A single case of PA
asthma described by Maccia and colleagues was a
smoker,30 as were the three of the four cases whose
smoking habits were reported by Fawcett et al.3'
Smoking has been increasingly noted to be a risk

factor for occupational allergy in recent years. Smok-
ers are more likely than non-smokers to have serum
IgE (or skin prick test reactivity) to enzyme detergents,
ispaghula, and raw coffee dust93 01 102 and tobacco
smoke has an adjuvant effect for sensitisation with
ovalbumin in experimental animals.'03 Occupational
asthma is more common in smoking enzyme detergent
workers and snow crab processors'' 102 but this
association was not observed in PA asthma in
Sweden' or in western red cedar asthma.93 One
explanation for different patterns of association with
atopy or smoking in different studies may be the
selection of subjects. Botham and colleagues,'04 in a
longitudinal study of laboratory workers newly
exposed to animals, noted that atopic subjects were at
increased risk of occupational allergy, including
asthma, in the first year of employment but that the
association disappeared in the second and third years
when the incidence fell in atopic subjects and rose in
non-atopic subjects.'04 The same time "window" of
risk may operate for smoking as well as for atopy.
Smoking has a different effect on the induction of

IgG antibody and it is non-smokers who are at
greatest risk.'02 The explanation for these contrasting
effects is not known, though it presumably lies in the
complex immunodepressant effects of smoking, per-
haps also in its capacity to increase mucosal per-
meability to small molecules.'02 No study has yet

Venables

reported any increase in antiacid anhydride IgG
production by non-smokers, though it seems possible
that this occurs.

PROGNOSIS
Seven patients with TCPA asthma improved con-
siderably after leaving the firm where they were
exposed to TCPA but still had respiratory symptoms
and required bronchodilator therapy more than four
years later; five tested by inhalation of histamine had
bronchial hyperresponsiveness in the range seen in
mild asthma."° As none had asthma before exposure
to TCPA the symptoms and functional disorder were
probably a consequence of developing occupational
asthma. Follow up studies of asthma caused by other
occupational agents have shown a similar persistence
ofmild to moderate asthma.93 No other formal studies
of acid anhydride asthma after cessation of exposure
have been published, though several case reports
mention improvement after leaving exposure.

In addition to persistent asthma, these cases of
TCPA asthma also showed persistent immunological
reactivity (fig 3). ' Weal responses to TCPA conjugate
were still elicited over four years after leaving
occupational exposure and serum IgE antibody to
TCPA declined slowly, with a half life of one year,
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Fig 3 Serum IgE to a TCPA conjugate after leaving TCPA
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symbols (top) had challenge tests with TCPA in 19814 and
IgE rose afterwards, then fell. IgEfell to low levels but values
were still above range in unexposed workersfrom same
factory at which patients had worked when they developed
occupational asthma.97 (Redrawn, with permission,ftom J
Allergy Clin Immunol.')

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.46.4.222 on 1 A
pril 1989. D

ow
nloaded from

 

http://oem.bmj.com/


Low molecular weight chemicals, hypersensitivity and direct toxicity: the acid anhydrides
suggesting continued production of antibody or
release ofpreformed antibody from cellular reservoirs.
In four ofthe seven cases who had inhalation challenge
tests a rise in IgE antibody occurred after the tests even
though the exposure to TCPA was small: three to five
half hour exposures to low environmental concen-
trations'" (and table 4). The practical implication of
these findings is that, in sensitised patients who remain
at work with environmental or other controls mon-
itoring serum antibody may help to monitor exposure
and distinguish exacerbations of symptoms caused by
exposure to acid anhydride from exacerbations with
some other cause-for example, respiratory tract
infection. Monitoring is already carried out in some
workplaces which handle TMA, and reductions in
anti-TMA antibody levels have been observed in
workers after a reduction in exposure to TMA.4'83 8

OTHER ILLNESSES POSSIBLY CAUSED BY
HYPERSENSITIVITY
Papers about hypersensitivity to acid anhydrides have
dominated publications in recent years. In part, this
seems due to a fall in interest in direct toxicity because
reductions in occupational exposure have reduced the
severity ofmucosal and skin irritation. The increase in
the number of reports of hypersensitivity may have a

more complex explanation, however. Firstly, allergic
asthma was probably underdiagnosed in the postwar
years. There was considerable "background noise"
from respiratory irritation, with which the symptoms
of asthma are easily confused. The detection of
occupational asthma starts from a recognition that
respiratory symptoms are due to asthma and are

temporally related to work. An outbreak of TCPA
asthma was detected when a firm sought advice on

controlling respiratory sickness absence and an

employment medical adviser found that seven workers
who had required sick leave had symptoms of work
related asthma."'97 "' A series of investigations on

American TMA workers started when a company
doctor decided that the known irritant effects of acid
anhydrides did not adequately explain symptoms at
his plant, changed his "level of suspicion as to the
mode of action of TMA" and asked for a specialist
opinion.'05 Standardised challenge tests for investigat-
ing occupational asthma were developed only in the
1960s and 1970s."'I

Secondly, the increase has paralleled improvements
in immunological diagnostic technology and possibly
there is now some overdiagnosis of hypersensitivity to
acid anhydrides, diagnosis being based on the finding
of an antibody, rather than on clinical criteria. Pepys
has commented that, without evidence of a causal
association between an antibody and a clinical disor-
der, the presence of an antibody is evidence only of
exposure.'07 Two clinical disorders recognised for

many decades (table 1) have been attributed in recent
years to hypersensitivity88: an influenza like illness and
pulmonary haemorrhage. Attribution of an immuno-
logical mechanism followed detection of IgG
antibodies.

INFLUENZA LIKE SYMPTOMS
Influenza like symptoms caused by PA were first noted
by Donnat7 and then by other European authors,
before in vitro assays for antibodies to PA were
available (table 1). They were noted again in the
United States in TMA workers in 1977.22 The workers
named the illness "TMA flu" and it was later termed
the "late respiratory systemic syndrome" (LRSS). It is
characterised by respiratory symptoms late in, or
after, the workshift, with aching, shivering, fever, and
malaise, resembling the symptoms of extrinsic allergic
alveolitis.88 As table 4 shows, however, late onset
respiratory reactions are characteristic of acid
anhydride asthma and no challenge tests have been
carried out to determine if TMA flu is simply a late
asthmatic response nor have there been lung biopsies
or bronchoalveolar lavage studies to confirm a paren-
chymal immunological response distinct from asthma.
Febrile symptoms have been described in acid
anhydride induced asthma7'73 and also in asthma
caused by solder fumes."'0 Alternatively, the symptoms
may not be immunologically mediated. They tend to
occur in workshifts with high exposure to TMA' and
the descriptions resemble those of other occupational
febrile syndromes, such as metal fume fever or
polymer fume fever, which are not thought to have an
immunological basis.
One group ofinvestigators, working in Chicago, has

compared influenza like symptoms with the presence
of IgG antibody to TMA and has concluded that the
symptoms are IgG mediated.88 Some of their studies
are difficult to interpret, as symptoms were classified
with a knowledge of the immunological status, at least
of skin reactivity to TMA.224198 Two studies have
categorised symptoms independently of immun-
ological tests.38 39 Both included 20 workers: in one, 4/4
with influenza had IgG compared with 9/16 (56%)
without flu38; in the second the respective proportions
were 1/2 and 5/18 (28%).39 The association of
influenza like symptoms with IgG antibody is thus
weaker than that of asthmatic symptoms with IgE
antibody because of the high prevalence of IgG in
exposed workers without symptoms.

IfTMA flu is a form of hypersensitivity, rather than
direct toxicity from highTMA exposure (which would
also tend to induce IgG antibody), then it does not
appear to be extrinsic allergic alveolitis, as the term is
generally understood. Clinical examinations and chest
radiographs were normal22 and some workers have
continued working with lower levels of TMA with
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some improvement in symptoms.4"83 4 In classic
extrinsic allergic alveolitis, such as farmer's lung, there
are crackles and pulmonary shadowing in acute
episodes and pulmonary fibrosis may occur if
exposure continues, even low exposure. Until.patients
with influenza like symptoms have been investigated in
more detail, the case for hypersensitivity must be
regarded as unproved. The association of influenza
with IgG antibody could well be coincidental rather
than causal, a consequence of high TMA exposure
causing both antibody and symptoms.

PULMONARY HAEMORRHAGE
The history of aetiological hypotheses about pulmon-
ary haemorrhage in workers exposed to acid
anhydrides is similar to that of influenza like symp-
toms. The authors of early reports, before in vitro
immunological tests were available (table 1), suggested
that it was a form of acute chemical pulmonary
oedema and haemorrhage, which may occur after the
inhalation of several chemicals. Recent cases in TMA
workers in the United States have been found to have
anti-TMA IgG antibody, and hypersensitivity has
been proposed as at least part ofthe mechanism for the
illness. Because of the severity of the illness, these 12
patients have been investigated in much more detail
than patients *. thTMA flu.23245' s Lung biopsies were
carried out in four and showed non-specific changes
consistent with acute lung injury.2324 54 Immuno-
fluorescent studies were negative, suggesting
antibodies were not involved in the tissue injury.
Several patients also had evidence of haemolysis, but
direct and indirect antiglobulin (Coombs) tests were
negative.' 5 Without objective confirmation that
antibodies to TMA participated in the lung and red
cell damage, however, their presence must be regarded
as evidence of TMA exposure only. One of these
workplaces had fairly low TMA levels of 0-1 to 0-27
mg/m3 24 (not mg/mm3 as printed) (F A Herbert,
personal communication). The workers, however,
sprayed powder epoxy resin on to heated pipes with
little or no respiratory protection in a small workshop
with poor ventilation. This suggests high exposure and
the environmental survey was made after cases presen-
ted and possibly after improvements in hygiene. The
descriptions of working practices in the three other
small workplaces are similar. It is important that those
using acid anhydrides in these circumstances are aware
of the risk of severe, potentially life threatening
pulmonary haemorrhage. One of these 12 cases
required mechanical ventilation and transfusion of 14
units of blood.5'

Summary

The studies to date have shown that acid anhydrides

Venables

are mucosal and skin 1rritants and are also antigenic,
stimulating a polyclonal antibody response in several
immunoglobulin classes. There are many unanswered
questions and suggestions that need confirmation.
Although asthma is now well recognised and included
in the first United Kingdom legislation on statutory
benefit for occupational asthma,"'9 few publications
have compared careful challenge studies with the
results of immunological tests and there is only one
description of its prognosis after the avoidance of
exposure."'° Although most cases of asthma appear to
be due to hypersensitivity, the possibility of other
mechanisms remains. The aetiology of influenza like
symptoms and of pulmonary haemorrhage is unclear.
Hypersensitivity cannot be ruled out as a contributory
factor, at least in part, but these conditions may
equally be the consequences of heavy exposure alone.
The least studied area is the long term consequences of
repeated airway irritation.
There have been few population surveys, all cross

sectional. Some were small"72445 and others had a
narrow frame of reference, such as a survey of eye
symptoms in printers,'3 or another evaluating symp-
toms and lung function in PA workers after exposure
controls."' The cross sectional design has limitations:
healthy worker selection was shown in a Swedish
study' and, in an extreme form, in a survey ofTCPA
workers, where no cases of TCPA induced asthma
remained after a group of cases had left.97 Except for
some studies following the effects of exposure con-
trols,4183 84 no longitudinal studies have been perfor-
med. Environmental exposure may be measured using
high performance liquid chromatography"' or gas
chromatography."2 Exposure data are provided in
some reports but none has correlated individual
exposure with response variables. Smoking and, to a
lesser extent, atopy appear to be risk factors for
asthma and for IgE antibody production but this has
not been noted consistently, perhaps because of
different selection factors in different populations.
Exposure response relations and the role of individual
susceptibility can be studied adequately only in careful
longitudinal epidemiological studies.

This review was carried out for a thesis for the
University of London MD. I thank Dr Anthony
Newman Taylor and Dr Michael Topping for their
helpful comments on the manuscript and for their
collaboration over several years on studies of the
adverse effects of acid anhydrides.
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