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Development of bronchial sensitization to inhalant
allergens in occupational asthma patients

Hae-sim Park and Dong-ho Nahm

Department of Allergy and Clinical Immunology, Ajou University School of Medicine, Suwon, Korea

ABSTRACT

In cases of occupational asthma due to reactive chem-
icals, an appreciable number of patients have persis-
tent asthmatic symptoms and airway inflammation
even after several years’ avoidance of the cause
agents. A case of late respiratory systemic syndrome
(LRSS) caused by phthalic anhydride is reported. The
patient showed a progression of bronchial asthma due
to house dust mite and developed a new bronchial
sensitization fo horse hair during the 5 year follow-up
period. The patient was diagnosed in September 1990
as having LRSS due to phthalic anhydride. He was
atopic and had worked in a factory preparing materi-
als for paints for 8 years. After leaving his workplace
and commencing treatment with anti-asthmatic medi-
cations, his asthmatic symptoms and airway hyper-
responsiveness were much improved for 1 year (PC20
methacholine level was increased from 0.44 to 4.4
mg/mL). For several months before the second admis-
sion (October 1992) his asthmatic symptoms were
again aggravated and methacholine PC20 decreased
to 1.1 mg/mL without improvement in the following 3
years. The level of serum specific IgE antibody to
phthalic anhydride has been gradually decreasing,
while specific IgE to two types of house dust mite and
horse hair has been increasing year by year during the
last 3 years’ follow-up period. These findings suggest
that chronic exposure to inhalant allergens can induce
the progression of allergen-induced airway inflamma-
tion, and result in new bronchial sensitization to
inhalant allergens. Careful follow-up study is needed
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to detect new developments of allergen-induced bron-
choconstriction in occupational asthma patients with
persistent asthmatic symptoms.
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INTRODUCTION

Phthalic anhydride {PA) is a common constituent of alkyd
resins, which form the base for paints, varnishes and rein-
forced plastics. It is reported to be the most common
agent in occupational asthma cases induced by acid
anhydrides.?

Further studies of acid anhydride (AA}-induced occu-
pational asthma patients have revealed that most of them
had a persistent airway hyperresponsiveness to metha-
choline and detectable levels of serum specific IgE anti-
bodies to AA-human serum albumin conjugate after 6
years’ avoidance of exposure.®*

Several studies have supported the relationship be-
tween house dust mite exposure, and sensitization to or
increased risk of overt asthmatic symptoms.5 Sufficient
amounts of house dust mite allergen to induce sensiti-
zation and provoke asthmatic symptoms have been
detected in Korean houses.® We report a case of late res-
piratory systemic syndrome (LRSS} where the patient
showed sensitivity to house dust mite at first admission,
and progressed to overt house dust mite-induced asth-
matic symptoms after 4 years; in addition, the patient has
newly developed horse hair-induced bronchoconstriction.

CLINICAL SUMMARY

The patient, a 38-year-old male was first admitted in
September 1990. He had been employed for 8 years and
5 months prior to admission in a paint manufacturing
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factory. He began to feel shortness of breath, fever,
headache, arthralgia and myalgia 8 months before
admission. Allergy skin prick test revealed positive re-
sponses to Dermatophagoides farinae (2 SYMBOL 180\
‘Symbol” 2/24 SYMBOL 180\ ‘Symbol’ 22<mm>),
Dermatophagoides pteronyssinus {2 SYMBOL 180\
‘Symbol’ 2/21 SYMBOL 180\f ‘Symbol’ 20<mm>) and
histamine (2 SYMBOL 180\f ‘Symbol” 2/33 SYMBOL
180\f ‘Symbol” 20<mm>), as well as to phthalic anhy-
dride (8 SYMBOL 180\f ‘Symbol’ 4/33 SYMBOL 180\f
‘Symbol” 27 <mm>). Total IgE level by paper radio-
immunosorbent tfest (PRIST) was 72 IU/mL and radio-
allergosorbent test (RAST) to D. farinae and D.
pteronyssinus yielded negative results. Chest radiograph
showed no abnormal finding before or after PA chal-
lenges. Methacholine PC20 level was 0.44 mg/mL. The
D. farinae bronchoprovocation test showed a negative
result as shown in Fig. 1a. The patient’s sensitivity to PA
was confirmed by PA-bronchoprovocation test as
described previously.”

CLINICAL COURSE

Subsequent to diagnosis in October 1990, the patient left
his workplace, and took dnti-asthmatic medications
including a bronchodilator and inhaled corticosteroid.
The patient had never been exposed to horse hair and
had no history of high exposure to house dust mite aller-
gen. His airway hyperresponsiveness improved to 4.4
mg/mL after 1 year (September 1991) with improvement
of his clinical symptoms. In the second year, he began to
complain of aggravation of the asthmatic symptoms, and
his airway hyperresponsiveness ceased to improve. When
a second allergy skin prick test was done after 4 years
(September 1994), skin reactivity and specific IgE anti-
body level to D. farinae and D. pteronyssinus were much

increased as shown in Table 1. Bronchoprovocation test
with D. pteronyssinus showed an early asthmatic re-
sponse as shown in Fig. 1b. After 5 years (September
1995), skin reactivity and specific IgE level measured by a
Diagnostic Products Corporation system (Los Angeles,
CA, USA) to D. farinae and D. pteronyssinus was further
increased compared to the 1994 results. Skin positive
responses to horse hair were noted first in September
1995. A comparison of specific IgE levels to inhalant and
to occupational allergens over the 5 years showed a pro-
gressively increasing pattern of reaction to horse hair and
house dust mites, with a progressive decline in specific
IgE antibodies to PA and trimellitic anhydride (Table 1).
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Fig. 1 {a) Bronchoprovocation test (BPT) with Dermato-

phagoides farinae at the first admission (1990) showing a
negative result. (b) BPT with D. pteronyssinus after 4 years
(1994). (c) Repeat BPT with D. faringe in 1995. An early
asthmatic response was noted. (d) BPT with horse hair after
5 years (1995). An early asthmatic response was noted.

Table 1. Changes of specific IgE antibodies and airway hyperresponsiveness in the study patient

Follow-up duration (months)

0 1 6 12 24 48 60
Total IgE level (IU/mL) 67 103 118 79 272 114 114
Dpt-specific IgE 0.5 0.7 0.9 0.9 3.4 3.6 8.9
Dfa-specific IgE 0.2 0.9 0.2 1.7 2.0 2.2 3.0
HH-specific IgE 0.3 0.6 1.8 1.7 1.2 3.9 52
PA-specific IgE 47.3 58.5 87.2 54.3 34.9 19.2 15.1
TMA-specific IgE 14.9 18.6 19.3 14.2 6.4 2.6 1.7
Methacholine PC20 (mg/ml) 0.44 2.5 4.4 1.25 2.53 2.5

PA, phthalic anhydride; TMA, trimellitic anhydride; HH, horse hair; Dpt, D. pteronyssinus; Dfa, D. farinae; BPT, bronchoprovocation test.



Specific IgE to the latter disappeared after 4 years’ avoid-
ance, while specific IgE to PA fell year by year, but was still
detected in his serum. A bronchoprovocation fest with
horse hair showed an early asthmatic reaction (Fig. 1d).
His cirway hyperresponsiveness to methacholine showed
a maximum improvement in the first 12 months of avoid-

ance, which abated in the following years and stabilized
at 2.5 mg/mL.

DiscussiON

The acid anhydrides such as phthalic and trimellitic con-
stitute a group of low-molecular-weight chemicals
against which a specific antibody has been reliably and
repeatedly demonstrated.*®® A follow-up study of tetra-
chlorophthalic anhydride (TCPA) asthma after 4 years of
avoidance suggested that specific IgE fell exponentially
with a half-life of 1 year but it was still detected in serum
when there was persistent bronchial hyperrespon-
siveness.” In our study, the patient had complained of
persistent asthmatic symptoms with persistent airway
hyperresponsiveness, and specific IgE antibody to PA was
still detected in his serum after 5 years’ avoidance.

Venable et al. suggested that persistence of serum and
skin responses to TCPA indicated continuing antibody
production after avoidance of exposure.” The half-life of
1 year contrasts with the half-life of intravenous radio-
labeled IgE myeloma protein of only 2.5 days in normal
subjects and 5.1 days in a patient with IgE myeloma.'®
This difference could not be explained by continuing
TCPA exposure, as all the patients had left the factory. It is
conceivable that TCPA exposure can contfinue if it is
retained in the lungs, either bound to particles of epoxy
resin powder or to tissue proteins, or if it is absorbed from
the lungs and retained in extrapulmonary tissue, but the
possibility of such retention has not been studied in vivo.
Autonomous IgE production, unrelated to allergen expo-
sure, has been suggested as an explanation for the slow
decline in anti-ragweed IgE antibody.!" Long-lived, radio-
resistant B cells have been described in animals, which
continue to produce IgE in the absence of allergen expo-
sure.'? In the present study, specific IgE antibody to PA fell
for 5 years, but was still detected in spite of cessation of
exposure. Further investigations are needed to discover
how these specific IgE antibodies persist after several
years’ avoidance.

Chronic antigenic challenge might induce the histo-
logic characteristics of airway inflammation that caused
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persistent airway hyperresponsiveness in a non-allergic
rat.'® House dust mite is the most common inhalant aller-
gen in Korea. Sufficient amountis of the group | allergen
in D. farinae and D. pteronyssinus to induce sensitization
and/or to aggravate asthmatic symptoms have been
detected in the environment of Korean houses.® The
patient in the present study was weakly sensitized to
house dust mite at his first admission, although the bron-
choprovocation test and RAST to D. farinae showed a
negative result. Specific IgE antibody gradually increased
with chronic house dust mite exposure, which induced
progression of airway inflammation and was confirmed
by the house dust mite-bronchoprovocation test. With
respect to horse hair, there was no evidence of sensitiza-
tion at first admission or during the 4 years following. The
patient had no history of intensive exposure to horse hair,
but sensitization to horse hair was noted 5 years after first
admission, and the specific IgE antibody level progres-
sively increased, until inhalation of horse hair extracts
provoked bronchoconstriction in 1995. High levels of
eosinophils, mast cells, and lymphocytes have been
found in the airway mucosa accompanied by disruption
of epithelial cells in both allergic and isocyanate-induced
asthma.'*' Toluene 2,4-diisocyanate (TDI) exposure
also involved structural epithelial changes but only a
marginal increase in the absorption of luminal mole-
cules, and TDl-asthmarhinitis was associated with plasma
exudation and hyperresponsiveness.!” These findings sug-
gest that exposure to an inhalant allergen can induce
new sensitization and/or aggravate allergen-induced air-
way bronchoconstriction. Loss of the airway mucosa bar-
rier in occupational asthma patients with continuing
airway hyperresponsiveness might make them more sus-
ceptible to IgE-sensitization to an inhalant allergen, pos-
sibly by decreasing the barrier to absorption.
Cross-allergenic responses to structurally allied anhy-
dride chemicals has been reported.’ Such IgE antibody
responses to hapten or new antigenic determinant from
reactive chemicals were demonstrated to be heteroge-
neous.'®'? In the present study, specific IgE binding to
TMA might be caused by cross-allergenicity between PA
and TMA. These findings suggest that chronic exposure to
an inhalant allergen can induce progression and/or
induce allergen-induced airway inflammation in occupa-
tional asthma patients with remaining airway inflamma-
tion. Careful regular examinations, including allergy skin
test and RAST, should be conducted to detect new sensiti-
zation to inhalant allergens during the follow-up period.



32

H-S PARK AND D-H NAHM

ACKNOWLEDGEMENTS

The authors wish to acknowledge the assistance of Mr
Dong-min Kim for the RAST assay, and Ms Jin Yoo in
preparing manuscript.

REFERENCES

1

o

Venables KM. Low molecular weight chemicals, hypersen-
sitivity, and direct toxicity: The acid anhydrides. Br. J. Ind.
Med. 1989; 46: 222-3.

Wernfors M, Nilsen J, Schutz A, Skerfving S. Phthalic
anhydride-induced occupational asthma. Int. Arch. Allergy
Appl. Immunol. 1986; 79: 71-82.

Boxer MB, Grammer LC, Harris KE, Roach DE, Patterson R.
Six-year clinical and immunologic follow-up of workers
exposed to trimellitic syndrome. J. Allergy Clin. Immunol.
1987, 80: 147-52.

Venables KM, Topping MD, Nunn AJ, Howe W, Newman
Taylor AJ. Immunologic and functional consequences of
chemical (tetrachlorophthalic anhydride)-induced asthma
after four years of avoidance of exposure. J. Allergy Clin.
Immunol. 1987; 80: 212-18.

Sporik R, Holgate ST, Platts-Mills TAE, Cogswell J. Exposure
to house dust mite allergen (Der p I) and the development
of asthma in childhood: A prospective study. N. Engl. J.
Med. 1990; 323: 502-7.

Hong CS. House dust mite allergy. Med. Prog. 1994.

Park HS, Rhu NS, Cho DI, Kim JW, Kim SK. Late respiratory
systemic syndrome due to phthalic anhydride. J. Korean
Med. Sci. 1991; 34: 785-9.

Maccia CA, Bernstein H, Emmett EA, Brooks SM. In vitro
demonstration of specific IgE in phthalic anhydride hyper-
sensitivity. Am. Rev. Respir. Dis. 1976; 113: 701-4.

Zeiss CR, Patterson R, Pruzansky JJ, Miller MM, Rosenberg
M, Levitz D. Trimellitic anhydride-induced airway syn-
dromes: Clinical and immunologic studies. J. Allergy Clin.
Immunol. 1977; 60: 96-103.

10

13

14

17

18

Ogawa M, Mcintyre OR, Ishizaka K, Ishizaka T, Terry WD,
Waldmann TA. Biologic properties of IgE myeloma pro-
teins. Am. J. Med. 1971; 51: 193-9.

Gleich FJ, Jacob GL, Yunginger JW, Henderson LL.
Measurement of the absolute levels of IgE antibodies in
patients with ragweed hay fever: Effect of immunotherapy
on seasonal changes and relationship to IgG antibodies.
J. Allergy Clin. Immunol. 1977; 60: 188-98.

Holt PG, Sedgwick JD, O’Leary C, Krska K, Leivers S. Long-
lived IgE- and IgG-secreting cells in rodents manifesting
persistent antibody responses. Cell. Immunol. 1984, 89:
281-9.

Padrid P Snook S, Finucane T et al. Persistent airway hyper-
responsiveness and histologic alternations after antigen
challenge in rats. Am. J. Respir. Crit. Care Med. 1995;
151: 184-93.

Djukanocic R, Lai CKW, Wilson JW et al. Bronchial
mucosal manifestations of atopy: A comparison of markers
of inflammation between atopic asthmatics, atopic non-
asthmatics and healthy controls. Eur. Respir. J. 1992; 5:
538-44.

Djukanocic R, Roche WR, Wilson JW et ol. Mucosal
inflammation in asthma. Am. Rev. Respir. Dis. 1990; 142:
434-57.

Bentley AH, Mcestrelli P, Saetta M et aol. Activated T-lym-
phocytes and eosinophils in the bronchial mucosa in iso-
cyanate-induced asthma. J. Allergy Clin. Immunol. 1992;
88: 821-9.

Eriefalt 1, Persson CGA. Increased sensitivity to toluene
diisocyanate (TDI) in airways previously exposed to low
dose of TDI. Clin. Exp. Allergy 1992; 22: 854-62.

Fabbri LM, Mapp C. Bronchial hyperresponsiveness, air-
way inflammation and occupational asthma induced by
toluene diisocyanate. Clin. Exp. Allergy 1991, 21: 42-7.
Bernstein DI, Gallagher JS, Souza LD, Bernstein IL. Hetero-
geneity of specific-IgE responses in workers sensitized to
acid anhydride compounds. J. Allergy Clin. Immunol.
1984; 74: 794-801.





