
Occupational respiratory allergy to α-amylase in bakers

References

1. Losada E. Asma Ocupacional por sensibilización a enzimas. En:
Asma Ocupacional, E. Losada y M. Hinojosa, ed., Ed. Proust Barce-
lona 1994; 111-127.

2. Flindt MLH. Pulmonary disease due to inhalation of derivates of
Bacillus sublitis containing proteolytic enzymes. Lancet 1969; 1:
1177-1181.

3. Pepys J, Hargreave FE, Longbottom JL, Faux J. Allergy reactions
of the lungs to enzymes of Bacillus subtilis. Lancet 1969; 1: 1181-
1184.

4. Beecher W. Hyperesthetic rhinitis and asthma due to digestive fer-
ments. Illinois Med J 1931; 59: 342.

5. Osgood H. Atopic sensitivity to caroid (papain). J Allergy 1945;
16: 245.

6. Tarlo SM, Shaikh W, Bell B, Cuff M, Davies GM, Doilovich J, Har-
greave FE. Papain-induced allergic reactions. Clin Allergy 1978; 8:
207-215.

7. Baur X. Studies of the specificity of human IgE-antibodie to the plant
proteases papain and bromelain. Clin Allergy 1979; 9: 451-457.

8. Baur X, Fruhmann G. Papain induced asthma: Diagnosis by skin
test, RAST and bronchial provocation test. Clin Allergy 1979; 9: 75-
81.

9. Novey HS, Marchioli LE, Sokol WN, Wells ID. Papain-induced
asthma. Physiological and immunological features. J Allergy Clin Im-
munol 1979; 63: 98-103.

10. Flindt MLH. Allergy to alpha-amylasae and papain. Lancet
1979; 1: 1407-1408.

11. Baur X. Clinical symptoms and results of skin test, RAST and
bronchial provocation in thirty three papain workers: Evidence for
strong immunogenic potency and clinically relevant “proteolytic ef-
fects of airbone papain. Clin Allergy 1982; 12: 9-17.

12. Losada E, Hinojosa M, Domínguez J, Moneo J, Carrillo T, Sán-
chez Cano M. Clinical and immunological finding in occupational
allergy due to proteolitic enzymes papain and bromelin. Anual Mee-
ting of the European Academy of Allergology and Clinical Immuno-
logy, Estocolmo 1985; Abstr., 159.

13. Losada E, Hinojosa M, Moneo I, Domínguez J, Cuevas M, Ar-
mentia A, Teresa C. Asma bronquial ocupacional por inhalación de
papaína: Hallazgos clínicos, inmunológicos y modelos de respuesta
bronquial. Rev Esp Alergol Inmunol Clin 1986; 1: 29-33.

14. Losada E. Asma ocupacional por sensibilización a enzimas. Re-
sultados del cuestionario clínico y de los test cutáneos. Rev Esp Aler-
gol Inmunol Clin 1991; Supl. 3: 2-12.

15. Garmendia JF y Joral A. Hipersensibilidad inmediata con papaí-
na. Rev Esp Alergol Inmunol Clin 1992; 7: 167-170.

16. Galleguillos F. Asthma caused by bromelin inhalacion. Clin
Allergy 1978; 8: 21-24.

17. Losada E, Hinojosa M, Moneo I, Domínguez J, Díez Gómez ML.
Occupational asthma caused by cellulose. J Allergy Clin Immunol
1986; 77: 635-639.

18. Baur X, et al. Baking ingredients as a contributory cause of bar-
ker’s, asthma. Dtsch Med Wochenschr 1988; 113: 1275-1278.

19. Baur X, Sauer W, Weiss W. Baking additives as new allergens in
baker’s asthma. Respiration 1988; 54: 70-72.

20. Tarvainen K, Kanena L, Tupasela D, et al. Allergy from Allulase
and Xylanase enzymes. Clin Exp Allergy 1991; 21: 609-615.

21. Quirce S, et al. Respiratory Allergy to Aspergillus-derived enzy-
mes in baker’s asthma. J Allergy Clin Immunol 1992; 90: 970-978.

22. Baur X. Allergy to enzymes in foods. Enzymes and Allergy, Ed. L.
Berrens and J. M. Cortada, C.B.F. Leti, S.A. 1991; 99-106.

23. Wiessman KJ, Baur X. Occupational lung disease following long-
tenn inhalation of pancreatic extracts. Eur J Respir Dis 1985; 66:
13-20.

24. Díez Gómez ML, Carrillo T, Domínguez J, Cuevas M, Hinojosa
M, Armentia A, Losada E. Occupational asthma due to alpha-amyla-
se. Bull Eur Physiopathol Respir 1986; 22 (Supl. 8): 117.

25. Losada E, Hinojosa M, Quirce S, Sánchez Cano M, Moneo I. Oc-
cupational asthma caused by alpha-amylase inhalation: Clinical and
immunologic finding and bronchial response patterns. J Allergy Clin
Immunol 1992; 89: 118-125.

26. Moneo I, et al. Skin-prick test for hypersensitivity to alpha-amy-
lase preparations. Occup Med 1995; 45(3): 151-155.

27. Baur X, Fruhmann G, Haug B, Rasche B, Reiher W, Weiss W.
Role of Aspergillus amylase in Baker’s asthma. Lancet 1986; i: 43.

28. Baur X, Sauer W, Weiss W. Bakking additives as new allergens
in baker’s asthma. Respiration 1988; 54: 70-72.

29. Birnbaum J, Latil F, Vervloet D, Senft M, Charpin J. Role de
l’alpha-amylase dans l’asthma du boulanger. Rev Mal Respir 1988;
5: 519-521.

30. Blanco Carmona JG, et al. Ocupational asthma caused by sensi-
tivity to alpha-amylase. Allergy 1991; 46: 274-276.

31. Blanco Carmona JG, et al. Asma ocupacional del panadero por
sensibilización a alfa-amilasa. Rev Esp Alergol Inmunol Clin 1992;
7: 75-78.

32. Valdivieso R, et al. Baker’s asthma caused by alpha amylase
Ann Allergy 1994; 73: 337-342.

33. Alvarez MJ, et al. Diversity of allergens causing occupational
asthma among cereal workers as demostrated by exposure procedu-
res. Clin Exp Allergy 1996; 26: 147-153.

34. Sánchez Monge R, et al. Wheat flour peroxidase is a prominent
allergen associated with baker’s asthma. Clin Exp Allergy 1997; 27:
1130-1137.

35. Barber D, et al. A barley flour inhibitor of inrect alpha-amylasae
is a major allergen associated with baker’s asthma disease. FEBS lo-
tlers 1989; 1: 119.

OCCUPATIONAL RESPIRATORY ALLERGY
TO α-AMYLASE IN BAKERS

J. Fraj Lázaro
Allergy Service, "Lozano Blesa" University Hospital,
Saragossa, Spain

Introduction

Occupational respiratory allergy among workers in

the bakery industry and associated activities is quite pre-

valent and may affect up to 10-20% of those professio-
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nals1-3. Although no epidemiological data have been pu-

blished, we suspect that baker's asthma is one of the

most frequent occupational respiratory diseases in Spain.

Most of the bakers with occupational asthma are sensiti-

zed to wheat flour and to storage mites; however, over

the last few years we have seen a growing importance of

some flour additives, particularly α-amylase, as a cause

of rhinitis and asthma. Fungal α-amylase (1,4-α-D-glu-

cane-glucanohydrolase), usually derived from Aspergi-

llus oryzae, is a 52-kD glycoprotein that catalyses the

hydrolysis of internal α-(1,4)-glycosidic bonds to sim-

pler polysaccharides. It is commonly and routinely ad-

ded to wheat flour, in a mg-to-kg-flour proportion, for

accelerating the panification process and improving the

quality of the resulting bread.

The first cases of occupational asthma due to α-

amylase allergy were reported by Flindt4 in workers of

the pharmaceutical industry; he based his diagnosis on

the anamnesis and on skin tests. Some years later,

Wiessman and Baur5 demonstrated that pancreatic α-

amylase was responsible for the respiratory allergy

symptoms in a group of workers exposed to pancreatic

extracts through an IgE-mediated immediate hypersensi-

tivity mechanism. This finding was later confirmed by

Aiken et al.6. The first description of allergy to enzymes

in bakers with occupational asthma was published by

Baur et al.7, who demonstrated a 34% prevalence of α-

amylase sensitization through in vitro and in vivo tests

among symptomatic workers. In Spain, the first case of

occupational asthma due to α-amylase and demonstrated

by means of skin tests, specific IgE and bronchial cha-

llenge tests was reported in 1991 in a baker8. One year

later, Losada et al.9 demonstrated α-amylase sensitiza-

tion through skin tests and specific IgE in 26 among 83

(31%) workers exposed to α-amylase powder in a phar-

maceutical manufacturing plant. The bronchial challenge

tests with α-amylase were positive in 6 of the 14 cases

tested, and only an immediate response pattern was ob-

served. In that same year, another Spanish group10 ele-

gantly demonstrated type I hypersensitivity to α-amylase

and cellulase in five bakers through skin tests, histamine

release tests and reverse enzyme-linked immunoassay

(REIA) for specific IgE. The bronchial challenge tests

were specific with α-amylase, cellulase or both, with im-

mediate or dual asthmatic responses. The REIA inhibi-

tion study did not reveal cross-reactivity between these

two enzymes, but there was cross-reactivity between α-

amylase and Aspergillus oryzae.

We here report the results of a clinical study per-

formed on seven bakers exposed to the dust of wheat

flour and its additives, among them fungal α-amylase,

who consulted because of symptoms of rhinitis and asth-

ma related to their occupational activity.

Material and methods

Patients

In the period between November 1994 and June

1998 seven bakers were studied at our Allergy Service

because of respiratory symptoms related to their work.

Their ages ranged between 22 and 54 years (mean, 31.6
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Table I. Clinical and functional features of the seven patients

Patient 1 2 3 4 5 6 7

Age (years) 35 54 22 26 29 31 24

Sex M M F M M F M

Occupation Baker Baker Baker Baker Baker Baker Baker

Symptoms R-A R-A R-A R-A R-A R-A R-A

Atopy + - + - + + -

FEV-1 (%) 53 55 116 100 104 84 101

BDT (%) 38 61 Neg. 12 Neg. Neg. Neg.

PC-20 NP NP 0,23 NP 0,74 5 1,1

metacolina

(mg/ml)

R-A = rhinitis and asthma; NP = not performed; BDT = bronchodilator test; PC-20 = PC-20 in the nonspecific methacholine test (mg/ml).
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years); four of them were males and three females. The

clinical features of the patients are presented in Table I.

All of them evidenced increasingly severe episodes of

cough, dyspnoea, chest tightness, wheezing, nasal bloc-

kage, watery rhinorhoea and sneezing bouts, with a la-

tency period ranging between several months and over

20 years. The occupational pattern was also typical in all

cases, with symptomatic improvement up to being al-

most completely free of symptoms during holidays and

work absence periods. In patients 1 and 2 the symptoms

became chronic and severe, requiring emergency medi-

cal treatment on several occasions.

Besides being exposed to wheat flour, all our pa-

tients also manipulated further foodstuffs used as flour

additives, all of them containing α-amylase (T-500®,

Puratos® and MP-Vital Extra G®). The causal relation-

ship between the inhalation of powdery material derived

from the flour and its additives and the immediate appa-

rition of symptoms was evident. Few minutes after the

exposure the patients developed acute symptoms of rhi-

noconjunctivitis, cough, dyspnoea and wheezing, which

often worsened toward the end of the working day. Pa-

tients 2 and 4 had been previously studied at other Cen-

tres, with negative skin tests and specific IgE to storage

mites and cereal flours. Despite the fact that an aetiolo-

gical diagnosis of occupational respiratory allergy, none

of our patients had quit their work; the reason given was

an unstable labour situation. They were repeatedly coun-

selled, as an alternative measure, to pay the utmost at-

tention to hygienic measures and precautions at their

workplaces, avoiding exposure whenever possible, insta-

lling efficient ventilation-extraction systems and giving

permanent antiinflammatory and bronchodilator drug

therapy.

Preparation of the antigenic extract

Pure α-amylase derived from Aspergillus oryzae

was supplied by Merck-Igoda, S. A. (Barcelona, Spain)

as a fine powder. The allergenic extract was prepared by

dissolving 2 g α-amylase in 20 ml 0.9% isotonic saline

at room temperature. After manual stirring for 60 minu-

tes, the solution was filtered through filter paper and

then dialysed against isotonic saline for 24 hours. Fi-

nally, it was filtered through a 0.22µm Millipore filter

(Millipore Corp., Bedford, Mass., USA) for sterilisation.

The final concentration of the solution was 10% (w/v);

this was considered as the undiluted mother extract. Part

of this extract was then glycerinated for skin tests, and

the remainder was diluted in isotonic saline for the bron-

chial challenge tests.

Skin tests

The skin tests, using the prick technique11, were

performed with the above extract. Histamine phosphate

(10 mg/ml) and isotonic normal saline (0.9%) were used

as positive and negative controls, respectively. The res-

ponses to the tests were read after 15 minutes, measu-

ring the largest diameter of the elicited wheal. A reaction

was considered to be positive when the wheal was equal

to or greater than 3 mm in diameter and accompanied by

erythema, in the presence of a negative prick test with

the diluent. Ten non-exposed atopic subjects who served

as controls were tested with the highest concentration of

the α-amylase extract (10% w/v). Skin tests were also

performed with a panel of common airborne and occupa-

tional allergens (Alergia e Inmunología Abelló, Madrid,

Spain) which included pollens (grasses, olive tree and

shrubs), mites (Dermatophagoides spp., Lepidoglyphus,

Tyrophagus, Acarus siro, Gohieria, Euroglyphus,

Glycyphagus and Blomia), cat and dog danders, moulds

(Alternaria, Cladosporium and Aspergillus fumigatus)

and cereal flours (wheat, barley, rye, oat and maize).

Specific IgE quantitation

The concentration of α-amylase-specific IgE anti-

bodies was determined by the FEIA-CAP System (Phar-

macia Diagnostics AB, Uppsala, Sweden) according to

the manufacturer's instructions.

Bronchial challenge tests

The non-specific inhalational bronchial challenge

tests with methacholine were performed using the tech-

nique described by Cockcroft et al.12 with some modifi-

cations13. In order to demonstrate the presence of bron-

chial asthma through the routine bronchodynamic tests

(bronchodilator or bronchoconstrictor), this test was only

performed when the foregoing bronchodilator test had

been negative. The aerosol particles were generated

through continuous nebulisation using a Hudson model

1720 nebuliser with a 7.5 l/min activating airflow and a

0.276 ml/min output.

The specific bronchial challenge test (SBCT) was

performed with the dilution of the α-amylase extract

that had previously elicited positive skin tests. End-

point titration skin tests were initially performed with

sequential one-half dilutions of the undiluted mother
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extract (1/10, 1/20, 1/40, 1/80, 1/160, 1/320, 1/640 and

1/1280 w/v, respectively) in order to establish the safe

initial dose for the SBCT. Baseline lung function tests

were performed prior to the inhalation of the antigen

in order to establish the baseline FEV1, FVC and

PEFR values, followed by a control inhalational cha-

llenge test with normal saline. The patients then inha-

led the aerosolised allergenic extract, increasing con-

centrations being administered in different days using

the previously stated nebuliser and procedure; the in-

halational challenge was performed with the patient

breathing at his normal tidal volume, through a mouth-

piece and with nasal occlusion, for 2 minutes. The

FEV1 and FVC were measured 5, 10, 15, 20, 30 and

60 minutes after the SBCT. A drop in the FEV1 equal

to or greater than 20% as compared to the baseline va-

lue was considered representative of a positive imme-

diate asthmatic response. The patients were then ins-

tructed to monitor their PFR at hourly intervals for 24

hours (leaving out the sleep period) in order to detect

an eventual late response, which was considered to be

positive when the PEFR evidenced a ≥25% drop as

compared to the baseline value.

At the time of carrying out the SBCT's, all patients

were under leave of absence from work, under good cli-

nical and functional control, and without any medication

that might have interfered in the test results. Four non-

exposed atopic subjects with mild to moderate bronchial

asthma submitted to SBCT with the maximum concen-

tration of the α-amylase allergenic extract (10% w/v) as

controls.

Results

Skin tests

All the bakers evidenced positive responses to the

skin tests with α-amylase antigenic extract. Three of

them also evidenced positive skin tests with wheat flour,

and one with storage mites. Table II shows the results of

the skin tests. The skin tests with the highest concentra-

tion of the α-amylase extract (10% w/v) were negative

in the control subjects, thus ruling out a possible irritati-

ve mechanism induced by the allergenic extract.

Specific IgE quantitation

Specific IgE antibodies to fungal α-amylase were

detected in all the patients' sera. The total and α-amyla-

se-specific IgE concentrations are shown in Table III.

Bronchial challenge tests

The nonspecific methacholine bronchial challenge

tests disclosed varying degrees of bronchial hyperreacti-

vity in those patients in whom it was performed (0.23,

0.74, 5.00 and 1.10 mg/ml, respectively, in patients Nos.

3, 5, 6 and 7). As already stated, however, the aim of

this test was to confirm the diagnosis of bronchial asth-

ma in those patients in whom the lung function tests had

been normal and the bronchodilator tests had been nega-

tive.

After the SBCT with α-amylase, five patients evi-

denced an isolated immediate asthmatic response and a

further two a dual one. Figure 1 depicts one case of im-

mediate response. The SBCT with the highest concentra-
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Table II. Results of the prick tests with α-amylase (greatest diameter of the wheal, mm)

Patient 1 2 3 4 5 6 7

α-amilasa 9 6 8 6 10 12 12

(1/10 w/v)

Table III. Total and α-amylase-specific IgE (kU/l)

Patient 1 2 3 4 5 6 7

Total IgE 480 41 166 221 538 281 315

(IU/ml)

Specific IgE 18,5 45,3 9,47 1,35 2,72 1,50 63,6

(α-amylase)
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tion of the α-amylase extract (10% w/v) was negative in

the control asthmatics, thus confirming the specificity of

the test.

Discussion

Over many years, bakers' asthma was considered

to be a form of allergic asthma mediated by IgE anti-

bodies directed specifically against cereal flour aller-

gens14. However, the roster of causative allergens has

grown with the passage of time, and at the present ti-

me up to seven different groups of occupational aller-

gens have been described15 which are able to induce

occupational respiratory allergy in bakers and in asso-

ciated occupations. Besides the already-mentioned ce-

real flours, soybean flour16, buckwheat flour17, storage

mites18, grain weevils19, moulds of the genera Alterna-

ria and Aspergillus15 and enzymes derived from Asper-

gillus spp.10,20 have also been identified as causative

antigens in IgE-mediated occupational respiratory

allergy. Over the last 20 years, the manufacturing pro-

cesses for bread and similar products have evolved

considerably. This is to a great extent due to the gene-

ral use of improving additives added to wheat flour in

order to accelerate bread production and to improve

the quality of the bread. Among these additives, α-

amylase from Aspergillus oryzae is the most important

one21. The exposure is usually occupational, through

the inhalation of the powdered enzyme, in workers of

the pharmaceutical industry9, in laboratory workers6

and in bakers23.

We have presented the results of a study of seven

bakers with symptoms of bronchial asthma and rhinitis

in relation to their occupational activity, all of them

exposed to α-amylase. Four of these workers were al-

so sensitized to other common and/or occupational air-

borne allergens (flours and storage mites), and they al-

so evidenced high total serum IgE concentrations.

Atopy thus appears to play an important role in the de-

velopment of IgE-mediated α-amylase sensitization, a

common observation with high-molecular weight occu-

pational allergens22. However, three of our patients evi-

denced monosensitization to α-amylase. Although we

have not measured the environmental exposure levels

in the work environments of our patients, studies have

been recently published demonstrating a strong positi-

ve correlation between the exposure levels (ng α-amy-

lase/m3) and the probability of sensitization and later

development of occupational asthma23-25. The positive

skin tests with α-amylase in our seven patients, toge-

ther with the positive specific bronchial challenge tests

and specific IgE quantitations demonstrate that an im-

munologic IgE-mediated immediate hypersensitivity

mechanism was responsible for the respiratory symp-

toms. The negativity of the skin tests and of the speci-

fic bronchial challenge tests in the non-exposed atopic

controls demonstrates the specificity of these findings.

Immunologic studies with sodium dodecylsulfate pol-

yacrylamide gel electrophoresis (SDS-PAGE) and later

immunoblotting using a pool of sera from allergic pa-

tients have identified a 52-kDa glycoprotein band with

specific IgE-binding capacity7,10. This important occu-

pational airborne allergen has recently been isolated

and identified as α-amylase. In accordance with the

nomenclature of the International Union of Immuno-

logy Societies (IUIS), it has been suggested that this

antigen be named "Aspergillus oryzae α-amylase", or

Asp o 226.

In conclusion, it is clear that, besides cereals and

other specific occupational airborne allergens, the fungal

enzyme α-amylase (Asp o 2) is a common cause of oc-

cupational respiratory allergy among bakers and confec-

tioners. On the other hand, the positivity of the skin

prick tests and of the specific IgE suggest the sensitiza-

tion of the patient and the degree of sensitization, but

only the specific bronchial challenge test with α-amylase

can provide the definitive diagnosis.
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Fig. 1. Demonstration of an immediate asthmatic response after SBCT
with fungal α-amylase at a 1/80 W/v concentration (in patient No. 3).
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IMMUNOCHEMICAL CHARACTERISTICS OF
α-AMYLASE SENSITIZATION

J. Blanco Carmona
Allergology Section, "General Yagüe" Hospital, Burgos,
Spain

Amylases were the first enzymes to be added to

bread dough, and they are still today the object of con-

siderable interest in the research of enzymes used in

bakery1. Three sources of amylases have been used up

to now: malt flour (the amylase from malt flour was

historically the first one to be used), fungi (Aspergillus

oryzae), and bacteria (Bacillus subtilis).

These enzymes were initially used for the produc-

tion of fermentable sugars. Starch, the main component

of cereal flours, contains 75% amylopectin and 25%

amylose. α-amylase acts on these constituents by ran-

domly breaking down the 1,4-glycosidic bonds (with

the exception of the terminal ones), producing maltose

and most importantly (and mainly) dextrins. β-amylase

acts on the latter by sequentially hydrolysing the termi-

nal 1,4-glycosidic bonds, thus releasing maltose. This

is the fermented by yeast producing gas release (CO2,
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