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Stellingen 

1. a-amylase, een enzym dat wordt toegevoegd als deegverbetermiddel bij de 
produktie van brood en beschuit, is evenals tarwemeel een belangrijk 
beroepsallergeen in de Nederlandse bakkerij-industrie. 
(dit proefschrift) 

2. Er bestaat een zeer sterke relatie tussen blootstellingsniveaus aan tarwe- en 
a-amylase allergenen in de lucht in bakkerijen en de prevalentie van 
sensibilisatie tegen deze allergenen bij bakkerijmedewerkers. 
(dit proefschrift) 

3. In de groep van gesensibiliseerde werknemers is de prevalentie van 
werkgerelateerde klachten eveneens afhankelijk van het niveau van 
allergeenblootstelling. 
(dit proefschrift) 

4. Om een daling van het aantal bakkers met een beroepsgebonden 
luchtwegallergie te bewerkstelligen, hebben aanstellingskeuringen gericht op 
selectie en uitsluiting van werknemers met een allergische gevoeligheid 
minder waarde dan arbeidshygiënische maatregelen met als effect 
blootstellingsreductie op de werkplek. 

5. Een toename van het gebruik van biotechnologisch vervaardigde enzymen in 
industriële processen zal, indien deze enzymen in aerosolvorm vrijkomen, 
leiden tot een toename van het aantal werknemers met een beroepsallergie. 

6. Gerechtelijke procedures waarbij werkgevers financieel aansprakelijk zullen 
worden gesteld voor de beroepsgebonden gezondheidsschade bij hun 
werknemers, zullen door de afkalving van de sociale wetgeving in de 
toekomst wellicht geen uitzondering zijn. 

7. De uitspraak van Heijermans, vaak beschouwd als de grondlegger van de 
Nederlandse arbeidshygiëne, dat meelstof bij inademing niet nadelig is voor 
de gezondheid van de bakker, is onjuist, mede gezien de stand van de 
toenmalige kennis over deze beroepsziekte. 
(In: Heijermans, 1926) 



8. Een optimist gelooft dat we leven in de beste van alle mogelijke werelden. 
Een pessimist vreest dat dit waar is. 
(Anonymus) 

9. Een flexibele arbeidsmarkt wordt vaak gepropageerd door mensen die zelf al 
jaren niet meer van baan zijn veranderd. 

10. Het Nederlandse drugsbeleid is verworden tot de kernproblematiek van 
Frankrijk. 

11. Don't ask what the world needs. 
Rather ask what makes you come alive. 
Then go and do it! 
Because what the world needs is people who have come alive. 
(Howard Thurman) 

12. Om in de wetenschap te promoveren moeten stellingen worden verdedigd. 
Om in het voetbal te kunnen promoveren zullen de verdedigende stellingen 
regelmatig moeten worden verlaten. 

Stellingen behorend bij het proefschrift 'Occupational respiratory allergy in bakery 
workers: Relationships with wheat and fungal a-amylase aeroallergen exposure' van 
Remko Houba. Wageningen, 22 mei 1996. 
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... of terwyl sy voor het noodig gebruik der Ademhaaling, de lugt inhalen, of sy 
vangen de vüegende Meel deeltjens op, die met het Quylzap gisten, en niet alleen 
de Keel maar ook de Maag en de Longen met een Deeg vullen; waar van dat sy 
zeer Hgt aan den Hoest geraken, Kortademig en Hees, sijn en eind'lijk Aamborstig 
worden, de Longe Pyp en Longwegen overkorst en de vrije omgang met de Lugt 
belet en belemmert sijnde. 

B. Ramazzini, De Morbis Artificium Diatriba, ± 1700 
(Nederlandse vertaling, 1724) 

Het Meelstof bestaat uit de bekende afgeronde amylumkorrels, welke geen nadeeli-
ge eigenschappen bezitten; slechts bijzonder groote hoeveelheden veroorzaken een 
hoestprikkel. Dat echter chronische bronchitis, longuitzetting, het zoogenaamde 
"bakker hoesten" te wijten zou zijn aan de inademing van meelstof, lijkt ons weinig 
waarschijnlijk; in zulke groote hoeveelheden wordt het meel gewoonlijk niet 
ingeademd, terwijl de afwezigheid van den prikkelenden invloed van het meel op de 
ademhalingswegen evenmin houvast geeft aan deze theorie. 

L. Heijermans, Handleiding tot de kennis der Beroepsziekten, 1926 





Abstract 

In this thesis, results are presented of a cross-sectional epidemiological study among 
a few hundred bakery workers. Main focus was on the relationship between allergen 
exposure and the development of specific sensitization and respiratory allergy. 
Immunoassays were developed for measuring airborne allergens from wheat flour 
and fungal a-amylase, an enzymatic dough improver. A total of 571 personal 
inhalable dust samples were available from 230 workers. Wheat flour allergens were 
measured in 449 of these samples with an inhibition enzyme immuno assay, and an 
anti-wheat IgG4 serum pool from bakery workers. Fungal a-amylase allergens were 
measured in 507 samples in a sandwich immunoassay, using affinity purified 
polyclonal rabbit IgG antibodies. The validity and specificity of both assays were 
extensively tested. All bakery workers were categorized into groups, based on their 
job histories and the wheat or a-amylase allergen exposure levels of their job titles. 
Optimal grouping strategies were tested. For both a-amylase and wheat allergens, a 
clear exposure-sensitization-relationship was found. Atopy appeared to be an 
important effect modifier of this relationship, and the steepest slope between 
allergen level and sensitization rate was found within the group of atopic workers. 
Twenty-three percent of the bakers reported work-related rhinitis or chest-tightness. 
Symptomatic bakers were divided into occupationally sensitized and non-sensitized 
workers. In both groups, a relation between allergen exposure and respiratory 
symptoms was found, but the slope of the relationship was steeper in sensitized 
bakers than in non-sensitized bakers. 





Contents 

1. Introduction 

2. Occupational respiratory allergy in bakery workers 
- a review of the literature 9 

3. Wheat antigen exposure assessment for epidemiologic studies 

in bakeries using personal sampling and inhibition ELISA 35 

4. Airborne levels of a-amylase allergens in bakeries 53 

5. Grouping strategies for exposure to inhalable dust, wheat 
allergens and a-amylase allergens in bakeries 69 

6. Exposure-sensitization relationship for a-amylase allergens 
in the baking industry 83 

7. Occupational allergy among bakery workers in relation to 

wheat flour and a-amylase allergen exposure 101 

8. General discussion 121 

References 137 

Summary 155 

Samenvatting 162 

List of publications 169 

Dankwoord 170 

Curriculum Vitae 173 





1. Introduction 

Background of the study 

Adverse health effects from workplace exposures in the bakery industry have 
been described in a large number of studies. Especially bakery workers involved in 
dough production and dough forming have increased risks for occupational diseases. 
Several disorders have been related to the bakery occupation. 

Baker's respiratory allergies 
Respiratory disorders are by far the most prevalent occupational diseases among 

bakery workers. Epidemiologic surveys show prevalence rates of work-related 
eye/nose symptoms of 14-29%, while the prevalence rates of chest symptoms vary 
from 5-14%. This is also the main subject of this thesis and the available literature 
is reviewed in chapter 2. Respiratory allergies to cereal flours and powdered baking 
additives are probably responsible for a substantial part of these respiratory 
symptoms. Although a large number of studies have been performed on this subject, 
some important questions are still unanswered. Until now, little is known about the 
incidence of baker's allergy, due to the lack of well-designed cohort studies. 
Moreover, many investigators have tried to identify the causes of baker's allergy but 
most of them focused on host factors only, especially allergic disposition of the 
bakery workers. Only few have studied the environmental determinants of 
respiratory allergy among bakery workers, particularly the level of allergen exposure 
required for sensitization. The most important reason for the limited attention to 
environmental factors is that instruments for the measurement of personal exposure 
to airborne allergens were not available. Methods for the measurement of allergens 
in air require specialized sampling and assay techniques, which have been 
developed only for a limited number of occupational allergenic proteins (Reed et al. 
1993; Gompertz 1994). Until recently, no assays had been developed for measuring 
allergens in the bakery industry. 

Baker's eczema 
Although respiratory allergy is the most important occupational disease among 

bakery workers, other disorders have also been described. Allergic contact-
dermatitis among bakery workers has been reported from the beginning of this 
century, as reviewed by Grosfeld (1951), Bonnevie (1958) and Heyl (1970). Briefly, 
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in the years after World War I, chemical dough improvers were introduced and 
frequently used in the bakery industry. Soon, a rising frequency of baker's eczema 
was noted. Teleky (1927) noticed that before 1925 baker's eczema was a rare 
disease, but in that year 52 cases of eczema were diagnosed in a group of 640 
bakers. It was not until 1930-1933 that ammonium persulphate and potassium 
persulphate were identified as the major offenders. In many countries, the use of 
persulphates was legally stopped during the 50s, and the incidence of baker's 
eczema drastically decreased (Forck 1968; Heyl 1970; Young 1974). Recent 
epidemiologic surveys, however, have shown that occupational skin disease may 
still be a serious problem in the bakery occupation, with prevalence rates varying 
from 5-8% (Jarvinen et al. 1979; Hartmann 1986; Cullinan et al. 1994a). In 
Finland, 101 new cases of dermatoses among grain and flour dust workers were 
registered between 1980 and 1989, and the annual incidence for dermatoses in the 
bakery occupation was estimated to be 0.6 per 10.000 workers (Tossavainen & 
Jaakkola 1994). Many agents have been identified as potential sensitizers, among 
others cereal flours (Pigatto et al. 1987), cellulase and xylanase enzymes (Tarvainen 
et al. 1991a), fungal a-amylase (Schirmer et al. 1987; Morren et al. 1993), baker's 
yeast (Kortekangas-Savolainen et al. 1994), cinnamon oil en cinnamic aldehyde 
(Fisher 1975; Nethercott & Holness 1989), benzoyl peroxide (Baird 1945; Fisher 
1989), chromium compounds in flour (Heine & Fox 1980), and certain emulsifiers 
(Foodmuls E 3137; Vincenzi et al. 1995) and antioxidants (propyl gallate; Bojs et 
al. 1987). 

Baker's caries 
Some epidemiologic surveys have indicated an increased incidence of dental 

caries in bakers and confectionery workers compared with the general population or 
with other industrial workers (Ackerman 1979; Masalin & Murtomaa 1992). This 
has been attributed to (flour and) sugar dust deposited on tooth surfaces during 
respiration (Ackerman 1979; Gardemin & Litta 1972). However, in only few studies 
exposure to sugar dust was measured to test this hypothesis. In a large Finnish 
confectionery, personal exposure levels of sugar dust were measured, suggesting 
that there are very few job titles with exposure to sugar dust in amounts needed to 
increase the risk of caries, at least theoretically (Masalin et al. 1988). Recently, an 
epidemiologic study has been performed among 294 employees in a Finnish 
confectionery (Masalin & Murtomaa 1992). In that study the dietary habits and 
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dental health behaviour (use of dental services, reasons for dental appointments, and 
the dental home-care habits) were studied. In addition, the caries status of each 
worker was recorded. A significant positive correlation was found between 
untreated caries and the number of sugary meals. The results suggested that the 
nature of between-meal snacks and the bakers' freedom to consume their products 
was the most important risk factor for dental caries. 

Respiratory cancers 
In some studies increased risks of respiratory cancers have been associated with 

the bakery occupation. Excess risks of nasal cancer among bakers and pastry cooks 
were reported in two case-control studies (Acheson et al. 1981; Luce et al. 1992). 
Using the Swedish Cancer-Environment Registry, which links cancer incidence with 
employment data, Malker et al. (1986) observed more nasal cancers for bakers and 
pastry makers than expected, on the basis of the age and sex-specific nasal cancer 
incidence rates of the Swedish population (6-fold increase). One have to keep in 
mind that sinonasal cancers are rare diseases. The annual incidence rate adjusted for 
age and sex, ranges from 0.3-1 case per 100,000 subjects in most countries (Leclerc 
& Luce 1994). 

Significant excess mortality rates for cancer of the respiratory tract for bakery 
workers (SMR=166) were found in a Danish death registration cohort (Tuchsen & 
Nordholm 1986). The suspected carcinogens in that study were among others 
polycyclic aromatic hydrocarbons (PAH), reaction products of PAH, free radicals, 
and nitrodimethylamine, but none of these hypotheses has been confirmed. No 
increased risks of mortality from respiratory cancers (nasal cancer or lung cancer) 
were found for bakery workers in a retrospective cohort study among 327 male 
millers and bakers in England and Wales (Alderson 1987), and in a prospective 
cohort study of the US National Cancer Institute, among approximately 300,000 
veterans of the US Army (Hrubec et al. 1995). In the last study, no information was 
available on the number of bakery workers in the study population. 

Bakery industry in the Netherlands and population at risk 

Table 1.1 gives an overview of the flour and bakery industry in The Netherlands. 
Four main categories can be distinguished: flour manufacturing, factories of bakery 
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requisites (e.g. bread improvers), bakeries for bread production, and bakeries 
making other products (e.g. confectionery). The table shows that approximately 
50,000 people were employed in this industry in 1994. These numbers include 
administrative and commercial jobs. Assuming that in the large facilities about 50% 
of all employees are involved in production work, and 75% in the small facilities (< 
20 employees), a rough estimate of the population potentially exposed to flour and 
flour related products, is approximately 32,000. 

In the Netherlands about half of the bread production takes place in small 
bakeries (self employed bakers) (NBS 1994). The size of bakeries for bread 
production, however, may vary considerably between countries. In some countries, 
most bread is produced in large industrialized bakeries. In other countries, however, 
most of the production takes place in small traditional bakeries. This is illustrated in 
Table 1.2, where the number of bakeries per 100,000 inhabitants is shown 
(Bedrijfsschap voor het bakkersbedrijf 1988). 

Table 1.1 Overview of flour and bakery industry in The Netherlands 

Type of industry Number of 
facilities/ 

plants 

Number of workers in 
industry6 

Flour manufacturing' 12 1,450 

Factories of bakery requisites2 14 1,200 

Cake, biscuit and rusk industry3 103 7,900 

Bread industry 

facilities > 20 employees4 189 12,050 

facilities < 20 employees 2951 28,300 

total5 3140 40,350 

TOTAL 3269 50,900 
1 Only facilities with 20 or more employees. Source: CBS 1994a. 
2 Only facilities with 20 or more employees. Source: CBS 1993. 
3 Only facilities with 20 or more employees. Source: CBS 1994b. 
4 Source: CBS 1994b. 
5 Source: NBS 1994. 
6 Number of workers are round figures. 
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Table 1.2 Number of bakeries per 100,000 inhabitants by country 

Belgium 74 

France 63 

Germany 44 

The Netherlands 24 

England 7 

Aims of the study 

This thesis is focused on occupational respiratory diseases among bakery 
workers. The aims of the study were: 

1. To develop methods for measuring personal airborne allergen exposure in 
bakeries; 

2. To explore relationships between allergen exposure levels and the prevalence 
of work-related allergies among bakery workers. 

Structure of the thesis 

In chapter 2 the available literature on baker's respiratory allergy is extensively 
reviewed. The following issues are discussed: history of baker's asthma, potential 
allergens, exposure assessment in bakeries, the available epidemiologic surveys on 
baker's allergy, and the research on determinants of baker's allergy, especially the 
role of environmental factors. 

In chapter 3 and chapter 4 methods are presented for measuring the two most 
important allergens in the bakery industry. Chapter 3 describes an assay for 
measuring wheat flour allergens. In chapter 4 an assay for measuring fungal oc-
amylase allergens is presented. The specificity, sensitivity and reproducibility of 
both assays are described. Furthermore, differences in dust and allergen exposure 
levels are discussed (by type of bakery and job titles of the bakers). 
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In chapter 5 the characteristics of dust, wheat allergen and a-amylase allergen 
exposure are studied. The variability and the sources of variation for all three 
measures of exposure are discussed. 

In chapter 6 and chapter 7 exposure-response-relationships are explored. 
Chapter 6 describes the relationship between fungal a-amylase allergen exposure 
and specific sensitization to a-amylase, measured by either skin prick testing or 
serum IgE. In chapter 7, exposure-sensitization-relationships for wheat allergens are 
described and work-related respiratory symptoms are related to both wheat flour and 
a-amylase allergen exposure. 

Finally, chapter 8 presents a discussion on the most important findings, potential 
biases and potential implications for the prevention of respiratory allergies in the 
flour and baking industry. 







2. Occupational respiratory allergy in bakery 
workers - a review of the literature1 

Remko Houba, Gert Doekes & Dick Heederik 

Introduction 

Occupational asthma is the most prevalent occupational respiratory disorder today 
(Chan-Yeung 1990; Meredith et al. 1991). It is a disease characterized by variable 
airflow limitation and/or airway hyperresponsiveness due to causes and conditions 
attributable to a particular occupational environment and not to stimuli encountered 
outside the workplace (Bernstein et al. 1993). In several countries, baker's asthma is 
reported to be one of the most frequent forms of occupational asthma (Thiel 1987; 
Hartmann 1989; Jeffrey 1992; Lagier et al. 1990; Nordman 1994), and information 
obtained from occupational disease registrations suggests that the number of cases 
with baker's asthma is steadily increasing (Nordman 1994; Thiel 1984; Baur 1993; 
Grieshaber & Rothe 1995). 

Baker's asthma is, like other forms of occupational asthma, probably the most 
serious manifestation of occupational allergy among bakery workers. It is caused by 
immunologic sensitization and subsequent allergic reactions in the airways to 
occupational specific airborne allergens. Less severe types of baker's allergy are 
rhinitis (with frequent sneezing, nasal obstruction and rhinorrhoea) and 
conjunctivitis (with itching and inflamed, red eyes). 

At present little is known about the incidence of baker's allergy. Although 
reliable data based on epidemiologic field studies are not available, some registry 
based incidence data have been published. In a surveillance scheme on work related 
and occupational respiratory diseases (SWORD) in clinical practices in the United 
Kingdom, 64 new cases of baker's asthma were diagnosed by chest and 
occupational physicians between 1989 and 1991 (Meredith & McDonald 1994), and 
30 asthma cases were reported in 1993 (Sallie et al. 1994). In this project, the 
estimates of incidence of baker's asthma vary from 290-409 per million per year 
(Meredith 1993; Newman Taylor & Gordon 1993; Meredith & McDonald 1994). In 

^Submitted, supplemented with own study results 
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the West Midlands Region of the United Kingdom, the incidence rate of bakers 
with diagnosed occupational asthma has been estimated to be 445 per million per 
year (95% confidence interval 121-821) (Gannon & Burge 1993). Reported cases of 
baker's asthma are probably only the tip of the iceberg. Because only bakers who 
sought specialized medical assistance were included, these incidence rates are likely 
to be an underestimation of the true incidence of baker's asthma. 

The social and economic impact of allergic reactions in bakers caused by agents 
at work should not be underestimated. At the individual level, flour-induced rhinitis 
and asthma are frequently severe enough to cause considerable inconvenience, 
discomfort, and even abandonment of the trade. In a survey in the UK among 
patients with diagnosed asthma it has been shown that persons with occupational 
asthma had greater difficulty in finding new work, greater loss of income, and were 
less likely to be currently employed than those with asthma unrelated to work 
(Cannon et al. 1995). In Germany, more than 1200 bakers claim industrial injury 
compensation annually (Baur 1993; Grieshaber & Rothe 1995) and in that country 
the expenditure for disability compensation of bakers with work related asthma is 
substantial, e.g. 83 million D-mark in 1992 (Baur 1993). This illustrates that baker's 
asthma can have serious economic consequences on a national level as well. 

Asthma mortality rates for bakery workers have been reported in a study 
performed in the US. In that study, 184 death certificates (of persons who died in 
Chicago) with asthma listed as the cause of death or a contributing cause of death, 
were examined for the given occupation. It appeared that bakers had markedly 
higher asthma mortality rates than expected, with 41 times the age- and race-
adjusted national rate (DeMers & Orris 1994). 

History 

For a detailed description of the history of baker's asthma the reader is referred 
to two interesting historical reviews (Bonnevie 1958; Thiel & Kallweit 1984). 
Briefly, the first scientific description of baker's asthma was given by Ramazzini in 
1700 in 'De Morbis Artificium Diatriba' (Ramazzini 1700). Until the beginning of 
this century, however, the actual causes of baker's asthma were in fact unknown. 
The aetiology was thought to be purely mechanical: flour mixed with worker's 
saliva formed a sticky substance, which would accumulate in the lung, block the 
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airways and hamper breathing. With the recognition of allergic sensitization and 
allergic diseases in the beginning of this century this theory was abandoned. 
Immediate skin reactivity to wheat extracts in a baker with asthma was first 
demonstrated in 1909 but it was not until 1929 that de Besche (1929) introduced 
the concept that baker's asthma is an allergic disease related to the bakery 
occupation. The first systematic investigation in the bakery trade was done by 
Baagoe (1933a&b). Since that time, many epidemiological surveys have been 
performed, estimating the prevalence of baker's allergy and trying to reveal the 
determinants of this occupational disease. 

Allergens 

Wheat flour and other cereal species 
Reactivity to wheat flour {Triticum aestivum) and other cereal flours like rye 

flour (Secale cereale) and barley flour (Hordeum vulgare), has been reported as the 
main cause of baker's allergy. According to most authors, symptoms are induced 
through an (type I) IgE-dependent mechanism (Block et al. 1983; Pilchard et al. 
1985; Sutton et al. 1984). In sensitized subjects with symptoms, specific inhalation 
challenge tests with flour extracts induce immediate asthmatic reactions. Although 
these immediate type allergic reactions predominate, dual reactions are also 
reported, characterized by both an immediate and late reaction (Hendrick et al. 
1976; Nakazawa et al. 1976). 

Wheat flour is a complex mixture of peptide- and saccharide-containing 
substances, many of which must be considered as potential allergens that may 
induce specific IgE-sensitization after inhalation. The strongest in vitro reactivity 
have been observed with water-soluble proteins, particularly albumins (Baldo & 
Wrigley 1978; Prichard et al. 1985), but IgE antibodies against water-insoluble 
proteins have also been found (Walsh et al. 1985). Blands et al. (1976) detected 40 
different antigens in wheat flour by crossed Immunoelectrophoresis, of which 18 
bound specific IgE from sera of sensitized bakers. In more recent studies, molecular 
weights of the IgE-binding proteins have been determined using electrophoresis and 
blotting techniques, which confirmed the allergenicity of many wheat flour proteins 
(Franken et al. 1991; Pfeil et al. 1990; Sandiford et al. 1990; Sandiford et al. 1991; 
Sandiford et al. 1995). Most sera of sensitized bakers show IgE reactions with 
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many of these proteins, but the reaction profiles may differ markedly between 
individual sera (Sutton et al. 1984). However, reactions to some components (12-17, 
30, and 46-47 kDa) are found with high frequencies, and these proteins are 
therefore considered to be so-called 'major allergens' (Sandiford et al. 1990; Gómez 
et al. 1990; Pfeil et al. 1990; Sandiford et al. 1991). 

In other studies, attempts have been initiated to further characterize the allergens 
in wheat flour. These studies have shown that the main components of the 12-15 
kDa bands belong to the oc-amylase/trypsin inhibitor family (Boisen 1983; Franken 
et al. 1994). The allergenicity of purified members of this enzyme inhibitor family 
has been shown both in vitro (Fránken et al. 1994; Sanchez-Monge et al. 1992) and 
in vivo (Armentia et al. 1993). Proteins of the same family can be found in other 
cereal species as well (Adachi et al. 1995; Garcia-Olmedo et al. 1987; Mena et al. 
1992), and one barley protein (14.5 kDa) belonging to this family has been shown 
to be an important allergen associated with baker's asthma (Barber et al. 1989). 

Another group of allergens are cereal amylases, which are present in cereal flour 
in its native form. Cereal amylases should be distinguished from fungal amylases 
added as dough improvers (see below). IgE antibodies reacting with oc-amylases 
and/or B-amylases from barley flour have been demonstrated, and molecular weights 
of these cereal amylases appeared to be 54, 59, and 64 kDa (Baur et al. 1994b; 
Sandiford et al. 1994b). Importantly, cereal and fungal amylases show only minimal 
immunologic cross-reactivity (Baur et al. 1994b; Sandiford et al. 1994b). 

Many studies have demonstrated allergenic cross-antigenicity between different 
cereal flours, which parallels the closeness of the taxonomic relationship of the 
grain species (Baldo et al. 1980; Block et al. 1984; Sandiford et al. 1995). 
Similarly, cross-reactivity between cereal flours and pollens of several grasses has 
been described (Blands et al. 1976; Baldo et al. 1982). The cross-reactivity between 
different cereals can partly be explained by the presence of closely related enzymes 
or enzyme-inhibitors (Fránken et al. 1991; Sandiford et al. 1995), showing a high 
degree of homology (García-Casado et al. 1995). 

Fungal amylase 
Since the introduction of enzymatic dough improvers in the baking industry, and 

the increased use of these enzymes throughout the 1980s, several cases of bakers 
with occupational asthma due to sensitization to these enzymes have been reported. 
Of these, mostly Aspergillus spp. derived enzymes, a-amylase is the most 
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frequently reported cause of allergy. Fungal a-amylase (1,4-oc-D-glucan 
glucanohydrolase), usually derived from Aspergillus oryzae, is a glycoprotein which 
catalyses the hydrolysis of internal a(l,4)-glycosidic linkages in various 
polysaccharides. It is routinely added to baking flour (in amounts of milligrams per 
kg flour) to hasten the baking process and improve bread quality. The first cases of 
a-amylase allergy have been described in the enzyme processing industry in the 
seventies (Flindt 1979). Since then, several individual case reports have been 
reported of baker's asthma caused by this starch cleaving enzyme, often in the 
absence of demonstrable reactivity to cereal allergens (Baur et al. 1986; Bermejo et 
al. 1991; Birnbaum et al. 1988; Blanco Carmona et al. 1991; Heyer 1983; Quirce et 
al. 1992; Tarvainen et al. 1991b; Valdivieso et al. 1994; Wuthrich & Baur 1990). 
In other studies, 24-55 % of bakers with respiratory symptoms attending medical 
services, were found to be sensitized to a-amylase (Baur et al. 1988b; Baur et al. 
1989; Baur et al. 1994a; Wuthrich & Baur 1990). 

With electrophoresis and immunoblotting, several IgE-binding proteins have been 
detected in crude amylase preparations. In all studies one dominating IgE-binding 
band in the immunoblots was found, with a molecular weight varying from 51-54 
kDa (Baur et al. 1986; Baur et al. 1988b; Baur et al. 1994a; Quirce et al. 1992; 
Sandiford et al. 1994b). Baur and co-workers (Baur et al. 1994a) have demonstrated 
that this band represents the active a-amylase enzyme. In addition to this major 
allergen, commercially available extracts of fungal a-amylase appear to contain 
several other allergic components. The strongest reactions were found for proteins 
with molecular weights of 25-27 and 40 kDa (Baur et al. 1988b; Moneo et al. 
1995; Sandiford et al. 1994b). 

Recently it has been suggested that fungal a-amylase allergens in bread would be 
capable of inducing food associated allergy in bread consumers (Schata & Jorde 
1992; Wuthrich 1994). Until now, three case studies have been presented, which 
showed that oral provocation with fungal a-amylase enzyme (Losada et al. 1992) 
and bread (Baur & Czuppon 1995; Kanny & Moneret-Vautrin 1995), may cause 
allergic respiratory symptoms in individuals sensitized through airborne exposure. 
Allergic reactions after consumption of a-amylase containing bread have not been 
reported yet in non-occupationally sensitized people. Some studies have shown a 
loss of allergenicity of heated a-amylase, suggesting that a-amylase in baked food 
products would indeed not be an important cause of allergic sensitization (Alday et 
al. 1995; Baur et al. 1994b). In contrast, however, Kanny & Moneret-Vautrin 


