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ABSTRACT 
 
 Exposure to airborne wheat allergens in the bakery workers is associated with high risk of occupational 
asthma Objective: The aim is to study work-related respiratory allergic manifestations and its relation to serum 
wheat IgE & α-amylase IgE among bakery workers. The other aim is to search for oxidative stress parameters as 
they have a role in the pathogenesis of sensitization. Subjects and methods: The study was performed on 26 
bakery workers as exposed group and 26 subjects as control group. History, spirometry, serum wheat specific 
antibodies (wheat IgE & α-amylase IgE) and indicators of oxidative stress (malondialdehyde MDA & 
superoxide dismutase SOD) were performed to both groups. Results: IgE wheat showed a statistically 
significant higher difference in exposed group when compared to the control group. IgE α-amylase showed a 
higher but non-significant difference in the exposed in comparison to the control. Non-statistically significant 
differences were found between both groups regarding oxidative stress indicators (MDA & SOD). In spirometry 
results, PEFR (peak expiratory flow rate) was significantly lower in the exposed in relation to the control group, 
however, there were non-statistically significant differences regarding the other parameters of spirometry. A 
highly statistically significant positive correlation was found between work-related respiratory manifestations 
and IgE wheat. The correlation with IgE α-amylase was positive but non-statistically significant. Conclusion: 
IgE wheat & IgE α-amylase have a role in the IgE-mediated respiratory sensitization to wheat among bakers.  
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Introduction 
 
 Exposure to airborne wheat allergens in the bakery trade is associated with a high risk of occupational 
allergy and asthma (Bogdanovic, 2006).  
 Several wheat flour allergens relevant to baker’s asthma have been identified in the last 25 years. In a study 
on German bakers, the highest frequency of allergen sensitization was to α-amylase inhibitors (Sander, 2011). 
 The first cases of α-amylase allergy have been described in the enzyme-processing industry in the 1970s 
(Flindt, 1979). 
 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 have been reported. Of these, 
mostly Aspergillus species derived enzymes and α-amylase is the most frequently reported cause of allergy. 
Fungal α-amylase (1,4- α-D-glucan glucanohydrolase), usually derived from Aspergillus oryzae, is a 
glycoprotein which catalyses the hydrolysis of internal α-(1,4)-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 (Houba, 1998). 
 A study suggests that exposure to alpha-amylase is a considerable health risk in British bakeries and flour 
mills. A considerable proportion of workers are exposed to alpha-amylase at concentrations that result in high 
rates of sensitization. A reduction in exposure to alpha-amylase is likely to reduce this risk (Nieuwenhuijsen, 
1999). 
 Wheat flour is an important cause of baker's asthma. There are diverse clinical manifestations of IgE-
mediated wheat hypersensitivity. Only a few of the numerous wheat proteins recognized by IgE of sensitized 
individuals have been characterized at the molecular level. Characterized allergens causing baker's asthma 
include several water/salt-soluble wheat proteins; however sensitization patterns show a great degree of 
individual variation (Palosuo & Kati, 2003). 
 IgE-mediated sensitization to wheat flour belongs to the most frequent causes of occupational asthma. 
Recombinant wheat serine proteinase inhibitor, when used in combination with other specific allergens, may be 
useful for the diagnosis and therapy of IgE-mediated baker's asthma (Constantin, 2008).  
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 Skin is also involved in wheat hypersensitivity. Protein contact dermatitis (PCD) is an uncommon but often 
under diagnosed condition. It can be provoked by wheat protein and its derivatives (Foti, 2012). 
 Oxidative stress was discussed in recent studies in trying to understand the pathogenesis of the 
inflammatory process of occupational asthma due to exposure to workplace allergens (Lummus, 2011).  
 
Aim of study: 
 
 The aim of this work was to study some of the multifactorial pathogenetic mechanisms that may contribute 
to the occurrence of baker's asthma. So, we studied work-related respiratory allergy and its relation to serum IgE 
wheat & serum IgE α-amylase in bakery workers. Oxidative stress parameters (malondialdehyde & superoxide 
dismutase) were considered, in the current research, to search for their role in the pathogenesis of respiratory 
sensitization.                              
 
Subjects and Methods: 
 
Subjects: 
 
 The study population consisted of 52 males divided into 26 exposed and 26 control groups. 
 The exposed group composed of 26 workers from 3 bakery facilities in Greater Cairo, two in Helwan 
governorate and one in 15 May. They were working as bakers in one of 2 daily alternating work-shifts. The shift 
was 8 hours/day. The exposed workers did not use any personal protective measures (masks or gloves). 
 Each bakery consisted of one ward. The 3 steps of the industrial process described below occur in the same 
ward which is divided into 3 confined areas, each has its own job. The bakeries are not well ventilated.  
 The control group was composed of 26 workers involved in administrative work and in selling sector. They 
did not work in baking. The control subjects were chosen so that to match the exposed group as regards age, 
smoking index and socioeconomic status.  
 According to what is written by Villard RF, 2005, bread making has three main stages: mixing and 
molding, fermentation and baking. Flour, water, salt and yeast are mixed together to make dough. It may be 
done by hand mixing or mechanical mixing. The dough is left to ferment in a warm, humid atmosphere, after 
which it is divided, weighed, molded and baked. Bread is charged into the oven on paddles or trays. The sales 
premises are frequently attached to the manufacturing shop. 
 In our bakeries, bran was added to one surface of the divided dough. This is characteristic for our Egyptian 
bread.  
 All workers were asked, in a questionnaire, about the respiratory symptoms they suffer from. Respiratory 
symptoms included whether subjects had experienced upper respiratory symptoms such as nasal itching, runny 
nose or frequent sneezing, as well as lower respiratory symptoms, such as cough, sputum, shortness of breath or 
wheezing. The workers who reported that their symptoms were aggravated during the work, but improved after 
the work or during holidays were defined as having work-related respiratory symptoms. The workers were also 
asked about any allergic skin manifestations (redness, itching, and areas of dryness or skin rash) which occur in 
relation to work.  
 The subjects of the control group were also inquired about the same respiratory and skin manifestations.  
 
Methods: 
 
1- Blood samples: 
 
 Plasma was obtained from whole blood according to subjects’ previous consent.  
 
A- Estimation of specific-IgE level for Alpha amylase and specific-IgE level for wheat by ELISA: 
 
 Specific IgE for alpha amylase and wheat were estimated using ELISA kit (r-biopharm Kit/ Germany) 
according to the method used by Bernstein et al., (1990). Principle: 
 A monoclonal antibody specific for anti- alpha amylase or wheat have been coated onto the wells of the 
microtitre provided. During the first incubation, anti-specific IgE captured specific IgE present in the sample or 
standard. Following incubation unbounded anti-specific IgE was removed during wash step. Anti-specific IgE 
peroxidase conjugate was added and bounded to the anti-specific IgE. After incubation and washing step a 
substrate solution reactive with peroxidase was added to the wells. A colored product was formed in proportion 
to the amount of specific IgE present in the sample. The reaction was stopped by addition of acid and 
absorbance was measured at 450 nm. 
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Calculation:  
 
 Results were obtained by using fully automated Quantum Analyzer of Abbott at wave length 450 nm. 
 
B- Oxidative stress assessment: 
 
 Malondialdehyde is generated from reactive oxygen species (ROS), and as such is assayed in-vivo as a bio-
marker of oxidative stress. Superoxide dismutase (SOD) is an enzyme that repairs cells and reduces the damage 
done to them by superoxide, the most common free radical in the body. Studies have shown that SOD acts as 
both an antioxidant and anti-inflammatory in the body, neutralizing the free radicals (Stancliffe et al., 2011). 
 
Malondialdehyde (Lipid peroxidation): 
 
 MDA was measured in the serum by Biodiagnostic kits, method of Ohkawa et al., (1979). The principle of 
the method is that thiobarbituric acid (TBA) reacts with malondialdehyde (MDA) in acidic medium at 
temperature of 95C for 30 min. to form thiobarbituric acid reactive product, the absorbance of the resultant 
pink product can be measured at 534 nm. The concentrations of MDA were expressed in nmol/ml.   
 
Superoxide dismutase: 
 
 SOD activity was measured by Biodiagnostic kits, using the method of Nishikimi et al., (1972). This assay 
relies on the ability of the enzyme to inhibit the phenazine methosulphate-mediated reduction of nitroblue 
tetrazolium dye. SOD activities were expressed in U/ml. 
 
2- Spirometry: 
 
 The measurements were assessed using portable spirometer (1999 ZAN, Messgeraete GmbH Germany). 
During the test, the subject was sitting and the procedure was explained to him in simple words. Measurements 
obtained were presented as percentage (%) of predicted values. These predicted values are related to the 
standing height, weight, age and sex of the subject. The measured parameters were: FVC (forced vital capacity), 
FEV1 (forced expiratory volume in 1st second), FEV1/FVC, PEFR (peak expiratory flow rate). The values were 
assessed from the flow-volume curve using the standard technique according to the American Thoracic Society 
recommendations (ATS, 1995). Lung function tests are considered abnormal only when the value deviates by 
20% or more from the mean predicted value (100%) (Ruppel, 2003). 
 
Statistical analysis: 
 
 Data were collected and statistically analyzed using SPSS (version 17). All data are expressed as the mean 
± standard deviation. Student’s t- test was used for numeric variables. Chi-square (χ2) test was done for 
categorical variables. Bivariate correlations were also used.  
 Significant results are considered at p-values < 0.05, highly significant at <0.01 and non-significant at 
≥0.05. 
 
Results: 
 
 The study population consisted of 52 workers divided into 26 exposed and 26 control groups. 
 The duration of work was (17.92 ± 8.73) years, ranging from (4 - 33) years among exposed group. Their 
mean age was (40.77 ± 10.05) years, ranging from (22 - 54) years. The mean age among control group was 
(42.31 ± 8.73) years, ranging from (24 - 60) years. The results showed no statistically significant difference (p= 
0.558) when compared to control group. As regards the smoking index in the exposed group, the mean was 
(20.73 ± 8.54) pack year. The smoking index in control group showed mean (22.51 ± 10.37) pack year. It 
showed no statistically significant difference (p= 0.812) in comparing the two groups.  
 Among the exposed group, 14 workers (=54%) were suffering from respiratory symptoms which were 
work-related. On the other hand, 3 subjects of the control group (= 12 %) suffered from intermittent respiratory 
symptoms in relation to upper and lower respiratory tract infections. The symptoms inquired about included 
upper and lower respiratory symptoms.  
 As regards respiratory symptoms, there was a highly statistically significant difference in comparing 
exposed group with control group. Also, skin manifestations showed a statistically significant difference 
between cases and control groups.  
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 Comparing the level of IgE wheat in the exposed and control groups, it revealed a highly statistically 
significant difference which was higher in the exposed. 
 Concerning the levels of IgE α-amylase, the mean level in the exposed group was higher than the control 
but with a non-statistically significant difference.  
 Regarding the oxidative stress indicators, malondialdehyde (MDA) and superoxide dismutase (SOD), they 
showed non-statistically significant differences between exposed and control groups.  
 The work-related lower respiratory symptoms show a highly significant positive correlation with specific 
wheat IgE, and a positive but non-significant correlation with IgE α-amylase.                                                                                     
 As regards the spirometry, the parameters used are expressed as percentage of predicted values (FVC%, 
FEV1%, FEV1/FVC%, PEFR%). The exposed group shows lower results in all these parameters but with a non-
statistically significant difference except for PEFR% which showed a significant difference in comparing 
exposed and control groups. 
 
Table 1: Comparison between the studied groups as regards specific IgE wheat and specific IgE α-amylase. 

 Exposed Control t-value p-value 
IgE wheat 

(IU/ml) 
4.87 ± 2.76 0.71 ± 0.49 3.67 0.001 ٭٭  

IgE α-amylase 
(IU/ml) 

3.17 ± 1.52 1.52 ± 0.09 1.78 0.086 

 Highly significant difference at 0.001 ٭٭
 
Table 2: Oxidative stress markers (superoxide dismutase & malondialdehyde) among the studied groups. 
 

 Exposed Control t-value p-value 
SOD 

(U/ml) 
176 ± 32.65 179 ± 35.08 0.418 0.678 

MDA 
(nmol/ml) 

15.2 ± 7.49 13.31 ± 6.78 0.953 0.345 

 
Table 3: Ventilatory functions expressed as % of predicted in both exposed and control groups.           

 Exposed Control t-value p-value 
FVC % of pred. 75 ± 13.88 81.62 ± 33.64 0.927 0.358 
FEV1% of pred. 79.5 ± 15.24 83.38 ± 16.26 0.889 0.378 
FEV1/FVC % 79.88 ± 1.78 80.67± 1.23 1.866 0.068 

PEF % 59.08 ± 20.1 76.85± 18.26 3.337 0.002٭ 
 significant difference at p-value < 0.05٭
 
Table 4: Comparison between exposed and control groups regarding clinical symptoms. 

 Symptomatic exposed workers Symptomatic control χ2 p- value 
Respiratory 14 (54 %) 3 (12%) 10.58 0.001٭٭ 

Skin 7 ( 27%) 1 ( 4%) 5.32 0.021٭ 
٭٭ highly significant difference at p-value < 0.01 

  significant difference at p-value < 0.05  ٭  
 
Table 5: Correlation between work-related respiratory symptoms and serum-specific antibodies. 

 Respiratory symptoms p-value 
IgE wheat 0.656 0.00 ٭٭  

IgE α-amylase 0.181 0.376 
٭٭ highly significant difference at p-value < 0.001 

N.B.  

 
 A positive result for specific IgE antibodies is defined as a level greater than or equal to the mean plus three 
standard deviations of the level in non-atopic healthy controls (Hur G.Y. et al., 2008). 
 
Discussion: 
 
 Baker’s asthma is a frequent occupational allergic disease caused mainly by inhalation of cereal flour, 
particularly wheat flour. The incidence of baker’s asthma among young bakers has been reported to range from 
0.3 to 2.4 cases per 1000 person- years (Salcedo G et al., 2011). The incidence of baker’s asthma does not seem 
to be declining (Malo JL & Chan-Yeung M, 2009). 
 Bakers' asthma is the main form of occupational asthma in many countries. Although the symptoms had 
already described by Ramazzini approximately 300 years ago, the causative components and the underlying, 
IgE-mediated pathomechanism were unknown until four decades ago. Several studies have shown that the 
responsible allergens come from wheat and rye flour, soybean, baking additives, and, in a few cases, storage 
mites (Baur X & Posch A, 1998). 
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 Wheat flour proteins are allergens for 60% to 70% of bakers with workplace-related respiratory symptoms. 
There is a great interindividual variation of IgE-binding patterns of wheat flour proteins in baker’s asthma 
(Ingrid S et al., 2001). 
 Wheat proteins are classified into two fractions: salt-soluble (albumin and globulin) and salt-insoluble 
(glutenin and gliadin) fractions (Maruyama N et al., 1998). 
 Baker's allergy has a ω-gliadin component and thioredoxin hB component. In addition, a gluten-extrinsic 
allergen has been identified as aspergillus amylase, added to flour to increase its baking properties (Weichel M 
et al., 2006). 
 Dugas et al. (2003), in an in-vitro study, indicated that gliadin-specifically enhanced IL-4-induces IgE 
production by normal human peripheral blood mononuclear cells. They stated that this pro-allergenic effect 
could be counteracted by natural antioxidants e.g thiols and SOD1. So, the oxidative stress has a role in the 
pathogenesis of the inflammatory process of occupational wheat sensitization. This role can be encountered by 
antioxidants. 
 This is supported by the review of Romieu I & Trenga C, 2001. They suggested opposite associations 
between antioxidant vitamins intake (particularly vitamin C and, to a lesser extent, vitamin E), omega-3 fatty 
acids or consumption of fresh fruit, and obstructive lung disease. 
 Remen T et al., 2010 designed a protocol to study occupational asthma in bakers and hairdressers. They 
measured markers of oxidative stress (erythrocyte SOD1, glutathione peroxidase, glutathione reductase, 4-
hydroxynonenal, malondialdehyde) as contributing factors in pathogenesis of asthma. 
 In our study, we measured malondialdehyde (MDA) as a marker of oxidative stress and superoxide 
dismutase (SOD) as an antioxidant parameter in our workers. However, we found a non-statistically significant 
difference between exposed and control groups in either of them.  
 As regards serum-specific antibodies to wheat, our study found a highly statistically significant difference 
between exposed and control groups concerning specific wheat IgE. This was concomitant with Hur G.-Y. et al., 
2008, who found that atopy status was significantly associated with positive specific IgE antibodies to wheat in 
a single industrial bakery.   
 On the other hand, Nieuwenhuijsen et al., 1999, studied exposure-response relations of alpha-amylase 
sensitization in British bakeries and flour mills. They found that atopic subjects had an increased risk of alpha- 
amylase sensitization, but this was not significant. Similarly, in our study, a non-statistically significant 
difference was found between exposed and control concerning alpha-amylase IgE. 
 On performing spirometry, all measured parameters (FVC%, FEV1%, FEV1/FVC%, PEFR%) showed 
lower results in the exposed than the control group but with a non-statistically significant difference except for 
PEFR% which showed a statistically significant difference in comparing exposed and control groups.  
 Other studies depended only on PEFR to assess the ventilatory functions of the subjects. Belchi-Hernandez 
J et al., 1996 had reported a baker with work-related respiratory complaints and made him performing repeated 
PEFR measurements. On the patient’s workdays, the PEFR measurements showed significant decreases from 
baseline values (>25%). Contrarily, during times he was away from work, PEFR values did not fall more than 
20%. 
 Another study used PEFR to assess bakers was going to be done by Remen T et al., 2010. They stated that 
many asthmatic subjects may have normal or near-normal pulmonary function, especially when they are at a 
distance from exposure and during non-exacerbation periods. So, they chose to perform peak-flow monitoring 
for all symptomatic subjects.  
 Several epidemiological studies have reported the prevalence of BA and rhinitis among professional bakers. 
In a study done by Hur G.-Y. et al., 2008, they found that the prevalence of rhinitis and asthmatic symptoms 
was 31.6% and 13.5%, respectively. In our study, we found a statistically significant difference between 
exposed and control groups as regards respiratory symptoms. The prevalence of the upper and lower respiratory 
symptoms among our exposed workers was 54% which was higher than this study. This is may be due to high 
environmental exposure and poor ventilation in the bakeries. Smoking also may play a role in this issue.  
 In this study, there was a significant positive correlation between work-related lower respiratory symptoms 
and specific IgE antibodies to wheat flour among exposed workers. The subjects with work-related lower 
respiratory symptoms had higher sensitization rates to wheat than subjects without work-related respiratory 
symptoms. This is concomitant with a study done by Hur G.-Y. et al., 2008 who found that the overall 
prevalence of wheat sensitization in a Korean bakery was 5.9%. They confirmed that an IgE-mediated response 
is the major pathogenic mechanism for the induction of work-related symptoms in wheat-exposed workers. 
 Regarding allergic skin manifestations, we found a statistically significant difference between exposed and 
control groups. There were 7 workers (27%) versus 1 control= (4%) suffering from skin manifestations. These 
findings are supported by Houba R et al., 1996 who found as much as 9% of the bakery workers showing a 

positive skin prick test reaction to fungal amylase, and in 8% amylase-specific IgE was demonstrated. So, alpha-
amylase exposure and atopy appeared to be the most important determinants of skin sensitization. 
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Conclusion: 
 
 Bakery workers are exposed to some respiratory hazards as a result of their occupational exposures. This is 
evidenced by a significant relation between work-related respiratory manifestations and IgE wheat and by the 
decline of pulmonary function test results among workers. IgE wheat & IgE α-amylase have a role in the IgE 
mediated respiratory sensitization to wheat among bakers. 
 
Recommendations:  
 
 Since atopy is an important risk factor for developing baker's allergy, the identification and exclusion of 
atopic workers may be one of the possible strategies for prevention. The other way of prevention is the reduction 
of environmental exposures to the causative agents. 
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