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INTRODUCTION

Maize (Zea mays) is a cereal commonly used in contemporary 
diet. Maize can give rise to allergy reactions upon ingestion,1 but 
also through inhalation of its flour2,3 or pollen.4,5

We describe a case of occupational rhinoconjunctivitis caused 
by maize brand in a snack processor who worked in the maize 
extrusion process. The allergens implicated as well as the exis-
tence of cross-reactivity between non-specific LTPs from differ-
ent cereals and peach were investigated. 

CASE REPORT

A 40-year-old man, a non-smoker, had worked as an operator 
in the production of cheese balls and worms by a maize extru-
sion process since he was 28 years old, manipulating cheese 
and maize brand several days a week. He had suffered from rhi-
noconjunctivitis and asthma symptoms at work for the last 6 
months. These symptoms subsided on weekends and holidays. 
He was treated for acute asthma attacks in 2 occasions. He tol-
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erated the intake of cheese and flour balls and worms, but he 
had experienced abdominal pain when he drank beer. The 
physical examination, chest X-ray and blood tests showed no 
abnormalities. Spirometry showed a FVC of 5.6 L (104.4% pre-
dicted), FEV1 of 3.86 L (87.8%), and FEV1/FVC 68.1%. The 
bronchodilator test was negative. He was relocated to a differ-
ent area in his workplace and after 5 months of having stopped 
handling maize his symptoms markedly improved.

Skin prick tests (SPT) and specific IgE measurements were 
negative to pollen, mites, fungi and animal dander, as were to 
cow’s milk proteins and S. cerevisiae. SPT showed positive re-
sults to maize flour, wheat flour and beer (Table 1). Total serum 
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IgE was 94.20 kU/L. Specific IgE determinations (ImmunoCAP®, 
Thermo-Fisher, Sweden) were positive to maize flour extracts 
and negative to other cereal flours and alpha-amylase (Table 1). 

The methacholine challenge test was positive (PC20 13.76 mg/
mL) at work and negative (PC20>16 mg/mL) away from work. 
FeNO (NIOX MINOTM, Aerocrine, Sweden) was 60 ppb while at 
work and 42 ppb away from work.

The SPT with the ingredients he handled at work were positive 
only with maize brand extract (10% wt/vol), being negative in 
five controls subjects. SIC to the maize brand extract was nega-
tive, whereas conjunctival challenge test6 with the same maize 
extract was positive. 

Beer LTP used for the in vitro assays was obtained from com-
mercial beer. Beer was degassed and then freeze-dried. Lyophi-
lized beer was extracted with PBS buffer and precipitated with 
(NH4) 2SO4. The crude extract protein preparation was separat-
ed by cation-exchange chromatography on an Acell Plus CM 
Waters Sep-Pak cartridge. The fraction containing the LTP was 
repurified by reverse-phase HPLC. The N-terminal amino acid 
sequence of the 9-kDa protein (LNXGQVDS) was identical to 
the first 8 N-terminal residues of the LTP1 from barley seed.

The results of immunoblotting and ELISA-inhibition assays 
are shown in Fig. 1 and 2, respectively. In IgE-immunoblotting 
the patient’s serum detected a low-molecular weight (MW) band 
in maize brand and beer extracts but not in the wheat flour ex-
tract. The patient’s serum also showed IgE-binding to the maize 
and beer LTPs but not to the wheat and peach LTPs. Besides, 
other IgE-binding components (MW between 20-90 kDa) were 
recognized in the maize brand, beer and wheat extracts. The 
patient’s serum also showed IgE binding to protein Z from beer. 

In the ELISA inhibition assay using maize LTP (Zea m 14) ex-
tract as solid phase, and Zea m 14, beer LTP, Pru p 3 and wheat 
LTP (Tri a 14) as inhibitors, a 100% inhibition between Zea m 
14 and beer LTP was found, but no inhibition of IgE-binding to 
Zea m 14 with Pru p 3 and Tri a 14 was observed. 

 

DISCUSSION

We report on a case of occupational rhinoconjunctivitis due 
to maize brand with sensitization to LTPs (Zea m 14 and beer/
barley LTP), which showed a high degree of allergic cross-reac-
tivity. SIC to maize was negative, probably because the patient 
was relocated to a job position without exposure shortly after 
bronchial symptoms developed, and thus peak expiratory flow 
rate (PEFR) monitoring could not be performed. However, the 
positive conjunctival challenge test confirmed specific in vivo 
reactivity to maize brand. 

Maize can cause IgE-mediated allergic reactions through in-
halation of airborne particles, skin contact or ingestion. Respi-
ratory symptoms caused by its pollen,4,5,7 occupational asthma 
and rhinoconjunctivitis due to its flour,2,3,8 contact urticaria,9 and 
food allergy due to maize ingestion1,10 have been reported. 

Several IgE-binding proteins from maize have been related to 
different allergy reactions. A case of occupational rhinitis to maize 
pollen confirmed by nasal provocation test has been reported.3 
Zea m 1 (β-expansin)3-5 has been identified as a major maize 
pollen allergen. Zea m 13 (poly-galacturonase) and Zea m 12 

Table 1. Results of skin test and specific IgE determinations

Allergen
Prick test  

Mean wheal in mm 
(and erythema flare)

Specific IgE*  
(kU/L)

Cereals Maize flour 5 (10) 0.57
Maize brand 6 (10) Not done
Wheat flour 5 (7) <0.35
Barley flour 0 Not done
Oat flour 0 <0.35
Rye flour 0 <0.35

Beer 5 (8) Not done
Saccharomyces cerevisiae 0 Not done
Enzymes Alpha-amylase 0 <0.35

*Specific IgE measurements by ImmunoCAP
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Fig. 1. SDS-PAGE and IgE-immunoblotting assays with patient’s serum. (1) maize; 
(2) beer; (3) wheat; (4) Zea m 14; (5) beer LTP; (6) Protein Z; (7) Tri a 14; (8) wheat 
thaumatin-like protein; (9) Pru p 3.
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Fig. 2. ELISA inhibition assays. Zea m 14 was used in the solid phase and dif-
ferent LTPs as liquid phase inhibitors.
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(profilin) are also pollen allergens.4 Zea m 14 (LTP) is a major 
food allergen,11 whereas α-amylase trypsin inhibitor7 and Zea 
m 25 (thioredoxin) are minor food allergens.12,13 

A worker in a tablet manufacturing plant developed occupa-
tional allergy to a drug excipient containing maize starch.2 A 50-
kDa allergen was identified in this worker2 as well as in patients 
with food allergy1 to maize. In our case it is assumed that the 
patient sensitization route was inhalation during the maize ex-
trusion process.

Tri a 14 is a major allergen associated with baker’ asthma14,15 
and it has a high degree of cross-reactivity with Pru p 3.16 Pas-
torello et al.11 studied the cross-reactivity between Zea m 14, 
LTPs from other cereals and Pru p 3 in patients who had allergic 
reactions with the intake of maize and Prunoideae fruits. They 
observed cross reactivity between Zea m14 and Pru p3 and rice 
LTP, but not with Tri a 14 and barley LTP. 

The patient herein reported showed IgE-mediated sensitiza-
tion to maize flour and beer, as well as to wheat flour, and his 
circulating IgE recognized Zea m 14 and beer LTP, but not Tri a 
14 or Pru p 3. The results of the ELISA-inhibition assays show 
complete inhibition of IgE-binding to Zea m 14 with beer LTP, 
indicating the existence of a large homology between these two 
LTPs, but no inhibition was observed with Pru p 3 and Tri a 14. 
Unlike the patients reported by Pastorello et al.,11 our patient 
had no symptoms with fruits. This discrepancy, however, is in 
agreement we the findings by Bernardi et al.17 on the great bio-
chemical heterogeneity among LTPs. Our patient was also sen-
sitized to protein Z and beer LTP, major allergens in beer,18 as 
well as to other proteins present in maize, beer, and wheat flour, 
that could correspond to other allergens related to food allergy 
to maize.19 Some of these proteins may be present in beer, such 
as the prolamines from maize called zeins: alpha-zein, precur-
sor alphazein and a beta-zein; as well as the endochitinase pre-
cursor A and B.19 These latter proteins are chitinases that belong 
to the pathogenesis-related type 3 family (PR-3) and present 
significant homology with tomato endochitinase C (homology 
58.4%) and with grape endochitinase IV (62% homology).19,20 

In conclusion, this patient was sensitized to LTPs from both 
maize (Zea m 14) and beer that show a high degree of allergen-
ic cross-reactivity, which has not been previously described.
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