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Summary
Background: Oilseed rape and maize crops represent a large part of agriculture
fields in European countries. Objective: To establish the actual prevalence of sensi-
tization to oilseed rape and maize pollen, and to determine if this is correlated to the
amount of exposure as well as to the patient’s history of atopy or asymptomatic
atopy. Methods: The study was conducted by 69 allergists belonging to the Allergo-
Vigilance Network, in collaboration with the French Agency for Safety of food, and
compiles the results of skin prick-tests using oilseed rape and maize pollens and seeds,
as well as common aeroallergens. The patients were classified into 3 groups: non-
atopic, asymptomatic atopy, and actual atopic diseases. Results: Among the 5372
subjects studied (2515 children, 2857 adults), 62.3% had an atopic disease, 10.2%
had an asymptomatic atopy, and 27.5% were non-atopic. The level of sensitization
was higher in the subjects with atopic disease, as compared to those with asympto-
matic atopy: oilseed rape pollen: 11.8% vs 8%, maize pollen, 26% vs 19%, oilseed
rape seeds, 7.7% vs 6.9%, corn seeds: 8.3% vs 4.8% (p<0.001). The rate of sensiti-
zation was significantly increased in those living in high crop density regions. The
association of an atopic disease with a high rate of exposure yielded a higher rate of
sensitization of 13.8% and 21.3% for rapeseed pollen, and 22.9% and 30.7% for
maize pollen in both children and adults, respectively. Conclusions: The incidence
of sensitisation to rapeseed and maize pollen is positively correlated to the level of
exposure. This prevalence is higher in patients with actual atopic disease as com-
pared to those with asymptomatic atopy. The frequency of sensitization confirms the
allergenicity of these plants destined for food supply and demonstrates the impor-
tance of monitoring for respiratory allergies to these pollens, not only in workers ex-
posed to these types of crops, but also in atopic patients living in regions that contain
a high density of rapeseed and maize fields. Cross-reactivities between pollens and
seeds could potentially elicit cross-reacting food allergies.
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Introduction

Sensitisation to the pollens of plants grown for food, such
as oilseed rape (Brassica napus var. napus and Brassica ra-
pa subsp. oleifera) and maize (Zea mays), has not been
extensively studied (1-4), despite the fact that these crops
have increased considerably in Europe. The area sown
with oilseed rape continued to increase in 2003 because
market demands for oilseed rape oil have increased with
nutritionists highlighting the benefits of this oil, which is
rich in omega 3 (5, 6). The development of bio-fuels is
likely to increase cultivated areas even more. Furthermore,
these species are associated with many of the requests for
authorisation of genetically modified organisms (GMO)
in Europe. Future GMOs for food may have even further
modified proteomes than do current GMOs, accompa-
nied by an unforeseeable allergic risk (7). In Europe, the
culture of GMOs has led to a public debate and a mora-
torium on planting such crops. One of the worrying issues
concerns their pollen, which could be dispersed into
neighbouring crops and create new sensitisation risks.
Therefore the present study was carried out by allergists of
the Allergo-Vigilance Network, as recommended by the
French Agency for Food Safety and Environnement
(ANSES) (8, 9). The study aimed to assess the rate of sen-
sitisation to pollen and seeds of oilseed rape and maize in
the French population, and to seek its relationship to the
degree of exposure. This was based indirectly on crop den-
sity and compared the prevalence of sensitisation with age-
related characteristics and the presence of latent atopy or
current atopic disease. The data could be used in further
studies evaluating the frequency of sensitisation to these
pollens in areas where GMOs may be planted in future.

Methods

Study design

One of the missions of the Allergo-Vigilance Network, cur-
rently consisting of 345 French and Belgian allergologists, is
the monitoring of new allergic risks (8, 9). In July 2004,
AFSSA (French Agency for Food Safety) and the network
coordinator provided information to the members on the
aim of the study. 69 participants were recruited until No-
vember 2004. Pollen and seed extracts were sent to network
members in February 2005, together with the instructions
for reporting findings. The participants were informed on
the subsequent distribution of the data according to the

density of crops, but they were unaware of the classification
of the areas. The study was carried out between March and
June 2005. Each member carried out the tests in all referred
patients over a period of one month to six weeks. The last
data were collected in June 2005.

Study population

The study population included patients attending aller-
gology departments of hospitals or private practices for
various reasons: seasonal or perennial allergic rhinitis, al-
lergic asthma, atopic eczema/dermatitis syndrome
(AEDS), food allergy, allergy to hymenoptera, adverse
drug reactions, non allergic rhinitis, nasal polyposis, in-
trinsic asthma, chronic urticaria, contact dermatitis and
suspected ocular allergies. Included patients were those
having to undergo skin tests to common airborne aller-
gens in order to diagnose their condition. Informed con-
sent was obtained to carry out four extra prick-tests.
Clinical histories and test results were used to classify the
patients according to age (children up to 15 years, adults)
into one of the following three groups:
Group I: Non atopic subjects who were referred for hy-

menoptera allergy, adverse drug reactions, non-
allergic rhinitis, having no past history of atopy
and negative prick-tests to 12 common inhalants.

Group II: Patients consulting because of various symptoms,
having no current atopic disease, but with posi-
tive prick tests to one or more common inhalants.
They were considered as having latent atopy.

Group III: Patients with atopic disease (AEDS, rhinitis,
asthma) and positive prick-tests to one or more
inhalants.

Patients not fitting strictly these criteria were excluded
from this study.

Skin tests

Atopic status was evaluated by skin prick testing using a
panel of common aeroallergens: house dust mites, dog
and cat epithelia, grass pollens, birch, mugwort, ash, plan-
tain, cypress pollens, and in Southern France, olive tree
pollen. The extracts were supplied by Allerbio (Varennes
en Argonne, France) and Stallergènes (Antony, France).
The control reagent for skin reactivity was 9% codeine,
while the negative control was saline.
Four prick-tests to oilseed rape and maize pollens and
seeds were performed. Forty-six allergists chose Allerbio
extracts: W/V 1/20 (oilseed rape pollen), W/V 1/100

D.A. Moneret-Vautrin, G. Peltre, J. Gayraud, et al.

04-Moneret:cottini 12-11-2012 10:08 Pagina 226



227

(maize pollen). Twenty-two chose extracts from Stal-
lergènes: 100 IC/ml . The laboratory was not quoted by
one allergist.
Prick-tests were defined as positive if the wheal was
greater or equal in size to 2/3 of that of the codeine con-
trol, the latter being at least 2.5 mm.

Areas of maize and oilseed rape crops

After the collection of the results from the allergists, in a
second step, these results were classified according to the
area where they had been recorded.
Data concerning the areas planted with maize and oilseed
rape in 2000 were available on the web site:
agreste.agriculture.gouv.fr. Areas were classified separately
for oilseed rape and maize, and were divided into three crop
density groups: low, medium and high (Table 1, Fig. 1).

Statistical analysis

Chi-Squared tests were used to compare the prevalence of
sensitisation in the different areas and to test the associa-
tion between sensitisation and atopy.

Results

A total of 5,372 people benefited from this study which
was carried out by 69 allergists (hospitals and private prac-
tice). There were 2,515 children and 2,857 adults. Sex was
not recorded. 62.3% of patients had an atopic disease,
10.2% had latent atopy and 27.5% had no atopy (Table 2).
The overall prevalence of prick-tests positive to maize
pollen was 13.1% (children) and 15.9% (adults) and to
oilseed rape pollen 5.6% (children) and 7.1% (adults).
There was less sensitisation to maize seeds: 3.6% (chil-

Prevalence of sensitisation to oilseed rape and maize pollens in France

Table 1 - Classification of the regions into 3 catégories of crop density (source Agreste 2000)

Culture Low density (Ha) Medium density (Ha) High density (Ha)

Oilseed rape 0 - 6853 18121 - 55561 98442 - 266010

Maïze 0 - 7815 33352 - 81151 147070 - 432207

Figure 1 - Areas of crops of rapeseed (left) and maize (right) according to the density
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dren) to 5.7% (adults).
Where there was no latent atopy, there was no sensitisa-
tion to oilseed rape and maize pollen, even in areas of
high crop density. Prick tests were negative to oilseed rape
pollen in 533/536 children and 936/944 adults, and nega-
tive to maize pollen in 536/536 non atopic children and
944/944 non atopic adults.
Rates of sensitisation to pollen and seed, in both children
and adults, were significantly higher in those with atopic
disease at the time of testing, compared with those with
latent atopy: oilseed rape pollen: 11.8% vs 8%; maize
pollen: 26% vs 19%; maize seed 8.3% vs 4.8%; oilseed
rape seed 7.7% vs 6.9%.
Sensitisation rates varied significantly according to crop
density in the area where people lived (tables 3, 4). Com-
paring high with low crop density areas, sensitisation to
oilseed rape pollen increased from 0% to 6% in children
and from 1.4% to 9.7% in adults, while sensitisation to
maize pollen increased from 3.7% to 6.4% in children and
from 1.6% to 6.3% in adults.
The duration of exposure influenced the frequency of sen-
sitisation in atopic patients: sensitisation to oilseed rape
pollen was always more frequent in adults than children.
Correlating data for latent atopy or clinical manifestations
with crop density in the areas where patients lived sug-
gested that the association of atopic disease with high ex-
posure produces high rates of sensitisation (13.8% and
21.3% to oilseed rape pollen and 22.9% and 30.7% to
maize pollen in children and adults respectively) (tables 3
and 4; figures 2 and 3).

Discussion

Pollination period of oilseed rape pollens

Grains are oval and measure 45 x 20 µm. A quarter are dis-
persed by wind and the rest by insects (1, 4, 10). The polli-
nation period starts after that of Betulaceae and during the

first part of the pollination period of Grasses, i.e. April,May
and the beginning of June. Oilseed rape pollen counts relate
to crop density and are on the increase. Between 1985 and
1995 there was a 6-fold increase in the Vienne area, corre-
sponding to an intensification of crop production in the sur-
rounding countryside (4). A pollen calendar documenting
the English countryside in May estimated between 10 to
100 pollen grains/m3 (3).

Oilseed rape pollen allergens

Numerous allergens have been described: a 14 kD profil-
in,cross(reacting with Bet v 2 (11), three analogues of Ara-
bidopsis thaliana allergens: a cyanocobalamin-independent
methionin synthase, a receptor-like kinase protein, a
berberin bridge protein (12). Bra r 1 is a calcium-binding
protein crossing with a grass pollen allergen, Cyn d 7 (13).
A 6-8 kDa allergen crosses with alder pollen and celery ho-
mologues (14). It has a high homology to the allergens of
olive and Chenopodium pollens (15). Other allergens in-
clude a 43 kD polygalacturonase (4, 16) and a 7.5 kD lipid
transfer protein (table 5) (17).and finally carbohydrate de-
terminants (18). Cross reactions have been identified with
rye and birch pollens (14). Possible cross reactivity with
grass pollens remains controversial (19, 20).

Sensitisation to oilseed rape pollen

It is frequent: 7.1% of 4,468 subjects, co-sensitised to
grasses (88%), birch (67%) and other pollens (78%).
Mono-sensitisation to oilseed rape pollen is less than
0.25% (3, 4, 20), but specific sensitisation to oilseed rape
pollen does occur (21,22). This depends on exposure. In a
study of 4,468 town and country dwellers, a 7.1% sensiti-
sation rate increased to 23% in a Swedish population liv-
ing in a crop area (1, 4). The same rate was found in crop
areas in Scotland (2). The present study carried out in
France demonstrates the correlation between the rate of
sensitisation of children and adults with atopic disease
and the crop density: from 0% to 9.4% in children, from
4.5% to 15.1% in adults, in areas with high and low crop
density (tables 3, 4). These observations suggest a sensiti-
sation to allergens specific to oilseed rape pollen.

Allergy to oilseed rape pollen

There are conflicting opinions concerning oilseed rape al-
lergy with some authors considering it of minimal impor-
tance (10, 20). It is, however, well documented in people in
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Table 2 - Sensitization to rapeseed and maize pollens: classifica-
tion of patients.

group children adults

Non atopic patients 536 944

Atopic patients 273 273

Current atopic disease 1706 1640
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occupational contact with crops (3, 21). For the general
population, there is no specific season for diagnosing oilseed
rape allergy since, in the event of seasonal rhinitis, routine
diagnosis is pollinosis to Betulaceae and/or grasses, with
oilseed rape pollen arriving simultaneously at the end of
April to June (4). Patients with hay fever to grass pollens of-
ten incriminate oilseed rape crops when they live in the
vicinity of such fields.There is a higher prevalence of cough,
wheeze, headaches (but not of rhinitis) in people living in
areas densely planted with oilseed rape (23, 24). During
their flowering period these crops emit a characteristic, un-

pleasant odour due to over 20 volatile organic compounds
(VOC). Monoterpene beta-myrcene and sesquiterpene al-
phafarnesene account for more than 59% (25). Several
VOCs irritate the respiratory mucosa, and oilseed rape is of-
ten considered irritant for individuals allergic to grass pol-
lens (10, 26). Other factors associated with oilseed rape
crops are often implicated, such as fungal spores (Cladospo-
rium, Sporobolomyces and Tilletiopsis) which may be more
common than with other crops (26). Some cases of seasonal
asthma have been diagnosed by nasal challenge test (27) or
by correlating mono-sensitisation with concentrations of

Prevalence of sensitisation to oilseed rape and maize pollens in France

Table 3 - Effect of latent atopy and existing disease on the prevalence of sensitization to rape seed pollen and seeds, in relation to the
rape crop density

a.Children
Maize Crops Group Patients Positive prick-test Positive prick-test

to maize pollen to maize seeds

(n) % %

Low density No atopy 58 0 0
(0-6853) Latent atopy 55 0 0

Atopic disease 224 0 0
Total 398 0 0

Medium density No atopy 306 1% 0
(18121-55561) Latent atopy 165 0 0

Atopic disease 1056 7% 6.9%
Total 1527 5% 4.8%

High density No atopy 172 0 0
(98442-266010) Latent atopy 52 3.8% 0

Atopic disease 426 13.8% 9.4%
Total 650 9.4% 6.1%

b.Adults
Maize Crops Group Patients Positive prick-test Positive prick-test

to maize pollen to maize seeds

(n) % %

Low density No atopy 69 0 0
(0-6853) Latent atopy 21 0 0

Atopic disease 199 6.5% 2%
Total 289 4.5% 1.4%

Medium density No atopy 586 1.4% 0.7%
(18121-55561) Latent atopy 187 0 3.2%

Atopic disease 995 8.6% 6.2%
Total 1768 5.3% 4.1%

High density No atopy 289 0 0
(98442-266010) Latent atopy 65 4.6% 4.6%

Atopic disease 446 21.3% 13.5%
Total 650 15.1% 9.7%
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pollens at 30 pollen grains/m3 (28). The extent of sensitisa-
tion to oilseed rape pollen in seasonal respiratory diseases
and in exacerbating seasonal atopic dermatitis should be
evaluated by challenge testing in areas where crops are
grown (29). In a Swedish study by Bucur, 81% of conjuncti-
val challenge tests were positive (1). Etiological links could
be based on double-blind, nasal and bronchial challenge
tests with non-irritant, VOC-free substances (3, 30).
Another disease related to oilseed rape pollen sensitisation
could be food allergy to mustard: oilseed rape

pollen–mustard seed cross- reactivity is well documented
(31) and the prevalence of this allergy is markedly higher in
South West France (6% vs 1%), an area extensively planted
with oilseed rape (over 400,000 hectares) (32, 33).

Pollination period of maize pollens

The maize pollen grain is large, with a mean size of 99 µm
(80 to 140 µm). The pollination period ranges from 6 to 18
days in July. Dispersal by wind depends on the degree of

D.A. Moneret-Vautrin, G. Peltre, J. Gayraud, et al.

Table 4 - Effect of latent atopy and existing disease on the prevalence of sensitization to maize pollen and seeds in relation to the
maize crop density

a.Children
Maize Crops Group Patients Positive prick-test Positive prick-test

to maize pollen to maize seeds

(n) % %

Low density No atopy 63 0 0
(0-7815) Latent atopy 59 0 0

Atopic disease 225 4% 5.8%
Total 347 2.6% 3.7%

Medium density No atopy 205 1% 0
(32352-81151) Latent atopy 91 2.2% 2.2%

Atopic disease 654 19.1% 6.3%
Total 950 13.4% 4.5%

High density No atopy 265 0 1.1%
(147070-432207) Latent atopy 122 3.3% 2.4%

Atopic disease 831 22.9% 8.7%
Total 1218 16% 6.4%

b.Adults
Maize Crops Group Patients Positive prick-test Positive prick-test

to maize pollen to maize seeds

(n) % %

Low density No atopy 55 0 0
(0-7815) Latent atopy 21 0 0

Atopic disease 180 8.3% 2.2%
Total 256 5.9% 1.6%

Medium density No atopy 426 1.4% 0
(32352-81151) Latent atopy 128 9.4% 2.3%

Atopic disease 694 25.6% 7.3%
Total 1248 15.7% 4.3%

High density No atopy 463 0.9% 0.9%
(147070-432207) Latent atopy 124 4.8% 0

Atopic disease 766 30. 7% 10.6%
Total 1353 18.1% 6.3%
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hydration. Maize pollen can be dispersed considerable dis-
tances (1000 m) downwind from maize crops (34).

Maize pollen allergens

It contains many groups of allergens: Zea m 1 (ex-
pansins), Zea m 12 (profilins), Zea m 13 (polygalactur-
onase) and Zea m CBP (polcalcin) (table 5).
Group 1 allergens, (Zea m 1) belonging to the beta-ex-
pansin family are 70% homologous with major grass pol-
lens (35): 72% identity between Zea m 1 and Phl p 1
(36). Zea m 13 has a 70% identity with Phl p 13 . Using
immunoblot inhibition tests the timothy pollen extract
completely blocks the IgE-binding to maize pollen (36,
37). However, when specific IgEs for 14 grass and cereal
pollens were sought, values for maize pollen were the
lowest and overall cross reactivity was low (38).
A case of seasonal asthma by mono-sensitisation to maize
pollen was successfully treated with specific immunother-
apy (39). Food allergy to maize pollen, ingested ritually by

Navajo Indians, has been reported (40). Our study con-
firmed frequent sensitisation to maize pollen, greater in
adults, and related to crop density.

Sensitisation and allergy to oilseed rape seed

Occupational asthma has been reported (30, 41, 42). 2S
albumin and 5-6 kD and 10 kD allergens cross-react be-
tween oilseed rape seeds and pollen and mustard seeds
(31, 43). Oilseed rape seed is not ingested as food, but its
allergens could be present in oilseed rape oil, used exten-
sively in baby foods for infants. Adults regularly eat
oilseed rape margarine and oil. The frequency of prick-
tests positive to oilseed rape seed could reflect either
cross reactivity between pollen and seed, or sensitization
to seed proteins present in oilseed rape oil and mar-
garine. Poïkinen demonstrated that 10.9% of 1,987 chil-
dren with suspected food allergy were sensitized to
oilseed rape seed (versus 4.8% to 6.1% in our study). He

Prevalence of sensitisation to oilseed rape and maize pollens in France

Figure 2 - Effect of latent atopy, and existing disease on the
prevalence of sensitization in relation to the rape crop density

Figure 3 - Effect of latent atopy, and existing disease on the
prevalence of sensitization to maize pollen in relation to the
maize crop density
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confirmed potential food allergy in 89% of these children
by DBPCFC (44).

Sensitisation and allergy to maize seed

Maize seed, a potential source of food allergy in countries
where its consumption is common, contains major aller-
gens: a 9 kD thermo-resistant LTP and a 50 kD protein
(45, 46). The allergenic repertory of maize seed has re-
cently increased with the addition of thioredoxin and oth-
er proteins (47). The prevalence of sensitisation to maize
seed noted in this study probably reflects cross reactivity

with the pollen, or cross sensitisation with cereal glutelins
but probably reflecting non clinically relevant allergens,
since maize allergy is not common in France (48, 49).
There are two hypotheses for the fact that sensitisation to
oilseed rape and maize pollens occurs more frequently in
subjects with ongoing atopic disease than in subjects with
latent atopic disease: atopic disease may signify that the
propensity to develop sensitisation to environmental aller-
gens is greater in these subjects, or alternatively, atopic
disease may be, at least partially, dependent on the sensiti-
sation observed with these pollens.

D.A. Moneret-Vautrin, G. Peltre, J. Gayraud, et al.

Table 5 - Allergens described in rapeseed and maize pollens and seeds.

Species Allergens In silico homology In vitro cross reactivity

Bra n 1 (calcium binding protein) Cyn d 7 (Smith) Rye and birch pollens (Focke)

Allergen 6 – 8 kDa Alder pollen and celery (Focke)
Olive tree pollen and chenopodiaceae

pollen (Barderas)

Rapeseed pollen Profilins 14 kDa Grass pollens (Astwood,Welch)

80 kDa (pI : 5) Cobalamine independent
methionine synthetase of
A. thaliana (Chardin)

70 kDa (pI : 8,5-10) Berberin-bridge protein of
A. thaliana (Chardin)

40 kDa (pI : 10) Receptor-like protein kinase of
A. thaliana (Chardin)

Polygalacturonase 43 kDa
(Hemmer, Chardin)

LTP 7,5 kDa (Torriama)

Rapeseed seeds Allergènes 5 – 6 kDa Rapeseed pollens Mustard seeds
(Dominguez,Monsalve)

Allergens 10 kDa

2S Albumine

Zea m 1 : expansin Grass pollen major
allergens : 70% homology

(Lian – Chao)

Maize pollen Zea m 12: profilin

Zea m 13: polygalacturonase Grass pollens (Heiss)

Polcalcin

Maize seeds LTP 9 kDa (Pastorello)

50 kDa (Pasini)
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Conclusion

Sensitisation to oilseed rape pollen is common, particular-
ly where crop production has increased considerably. Both
the intensity and duration of exposure are important fac-
tors, as confirmed by this study. The risk of respiratory al-
lergy has to be feared, and the future use of bio-fuels in
agricultural machines will create a further risk for farmers
who may inhale these allergens. Overlapping pollination
periods of oilseed rape, maize, grasses and Betulaceae hin-
ders the identification of oilseed rape pollinosis. Another
confounding factor is the irritant effect of oilseed rape
VOCs on respiratory tract mucosae that may exacerbate
any pollinosis due to grasses (26, 50). The consequences
of cross reactivity with other Brassicaceae, particularly an
allergy to mustard, justify further investigation. Pollen
calendars in areas with high crop densities may help to
document the relationship between crop density and res-
piratory allergy. Immunotherapy could be recommended
in some cases of mono-sensitisation. Preliminary experi-
ments with an hypoallergenic allergen have been started
in mice (51).
Food allergy to oilseed rape seed has recently been de-
scribed in children (44). Allergy to maize flour remains
rare. However, a systematic search for specific IgEs in sera
of children allergic to other foods showed they were pre-
sent in over 10% of cases (52), comparable to the rate of
positive prick-tests in this study: 8% to 8.3%.
It would therefore be wise to monitor carefully any changes
in the prevalence of sensitisation to oilseed rape and maize
seed, to study the allergome of their pollens and seeds with
sera from patients with a positive double-blind challenge
(nasal, ocular or oral challenge) and to determine whether
there is a clinically relevant cross sensitisation between
pollen and seed. Data on the current prevalence of sensiti-
sation to maize and oilseed rape pollens would provide a
basis for further evaluations of sensitisation when GMO
crops become more common (51, 52).
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