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Allergic Rhinitis, Asthma, and Atopy
Among Grape Farmers in a Rural
Population in Crete, Greece*

Leda Chatzi, MD; Emmanuel Prokopakis, MD; Nikolaos Tzanakis, MD, PhD;
Athanasios Alegakis, PhD; Ioannis Bizakis, MD, PhD;
Nikolaos Siafakas, MD, FCCP; and Christos Lionis, MD, PhD

Study objective: To measure the prevalence of allergic rhinitis, atopy, and asthma among grape
farmers, and to compare the respiratory and atopic status in grape farmers with those of
nonexposed control subjects.
Design: Cross-sectional study.
Setting: Malevisi region in northern Crete, Greece.
Subjects and methods: One hundred twenty grape farmers and 100 control subjects living in the
Malevisi region were examined. The protocol comprised a questionnaire, skin prick tests for 16
common allergens, measurement of specific IgE antibodies against 8 allergens, and spirometry
before and after bronchodilation.
Results: Grape farmers were found to have an excess of respiratory symptoms. The comparison
with the control group, after adjusting for age, sex, and smoking status, showed that the
differences were statistically significant for rhinorrhea (odds ratio [OR], 2.7; 95% confidence
interval [CI], 1.5 to 5.1; p < 0.001), sneezing (OR, 2.2; 95% CI, 1.2 to 4.0; p < 0.01), and nasal
itching (OR, 1.9; 95% CI, 1.0 to 3.6; p < 0.05), but were nonsignificant for asthma-related
symptoms. In the multiple logistic regression model, grape farmers were found to have increased
work-related symptoms, such as sneezing (OR, 2.9; 95% CI, 1.3 to 6.6; p < 01), rhinorrhea (OR,
2.9; 95% CI, 1.3 to 6.6; p < 0.01), cough (OR, 3.7; 95% CI, 1.2 to 11.4; p < 0.05), and dyspnea
(OR, 3.8; 95% CI, 1.1 to 1.3; p < 0.05). The prevalence of allergic rhinitis was 40.8% in grape
farmers and 26% in control subjects (OR, 2.0; 95% CI, 1.1 to 3.5; p < 0.02). Increased but
statistically nonsignificant values of asthma prevalence were found in grape farmers (6.7%)
compared with the control group (2.0%). The prevalence of atopy was 64.2% in grape farmers
and 38.0% in the control group (OR, 2.2; 95% CI, 1.2 to 3.5; p < 0.01). Mean FEV1 was
significantly lower in grape farmers than in control subjects (p < 0.05), after adjusting for age,
sex, and smoking status. Bronchial obstruction was reversible in 23 grape farmers (19.2%) and in
6 control subjects (6%; p < 0.01).
Conclusions: The study mainly demonstrated the high prevalence of allergic rhinitis and
work-related respiratory symptoms in grape farmers compared to control subjects. It also
suggested that grape farming is possibly associated with increased allergic sensitization to specific
pollens, low baseline FEV1, and increased bronchial hyper-responsiveness. Further studies are
needed to determine the potential risk factors for these disorders among the farming population.

(CHEST 2005; 127:372–378)
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Abbreviations: CI � confidence interval; EIA � enzyme immunoassay; OR � odds ratio; SPT � skin prick test

E pidemiologic studies have shown that farmers
are exposed to a variety of inhaled agents includ-

ing inorganic/organic dust, micro-organisms, myco-
toxins, endotoxins, pollens, mites, molds, animal

danders, and pesticides.1 These exposures have been
shown to give rise to a variety of respiratory disorders
such as asthma, chronic bronchitis, hypersensitivity
pneumonitis, and organic dust toxic syndrome.1–3

occupational and environmental lung
disease
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Kogevinas et al,4 in a study on occupational asthma
in Europe and other industrialized areas, have shown
that farmers and agricultural workers were among
the occupations with the highest risk of asthma.

The prevalence and the type of allergic respiratory
disorders among agricultural populations differ due
to the diversity of agricultural practices in different
regions of the world. Respiratory disorders and
allergy are well-documented in animal farmers5–9

but, there is a lack of data for allergic respiratory
disorders in crop farmers. The European Farmers’
study10,11 suggested that flower growing is an impor-
tant risk factor for asthma, whereas the cultivation of
oil plants is associated with acute respiratory symp-
toms in European crop farmers. It has also been
reported12 that the cultivation of flowers and/or
ornamental plants inside greenhouses is related to
occupational asthma through sensitization to flower
allergens and workplace molds. There are few data
regarding allergic respiratory disorders in grape
farmers.13,14 Gamsky et al13 found that California
grape farmers had lower FVC lung volumes com-
pared to tomato and citrus farmers.

Grape farming is a traditional agricultural practice
in Crete, one of the largest grape growing areas in
Greece. The basic variety is “sultana” raisin, and the
cultivation of grapes is focused on raisin production
more than wine production. The farms are small in
size, and the cultivation of grapes is in most cases a
family enterprise. Grape farmers have no regular
contact with livestock, and agricultural practices are
restricted to grape cultivation. Cultivation is per-
formed in the open field, starting in early spring and
continuing until the end of September (the blossom
period of most plants in Crete). The use of pesticides
and fertilizers in grape cultivation is a common
everyday practice. The principal chemical agents
used are herbicides to control weeds, fungicides to
control fungus, and insecticides to control various
insects.

The present study is a cross-sectional study that was
conducted in order to measure the prevalence of
allergic rhinitis, atopy, and asthma among grape farm-

ers, and to investigate whether grape farming is asso-
ciated with a high risk of allergic respiratory disorders.

Materials and Methods

Study Population

This cross-sectional study was carried out from April 2002 until
November 2002 in the Malevisi region, a rural area in northern
Crete (including the villages of St. Myronas, Petrokefalo, and
Pentamodi), which is one of the most important grape-growing
regions in Crete. The total number of grape farmers listed in the
Agricultural Cooperatives in the Malevisi region is 670. Of these,
179 were reported in the records of the agricultural insurance as
having another main occupation besides grape farming, so they
were excluded from the study. Of the remaining 491 farmers in
the age group of 25 to 70 years, there were 459 subjects. From
these, we took a random sample of 150 farmers, who formed our
study population group.

For the control group, we chose the occupational group of
employees in the tourist industry, since tourism is the second
major occupation in this region after agriculture. For this reason,
we selected from the local municipal rolls and the records from
the Tourism Employees’ Association in Crete, the number of
tourism employees who live in the Malevisi region (408 employ-
ees). Of those employees, in the age group 25 to 70 years, there
were 362 subjects. From these 362 tourism employees, we took
a random sample of 150 subjects, who formed our control group.

All subjects from both groups were first informed of the
objectives of the study as well as its practical procedures (medical
examinations) with a written information form. Each subject who
agreed to participate in the study was asked to give his/her
informed consent. The Ethical Committee of the University
Hospital of Crete, Greece, has approved the study protocol.

The study protocol comprised a questionnaire, skin prick tests
(SPTs), blood sampling for the measurement of specific IgE
antibodies, and spirometry before and after bronchodilation. All
medical examinations were carried out at the University Hospital
of Heraklion, Crete, Greece.

Questionnaire

The questionnaire was completed during a face-to-face inter-
view that was performed by the same trained physician for both
groups. The interviews took place at participants’ houses. The
questionnaire included questions on medical and occupational
history, and had two parts:

1. The first part included questions regarding demographic
data, respiratory symptoms (present in the last 12 months,
apart from a cold), personal and family history of respira-
tory and allergic diseases, smoking habits, alcohol con-
sumption, and home environment information. An adapted
version of the short version of European Community
Respiratory Health Survey questionnaire15 was used to
identify asthma symptoms. The definition of current
asthma was based on asthma symptoms or medication
according to the questionnaire (ie, attack of asthma during
the last 12 months, having been woken up by an attack of
shortness of breath during the last 12 months, or current
use of asthma medication),4 followed by a positive bron-
chodilation test result. Allergic rhinitis was defined as the
occurrence of two or more nasal symptoms (eg, rhinorrhea,
sneezing, nasal obstruction, and nasal itching) on most days
during the last 12 months, apart from a cold, followed by a
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positive SPT test result and/or a positive test result for the
measurement of specific IgE antibodies.16–18

2. The second part of the questionnaire was created by the
authors in close collaboration with agronomists experienced
in grape cultivation in the Malevisi region, and included a
detailed occupational history. It asked about the type and
duration (in years) of grape cultivation, the number of
hours spent working on grape cultivation daily, the use of
pesticides, the preventive measures used under any cir-
cumstances, and specific respiratory symptoms that were
directly associated with the work (ie, work-related symp-
toms). Work-related symptoms were defined as symptoms
that were present during working hours and that showed
improvement during evenings, weekends, and holidays.19

Allergic Tests

SPTs were performed, by a trained physician, on the volar side
of the forearm with a standardized skin test needle for 16
different allergens among four groups of allergens (S.A.R.M.
Allergens LTD; Rome, Italy), as follows: Pollens: Gramineae mix,
Cynodon dactylon, composite mix, Parietaria officinalis, Pari-
etaria judaica, Parietaria plus, tree mix, and olive European;
Mites: Dermatophagoides farinae, Dermatophagoides pteronys-
sinus, Glycyphagus domesticus, Acarus siro; Molds: Alternaria
tenius, Cladosporium herbarum, and Mucor mix; and Animal
epithelium: Cat epithelium. Histamine and blank solutions were
used as controls. The reaction was evaluated after 15 min. A
positive SPT result was defined as the presence of a mean wheal
diameter of 3 mm more than that of the negative control.

The enzyme immunoassay (EIA) method was used to quantify
IgE antibodies against eight different allergens in four groups of
allergens (Cypress diagnostics, CV; Langdorp, Belgium), as fol-
lows: Pollens: Grass mix, P officinalis, olive European, and
common ragweed; Mites: D farinae and D pteronyssinus; Molds:
Molds mix; and Animal epithelium: Cat epithelium. A positive
EIA test result was defined as � 0.35 EU/mL.

All subjects receiving medication for any allergic disease were
asked to stop their medication 1 week prior to the examination. In
the present study, a subject was considered to be atopic if he or
she demonstrated a positive reaction to one or more of the tested
allergens in the SPT and/or when at least one specific IgE
measurement was � 0.35 EU/mL.

Spirometry

Spirometry was performed by a trained technician, using a
calibrated pneumotachograph spirometer (Flowmate, version
E2.0; Jaeger; Wurzburg, Germany). The device was calibrated
daily, and the values were recorded at body temperature pres-
sure, saturated. Each subject completed a dynamic spirometry
with at least three acceptable and two reproducible maneuvers
according to standard guidelines.20 Predicted values were ob-
tained from the new standardized lung function testing guide-
lines of the European Community for Steel and Coal Luxem-
bourg, 1993.20 All data were expressed as percentages of
predicted values. A bronchodilation test was performed using 400
�g salbutamol. An increase of � 12% predicted in FEV1 was
considered to be a positive bronchodilator response.20 All sub-
jects receiving medication for any obstructive lung disease were
asked to stop taking their medication 12 h prior to undergoing
spirometry.

Statistical Analysis

Continuous variables were presented as the means and SD. A
univariate analysis of categoric variables was made using the

Pearson �2 test. A multiple logistic regression model was used to
estimate odds ratios (ORs) for grape farming after adjusting for
age (continuous variable), sex (female and male), and smoking
status (nonsmokers, ex-smokers, and current smokers). Compar-
isons of continuous variables were made using both a parametric
test (independent samples t test) and a nonparametric test
(Mann-Whitney), as appropriate. A multiple linear regression was
used in order to estimate the effect of exposure (ie, grape farmers
vs control subjects) on lung function volumes after adjustment for
age (continuous variable), sex (female and male), and smoking
status (nonsmokers, ex-smokers, and current smokers). For all
statistical tests, a probability of 0.05 was taken to be significant.
Data analysis was performed using a statistical software package
(SPSS, version 11.5; SPSS Inc; Chicago, IL).

Results

Population

The response rate was 80.0% for the farmers (120
of 150) and 66.7% for the control group (100 of 150).
The nonresponders from both groups were con-
tacted and interviewed by telephone, and were
comparable to the responders in terms of mean age,
sex, and smoking status. The reasons for not partic-
ipating in the study were lack of time and lack of
interest in health examinations in most cases. All
grape farmers were contacted successfully, whereas
2 of 50 control subjects (4.0%) did not respond. Of
the nonresponders, 5 of 30 grape farmers (16.7%)
and 6 of 50 control subjects (12.0%) had a history of
allergic rhinitis, whereas 1 of 30 grape farmers
(3.3%) and none of the control subjects were self-
reported as being asthmatic. All of the participants
underwent the interview and the clinical examina-
tions (ie, SPT, EIA test, and spirometry).

Table 1 shows the main characteristics of the
grape farmers and control subjects in terms of age,

Table 1—Main Characteristics of Grape Farmers and
Control Subjects*

Characteristics
Farmers

(n � 120)
Control Subjects

(n � 100) p Value

Age,† yr 45.6 (12.1) 34.9 (7.4) � 0.001
Age groups, yr

� 35 27 (22.5) 50 (50.0)
35–50 43 (35.8) 46 (46.0) � 0.001
� 50 50 (41.7) 4 (4.0)

Sex
Male 43 (35.8) 29 (29.0) NS
Female 77 (64.2) 71 (71.0)

Smoking
Nonsmokers 71 (59.2) 32 (32.0) � 0.001
Current smokers 34 (28.3) 59 (59.0)
Ex-smokers 15 (12.5) 9 (9.0)

*Values given as No. (%), unless otherwise indicated. NS � not
statistically significant.

†Values given as mean (SD).
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sex, and smoking status. Grape farmers had been
working in grape cultivation for a mean (� SD)
period of 25.0 years (mean duration of grape farm-
ing, 25.0 � 11.7 years; mean age at start of grape
farming, 20.6 � 7.7 years; mean time worked per
day, 6.9 � 2.3 h), were older than the control sub-
jects (p � 0.001), and smoked less than the control
subjects (p � 0.001).

Respiratory Symptoms

The proportion of subjects reporting respiratory
symptoms was higher in grape farmers than in
control subjects (Table 2). After using a multiple
logistic regression model and adjusting for age, sex,
and smoking status, the differences remained statis-
tically significant for rhinorrhea (OR, 2.7; 95% con-
fidence interval [CI], 1.5 to 5.1; p � 0.001), sneezing
(OR, 2.2; 95% CI, 1.2 to 4.0; p � 0.01), and nasal
itching (OR, 1.9; 95% CI, 1.0 to 3.6; p � 0.05).
Concerning the asthma-related symptoms (ie, dys-
pnea, wheezing, wheezing with breathlessness, being
awoken by cough, being awoken by shortness of
breath, being awoken by chest tightness, and attack
of asthma), there was a tendency toward increased
prevalence rates in grape farmers, but this increase
was not statistically significant. The prevalence of
allergic rhinitis was found to be 40.8% for grape
farmers and 26% for the control subjects (OR, 2.0;
95% CI, 1.1 to 3.5; p � 0.02). The prevalence of
current asthma was 6.7% for grape farmers and 2%
for the control group (difference not significant). All
subjects with a current diagnosis of asthma were
found to be atopic.

Regarding work-related respiratory symptoms,
grape farmers had significantly elevated ORs for
work-related sneezing (OR, 2.9; 95% CI, 1.3 to 6.6;
p � 0.01), work-related rhinorrhea (OR, 2.9; 95%
CI, 1.3 to 6.6; p � 0.01), work-related cough (OR,
3.7; 95% CI, 1.2 to 11.4; p � 0.05), and work-related
dyspnea (OR, 3.8; 95% CI, 1.1 to 1.3; p � 0.05), but
not for work-related wheezing, compared to the
control subjects after adjustment for age, sex, and
smoking status.

Allergic Tests

The prevalence of atopy was calculated to be
64.2% for the group of grape farmers and 38.0% for
the control group (OR, 2.2; 95% CI, 1.2 to 3.5;
p � 0.01). The proportion of subjects with one or
more positive SPT results was significantly greater in
the grape farmer group than in the control group
(OR, 2.2; 95% CI, 1.3 to 3.8; p � 0.005). Analysis by
type of allergen showed a significantly greater pro-
portion of farmers with positive SPT results for
pollens compared to the control group (OR, 2.3; 95%
CI, 1.3 to 4.1; p � 0.01). More specifically, the most
prevalent pollens for which the presence of allergen-
specific IgE was demonstrated were as follows: (1)
Gramineae mix (30 grape farmers, 25.0%; 8 control
subjects, 8.0%; OR, 3.8; 95% CI, 1.7 to 8.8;
p � 0.01); (2) C dactylon (25 grape farmers, 20.8%;
10 control subjects, 10.0%; OR, 2.3; 95% CI, 1.3 to
4.1; p � 0.01); and (3) composite mix (20 grape
farmers, 16.7%; 3 control subjects, 3.0%; OR, 4.8;
95% CI, 1.3 to 18.2; p � 0.001). According to the
results of EIA tests, there were no significant differ-

Table 2—Prevalence of Allergic Rhinitis and Asthma Symptoms in Grape Farmers and Control Subjects*

Variables
Grape Farmers

(n � 120)
Control Subjects

(n � 100) OR (95% CI) p Value

Rhinorrea† 47 (39.2) 19 (19.0) 2.7 (1.5–5.1) � 0.001
Sneezing† 58 (48.3) 31 (31.0) 2.2 (1.2–4.0) � 0.01
Nasal obstruction† 50 (41.7) 31 (31.0) 1.6 (0.9–2.8) NS
Nasal itching† 37 (30.8) 19 (19.0) 1.9 (1.0–3.6) � 0.05
Allergic rhinitis‡ 55 (45.8) 27 (27.0) 2.3 (1.3–4.1) � 0.01
Allergic rhinitis§ 49 (40.8) 26 (26.0) 2.0 (1.1–3.5) � 0.02
Dyspnea† 36 (30.0) 26 (26.0) 1.1 (0.5–2.3) NS
Wheezing† 22 (18.3) 11 (11.0) 1.5 (0.6–3.9) NS
Woken by SOB† 14 (11.7) 6 (6.0) 1.0 (0.3–4.0) NS
Attack of asthma† 6 (5.0) 4 (4.0) 1.1 (0.3–6.1) NS
Ever received asthma diagnosis 8 (6.7) 6 (6.0) 1.0 (0.1–35.2) NS
Medication for asthma 8 (6.7) 2 (2.0) 3.5 (0.7–17.0) NS
Current asthma‡ 11 (9.1) 4 (4.0) 2.7 (0.6–9.7) NS
Current asthma� 8 (6.7) 2 (2.0) 3.5 (0.7–17.0) NS

*Values given as No. (%), unless otherwise indicated. See Table 1 for abbreviation not used in the text. SOB � shortness of breath.
†Symptoms that were present in the last 12 mo, apart from a cold.
‡According to the questionnaire.
§According to the questionnaire, followed by a positive SPT test result and/or a positive EIA test result.
�According to the questionnaire, followed by a positive bronchodilator response.
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ences regarding allergic sensitization between grape
farmers and control subjects. The main characteris-
tics of the allergic profile in the two groups are
summarized in Table 3.

Respiratory Function

The mean (� SD) of lung functions volumes in
grape farmers and control subjects are shown in
Table 4. Grape farmers had lower lung function
volumes compared to control subjects. A multiple
linear regression model was used to estimate the
effect of occupation on respiratory function in the
two groups, after adjustment for age, sex, and smok-
ing status. The results of the analysis showed that the
mean adjusted percent predicted value of FEV1 was
significantly lower in grape farmers than in control
subjects (p � 0.03). The mean adjusted FVC and the
FEV1/ FVC ratio did not differ significantly between
the two groups. Twenty-three grape farmers (19.2%)
and 6 control subjects (6.0%) showed a positive
bronchodilation test result. The differences in the
response to the bronchodilation remained after using
a logistic regression model and adjusting for age, sex,
and smoking status (OR, 3.7; 95% CI, 1.5 to 9.5;
p � 0.01).

Discussion

The purpose of this study was to measure the
prevalence of allergic respiratory disorders among
grape farmers in the Malevisi region in Northern
Crete. We found high prevalence rates of allergic
rhinitis symptoms in grape farmers and a twofold
greater risk of allergic rhinitis compared to the
control subjects. These findings are higher than the
respective values reported from other recently pub-
lished studies in crop-farming populations.11,21–25

The high prevalence of allergic rhinitis could be
explained by the equivalent high allergic sensitiza-
tion that we found among grape farmers, as the
definition of allergic rhinitis in the present study was
based partly on allergic sensitization. There are no
epidemiologic data on the prevalence of nasal aller-
gies among farming populations in Greece.

In our group of farmers, the prevalence of asthma
was 6.7% and did not differ significantly from that of
the control group. The prevalence of asthma diag-
nosed by a doctor or treated with medication has
generally been reported to be between 3 and 12% in
crop-farming populations.11,12,21,23,24 The asthma
prevalence in the European Farmers’ Study11 was
3.2% for crop farmers, 5.1% for flower and/or orna-
mental plant growers, and did not differ from that
reported for the general European population.26 The
prevalence of asthma in our control group is in
accordance with that reported for the city of Athens,
Greece, in the European Community Respiratory
Health Survey.27 However, in the present study, the
prevalence rates of specific asthma symptoms (dys-
pnea, wheezing, being awoken by shortness of
breath, etc) seemed to be higher in the grape farmer
group than in the control group. It is possible that

Table 3—Prevalence of Positive Allergic Test Results in Grape Farmers and Control Subjects*

Variables
Grape Farmers

(n � 120)
Control Subjects

(n � 100) OR (95% CI) p Value

At least 1 positive SPT 61 (50.8) 32 (32.0) 2.2 (1.3–3.8) � 0.005
Positive SPT pollens 54 (45.0) 26 (26.0) 2.3 (1.3–4.1) � 0.01
Positive SPT mites 19 (15.8) 16 (16.0) 1.6 (0.3–1.5) NS
Positive SPT molds 7 (5.8) 3 (3.0) 2.2 (0.5–8.7) NS
Positive SPT cat 3 (2.5) 1 (1.0) 2.8 (0.3–27.9) NS
At least 1 positive EIA 49 (40.8) 36 (36.0) 1.2 (0.6–2.1) NS
Positive EIA pollens 33 (27.5) 24 (24.0) 1.6 (0.8–3.2) NS
Positive EIA mites 25 (20.8) 14 (14.0) 1.4 (0.6–3.1) NS
Positive EIA molds 8 (6.7) 4 (4.0) 1.4 (0.3–5.6) NS
Positive EIA cat 7 (5.8) 2 (2.0) 3.0 (0.6–15.0) NS
Atopy† 77 (64.2) 38 (38.0) 2.2 (1.2–3.5) � 0.01

*Values given as No. (%) unless otherwise indicated. See Table 1 for abbreviation not used in the text.
†Signifies at least one positive SPT or EIA test result.

Table 4—Lung Function Measurements in Grape
Farmers and Control Subjects*

Variables
Grape Farmers

(n � 120)
Control Subjects

(n � 100) p Value

FVC, % predicted 106.3 (21.9) 113.6 (14.5) 0.17
FEV1, % predicted 100.9 (24.2) 112.6 (14.4) 0.03†
FEV1/FVC, % predicted 99.5 (10.7) 104.1 (7.8) 0.08
FEV1’, % predicted 107.3 (24.9) 115.6 (14.6) 0.10

*Values given as mean (SD), unless otherwise indicated.
FEV1’ � FEV1 after bronchodilatation.

†Statistically significant (p � 0.05).
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these differences did not reach statistical significance
because of the inadequacy of the sample size.

We found lower FEV1 volumes among grape
farmers compared to control subjects. Gamsky et al13

have shown that California grape workers had lower
FVC volumes compared to tomato and citrus work-
ers. In our study, grape farmers with lower FEV1
volumes did not present with a high prevalence of
asthma symptoms compared to control subjects, but
they showed an excess of work-related symptoms
such as cough, dyspnea, and rhinorrhea. The differ-
ence in FEV1 volumes remained after using a mul-
tiple linear regression model, and adjusting for age,
sex, and smoking status. Reduced FEV1 and the high
prevalence of work-related respiratory symptoms in
grape farmers could be explained by different occu-
pational exposures, such as inorganic dust, organic
agents, and pesticides. To evaluate the role of such
exposures in lung function volumes, longitudinal
studies with measurements of work site-specific re-
spiratory hazards are needed.

The most striking finding in the present study is
the high prevalence of atopy (64.2%) among grape
farmers compared to control subjects (38.0%). These
prevalence rates are higher than those reported in
other crop-farming populations.12,24,25,28,29 A Greek
study30 showed that the prevalence of atopy in
children living in rural areas of Crete was lower than
that of children living in urban areas. The prevalence
of atopy in our control group was slightly higher than
that (31.5%) found by Grigoreas et al31 in a repre-
sentative sample of Greek adults.

The most prevalent group of allergens for both
groups was pollens, which is in accordance with the
findings of Barnes et al,30 for children living in rural
areas of Crete. The most prevalent allergenic plants
in Crete with known clinical significance are grasses,
Olea europaea and Parietaria/nettle species.32,33 Pol-
lens have been found to induce occupational allergy
in several cases.12,25,28,29,34,35 In the present study,
the most prevalent pollens in grape farmer group
were from the Gramineae family (Gramineae mix,
25.0%; C dactylon, 20.8%) and the Compositae
family (composite mix, 16.7%). A recent study on
herbicides and weed control in vineyards in Portu-
gal36 showed that C dactylon and Poa annua, (which
both belong to Gramineae family) are among the
most predominant weeds in grape-growing regions.
In Crete, there are no published reports on weed
flora in vineyards. Garcia-Ortega et al,14 in a survey
on occupational sensitization to Diplotaxis erucoides,
found that workers in vineyards with rhinoconjunc-
tivitis were sensitized to several pollens. Moreover,
grape workers were found to be more likely to have
skin disorders than were citrus or tomato work-
ers,37,38 and these disorders may be causally associ-

ated with crop-specific exposures and lack of protec-
tive equipment.37 Therefore, it is possible that the
high prevalence of atopy in grape farmers could be
associated with their exposure to different irritants
found in their workplace (ie, open-field cultivation
and exposure to a variety of inhaled agents such
as pollens, molds, mites, bacteria, and pesticides),
rather than grape growing itself.

We are well aware of the inherent limitations of
the cross-sectional design of the present study. First,
the study refers to a relatively small area of research
in northern Crete. Furthermore, the cross-sectional
methodology used in this study is not optimal for the
assessment of causal relationships, but it suggests
only the possibility of the association between the
occupational exposure and the disease. Since we had
statistically significant differences between the two
groups in terms of age and smoking status, we used
multivariate regression models to correct these im-
balances.

Selection bias may have affected the results ob-
served in this study. First, a possible bias might exist
in the reporting of symptoms, so that those with
respiratory symptoms would be more likely to re-
spond to the questionnaire and participate in the
study. For that reason, the nonresponders from both
groups were contacted by telephone, and they were
asked about self-reported allergic rhinitis and
asthma. These prevalence rates were lower than the
prevalence rates of allergic rhinitis and asthma found
in responders, and they could indicate the presence
of a possible selection bias in the study. However,
these differences could also be explained by the
difference in the definition of the cases (self-re-
ported disease vs clinical diagnosis based on ques-
tionnaire and medical examinations). We cannot rule
out that the individual, social, and educational status
of each subject had an impact on the study findings.
However, we have no indication from our data of
differential selection bias in the compared groups.

The health worker effect does not seem to affect
our results significantly. Only 1 of the 82 grape
farmers who reported positive respiratory symptoms
(1.2%) was likely to quit farming because of his
symptoms. In Crete, grape farming is a family occu-
pation. Farmers start cultivating grapes in their
adolescence and continue until an advanced age, and
their vineyards comprise their only asset so they
rarely leave their farms for health reasons.

In conclusion, our study shows that grape farmers
in the Malevisi region had a higher prevalence of
allergic rhinitis, and work-related respiratory symp-
toms compared to control subjects. Grape farming
was found to be associated with increased allergic
sensitization to specific pollens, low baseline FEV1,
and increased bronchial hyper-responsiveness. Fur-
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ther studies are needed to determine specific risk
factors for these disorders and possible prevention
measures.
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