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Abstract

Introduction and objective. Hungary is one of the areas in Europe most infected with ragweed (Ambrosia artemisiifolia L.)
and its pollen, and is the most important cause of seasonal allergic rhinoconjunctivitis in the country. The aim of the study
was to investigate the association between ragweed pollen allergy and long-term ragweed pollen load, as well as analysis
of the the impacts of additional potential risk factors on health outcomes.
Materials and method. A modified version of standardized questionnaires, based on the International Study of Asthma and
Allergy in Childhood, were completed by the parents of schoolchildren aged 8 – 9 attending 3rd grade classes throughout
the country. Pollen load was calculated for each settlement from daily ragweed pollen concentrations monitored by 19
monitoring stations in the country. Descriptive and analytical statistical methods were applied.
Results. At national level there was a significant inverse association between prevalence of ragweed allergy and its pollen
load, but significance was lost after excluding data from Budapest, the capital city, due to the impact of urbanization. In
the adjusted model, parental atopic disease was the strongest risk factor (either parent had atopic disease aOR=2.60; 95%
CI=2.31–2.93 or both parents had atopic disease aOR=4.56; 95% CI=3.71–5.60). Further significant risk factors were male
gender (aOR=1.52; 95% CI=1.36–1.71), lower respiratory infection in the first two years of life (aOR=1.91; 95% CI=1.70–2.16),
and unshared children’s room (aOR=1.22; 95% CI=1.09–1.37). Allergy was significantly less common among children whose
parents received social aid (aOR=0.83; 95% CI=0.72–0.97) and whose mother smoked during pregnancy (aOR=0.80; 95%
CI=0.64–0.99).
Conclusions. Higher ragweed pollen exposure was not found to be associated with higher risk of ragweed allergy.
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INTRODUCTION

Hungary is one of the most infected areas with ragweed
(Ambrosia artemisiifolia L.) in Europe. Ragweed pollen
allergy is a major public health concern in this country,
affecting almost 25% of Hungarian inhabitants [1]. Since the
early 1990s, A. artemisiifolia has spread in Hungary and by
1997 had become the primary and the most important weed,
and during the last decade the pollen of common ragweed
has become the main cause of pollinosis [2]. A previous
Hungarian study found that skin prick test positivity to
ragweed reached more than 80% among adult patients with
symptoms of seasonal allergic rhinitis and who lived in the
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southern parts of the country [3]. In Budapest, ragweed was
responsible for the allergic symptoms in 59% of children
suffering from pollen allergy [4]. Since the 19th century,
hay fever has been considered a disease of the wealthy [5]
and several studies reported a higher prevalence of allergic
rhinoconjuntivitis among people with higher social status
[6]. The relationship between pollen exposure and occurrence
of allergic rhinitis remains less clear [7, 8].
OBJECTIVE

The aim of this study was to investigate the associations
between long-term ragweed pollen load and lifetime
prevalence of ragweed allergy in Hungary, and to analyse
what other factors may have impact on the risk of allergy,
especially the socio-economic status of the family, as well as
environmental factors during early life.
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Study design and participations. In autumn 2005, the
National Institute of Environmental Health carried out a
country-wide cross-sectional study using a modified version
of standardized questionnaires from the International Study
of Asthma and Allergies in Childhood [9] to estimate the
prevalence of allergic, asthmatic and chronic respiratory
symptoms and their possible risk factors among 8–9-year-old
schoolchildren attending 3rd grade classes throughout the
country. The core questions were translated into Hungarian
and supplemented with additional questions concerning
allergy, especially to ragweed, and its possible risk factors.
Questionnaires were sent to every school in the country where
at least 10 children attended the 3rd class. The questionnaires
were completed by the parents anonymously and only data
related to ragweed pollen allergy were analysed.

according to international standards. Air samples were
continuously collected by Hirst-type pollen traps (Burkard
Manufacturing Co. Ltd., Rickmansworth, UK) [10]. The
pollen grains were collected on a plastic tape with its surface
covered with adhesive material. The exposed tape was located
in a rotating drum, changed weekly, and cut into daily
segments on a microscope slide. Each slide had a scale per two
hours and was stained with glycerine jelly containing basic
fuchsine, and read by using an optical microscope at ×400
magnification [11]. Data are expressed as the sum of the twohour pollen counts from 0–24 hours (pollen grains/m3/day).

Questionnaire: ragweed allergy diagnosis and independent
factors. The lifetime prevalence of ‘diagnosed ragweed pollen
allergy’, henceforth ‘ragweed allergy’, was determined from
the responses to the question: ’Has your child ever been
diagnosed with ragweed pollen allergy by a doctor?’ There
were also questions related to symptoms of hay fever in the
past six months. On the one hand these questions provided
information about the prevalence of hay fever only in the
previous season and not about lifetime prevalence; on
the other hand, confounders of any other weed blooming
in the same period as ragweed could not be filtered out.
Therefore, these questions were excluded from the analysis.
Information about family history, birth and early childhood
circumstances, socio-economic status of family and other
covariates were taken from the questionnaires and analysed
in relation to the risk of health outcomes:
• gender;
• age;
• family history: parental atopic disease (parental allergic
and/or asthma disease);
• birth and early childhood circumstances: smoking
regularly during pregnancy, maternal age at baby’s birth,
serious lower respiratory tract infection in the first two
years of life (bronchitis, bronchiolitis or pneumonia),
children’s own unshared room;
• socio-economic status of family: receiving social aid.
At least one cigarette per day during pregnancy was
considered as regular smoking. Maternal age (years) at baby’s
birth was categorized into five groups: < 20; 20–24.9; 25–29.9;
30–34.9; ≥ 35 years. Serious lower respiratory tract infection
requiring antibiotics were investigated, and this index was
for using antibiotics in early life.
• Population size of settlements was also analysed as a
covariate factor.

The data for permanent population of settlements in 2005
was provided by the Hungarian Central Statistical Office.
The following categories were created: ≤5,000; 5,001–50,000;
≥50,001 inhabitants. The population of the capital Budapest
(1,690,109) was grouped into these categories in each district.
Monitoring and analysis of pollen data. The airborne pollen
concentration of ragweed was monitored by 19 monitoring
stations of the National Aerobiological Network operating

Long-term ragweed pollen load of settlements. The average
sum of ragweed pollen concentration was calculated from the
summarized daily pollen level per each year; these values were
then averaged for the period 1999 – 2005 by each monitoring
station. Missing values due to pollen trap error during the
examined period were obtained by the following procedure:
annual country averages were calculated from the annual
concentrations of ragweed pollen at monitoring stations with
no missing data, these values were then included into linear
regression with annual data of each station with missing
values. The missing values were replaced by the country
average using the estimated intercept and slope for each
station. The long-term (1999–2005) average pollen load for
each settlement in Hungary and for 23 districts of Budapest
was calculated, averaging the weighted pollen load of each
monitoring station as follows: the pollen load of each station
was multiplied by the inverse of the square of the distance
(measured in kms) of each settlement from each pollen
monitoring station. The pollen exposures by settlements were
added to the database containing the children’s individual
parameters based on the responses to the questionnaires. The
pollen exposure was assessed as the explanatory variable for
the health outcome after inputting the same pollen value for
every child living in the same settlement.
Statistical analysis. Children who had changed their place
of residence since birth were excluded from the analysis,
as well as children aged 10 years or older. The study was
further restricted to children with information on health
outcome and all the factors studied. For statistical and
development purposes, Hungary is divided into seven
regions by the Nomenclature of Territorial Units for Statistics,
level 2 (NUTS2) developed by Eurostat. The prevalence of
ragweed allergy and pollen load was presented for the whole
country and in each region by NUTS2, as well as Budapest,
respectively. The long-term ragweed pollen load was
investigated both as a continuous explanatory variable and
a categorical variable. Regards the whole country, the pollen
load was divided into equal parts, as far as possible taking
into account an adequate number of cases belonging to each
category. Thus, five concentration categories (1,501–3,500;
3,501–5,500; 5,501–7,500; 7,501–9,500; 9,501–13,000 pollen
grains/m3) were created. In the case of Budapest, different
categories of pollen load were created due to the lower levels of
concentration (3,250–3,349; 3,350–3,449; 3,450–3,549; 3,550–
3,649; 3,650–3,749 pollen grains/m3). Descriptive statistical
methods were used to demonstrate prevalence data, and
Chi-square tests were applied to compare frequencies. The
differences in pollen load between the residence of children
with or without diagnosed ragweed allergy were tested by
the Mann-Whitney U test. This test was also applied for
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Table 1. General characteristics of studied schoolchildren at country
level and in Budapest, respectively, in Hungary, 2005

Ethical consideration. The survey was carried out following
approval by the Ministerial Commissioner for Data Protection
(261/K/2005), and on receipt of written informed consent
from the parents of the participants.

IRS
EF
LIN
S
ON
FIR
E
LIN
ON

determining whether there were differences in pollen load,
on the one hand between Budapest and the rest of the country
without Budapest, and on the other hand, between two
categories of population size. Associations between health
outcomes and potential risk factors were assessed using
binary logistic regression analyses, by also following the
procedure in the analysis restricted to the whole country
and separately from data on Budapest due to the impact of
urbanisation. First, all independent variables were included
in the regression, after which the analysis was performed
again while omitting the non-significant variables step-bystep. Pollen load categories and the factors with significant
relationship with ragweed allergy were presented in the
final model. Crude odds ratio (cOR) and adjusted odds ratio
(aOR) with their 95% confidence intervals (95% CI) were
presented as results for each factor in the final model. Factors
omitted from regression analysis were not represented in
the final model; therefore, there was no single confounder
participating in the multivariate analysis without presenting
aOR in the final model. P value was considered to be
statistically significant at <0.05. Statistical analyses were
performed using IBM SPSS version 23.0. ArcGIS software
was applied for showing the distribution of ragweed allergy
by NUTS2 regions.

at country level

Variables

in Budapest

N (%)

n (%)

male

10,049 (49.1)

939 (51.5)

female

10,433 (50.9)

886 (48.5)

8 years old

7,371 (36.0)

503 (27.6)

9 years old

13,111 (64.0)

1,322 (72.4)

no parental disease

14,815 (72.3)

1,167 (63.9)

either parent had a disease

4,932 (24.1)

542 (29.7)

both parents had a disease

735 (3.6)

116 (6.4)

parental allergic and/or asthma disease

maternal age at baby’s birth (years)
< 20

849 (4.1)

59 (3.2)

20 – 24.9

5,898 (28.8)

364 (20.0)

25 – 29.9

7,857 (38.4)

701 (38.4)

30 – 34.9

3,837 (18.7)

463 (25.4)

≥ 35

2,041 (10.0)

238 (13.0)

smoking during pregnancy

2,092 (10.2)

184 (10.1)

lower respiratory tract infection in the first two
years of life

4,559 (22.3)

383 (21.0)

unshared, own children’s room

10,186 (49.7)

854 (46.8)

receiving social aid

4,746 (23.2)

228 (12.5)

population size of settlements
≤ 5,000

7,660 (37.4)

-

5,001 – 50,000

8,030 (39.2)

87 (4.8)

RESULTS

≥ 50,001

4,792 (23.4)

1,738 (95.2)

Panel participation and description. 62,711 questionnaires
were completed by the parents with a 76.4% response rate, and
returned to the schools throughout the whole country. Data
from 60,015 questionnaires were analysed after excluding
those that could not be interpreted. The place of residence of
about every second child had changed since their birth, these
children and the questionnaire not meeting the inclusion
criteria, were therefore excluded from the analysis. Finally,
a total of 20,482 children were included in the study. Table 1
presents the general characteristics of the study population.

Western Transdanubia

2,071 (10.1)

Central Transdanubia

2,282 (11.1)

Southern Transdanubia

1,834 (9.0)

Central Hungary

4,308 (21.0)

Northern Hungary

2,878 (14.1)

Northern Great Plain

3,933 (19.2)

Southern Great Plain

3,176 (15.5)

Distribution of prevalence of ragweed allergy and pollen
data. There were highly significant differences (p<0.001)
in the prevalence of ragweed allergy among the seven
regions of the country (Fig. 1). The countrywide average
was 6.5%. Budapest, situated in Central Hungary, was
examined separately due to the impact of urbanisation
on the capital city. The prevalence of ragweed allergy in
Budapest was 9.4%, which was significantly higher (p<0.001)
than the other regions in the country; the long-term pollen
load, however, was significantly lower (p<0.001) than in
the rest of the country (Tab. 2). In the smallest settlement
category, the prevalence of ragweed allergy was 5.9%, and
in settlements with 5,001–50,000 inhabitants was 6.2%. The
prevalence of allergy was significantly higher only in the
largest settlement category (8.0% at country level; 7.1% in
the rest of the country, excluding Budapest), compared to
the baseline category (settlements with ≤5,000 inhabitants).
There were significantly (p<0.001) decreased levels of pollen
load in both categories of population size related to the ≤5,000

regions

Total

20,482 (100)

1,825 (100)

Data are shown as number (%) of children

Figure 1. Prevalence of the diagnosed ragweed pollen allergy among 8–9 year
old schoolchildren attending 3rd grade classes based on parents-administered
questionnaire by NUTS2 regions, Hungary, 2005
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Table 3. Pollen load of residences of children with and without ragweed
allergy at country level, in rest of the country without Budapest and in
Budapest, separately, 1999–2005 (pollen grains/m3)
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Table 2. Characteristics of pollen load by NUTS2 regions, country level,
rest of the country without Budapest and Budapest separately, 1999–2005
(pollen grains/m3)
Regions

min

75pc

max

mean (S.E.)

Western Transdanubia

2,880 3,486 4,335 5,712

25 pc 50pc

7,008

4,544 (27)

Central Transdanubia

3,600 4,067 5,160 6,072 11,240

5,120 (22)

Southern Transdanubia

6,221 6,576 6,727 6,809

7,518

Central Hungary

3,296 3,545 3,813 4,151 10,177

Northern Hungary

1,640 3,161 3,498 4,155

8,618

Northern Great Plain

without Budapest

only in Budapest

Group I

Group II

Group I

Group II

Group I

Group II

min

1,640

1,640

1,640

1,640

3,296

3,296

6,730 (6)

25 pc

3,698

3,848

3,972

4,041

3,378

3,375

4,111 (16)

50 pc

4,794

5,191

5,441

5,476

3,543

3,528

3,802 (25)

75 pc

6,691

6,733

6,739

6,798

3,596

3,589

2,974 6,083 7,703 8,776 11,265

7,522 (33)

max

12,635

12,635

12,635

12,635

3,735

3,735

Southern Great Plain

3,764 5,431 6,530 6,919 12,635

6,759 (34)

mean (S.E.)

Country total

1,640 3,823 5,160 6,729 12,635

5,524 (14)

Rest of the country
without Budapest

1,640 4,038 5,476 6,795 12,635

5,723 (15)

min = minimum; max = maximum; pc = percentiles
Group I – residences of children with ragweed allergy
Group II – residences of children without ragweed allergy

Budapest

3,296 3,378 3,528 3,589

3,492 (3)

3,735

category in the analysis at country level. The pollen load level
was significantly lower in settlements with 5,001–50,000
inhabitants, but not significantly higher in settlements with
≥50,001 inhabitants, related to the baseline category after
excluding Budapest from the analysis (Fig. 2).

Pollen load in residence of children with and without
allergy. The difference in pollen load between residences
of children with or without ragweed allergy was significant
(p<0.001) at country level, but not significant (p=0.067)
after excluding the children living in Budapest. Analysing
only children living in Budapest there was no significant
(p=0.071) difference in pollen load between districts of the
city with allergic children and those who were non-allergic
ones (Tab. 3).
Results of logistic regression analyses. The impacts of
potential risk factors on chances of ragweed allergy was
analysed by binary logistic regression model at country
level, excluding data of children living in Budapest, and
separately for children living in Budapest (Tab. 4, 5). In both
analyses, all the confounders with aOR were presented in the
Tables. The univariate analysis at country level revealed only
one (7,501–9,500 pollen grains/m3) category, in relation to
the baseline category (1,501–3,500 pollen grains/m3), which
showed a significant and inverse association with risk of

Pollen load

At country level

5,367 (56) 5,535 (15) 5,642 (61) 5,728 (16) 3,505 (10)

3,491 (3)

allergy. This association remained significant but became
weaker after adjusting for the other factors. In the analysis
excluding Budapest, the same category (7,501–9,500 pollen
grains/m3) was significantly associated with a decreased risk
of allergy in the univariate analysis, but the significance faded
away after adjustment for the other factors. In Budapest, a
higher level of pollen load related to the baseline category
(3,250–3,349 pollen grains/m3) showed a non-significant and
positive association with risk of allergy in both the univariate
and adjusted models. In the univariate analysis, only the
≥50,001 population size category was significantly associated
with increased prevalence of allergy related to the baseline
category (≤ 5,000 inhabitants), both in the examination at
country level (cOR= 1.38; 95% CI 1.20–1.59, p<0.001), and
also in the analysis without the data for Budapest (cOR=1.21;
95% CI 1.02–1.43, p=0.025). Population size of settlements
lost significance after adjustment for the other factors,
indicating the effects of urban or rural environment already
included in the effects of other factors.
Based on analysis of all data, excluding Budapest, parental
atopic diseases were the strongest factors for risk of allergy.
Serious lower respiratory tract infection in the first two
years of life and unshared children’s room were also risk
factors. Ragweed allergy was significantly more common
among boys than girls. Receiving social aid was inversely
associated with the prevalence of health outcome. In analyses
at country level, there was a decreased risk in the prevalence
of allergy among children with mothers who smoked during

Figure 2. Pollen load levels of settlements of various population size at country level (left) and in rest of the country without Budapest (right), Hungary, 2005

Annals of Agricultural and Environmental Medicine

AAEM

Krisztina Vörös, János Bobvos, János Mihály Varró, Tibor Málnási, Tamás Kói, Donát Magyar et al. Impacts of long-term ragweed pollen load and other potential risk…

Table 4. Crude (cOR) and adjusted odds ratio (aOR) with 95% CI of pollen load categories and factors showing significant association with outcome
in analysis at country level, without data for Budapest
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Country level

Factors

rest of the country without Budapest

cOR (95% CI)

p value

aOR* (95% CI)

p value

cOR (95% CI)

p value

aOR* (95% CI)

p value

male

1.62 (1.44–1.81)

< 0.001

1.52 (1.36–1.71)

< 0.001

1.62 (1.44–1.83)

< 0.001

1.54 (1.36–1.74)

< 0.001

9-years-old

1.55 (1.37–1.75)

< 0.001

1.48 (1.30–1.68)

< 0.001

1.51 (1.32–1.72)

< 0.001

1.44 (1.26–1.64)

< 0.001

either parent had atopic disease 2.74 (2.43–3.08)

< 0.001

2.60 (2.31–2.93)

< 0.001

2.71 (2.39–3.08)

< 0.001

2.60 (2.28–2.94)

< 0.001

both parents had atopic disease 5.02 (4.10–6.14)

< 0.001

4.56 (3.71–5.60)

< 0.001

4.53 (3.61–5.68)

< 0.001

4.11 (3.26–5.18)

< 0.001

smoking during pregnancy

0.71 (0.57–0.87)

0.001

0.80 (0.64–0.98)

0.036

0.75 (0.61–0.94)

0.010

–#

–#

lower respiratory tract infection

2.09 (1.86–2.35)

< 0.001

1.91 (1.70–2.16)

< 0.001

2.21 (1.95–2.50)

< 0.001

2.02 (1.78–2.30)

< 0.001

unshared children’s room

1.25 (1.12–1.40)

< 0.001

1.22 (1.09–1.37)

0.001

1.30 (1.15–1.47)

< 0.001

1.29 (1.14–1.46)

< 0.001

receiving social aid

0.73 (0.63–0.84)

< 0.001

0.83 (0.72–0.97)

0.018

0.76 (0.65–0.88)

< 0.001

0.85 (0.73–0.99)

0.034

3,501–5,500 (pollen grains/m3)

0.95 (0.80–1.12)

0.513

0.95 (0.80–1.13)

0.563

0.99 (0.81–1.20)

0.897

0.97 (0.79–1.19)

0.773

5,501–7,500 (pollen grains/m )

0.93 (0.78–1.11)

0.421

0.99 (0.83–1.18)

0.906

1.04 (0.85–1.28)

0.685

1.06 (0.86–1.30)

0.570

7,501–9,500 (pollen grains/m3)

0.66 (0.51–0.84)

0.001

0.73 (0.57–0.94)

0.014

0.74 (0.56–0.96)

0.025

0.78 (0.60–1.02)

0.066

9,501–13,000 (pollen grains/m3) 0.88 (0.66–1.18)

0.410

0.88 (0.65–1.18)

0.385

0.99 (0.73–1.35)

0.951

0.94 (0.68–1.29)

0.689

3

* odds ratios are adjusted for all factors in the Table, calculated relative to the baseline categories (gender=female; age=8-years-old; parental atopic diseases=No; maternal smoking during
pregnancy=No; lower respiratory infection=No; unshared children’s room=No, receiving social aid=No; pollen load= 1,501–3,500 pollen grains/m3).
# non significant results in final model.

Table 5. Crude (cOR) and adjusted (aOR) odds ratio with 95% CI of pollen
load categories and factors showing significant association with health
outcome in analysis with data only from Budapest
Factors

cOR (95% CI)

p value

aOR (95% CI)*

p value

male

1.52 (1.10–2.10)

0.010

1.42 (1.02–1.98)

0.039

9-years-old

1.66 (1.12–2.46)

0.012

1.72 (1.14–2.58)

0.009

either parent had
atopic disease

2.73 (1.92–3.87)

< 0.001

2.70 (1.89–3.84)

< 0.001

both parents had
atopic disease

6.85 (4.26–11.03)

< 0.001

6.95 (4.29–11.24)

< 0.001

3350–3449 pollen/m3

1.42 (0.81–2.51)

0.223

1.38 (0.77–2.46)

0.281

3450–3549 pollen/m3

1.20 (0.65–2.21)

0.557

1.15 (0.62–2.16)

0.653

3

3550–3649 pollen/m

1.52 (0.86–2.69)

0.153

1.42 (0.79–2.55)

0.245

3650–3749 pollen/m3

1.65 (0.81–3.33)

0.165

1.42 (0.69–2.94)

0.339

* odds ratios are adjusted for all factors in the Table and are calculated relative to the baseline
categories (gender=female; age=8 years old; parental atopic disease=no; pollen load= 3,250–
3,.490 pollen grains/m3)

pregnancy, compared with children whose mothers did not
smoke during that time. The association remained inverse
but not significant after excluding the children living in
Budapest. Maternal age at baby’s birth showed a nonsignificant association with allergy in both analysis. In
contrast, in the analysis with the sub-group of only children
living in Budapest, serious lower respiratory tract infection
in the first two years of life, unshared children’s room, and
receiving social aid were not significantly associated with
the prevalence of allergy. The association between smoking
during pregnancy and risk of children’s allergy was inverse
and close to significant (p=0.051). Consistent with the results
of the study at national level, excluding data from Budapest,
maternal age at baby’s birth did not show association with
risk of health outcomes.
DISCUSSION

Ragweed pollen allergy is a major public health concern in
Hungary with substantial differences in prevalence among
regions. In this study, pollen exposure at settlement level

was calculated in several ways. First, exposure of each
settlement was characterized by the pollen exposure of
the GIS determined nearest pollen station. In this case,
systematic bias occurred in exposure of settlements in areas
with nearly equal distance from two or more monitoring
stations. Pollen exposure was then calculated by averaging
the weighted pollen load of each monitoring station located
at 500, 300 and 100/50 kms distance from the settlements,
but the results of analysis did not improve. Therefore, pollen
exposure of settlements was calculated from weighted data of
all monitoring stations; this method smoothed the differences
of exposure of the neighbouring settlements. The spatial
distribution of pollen load was similar to the distribution of
ragweed infested areas, based on the 2004 fenologic survey
of Plant and Soil Protection Services [2]. Analysis at country
level showed, that in parts of the country with a higher pollen
load the prevalence of ragweed allergy was lower, but there
was no longer a significant negative association between
pollen load and risk of allergy after exclusion of Budapest
data. As more than 43.6% of data of Budapest belonged to
the baseline category (1,501–3,500 pollen grains/m3) of pollen
load and the prevalence of ragweed allergy was significantly
higher than the average of the rest of the country without the
capital, it was supposed that the relationship was significant
due to the impacts of urbanisation of Budapest. Another
possible explanation for the result of only one pollen load
category being significant with the outcome in the regression
model at national level, but no category in the analysis
excluding Budapest, could be that the small differences can be
statistically significant owing to the large number of samples
[12]. Positive association has been demonstrated between the
presence of ragweed and frequencies of both sensitization and
allergy to ragweed in northern Italy [13] and in France [14],
but not in another study from northern Italy [15].
Lower prevalence of allergy was observed in small
settlements with less than 5,000 inhabitants, compared to
settlements with a bigger population at country level, and
excluding Budapest from the analysis. Lower prevalence in
rural areas may also be explained by lower socio-economic
status, lower level of air pollution, or more difficult accessibility
to health care services. Epidemiologic studies showed
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at country level due to the significantly higher prevalence
of ragweed allergy in Budapest. Another explanation for
inverse association may be that the impact of smoking during
pregnancy is expressed by social state. Prevalence of smoking
during pregnancy was significantly higher (p=0.000) among
mothers receiving social aid, compared with those who did
not receive social aid. Analysing only the data of children
whose parents received social aid, the prevalence of ragweed
allergy was not significantly higher (p=0,894) among children
whose mother smoked, compared with those with nonsmoking mother during pregnancy. In a British study, a high
level of maternal smoking during pregnancy was significantly
associated with decreased odds of hay fever in children [31],
but with higher odds for allergic sensitization only among
children with parental atopy in a German study [32].
Examining only the children living in Budapest, the
regression results differed from the analyses at country level
and in the rest of the country without Budapest, which
could be explained by the lower level of reliability due to
a lower number of cases. Differences in the prevalence of
ragweed allergy among regions and higher prevalence of
allergy parallel with lower level of pollen load in Budapest,
may also be due to higher level of chemical air pollution
in the capital and in some parts of the country. A previous
Hungarian study revealed that exposure to traffic density
was significantly higher in urban than in rural children [33].
Traffic-related chemical air pollutants (mainly PM10, SO2,
NO2, O3) may enhance the allergenic effects of pollen grains
[34] and can raise the prevalence of allergic rhinitis [35].
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decreased risk of hay fever and allergic sensitization among
children living in rural areas compared with those living
in an urban environment [16, 17]. Substantial differences
in the prevalence of ragweed allergy among regions may be
driven by inequality in the socio-economic status. The lowest
prevalence of ragweed allergy was detected in the socially
more deprived areas [18] of Hungary.
Based on the presented results of children with parents
receiving social aid, the odds for allergy were less common
than in those whose parents did not receive social aid. The
risk for allergy was significantly higher in children with own,
unshared room, compared with children in a shared room.
Lower standard of living, crowding, and low level of hygiene
increased the chance for acquiring infections, and seem to
be a protective factor against allergic diseases [19, 20, 21]. In
the presented study, about two-thirds of the children (66.4%)
with parents receiving social aid did not have own, unshared
children’s room, thus they might have a greater chance for
acquiring infections from members of their family.
After the reunification of Germany, a significantly
increased prevalence of hay fever with significant change of
some lifestyle factors was observed in former East Germany,
compared with former West Germany, confirming the hygiene
hypothesis [22]. Unlike in other studies, the protective effect
of early infections with respect to the development of later
allergic disease was not confirmed [23, 24].
Several authors have demonstrated that the antibiotic
therapy in early childhood was a risk factor for development
of later allergic rhinitis [25]. In the results obtasined for the
current study, the odds of ragweed allergy were higher in
children who had serious lower respiratory tract infection
(those required antibiotic therapy) in the first two years of
life, compared to children without infection during that
period. This result is in line with other studies showing that
the risk of hay fever and other atopic disorders was higher
among children receiving antibiotic therapy in the first two
years of life [26]. Inadequate composition or depletion of
intestinal microflora by antibiotics may partly be responsible
for the development of atopic diseases. Kalliomäki et al. [27]
showed different ratios of bifidobacteria to clostridia in the
neonatal gut microflora between infants in whom atopy
later developed, compared to those without atopy. Genetic
predisposition is a determinant factor for developing allergic
diseases. In the presented study, parental atopic disease was
the strongest risk factor for allergy in all the three analyses. A
Korean study reported that using antibiotics during infancy
significantly increased the risk for allergic rhinitis in subjects
with the CD14TT genotype, and the risk for atopic allergic
rhinitis in those with the TLR4CC genotype, while in subjects
with other genotypes the association was not significant [28].
In the current analysis there were no significant associations
between maternal age at baby’s birth and risk of allergy. In
cohort studies, increasing maternal age was associated with
significantly increased risk for hay fever in children [29].
However, the delivery mode, being an important factor of
allergy risk [30], was not analysed. In the presented study,
there was an inverse significant association between smoking
during pregnancy and risk of ragweed allergy in children
in the analysis at country level, but the significance faded
away after excluding data of children living in Budapest.
As the prevalence of smoking during pregnancy was nearly
equal in Budapest and in the rest of the country without
Budapest, it was supposed that the association was significant

Limitations of the study. Although the presented study
is the first to be undertaken in Hungary to estimate the
possible risk factors of ragweed pollen allergy at country level
among children, there were some limitations to the study.
The health outcome was considered based on responses to
questionnaires completed by the parents, and there was no
specific question about how the diagnosis was made. As this
was a retrospective study, the inaccuracy of parental memory
concerning information about their children at younger ages
may have biased the results. Furthermore, there may have
been differences in diagnostic procedures, accessibility, and
quality of paediatric services, parental knowledge about
symptoms of allergy and parental charge, thereby using
or disregarding health services throughout the country,
especially between affluent and deprived areas that could
distort the results.
CONCLUSIONS

Higher pollen exposure was not found to be associated with
higher risk of allergy. Considerable differences were observed
in the prevalence of ragweed pollen allergy among different
parts of the country, which could not be explained only
by different levels of long-term pollen load. Beside genetic
predisposition, inequality in socio-economic status are also
determinants for the risk of allergy, but impacts of other
factors, e.g. air pollution, pets, delivery mode, availability
of health care services, may also influence the outcome.
Therefore,, these factors should be examined in further
studies.
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