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Summary
Background Early life events seem to have a major impact on the development of tolerance or

sensitization.

Objective The aim of the study was to compare the prevalence of sensitization and atopic dermatitis

(AD) during the first 2 years of life in Estonia and in Sweden.

Methods Two groups comprising 110 Estonian and 123 Swedish infants were followed from birth

up to 2 years of age. Data about symptoms of allergy, infections and use of antibiotics were obtained

by questionnaires. Clinical examinations, skin prick tests (SPTs) with food and inhalant allergens,

and blood sampling for IgE analyses were carried out at 3, 6, 12 and 24 months.

Results The cumulative incidence of AD and positive SPTs were lower in the Estonian than the

Swedish infants (14% vs. 24%; P5 0.06 and 13% vs. 24%; P5 0.03), while circulating IgE

antibodies were more common (39% vs. 27%; P5 0.06) and often present without any clinical

significance in Estonian children. Estonian infants had respiratory illnesses more often and they had

received antibiotics more frequently. Use of antibiotics increased the risk for positive SPT in the

Estonian (odds ratio5 1.7, 95% confidence interval5 1.1� 2.5), but not in the Swedish infants. This

may be explained by the use of broad-spectrum antibiotics in Estonia, while in Sweden mostly

penicillin was prescribed.

Conclusions The prevalence of AD and positive SPTs was lower in the Estonian than the Swedish

infants, while circulating IgE antibodies were more common and often present without any clinical

significance. These differences cannot simply be explained by infections, or use of broad-spectrum

antibiotics in the two countries, although more the natural lifestyle in Estonia may be contributing

factor.
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Introduction

There is considerable evidence that the prevalence of allergic
diseases is increasing in industrialized high-income countries
[1, 2]. Furthermore, there are large geographical differences in
the prevalence of allergy, and in particular a low prevalence
of atopy has been reported among the children in formerly
socialist countries of Europe [3–5]. A significant increase in
the prevalence of atopy, as determined by a positive skin
prick test (SPT) over a 5-year period among 9–11-year-old
children, was recently reported in the Eastern part of
Germany [6]. An increase was not confirmed in another
study, comprising 5–14-year-old children, in whom atopy was
determined by the presence of circulating IgE antibodies [7],
nor were any changes in the prevalence of allergic symptoms
and SPTs observed over a 4-year period in a recent Estonian
study [8].

The increasing prevalence of atopy is usually explained by
a changed life style in the Western countries, including an
overall decrease of exposure to microbes [9]. Studies have
shown an inverse relation between faeco-orally transferred
infections and allergic diseases [10, 11]. On the other hand,
some respiratory infections, notably with respiratory syncy-
tial virus, could lead to enhanced sensitization and respiratory
allergy [12]. A low prevalence of allergic diseases has been
reported in children who grew up in a farming environment,
and it was suggested that this could be explained by more
exposure to endotoxin as a marker of increased bacterial load
in the environment [13]. We recently confirmed an inverse
relationship between the presence of a positive SPT and
exposure to endotoxin in Swedish children [14]. This was,
however, not the case among the Estonian children, who were
generally exposed to higher levels of endotoxin than the
Swedish children. Furthermore, we recently reported that
although the cumulative incidence of allergic diseases during
the first 5 years of life was similar in Estonia and Scandinavia,
the point prevalence of sensitization dropped after the age of
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2 years [15]. This observation is in contrast with the studies
from Western Europe, showing an increasing prevalence of
allergy with age.
Estonia is culturally similar to other Northern Europe

countries, but because of 50 years of occupation, the lifestyle
still resembles that in the Scandinavian countries some 30
years ago, including locally produced and home-made food,
close contact with animals, smaller homes with more people.
The prevalence of allergies is low in Estonia, as compared
with industrialized countries in Western Europe, both in
children [4, 8] and adults [16].
The aims of the present study were to compare the

development of immune responses to allergens and atopic
dermatitis (AD) over the first 2 years of life in Estonia, with
a low, and in Sweden, with a high prevalence of allergic
diseases, relating the findings to the incidence of infections
and use of antibiotics. By comparing the development of
immune responses to allergens and clinically manifested AD
in the two countries, we addressed the hypothesis that allergic
responses may be more rapidly down-regulated in Estonia as
suggested by a previous study [15] and that the relationship
between IgE as measured by SPTs and in serum differ in two
countries, thus reconciling seemingly divergent observations
in Eastern and Western Germany [6, 7].

Materials and methods

Study population

The study groups were recruited from the general population.
The midwives of the maternity clinics in Tartu, Estonia,
and Linköping, Sweden, informed pregnant women and
their families about the study. The study groups comprised
110 (53% boys) Estonian and 123 Swedish (54% boys)
children.
The Estonian children were born at Tartu University

Women’s Clinic during the period of February 1997–June
1998 and the Swedish children were born between March
1996 and October 1999 at Linköping University Hospital.
Pregnancies and deliveries were uncomplicated and all the
children were born at term. All the parents completed
questionnaires about their symptoms of atopic diseases
after the birth of child and consented to participate in the
study.

Clinical examination

A clinical examination of the babies was made at 3, 6, 12 and
24 months. Questionnaires were completed on these occasions
about symptoms of allergy, use of antibiotics and incidence of
infections. The questionnaires were translated from Swedish
into Estonian and then back into Swedish by two persons
independently of each other. AD was defined as pruritic,
chronic or chronically relapsing non-infectious dermatitis
with typical features and distribution, as suggested by Hanifin
and Rajka [17]. Respiratory infections were defined as cold
symptoms with fever, with or without wheezing. In order to
confirm consistency between the two study sites, the Estonian
investigator visited the Clinical Research Centre in Linköping
several times, and participated in the follow-up examinations
of the Swedish children.

Skin prick tests

SPTs were done at all follow-ups in Estonia, whereas in the
Swedish babies they were done either at 3 or 6 months, and
then at 12 and 24 months. The tests were performed in
duplicate on the volar aspects of the forearms, using lancets
of ALK (H�rsholm, Denmark) with natural cow’s milk (CM)
and egg white (EW) at all ages. At 6, 12 and 24 months, the
children were also tested with extracts of inhalant allergens
(i.e. cat, dog, and in Estonia additionally Dermatophagoides
pteronyssinus). At 12 months, birch was added to the panel
and at 2 years timothy, and in Estonia also cockroach
(Blatella germanica) allergen. Histamine hydrochloride,
10mg/mL, was used as a positive and glycerol as a negative
control. We used standardized allergen extracts (Solu-Prick
SQTM, ALK), except the cockroach allergen extract, which
was from Bayer (Spokane, WA, USA). The SPT was
regarded as positive when the mean of the longest and right
angle diameters of one of the weals was at least 3mm. The
same allergen extracts and lancets were used in the two study
groups and the nurses, who made SPT, compared their
technique carefully before the study as described in the
manual of the International Study of Asthma and Allergy in
Childhood (ISAAC) [18].

Immunoglobulin E measurements

Venous blood samples were drawn into heparinized vacutai-
ners at 3, 6, 12 and 24 months. In the Swedish babies, blood
samples were drawn either at 3 or 6 months, while in Estonia
blood samples were obtained at both ages. Plasma and
peripheral blood mononuclear cells were separated. The
plasma samples were frozen immediately and kept at � 20 1C
until analysed.
Total IgE levels and IgE antibodies to EW and b-

lactoglobulin (b-LG) were determined at all ages, and the
levels of IgE antibodies to cat and birch allergens were
analysed at 12 and 24 months by a commercial chemilumi-
nescence method, according to the recommendations of the
manufacturer (Magic LiteTM, ALK). The test results are
given in classes corresponding to the concentration of
allergen-specific IgE antibodies, i.e. class 1: 0.35–0.7 SU/mL
and classX2: above 0.7 SU/mL. Samples with total IgE levels
above 100 IU/mL at 2 years were also analysed for IgE
antibodies against Ascaris. All Estonian and Swedish serum
samples for a particular test were analysed in the same
laboratory, i.e. the measurements and circulating IgE
antibodies to b-LG and EW and total IgE were done in
Estonia and IgE antibodies to cat and birch were done in
Sweden. Certain samples were analysed in both laboratories
in order to confirm consistency.

Statistics

The statistical analyses were performed using the statistical
package SAS 8.2. w2 test or t-test was used to test differences
in prevalence and cumulative incidence of clinical allergy,
SPT results and presence of circulating IgE antibodies and
infections between the Estonian and the Swedish infants. As
the number of prescribed antibiotics was not normally
distributed among the infants, the Wilcoxon’s test was
employed for the comparisons. Where classical w2 test was
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inappropriate because of small-expected cell counts, we used
Fisher’s exact test. The association between the development
of atopic diseases and the use of antibiotics was analysed with
logistic regression. A probability (P) level of o5% was
considered to be statistically significant.

Ethical considerations

The study was approved by the Ethics Review Committee
on Human Research of the University of Tartu and the
Regional Ethics Committee for Human Research at Linköp-
ing University. The parents of all children gave their informed
consent in writing.

Results

The cumulative incidence of AD at 2 years was lower in
Estonia (15/110, 14%) than in Sweden (29/123, 24%;
P5 0.06) and it was less common at all ages in the Estonian
infants, although significantly so only at 3 months (Fig. 1).
Fourteen of 110 (13%) the Estonian and 30 of 123 (24%)

the Swedish children had a positive SPT at least once during
the first 2 years of life (P5 0.03). The prevalence of a positive
SPT was lower in the Estonian than in the Swedish infants at
all ages (Table 1). In addition, one Estonian infant had a
positive SPT against cockroach and one against house dust
mite (HDM) at 2 years. None of the children in either country
had a positive SPT against dog and timothy. A positive SPT
was recorded at least once during the first 2 years of life in

5/15 (33%) of the Estonian and 20/29 (69%; P5 0.03) of the
Swedish children with AD, while positive SPTs were equally
common among the infants without AD (8% in Estonia and
11% in Sweden).
The mean total serum-IgE levels were similar in two

countries, except for a lower level in the Estonian infants at 12
months (Fig. 2). High levels of IgE, i.e. 4100 IU/mL, were
detected in 15 Estonian and 12 Swedish children at 24
months. These samples were tested for IgE antibodies against
Ascaris and two Estonian samples were found to be weakly
positive, i.e. class 1.
Despite the lower prevalence of AD and positive SPT at all

ages, circulating IgE antibodies to any of the four allergens
tended to be more common in the Estonian than in the
Swedish children (cumulative incidence 39% vs. 27%;
P5 0.06). As shown in Table 2, this difference was because
of higher incidence of IgE antibodies to cat and birch in
Estonia and apparent down-regulation of IgE antibodies to
milk and egg in the Swedish children during the second year
of life. The cumulative incidence of IgE antibodies was similar
in the children with and without AD (7/15, 47% vs. 35/94,
37%; P5 0.57), in Estonia, while in Sweden IgE antibodies
were detected in 17/29 (59%) of the children with, and in 16/
93 (17%) in those without AD (Po0.001, respectively). Thus,
the prevalence of IgE antibodies among clinically non-allergic
infants was higher in Estonia than in Sweden (P5 0.003).
This was true for all the allergens when individually
compared (data not shown).
Furthermore, there was poor agreement between the

presence of circulating IgE antibodies and the outcome of
SPT and the disagreement increased with age. Thus, SPT-
negative Estonian infants 32/95 (34%) had circulating IgE
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Fig. 1. Prevalence of atopic dermatitis in the Estonian and Swedish
infants during the first 2 years of life.

Table 1. Prevalence (%) of positive skin prick test results in Estonian (Est) and the Swedish (Sw) infants during the first 2 years of life

Allergen

Age (months)

3 6 12 24

Est (N5 109) Sw (N5 65) Est (N5 108) Sw (N5 69) Est (N5 109) Sw (N5 122) Est (N5 103) Sw (N5 120)

Cow’s milk 0 3 0 9 1 4 0 3

Egg white 4 11 6 16 6* 18 4* 12

Cat 1 1 0 1 4 3

Birch 0 0 0* 6

Any 4* 12 6* 17 7* 20 6* 18

*Po0.05 Estonian vs. Swedish infants at the same age.
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Fig. 2. The levels of total IgE (IU/mL) in Estonian and Swedish infants
during the first 2 years of life.
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antibodies at least once through the first 2 years of life, as
compared with only 13/93 (14%) of the Swedish children
(P5 0.002). In contrast, 15 Swedish infants had 25 positive
SPTs without corresponding circulating IgE antibodies. In
Estonia, only four infants had a positive SPT without the
concurrent IgE antibodies. The poor agreement between
circulating IgE antibodies and positive SPT were particularly
obvious for inhalant allergens. Twelve Estonian children had
circulating IgE antibodies to inhalant allergens and eight of
them were SPT negative and only one child had a positive
SPT to cat without corresponding circulating IgE antibodies.
In contrast, six Swedish infants had IgE antibodies to
inhalant allergens and four of them also had positive SPTs,
whereas seven children had a positive SPT without the
corresponding circulating IgE antibodies.
Episodes of respiratory illnesses were more common during

the first 2 years of life in the Estonian than Swedish infants
(median 6.2 [range 1–12] and 3.6 [range 0–15] episodes,
respectively; Po0.001). All the Estonian infants had at least
one episode, while 13 Swedish children (11%) did not have
any recorded infections during the first 2 years of life. There
was no correlation between the numbers of episodes of
infections and allergy in either country.
Antibiotics were more frequently prescribed to the Estonian

than the Swedish infants during the first 2 years, i.e. mean 2.1
(SD 0–3.9) vs. 1.2 (SD 0–2.6) times; Po0.001. Twenty-three
(21%) Estonian and 40 (33%) Swedish children did not
receive any antibiotics during this time period (P5 0.03).
Already by the age of 1 year, 25% of the Estonian children
had got antibacterial therapy at least twice, as compared with
9% in Sweden (P5 0.002). In Sweden, the most used
antibiotics were b-lactams, mostly penicillin and only six
children received erythromycin, cephalosporins or trimetho-
prim-sulphamethoxasol (TMP-SM). In Estonia, 17 children
were prescribed only b-lactams, whereas 70 children received
also erythromycin, cephalosporins and/or TMP-SM. In

Estonia, SPT positive children had been treated more often
with antibiotics during the first year of life, as compared with
the SPT negative children (mean 1.8 (SD 0.4–3.2) vs. 0.8 (SD
0–1.9) courses; P5 0.007). The use of antibiotics during
the first year of life increased the risk for positive SPT (odds
ratio (OR)5 1.7, 95% confidence interval (CI), 1.1� 2.5)
in Estonia. This was not the case in the Swedish infants
(OR5 0.8, 95% CI, 0.5� 1.4). There was no correlation
between the use of antibiotics during the second year of life
and SPT and AD in either country.
A history of allergic diseases was less common among

Estonian than Swedish parents, i.e. 22/107 (21%) vs. 50/123
(41%) of the mothers (P5 0.001) and 18/107 (17%) vs. 47/
123 (38%) of the fathers (P5 0.001). Data were missing
for the parents of three Estonian children. There was no
correlation between parental allergy and prevalence of AD,
nor sensitization in the children.

Discussion

Most of the symptomatic Swedish children had positive SPT,
but this was not the case in Estonia. Similar observations
have been reported in cross-sectional studies in the German
pre-school children showing that eczema in Eastern Germany
was not related to allergy, while this was the case in Western
Germany [19].
In contrast to the low prevalence of positive SPT,

circulating IgE antibodies to foods and inhalants seemed to
be more common in the Estonian than the Swedish children.
This was particularly true among the infants without any
allergic symptoms during their second year of life. The
findings cannot be explained by differences in exposure to
cat and birch, as this is comparable in the two countries
[14, 20].

Table 2. Prevalence (%) of circulating IgE antibodies in Estonian (Est) and Swedish (Sw) children during the first 2 years of life

Allergen

Age in months

3 6 12 24

Est (N5 104) Sw (N5 53) Est (N5 101) Sw (N5 51) Est (N5 100) Sw (N5 114) Est (N5 96) Sw (N5 117)

b-LG

All classes 9 6 8 14 6 7 10 5

Class X2 2 4 1* 8 0 4 1 2

Egg white

All classes 11 13 15 14 10 18 18 13

Class X2 0 2 6 8 6 11 2 8

Cat

All classes 6* 0 6 2

Class X2 3 0 2 1

Birch

All classes 4 1 3 3

Class X2 1 0 1 2

Any

All classes 16 15 18 21 26 21 30* 18

Class X2 2 6 6 12 8 13 5 9

*Po0.05 Estonian vs. Swedish infants at the same age.

b-LG, b-lactoglobulin.
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The cumulative incidence of dermatitis was lower in the
Estonian than the Swedish infants during the first 2 years of
life. A lower number of infants with a positive family history
of allergy in Estonia would at first sight be suspected as a
confounding factor. However, differences in family history in
populations living in a low and a high prevalence country are
not informative since the genotype is not phenotypical-
ly expressed in the former. Numerous studies of migrant
populations have shown that geographic differences in pre-
valence are not because of genetic differences on a population
level [21, 22].
Studies made in Western countries have reported a good

correlation between positive SPT results and the presence of
circulating IgE antibodies. Skin tests are considered to be
more sensitive [23, 24] and circulating IgE antibodies to be
more specific [25]. Low level of IgE antibody responses to
foods have been previously reported in infancy, whereas the
antibodies were transient in non-allergic children [26] and
therefore the specificity of IgE antibodies might be low. Our
results in the Swedish children agree with these reports. In the
Estonian infants, however, low levels of circulating IgE
antibodies were commonly detected and they were poorly
related to allergy and positive SPTs. A poor correlation
between circulating IgE antibodies to pollen and positive SPT
results has been observed previously among Estonian school-
children [5], and recently a positive association between AD
and SPTs responses and high IgE values was observed among
adults in Finland, but not in Russia [27]. We have suggested
that the lack of correlation in Estonia between the two
methods to detect sensitization might be because of transient
sensitization during infancy, which is then followed by down-
regulation of skin reactivity [15].
The disagreement between the IgE and SPT results in the

Estonian children is not reasonably because of technical
factors, as the same allergen extracts and lancets were used
in the two study groups and the nurses who made SPT
compared their technique carefully before the study. One
explanation for the low incidence of SPT in the infants with
circulating IgE antibodies could possibly be because of a
lower IgE affinity, as suggested by a recent report that most
of the low affinity IgE antibodies are seen in young children,
which could suggest a critical period of time during early life
when the affinity responses mature [28]. Hypothetically, this
time period could be different in the Estonian and Swedish
environments early in life.
In a recent study from Gabon, urinary schistosomiasis was

associated with a low prevalence of positive SPTs to HDM
[29]. The authors suggested that the anti-inflammatory
cytokine IL-10, which is induced in chronic schistosomiasis,
could suppress atopy. The same phenomena have been
described among the children of low socio-economic class
in Venezuela, where the majority had low level of specific IgE
antibodies against a variety of inhalant allergens, but
relatively few had positive SPTs [30]. As only two children
in our study had IgE antibodies to Ascaris and the levels of
total IgE were similar in the Estonian and the Swedish
children, we believe that parasitic infections cannot explain
negative SPTs in the Estonian children with circulating IgE
antibodies.
Infections during early childhood are suggested to protect

against allergy [31, 32]. The Estonian infants had more

respiratory infections and all of them had at least one
infection during the study period. In contrast, 11% of the
Swedish children did not have any respiratory infection
recorded during the first 2 years of life. This figure is similar
to that reported from Western Germany, where 14% of
infants did not have any viral infection during the first year
of life [33]. The Estonian children received more often
antibiotics prescribed by the family doctors. There was
no correlation between infections and the development of
allergy; however, although the use of antibiotics was
associated with positive SPT results in the Estonian infants.
The lack of association between antibiotic treatment and
sensitization in Sweden could be explained by the fact that
mostly penicillin was used. This compound does not affect the
intestinal microflora to the same extent as broader spectrum
antibiotics.
We have previously demonstrated differences in the

composition of the intestinal microflora between the Estonian
and the Swedish children [34, 35] and between allergic and
non-allergic children [36, 37]. Treatment with antibiotics with
a broad microbial spectrum could affect a putatively ‘allergy
protective’ gnotobiota in the Estonian children. Animal
studies have shown that antibiotics during infancy may
enhance T-helper type 2 (Th2) polarized immunity and
prevent postnatal Th1 cell maturation, thus resulting in Th2
polarized immune deviation [38]. An alternative explanation
could be that atopic children are more likely to have severe
infections in early childhood and therefore be more likely to
receive antibacterial treatment. However, this explanation is
not supported by our study. Furthermore, atopic children
had not been admitted more frequently to the hospital than
non-allergic children.
It was recently suggested that the inverse relationship

between allergy and parasitic infections is caused by
stimulation of an immune regulatory network [39]. Our
findings could suggest that not only parasitic infections, but
also microbial pressure could do that. The Estonian children
appear to have more contact with different micro-organisms
than the Swedish children in early life, as demonstrated in
comparative studies of the gut microbiota [34, 35], higher
endotoxin levels in house dust [14], and more respiratory
illnesses as observed in this study.
In conclusion, this prospective study has shown that in

Estonia, in contrast to Sweden, circulating IgE antibodies are
poorly related to clinical allergy and positive SPTs and
appear to be general markers of immune stimulation. The
findings cannot simply be explained by any certain factor,
although more respiratory infections, higher exposure to
endotoxin and a higher diversity of the gut flora in Estonia
may all be contributing factors.
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We thank Tiina Rebane, Ülle Kuld and Svetlana Svarõtš
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