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Introduction

In recent decades an increase in the prevalence of allergic
diseases such as allergic rhinitis and eczema has been docu-
mented in developed countries [1-3]. There is also accumu-
lating evidence that the prevalence of atopy, as measured by
skin prick testing and specific IgE, is increasing [4-6]. Several
studies have revealed an East—West gradient in the preva-
lence of symptoms of allergic diseases [7—11], as well as in
the prevalence of atopy across European countries [9-11].
A series of environmental factors has been proposed to
account for the increasing prevalence of allergic diseases
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Summary

Epidemiological data have indicated that some infections are associated with
a low risk of allergic diseases, thus supporting the idea (hygiene hypothesis)
that the microbial load is an important environmental factor conferring pro-
tection against the development of allergies. We set out to test the hygiene
hypothesis in a unique epidemiological setting in two socio-economically and
culturally markedly different, although genetically related, populations living
in geographically adjacent areas. The study cohorts included 266 schoolchil-
dren from the Karelian Republic in Russia and 266 schoolchildren from
Finland. The levels of total IgE and allergen-specific IgE for birch, cat and
egg albumen were measured. Microbial antibodies were analysed against
enteroviruses (coxsackievirus B4), hepatitis A virus, Helicobacter pylori and
Toxoplasma gondii. Although total IgE level was higher in Russian Karelian
children compared to their Finnish peers, the prevalence of allergen-specific
IgE was lower among Russian Karelian children. The prevalence of microbial
antibodies was, in turn, significantly more frequent in the Karelian children,
reflecting the conspicuous difference in socio-economic background factors.
Microbial infections were associated with lower risk of allergic sensitization in
Russian Karelian children, enterovirus showing the strongest protective effect
in a multivariate model. The present findings support the idea that exposure
to certain infections, particularly in childhood, may protect from the devel-
opment of atopy. Enterovirus infections represent a new candidate to the list
of markers of such a protective environment. However, possible causal rela-
tionship needs to be confirmed in further studies.
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and the variation between geographically adjacent areas. An
inverse association between the number of siblings and
allergic diseases has been documented in epidemio-
logical surveys [12,13]. Growing up on a farm seems to be
associated with a lower prevalence of allergic rhinitis and
sensitization [11,14,15]. Children who do not live on a
farm but have regular contact with livestock had also a
lower prevalence of allergic sensitization [14]. The under-
lying reasons behind these associations are largely
unknown, but the ‘hygiene hypothesis’ provides a possible
explanation suggesting that exposure to a variety of
microbes in childhood protects against atopic diseases
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Fig. 1. Geographic location of the two study areas.

by promoting the maturation of the immune system
[13,16].

Several studies have suggested a role for T helper 2 (Th2)-
polarized CD4" T cells in the pathogenesis of asthma and
allergy [17-19], but the exact immunological mechanisms
regulating allergic sensitization are not known. Th1-biased
immune responses may down-regulate the effects of Th2
cells [17] or regulatory T cells may control the Th1/Th2
balance [18,19]. There is also epidemiological evidence that
some infections, such as hepatitis A virus (HAV) [20-23]
Toxoplasma gondii [22,23] and Helicobacter pylori [4,22,23],
and bacterial components [24-26] are associated with
reduced risk of atopic diseases, thus supporting the hypoth-
esis that the microbial load is an important environmental
factor conferring protection against the development of
allergies in childhood [27].

The objective of this study was to investigate variations
and associations in the prevalence of microbial infections
and allergic sensitization in children in Finland and Russia,
in order to test the hygiene hypothesis in a unique epidemio-
logical setting in two socio-economically and culturally
markedly different, although geographically adjacent, areas
(Fig. 1).

The Karelian Republic is situated in the north-western
part of Russia adjacent to the Finnish border. Even though
these two areas share the same geographical and climatic
environment, they differ markedly in culture, economy and
standards of living (e.g. the gross national product per capita
is about US$32 790 in Finland compared to US$3410 in
Russia). Consequently, many lifestyle-related factors, such as
the general level of hygiene and related exposures to infec-
tions and commensal microbes, are perceived to differ
between these two regions. To test the effect of these pre-
sumed differences in hygiene levels and microbial load on
the risk of allergic sensitization, we analysed the prevalence
of microbes that are considered commonly to reflect the level
of hygiene, such as HAV, enterovirus, H. pylori and T. gondii
infections as well as allergen-specific and total IgE in the
general population (schoolchildren) in these two regions.
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This unique epidemiological setting makes it possible to
study the role of environmental factors in allergic sensitiza-
tion, particularly because the two study populations had
similar ethnical and genetic background, the children from
Russian Karelia being of Finnish—Karelian ancestry.

Methods

Subjects

Both the Russian Karelian study cohort and the Finnish
study cohort comprised 266 schoolchildren. The children
represented the mainstream populations and were not
selected according to possible allergic or other diseases. All
the children from the Karelian Republic had both parents of
either Finnish or Karelian ethnicity, which confers an ethnic
background close to that of the children in Finland [28].
Altogether, the study cohorts included 114 boys and 152 girls
from each country. The mean age at sampling was 11-4 years
(range 7-15 years) in both cohorts.

The Karelian cohort was recruited as a part of the type 1
diabetes-related EPIVIR-project (EU INCO-Copernicus
programme, contract number IC15-CT98-0316, Coordina-
tor Professor Hyo6ty). In this project blood samples were
taken from a total of 1988 randomly selected schoolchildren
in Karelia in the period 1997-99. The ethnic backgrounds of
both the mother and father were recorded, and all children
whose both parents were of either Finnish or Karelian eth-
nicity were included in the present study (1 = 266). Samples
were taken during the months March, April and May. For the
Karelian children, a cohort of Finnish children was matched
pairwise by age, gender and date of the sample (no more
than 1 month apart), thus minimizing the effect of the
season on exposure to microbes and allergens. The Finnish
cohort was recruited in the same way as the Karelian cohort
and initially included 3654 schoolchildren living in the Oulu
region of Finland [29]. Blood samples were taken in 1994. All
children had parental consent to participate in the study. The
study was approved by the ethical committee of the Faculty
of Medicine, University of Oulu, Finland, and by the Minis-
try of Health in the Karelian Republic of Russia.

IgE and microbial antibodies

The levels of total IgE and allergen-specific IgE were mea-
sured using the UniCAP® fluoroenzyme immunoassay
(Pharmacia Diagnostics, Uppsala, Sweden). Specific IgE for
two common inhalant allergens (birch and cat) and for egg
albumin was analysed according to the manufacturer’s
instructions. These allergens were selected because the expo-
sure to them can be expected to be quite similar in both
populations (e.g. mite allergens were not included because
the strength of exposure may differ). For allergen-specific
IgE, values of 0-35 IU/] or more were considered positive. In
previous studies total IgE values exceeding 100 IU/1 have
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Table 1. Total IgE levels and the prevalence (% and 95% CI) of allergen-specific IgE in schoolchildren in Finland and Russian Karelia.

Finland Russian Karelia
(n=266) (n=266) P-value
Total IgE
Median IU/I (range) 39 (0-3328) 77 (2-3522) <0-001
> 100 IU/1 (%) 26 (21-32) 40 (34-46) 0-001
Cat (%) 11 (8-16) 2 (1-5) <0-001
Birch (%) 11 (8-16) 2 (1-5) <0-001
Egg albumen (%) 6 (4-10) 3 (2-6) 0-093
At least one positive (%) 22 (17-27) 6 (4-10) <0-001

been considered as markers of atopic predisposition [9].
Microbial antibodies were analysed against coxsackievirus
B4 (representing enteroviruses), HAV, H. pylori and T. gondii.
IgG class enterovirus antibodies were measured using
enzyme immunoassay (EIA) against a highly purified cox-
sackievirus B4 antigen (CBV4), as described previously [30].
IgG class HAV antibodies were measured using Enzygnost®
anti-HAV commercial EIA kit, IgG class H. pylori antibodies
Enzygnost® anti-H. pylori/IgG assay and Toxoplasma 1gG by
Enzygnost® toxoplasmosis IgG assay, according to the manu-
facturer’s instructions (Dade Behring, Marburg, Germany).
A Behring enzyme-linked immunosorbent assay (ELISA)
Processor I1I was used for further processing of the tests and
for the calculation of the antibody levels.

Statistical methods

Statistical analyses were performed with the spss program
version 12-0 (SPSS Inc., Chicago, IL, USA) and confidence
interval analyses (CIA) [31]. Prevalence of specific IgE, high
values (>100IU/l) of total IgE and microbial antibodies
between two paired cohorts was compared using McNe-
mar’s test. Comparisons of total IgE levels (skewly distrib-
uted continuous variable) between paired cohorts were
performed using Wilcoxon’s signed-ranks test. Cross-
tabulation and 7y test or Fisher’s exact test were applied for
the analyses of associations between microbial antibodies,
high values of total IgE and specific IgE in Russian Karelia
and Finland. The Mann—Whitney U-test was used when
associations between total IgE levels and specific IgE (clas-
sified as positive or negative) were analysed and also in the
analyses of associations between CBV4 IgG levels and spe-
cific IgE. As a multivariate technique, logistic regression was
applied to identify the independent effect of each parameter

when appropriate. The model selection was based on a
forward stepwise procedure, where the limit to enter and to
remove the term was equal to 0-10. The results are sup-
ported by the assessment of odds ratio (OR) and 95% con-
fidence intervals (CI). If there were missing or indifferent
values, cases were not included in the analyses involving
those particular parameters. The number of such cases was
small; for example, for microbial serologies in Russian Kare-
lian children, 02 missing cases per each microbe analysed.
All analyses were two-sided. Statistically significant P-values
(< 0-05) are given.

Results

Total IgE concentrations and the prevalence of allergen-
specific IgE antibodies among Finnish and Russian Karelian
subjects are shown in Table 1. Total IgE levels and the fre-
quency of high total IgE were significantly higher in Russian
Karelian than in Finnish children. In contrast, the prevalence
of allergen-specific IgE was significantly lower in Russian
Karelian children. In both geographical areas total IgE was
significantly higher among children who were positive for at
least one allergen than in children with no specific IgE
responses, median IU/l-values (range) being 140 (12-3328)
and 29 (0-2842) in Finland (P < 0-001) and 460 (31-3522)
and 70 (2-2678) in Russian Karelia (P < 0-001), respectively.

The prevalence of all microbial antibodies was signifi-
cantly higher in children in Russian Karelia than in children
in Finland (Table 2). In addition, in Russian Karelia allergic
sensitization was more rare in children who had a high
number of microbial antibodies (Table 3). Only 1-2% (1/85)
of the children who were seropositive for more than
two microbes of the four tested had at least one positive
specific IgE compared to 9-1% (16/176) of those who were

Table 2. Prevalence (% and 95% CI) of microbial antibodies in schoolchildren in Finland and Russian Karelia.

Finland Russian Karelia

(n=266) (n=266) P-value
Coxsackievirus B4 77 (72-82) 93 (90-96) <0-001
Helicobacter pylori (%) 5 (3-8) 73 (64-78) <0-001
Toxoplasma gondii (%) 5 (3-9) 24 (19-29) <0-001
Hepatitis A virus (%) 2 (1-5)* 24 (19-29) <0-001

*Only 166 Finnish children were screened for HAV antibodies.
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Table 3. Proportion of children (% and 95% CI) positive for at least one allergen-specific IgE in relation to seropositivity for microbial antibodies in

schoolchildren in Russian Karelia.

Logistical model*

Microbe-seropositive Microbe-seronegative P-value OR (95% CI) P-value
Coxsackievirus B4 13/247 (5%; 3-9%) 4/18 (22%; 9-45%) 0-020 0-16 (0-04-0-6) 0-006
Helicobacter pylori 9/194 (5%; 3-9%) 8/72 (11%; 6-20%) 0-055 0-33 (0-1-0-9) 0-037
Toxoplasma gondii 1/64 (2%; 0-9%) 16/201 (8%; 5-13%) 0-082 n.s.
Hepatitis A virus 5/63 (8%; 3-17%) 12/201 (6%; 3-10%) 0-579 n.s.

n.s.: Not significant. *Forward stepwise model (P for entry and removal 0-10).

seropositive for fewer microbes (OR: 0-12; 95% CI: 0-016—
0-91; P=0-015). When the logistic regression analysis was
applied to identify the independent effect of each microbial
seropositivity, that of enterovirus (CBV4) had the strongest
effect on allergic sensitization. A similar trend was also
observed for H. pylori but not for T. gondii and HAV. For
example, 22% of the children who were enterovirus serone-
gative had at least one positive specific IgE result compared
to 5% of seropositive children. The median enterovirus anti-
body level was 74 enzyme immunoassay units (EIU) (range:
0-224) in children who had no specific IgE compared to 49
EIU (range: 0-154) in those who had at least one allergen-
specific IgE (P =0-048).

In Finland the number of H. pylori, T. gondii and HAV
seropositive children was very low (Table 2), which made it
difficult to analyse their association with allergen-specific
IgE. However, enterovirus antibodies were frequent in the
Finnish children but, in contrast to those in Russian Karelia,
they showed no association with allergen-specific IgE
responses (18% of the enterovirus seronegative children had
at least one positive specific IgE result compared to 23% of
the seropositive children).

In Russian Karelia the total IgE levels were higher in
children who were seropositive for T. gondii compared to
seronegative children: 51% (95% CI: 39-63%) versus 36%
(95% CI: 30-43%) of the children had IgE > 100 IU/I,
respectively (P = 0-041). Other microbial antibodies showed
no association with total IgE. In Finland, none of the micro-
bial antibodies correlated with total IgE, but the number of
seropositive children was too small for proper comparisons
(except for children positive for enterovirus antibodies).

Discussion

In the present study, the prevalences of microbial antibodies
perceived as markers of microbial exposure and poor
hygiene were significantly higher in Russian Karelian chil-
dren than in Finnish children. Among the microbes analysed
in this study, HAV, H. pylori and T. gondii have been linked
previously to a reduced risk of atopy [21-23]. In line with
this, we observed that atopic sensitization was indeed signifi-
cantly less common in Russian Karelian children than in
Finnish children, and the number of positive microbial
serologies correlated inversely with the prevalence of allergic

50

sensitization to the tested allergens in the children in Russian
Karelia. In addition to the humoral immune response to the
three above-mentioned microbes, we also measured anti-
bodies against enteroviruses, which are transmitted mainly
through the faecal-oral route and can be used as an indicator
of hygiene and overcrowding. Interestingly, the strongest
inverse association in this study was observed between the
prevalence of enteroviruses (CBV4) and atopy in Karelia. On
the other hand, HAV had no protective effect at all, which is
in contrast with some previous surveys [21-23]. Accordingly,
the results support the hygiene hypothesis suggesting that
certain microbial infections are associated with lower risk of
atopic sensitization. We found that enteroviruses may repre-
sent a new candidate for a marker of such a protective
environment.

In previous studies, food-borne and faecal-oral microbes
such as HAV, T. gondii and H. pylori rather than airborne
viruses have been related to reduced risk of atopy [22,23,27].
On the other hand, seropositivity for intestinal bacterial
pathogens (Clostridium difficile, Campylobacter jejuni and
Yersinia enterocolitica) was associated with a higher preva-
lence of atopy among Danish adults [23]. Moreover, an inde-
pendent inverse association was observed between the
number of gastrointestinal infections before the age of
5 years and the risk of atopy in the United Kingdom [32].
Recently, Benn et al. reported that infectious diseases during
the first 6 months of life (mainly upper respiratory infec-
tions) increase the risk of atopy [33], and Bager and collabo-
rators observed a growing risk of atopy with an increasing
number of infections caused by airborne viruses (measles,
rubella, mumps and varicella) before the age of 1 year [34].
In the present study HAV infections, which are transmitted
through the faecal-oral route, were not associated with pro-
tection against atopic sensitization, while other microbes
with faecal-oral transmission showed a protective effect (e.g.
enteroviruses). This suggests that there may be microbe-
specific effects possibly linked to other microbe—host inter-
actions than the transmission route per se, or that there are
only certain specific food-borne or faecal-oral infections
which are relevant and which still remain uncovered.

The fact that an association between infections and preva-
lence of atopy was observed only in Russian Karelian chil-
dren but not in the Finnish children could be explained by
the assumption that Finnish children are infected at an older
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age, as the circulation of enteroviruses and other microbes is
conspicuously lower in Finland. According to the hygiene
hypothesis, infections occurring during the first months of
life may be the most important ones, as at this age they can
have a marked effect on the maturation of the gut-associated
immune system and the developing Th1/Th2 balance. On
the other hand it is also possible that some other factors,
which are associated with these infections in the Russian but
not in the Finnish population, are responsible for the effect.
Thus, the effect of enteroviruses is not necessarily specific,
but may be linked to some unknown factors which are not
present in the Finnish population. In addition, enterovirus
infections may have a different pattern of transmission in
Russia compared to Finland, due to differences in the
hygiene levels (for example, in Russia the faecal-oral trans-
mission route may predominate, whereas respiratory trans-
mission may be more common in Finland). At this point it
remains open whether associations between infections and
risk of atopy observed in Russian Karelian children are causal
or merely reflect other environmental factors that play a role
in the development of atopy.

The two study cohorts comprised children of similar
ancestry, which minimizes the possible confounding effect of
genetic factors on the risk of atopy and makes it possible
to analyse the role of environmental factors in atopic
sensitization. In a previous study we have shown that the
distributions of human leucocyte antigen (HLA-DQ) geno-
types does not differ between the two populations [28] sup-
porting their genetic relationship. However, we cannot
exclude small differences in the frequency of non-HLA
genes, which may have an influence on microbe-host inter-
actions, even though it is unlikely that such small variations
in allele frequencies could explain the observed marked dif-
ference in allergic sensitization between the two populations.

The fact that samples from Russian Karelia and Finland
were taken during different years might affect the results.
However, the samples from the Finnish children were col-
lected before the samples from the Russian Karelia children.
Assuming that the prevalence of allergy is increasing [4] and
that the prevalence of microbial infections is decreasing in
Finland [4,35], it might be expected that the temporal inter-
val of about 4 years between the sample collections would
diminish rather than increase the observed differences
between the two regions. Hypothetically, it is also possible
that atopic children have a defective immune response
against microorganisms, which could lead to false seronega-
tivity in microbe antibodies. This kind of defective immune
response has been described in vaccine studies [36].

Our results are in line with earlier observations suggesting
lower prevalence of allergy, as measured by skin prick test or
IgE concentrations to common aeroallergens, in Russian
Karelian than in Finnish subjects [9,11,37]. Thus, we were
able to replicate this observation, and found that it correlates
with the difference in microbial exposures. In contrast to
allergen-specific IgE, the levels of total IgE showed an

© 2007 The Author(s)
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opposite difference between the regions compared, being
significantly higher in Russian Karelia. The reason for the
high levels of total IgE in a region characterized by a low
prevalence of allergic sensitization is not clear. In the present
study we observed that high total IgE levels were associated
with T. gondii infections, suggesting that the difference in
total IgE concentrations can be explained partly by the
higher prevalence of parasite infections in Russian Karelia
compared to Finland.

In conclusion, the present study shows that allergic sensi-
tization is conspicuously more common in Finland than in
Russian Karelia. These two populations are living in geo-
graphically adjacent areas and are related genetically, but
they differ markedly for several other factors linked to the
sharp gradient in prosperity across the border. This suggests
that environmental factors related to these differences in
standard of living between the two populations are impor-
tant in allergic sensitization, and according to the present
observations microbial infections may play an important
role in this process. Thus, the results support the hygiene
hypothesis and enterovirus infections represent a new can-
didate to be added to the list of markers of such a protective
environment. This epidemiological setting provides unique
new possibilities to study further the role of microbe-host
interactions in atopic sensitization. Such studies are cur-
rently under way.
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