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Abstract
Little is known about a) the differences in allergic and respiratory diseases between the Finnish
and Russian populations, and the environmental factors associated with those differences, and
b) exposure to pollen grains indoors and the efficiency of penetration of pollen from outdoor to
indoor air.

This thesis is based on a cross-sectional population-based epidemiological study conducted in
Imatra (Finland) and Svetogorsk (Russia) in 2003 and a rotorod-type-sampler-based pollen study
conducted in the province of South Karelia (Finland) between 2003 and 2004.

The prevalence of allergic diseases was higher among Finnish than Russian schoolchildren.
The symptoms among allergic children were more severe, and the occurrence of respiratory
infections was in general more frequent in Russia than in Finland. In the logistic regression
analyses the risk of asthma was particularly related to high maternal smoking exposure, and the
risk of the common cold was related to high combined parental smoking during infancy (adjusted
OR 1.83, 95% CI 1.06–3.17) in Finnish children. Among Russian children, allergic conjunctivitis
was related to maternal smoking, while the common cold was inversely related to paternal and
parental smoking (0.60, 0.37–0.98 and 0.31, 0.11–0.83, respectively) during the study period. The
risk of asthma was inversely related to any indoor dog-keeping in Finland (0.35, 0.13–0.95),
whereas in Russia the risk of asthma was increased in relation to combined indoor cat exposure
during infancy and the study period (4.56, 1.10–18.91). The concentrations of pollen grains
decreased from abundant (0–855 pollen grains per cubic meter, pg/m3) to low (0–3 pg/m3), when
moving from outdoors to indoors and further.

The differences in diseases and symptoms in these two closely related populations could be
ascribed to differences in culture, exposures, diagnostic criteria and treatment. The concentrations
of pollen in indoor air during the flowering period were mostly on a level high enough to cause
reactions in only the most sensitive subjects. The results suggest that more efforts should be
directed to reducing parental smoking, to studying the role and effects of nationally different
animal exposures in childhood, and to assessing the importance of different penetration routes of
pollen grains.

Keywords: allergic symptoms, atopic diseases, domestic animals, environmental
exposure, pollen, respiratory tract infections, tobacco smoke pollution
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Acta Univ. Oul. D 1022, 2009

Tiivistelmä
Suomen ja Venäjän välisistä allergioiden ja hengitystietulehdusten esiintymiseroista ja esiintymiseen
vaikuttavista ympäristötekijöistä tiedetään varsin vähän. Myös tutkimuksia siitepölyille altistumises-
ta sisätiloissa ja siitepölyjen tunkeutumiskyvystä ulkoilmasta sisäilmaan on niukasti. Tutkimus yhdis-
tää sekä lääketieteellisen että luonnontieteellisen tutkimusalan tutkimustraditiot sekä atooppisten sai-
rauksien ja/tai hengitystietulehdusten tärkeimpien määrittäjien tarkastelun yhdeksi tutkimuskokonai-
suudeksi.

Väestö- ja kyselylomakepohjainen poikkileikkaustutkimus toteutettiin Suomen ja Venäjän rajan
molemmin puolin sijaitsevissa Imatran ja Svetogorskin kaupungeissa vuonna 2003. Tutkimusväestö
koostui 512 suomalaisesta ja 581 venäläisestä 7–16-vuotiaasta koululaisesta (osallistumisaste 79 %).
Rotorod-tyyppisen keräimen käyttöön perustuva siitepölytutkimus toteutettiin erilaisissa ulko- ja
sisätiloissa Lappeenrannan ja Imatran kaupungeissa, Rautjärven kunnassa ja valtatie 6:lla vuosina
2003 ja 2004.

Atooppisten sairauksien esiintyvyys oli runsaampaa suomalaisten koululaisten keskuudessa. Sitä
vastoin allergisten lasten kokemat oireet olivat voimakkaampia ja hengitystietulehdusten esiintyvyys
oli runsaampaa venäläisten koululaisten keskuudessa. Astmariski kytkeytyi erityisesti äidin runsaal-
le tupakoinnille altistumiseen raskauden (vakioitu OR 3.51, 95 % luottamusväli 1.00–12.3), ensim-
mäisen elinvuoden (3.34, 1.23–9.07) ja tutkimuksen aikana (3.27, 1.26–8.48). Nuhakuumeen riski oli
suurentunut suomalaisten koululaisten keskuudessa, jotka olivat altistuneet molempien vanhempien
runsaalle tupakoinnille ensimmäisen elinvuoden aikana (1.83, 1.06–3.17). Äidin tupakoinnille ensim-
mäisen elinvuoden (4.53, 1.49–13.8) ja tutkimuksen aikana (2.82, 1.07–7.44) altistuneilla venäläisillä
oli suurentunut allergisen silmän sidekalvotulehduksen riski. Tutkimuksen aikainen isän ja vanhem-
pien tupakointi vähensi nuhakuumeen riskiä (0.60, 0.37–0.98; 0.31, 0.11–0.83) Venäjällä. Suomessa
koiranpito sisätiloissa vähensi astmariskiä (0.35, 0.13–0.95), vastaavasti Venäjällä raskauden jälkei-
nen sisätiloissa tapahtuva kissa-altistus lisäsi koululaisten astmariskiä (4.56, 1.10–18.91). Siitepöly-
jen pitoisuudet pienenivät siirryttäessä ulkoa (0–855 siitepölyhiukkasta ilmakuutiossa; sp/m3) sisäti-
loihin (0–17 sp/m3).

Ympäristöaltisteisiin ja sairauden ennusteeseen vaikuttavat sekä kansallinen kulttuuri ja vakiintu-
neet tavat, että erot diagnosointikriteereissä, yleisessä tautitietoisuudessa ja lääkkeiden saatavuudes-
sa. Näin ollen altisteiden voimakkuus ja kesto sekä terveysvaikutukset voivat vaihdella merkittävästi
lähellä toisiaan sijaitsevien alueiden välillä. Siitepölypitoisuudet sisätiloissa olivat pääosin tasolla,
jolle altistuminen aiheuttaa oireita vain kaikkein herkimmille allergisille. Tutkimuksen tulosten
mukaan lisää voimavaroja tulisi suunnata passiiviselle tupakoinnille altistumisen vähentämiseen eri-
tyisesti yksilökehityksellisesti herkkien varhaisvaiheiden aikana, kansallisten eläinaltistuserojen ter-
veysvaikutusten selvittämiseen sekä siitepölyjen erilaisten kulkeutumisreittien merkityksen tutkimi-
seen.

Asiasanat: allergiaoireet, atooppiset sairaudet, eläimet, hengitystietulehdukset,
siitepölyt, tupakansavu, ympäristöaltiste
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Mo  months 
NM not measured 
OR  odds ratio 
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Fig. 2. District of Vuoksenniska, Imatra, Finland 
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1 Introduction 

1.1 Atopic diseases and respiratory infections in schoolchildren  

Several epidemiological and clinical studies have estimated the prevalence of 
atopic diseases in children in Western and Eastern European countries and have 
often found higher prevalences in Western Europe (von Mutius et al. 1994, 
Björksten et al. 1998, ISAAC Steering Committee 1998, Dotterud et al. 2004, 
Asher et al. 2006, Björksten et al. 2007, Weinmayr et al. 2007). On the contrary, 
respiratory infections have been shown to be more common among children in 
Eastern Europe compared to children in Western Europe (Bråbäck et al. 1994, 
von Mutius et al. 1994, Weiland et al. 1999, Dotterud et al. 2004). Several 
explanations for these differences in prevalence have been suggested, including 
genetic factors, differences in diagnostic labelling, availability of treatment, 
awareness of symptoms, and factors associated with indoor and outdoor 
environment and western lifestyle (von Mutius et al. 1994, Björksten et al. 1998, 
Maslennikova et al. 1998, Heinrich et al. 1999, Dotterud et al. 2004, Blumenthal 
2005, Pallasaho et al. 2005, Upham & Holt 2005).  

Interestingly, the occurrence of atopic diseases seems to be associated with 
the occurrence of infections, including respiratory infections (von Mutius et al. 
1999, Nafstad et al. 2000, Schaller et al. 2006). Since the 1980s, when Strachan 
(1989) formulated the so-called “hygiene hypothesis”, research activities have 
been intensively focused on the role of infections and/or microbial exposure in the 
occurrence of atopic diseases. However, the results, recently reviewed by 
Borchers et al. (2005), are not consistent. 

1.1.1 The concepts of atopic diseases and respiratory infections  

Atopy is generally defined as the genetic tendency to develop the classic allergic 
diseases - atopic dermatitis, allergic rhinitis, allergic conjunctivitis and asthma 
(Mygind 1986). It involves the hereditary predisposition to produce IgE antibody 
in response to common environmental proteins such as animal, pollen, and food 
allergens (Dubois et al. 1999). Previous East-West comparison studies suggest 
that mechanisms other than IgE –mediated allergy would be partly responsible for 
the prevalence of allergic diseases in Eastern European countries (Schäfer et al. 
2000, Annus et al. 2001, von Hertzen et al. 2006b). However, diagnostic 
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outcomes in atopic diseases vary considerably depending on definition and 
methodology used (Wördemann et al. 2006). In this study, the operational 
definitions of atopic diseases, including asthma, allergic rhinitis, allergic 
conjunctivitis and atopic dermatitis, were based on questionnaire information. 
Although clinical examinations, such as skin prick tests or serum 
immunoglobulin-E assays (Pepys 1986, Röcken et al. 1998, Wördemann et al. 
2006) improve the precision and accuracy of outcome assessment, epidemiologic 
studies are commonly based on questionnaire information only (Björkstén et al. 
1998, Spengler et al. 2004, Mata Fernández et al. 2005, Asher et al. 2006). 
Correspondingly questionnaire information was used in the operational definition 
of tonsillitis, otitis media, sinusitis, bronchitis, pneumonia and the common cold. 

1.1.2 The prevalence of atopic diseases, symptoms and respiratory 
infections  

Previous Finnish and Russian studies  

The prevalence of atopic diseases among schoolchildren has increased in Finland 
during recent decades (Haahtela et al. 1980, Rimpelä et al. 1995, von Hertzen et 
al. 2006b). Previously, the prevalence of asthma in Finnish schoolchildren was 
estimated as 1.0–8.8%, allergic rhinitis/rhinoconjunctivitis or rhinitis as 5.0–
44.4%, and atopic/flexural dermatitis/eczema or itchy rash as 4.3–26.0% at the 
time of the study (Table 1).  
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Table 1. Summary of previously published studies on the prevalence of atopic 
diseases among schoolchildren in Finland.  

Author, year  
(age category) 

Allergic manifestation Prevalence rate (%) 

Haahtela et al. 1980 
(15–17 years old) 

asthma (doctor-dg; ever) 
allergic rhinoconjunctivitis (ever) 

3.1–5.7 
24.0–24.7 

Pöysä et al. 1991 
(3...18 years old)1 

bronchial asthma (doctor-dg) 
allergic rhinitis (doctor-dg) 
atopic eczema (doctor-dg) 

1.7 
6.0 
4.3 

Varjonen et al. 1992 
(15–16 years old) 

asthma (doctor-dg) 
allergic rhinitis 
atopic eczema 

2.5 
14.0 
9.7 

Rimpelä et al. 1995 
(12…18 years old)1 

asthma (doctor-dg; 1977–1979) 
asthma (doctor-dg; 1991) 
allergic rhinitis (doctor-dg; 1977–1979) 
allergic rhinitis (doctor-dg; 1991) 

1.0 
2.8 
5.0 

14.9 
Remes et al. 1996 
(7–12 years old) 

asthma (doctor-dg; lifetime) 4.0 

Forsberg et al. 1997 
(6–12 years old) 

asthma (doctor-dg) 4.0 

Pekkanen et al. 1997 
(13–14 years old) 

asthma (doctor-dg; ever) 4.0–7.0 

Björksten et al. 1998 
(13–14 years old) 

asthma (ever) 
rhinitis (eyes affected) 
eczema (rash; 12 months) 

4.6–7.8 
14.7–23.6 
17.3–21.8 

Remes et al. 1998 
(13–14 years old) 

rhinoconjunctivitis (12 months) 
flexural dermatitis (12 months) 

15.0–23.0 
15.0–19.0 

Pekkanen et al. 1999 
(13–14 years old) 

asthma (doctor-dg; lifetime) 
atopic eczema (lifetime) 

4.4–5.8 
22.4–26.2 

Taskinen et al. 1999 
(7–13 years old) 

asthma (doctor-dg; 12 months) 4.6–5.3 

Xu et al. 1999 
(7 years old) 

allergic rhinitis 
atopic eczema 

3.3 
6.7 

von Hertzen et al. 2006b 
(7–16 years old) 

asthma (ever) 
asthma (doctor-dg) 
rhinitis (ever) 
rhinitis (12 months) 
atopic eczema (ever) 
atopic eczema (doctor-dg) 
itchy rash (12 months) 

9.0 
8.8 

48.8 
44.4 
38.4 
28.0 
21.8 

Dunder et al. 2007 
(0–14 years old) 

asthma (doctor-dg) 
atopic dermatitis (doctor-dg) 
allergic rhinitis (doctor-dg; seasonal) 

10.0 
24.0–26.0 

21.0 
Pekkarinen et al. 2007 
(6–16 years old) 

rhinitis (ever) 
atopic eczema (ever) 

48.5 
37.8 

1 Cohort-type age categorisation 
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A limited number of studies have been published in international journals 
concerning the prevalence of atopic diseases in Russian schoolchildren. The 
majority of previous research activities have been conducted by Norwegian or 
Finnish study groups in western border districts of Russia. The prevalence of 
asthma has been estimated in Russian schoolchildren as 0.5–6.0%, allergic 
rhinitis/rhinoconjunctivitis or rhinitis as 6.4–24.0%, and atopic/flexural 
dermatitis/eczema or itchy rash as 3.9–17.5% at the time of the study (Table 2).  

Table 2. Summary of previously published prevalence studies of atopic diseases 
among schoolchildren in Russia. 

Author, year  

(age category) 

Allergic manifestation Prevalence rate (%) 

Björksten et al. 1998 

(13–14 years old) 

asthma (ever) 

rhinitis (eyes affected) 

eczema (rash; 12 months) 

2.4 

6.4 

3.9 

Maslennikova et al. 1998 

(4–14 years old) 

asthma (doctor-dg) 0.5 

Dotterud et al. 2001 

(8–17 years old) 

asthma (ever) 

allergic rhinoconjunctivitis (ever) 

atopic dermatitis (ever) 

2.9–4.8 

13.6–14.1 

13.4–17.5 

Selnes et al. 2001 

(7…17 years old)1 

asthma (doctor-dg) 

allergic rhinoconjunctivitis 

atopic dermatitis 

4.2–6.0 

15.9–17.8 

7.1–7.6 

Dotterud et al. 2004 

(7–17 years old) 

asthma (ever) 

allergic rhinoconjunctivitis 

atopic dermatitis (ever) 

4.2 

14.7 

7.9 

Spengler et al. 2004 

(8–12 years old) 

asthma (ever) 

asthma (doctor-dg) 

1.9 

1.5 

von Hertzen et al. 2006b 

(7–16 years old) 

asthma (ever) 

asthma (doctor-dg) 

rhinitis (ever) 

rhinitis (12 months) 

atopic eczema (ever) 

atopic eczema (doctor-dg) 

itchy rash (12 months) 

1.6 

1.6 

26.3 

24.0 

7.7 

4.2 

9.7 

Pekkarinen et al. 2007 

(6–16 years old) 

rhinitis (ever) 

atopic eczema (ever) 

26.8 

7.3 
1 Cohort-type age categorisation 

There is a little previous information on the differences in occurrence of 
respiratory and allergic symptoms between Finnish and Russian schoolchildren. 



23 

According to Björkstén et al. (1998), the prevalences of wheezing, cough, nose, 
eye and skin symptoms were higher among 13–14-year-old Finnish than Russian 
children. Similarly, von Hertzen et al. (2006b) found that wheezing symptoms 
were more frequent in North Karelia, Finland, than in the Republic of Karelia, 
Russia.  

To my knowledge, there are no previous publications comparing the 
occurrence of different respiratory infections between Finland and Russia. 
However, the occurrence of contracted infections in general was similar in 
Finnish and Russian children, whereas parasitic infections occurred more 
frequently among Russian children (von Hertzen et al. 2006b). Recently, von 
Hertzen et al. (2006a) found higher seropositivity to selected pathogens in Russia 
than in Finland. A summary of the previously published occurrences of 
respiratory infections in schoolchildren in Finland and in Russia is presented in 
Table 3. 
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Table 3. Summary of previously published studies on the occurrence of respiratory 
infections in schoolchildren in Finland and in Russia.  

Author, year 

(age category) 

Respiratory infection Prevalence rate (%) 

Finland Russia 
Peltola 1982 

(selected patient data, 

0–15 years old) 

common cold (dg; 12 mo) 

otitis media 

pneumonia 

bronchitis 

24 

8 

6 

4 

 

Heiskanen-Kosma et al. 1999 

(10–14 years old) 

pneumonia (dg; 12 mo) 1.6  

Jaakkola et al. 2000 

(1–7 years old) 

otitis media (12 mo) 

bronchitis 

tonsillitis 

pneumonia 

42.6–51.4 

16.2–20.8 

8.0–8.3 

2.9–5.6 

 

Rautakorpi et al. 2001 

(selected patient data, 

5–14 years old)  

otitis media (dg; 1 week) 

sinusitis 

bronchitis (acute) 

pneumonia 

26 

8 

6 

1 

 

Honkanen et al. 2002 

(selected patient data, 

5–14 years old)  

otitis media (dg; 1 week) 

sinusitis 

bronchitis (acute) 

pneumonia 

32 

12 

14 

15 

 

Tapiainen et al. 2002 

(10 months – 7 years old) 

otitis media (dg; acute) 8.7–16.4  

Sanz et al. 2004a 

(patient data, 0–14 years old) 

otitis media (dg; acute; 6 mo)  7.8 

Sanz et al. 2004b 

(patient data, 0–14 years old) 

bronchitis (dg; 6 mo) 

otitis 

tonsillitis 

pneumonia 

 9.5 

6.9 

6.2 

2.3 

Spengler et al. 2004 

(8–12 years old) 

bronchitis (dg; 12 mo)  8.3 

Other East-West comparisons 

Previous studies comparing East and West have shown substantial similarities in 
differences in the prevalence of atopic diseases and respiratory infections. The 
prevalence of atopic diseases has been higher among schoolchildren in western 
European countries, whereas the occurrence of respiratory infections has been 
higher among schoolchildren in Eastern Europe (Table 4) 
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Bråbäck et al. (1994) found that respiratory symptoms such as chest tightness 
and breathlessness were more common in Konin, Poland, compared with 
Sundsvall, Sweden. Correspondingly, von Mutius et al. (1994) observed that 
recurrent wheezing, nocturnal cough and frequent cough with exercise or during 
foggy or cold weather were more common in former East Germany than in 
former West Germany. Attacks of breathlessness/wheezing/dyspnoea and periods 
of coughing without a cold have been shown to be more common among Russian 
than Norwegian schoolchildren (Dotterud et al. 2004). According to Weiland et al. 
(1999), speech limited by wheeze and bronchial hyperresponsiveness was more 
frequent in children in former East Germany than in former West Germany. 
Opposite results have also been reported: frequent wheezing was more common 
in Swedish than in Estonian schoolchildren (Annus et al. 2001), and sleep 
disturbance caused by wheeze, wheeze with exercise and night cough were more 
common among 5–8-year-old children in former West Germany than in former 
East Germany (Duhme et al. 1998). 

Previously, decreasing trends in the occurrences of doctor-diagnosed 
bronchitis, pneumonia and frequent colds have been observed among 
schoolchildren in former East Germany (Frye et al. 2001). Krämer et al. (1999) 
found that respiratory infections and symptoms in former East Germany were 
mostly associated with SO2 concentration or total suspended particles (TSP), and 
the decrease in pollution levels between 1991 and 1995 reduced the prevalence of 
these diseases, whereas such a favourable effect of pollution on allergies could 
not be detected. 
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1.1.3 The role of pollen grains in allergic rhinitis and the factors 
affecting the indoor penetration of pollen grains  

Allergic rhinitis is an allergic reaction, an inflammation of the nasal passages, 
triggered by inhaled allergens such as pollen, mould and animal dander. 
Immunologic reactions manifest as symptoms occurring predominantly in the 
nose and/or eyes (allergic rhinoconjuctivitis). Allergic rhinitis triggered by the 
pollen grains of specific seasonal plants is commonly known as hay fever. Pollen 
grains of certain trees, grasses and herbs are primary sources of seasonal outdoor 
allergens. 

Together with birch (Betula L.), other allergologically important plant groups 
in Finland are grasses (Poaceae) and wormwoods (Artemisia L.). Poaceae 
comprises approximately 50 genera and 150 species but based on abundance, only 
a few species, primarily from the genera Dactylis L., Phleum L., Festuca L., 
Alopecurus L. and Agrostis L., are important allergens (Haahtela & Sorsa 1999). 
Correspondingly, the Artemisia L. comprises seven species in Finland but only 
mugwort (Artemisia vulgaris L.) is common enough to cause allergic reactions 
which could be observed at population level (Haahtela & Sorsa 1999).  

The current prevalence of allergic rhinitis among the Finnish population has 
been estimated as 15–25% (Table 1; Huurre et al. 2004). Birch (Betula L.) and 
Timothy grass (Poaceae) pollen are regarded as major determinants of seasonal 
allergic reactions in Finland (Moverare et al. 2005, Pallasaho et al. 2006, 
Pekkarinen et al. 2007). It is estimated that 10–20% of Finns are allergic to pollen 
grains, but prevalence rates of even 30.7–39.0% have been reported (Räsänen et 
al. 1998, Pekkanen et al. 1999, Kilpeläinen et al. 2002, Kotaniemi et al. 2002, 
Vartiainen et al. 2002a). 

Although the pollen grains are released mainly outdoors and therefore the 
risk of exposure to pollen is highest in the neighbourhood of flowering plants, 
particles of pollen size (10–50μm in diameter) disperse effectively even over long 
distances (Hjelmroos 1992). Pollen grains enter indoors by infiltration, through 
open windows and doors, and can be carried in by people and pets. The 
penetration and presence of pollen and pollen allergens are affected by a 
combination of factors, including the pollen itself, geographic location, weather, 
season, and the characteristics of the internal space and its users (Sterling & 
Lewis 1998, Fahlbusch et al. 2001). In particular, factors such as the outdoor 
temperature, air-exchange rate, ventilation system, cleaning methods and 
frequency, as well as the number and activity of the people are important 
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determinants of the indoor concentration of pollen grains and pollen allergens 
(Sterling & Lewis 1998, Holmquist & Vesterberg 1999, Fahlbusch et al. 2001).  

1.1.4 Environmental determinants of atopic diseases and respiratory 
infections  

Determinants of atopic diseases and symptoms  

According to the hygiene hypothesis (Strachan 1989), infections in early 
childhood and even in the prenatal period, transmitted by “unhygienic” contact 
with older siblings by the child him/herself or by the mother, protect from allergic 
diseases, and can explain the increase in the prevalence of allergies in Western 
societies observed over the past few decades. Although there is some criticism of 
and increasing evidence against the initially formulated hypothesis (Sigurs et al. 
2000, van Schayck & Knottnerus 2004, Nafstad et al. 2005), and although, the 
underlying mechanisms of atopic diseases are far from being completely 
understood, the increasing incidence of atopic diseases seems at least partly to be 
explained by and associated with the modern westernised lifestyle and reduced 
and/or altered microbial exposure (Bloomfield et al. 2006). Instead of the purely 
hygiene-unhygiene dichotomy as an explaining factor, the role of multifactorial 
and complicated gene-gene and gene-environment interaction has been stressed in 
the aetiology of atopic diseases (Colilla et al. 2003, Liu et al. 2004, Upham & 
Holt 2005, Marks 2006). 

The prevalence of allergic diseases has increased in most developed countries 
during recent decades. Due to rapid changes in the occurrence of atopic diseases, 
environmental factors instead of genetic factors are suggested to best explain the 
phenomenon (Upham & Holt 2005). Environmental factors such as increased 
urbanisation (Krämer et al. 2000, Priftis et al. 2007, Viinanen et al. 2007), better 
hygienic conditions (Zhang et al. 2005, von Hertzen et al. 2007), animal, mould 
and tobacco smoke exposures (Apelberg et al. 2001, Larsson et al. 2001, Nafstad 
et al. 2001, Riedler et al. 2001, Savilahti et al. 2001, Adler et al. 2005, Meklin et 
al. 2005, Jaakkola et al. 2006, Svanes et al. 2006), new building and furnishing 
materials (Åberg et al. 1996, Jaakkola et al. 2004, Spengler et al. 2004) and 
western diet (von Mutius et al. 1998, Wijga et al. 2003, Njå et al. 2005, Salam et 
al. 2005, Tabak et al. 2006) have all been related to the risk, and thus the 
prevalence of allergic diseases and symptoms.  
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Despite anti-tobacco campaigns and stricter tobacco control laws, 
environmental tobacco smoke (ETS) is a common indoor exposure worldwide. In 
the 1990s, as much as 25% of Nordic children were exposed weekly to ETS at 
home (Lund et al. 1998b). Both pre- and postnatal passive smoking has been 
linked to the occurrence of asthma and the increased frequency of allergic 
symptoms in childhood (Jaakkola & Jaakkola 2002, Skorge et al. 2005, 
Zlotkowska & Zejda 2005, Jaakkola et al. 2006) and in young adults (Kilpeläinen 
et al. 2000), although results are inconsistent (Jaakkola & Jaakkola 2002, von 
Linstow et al. 2002, Lee et al. 2004, Spengler et al. 2004, Jaakkola et al. 2006).  

The majority of people in Western countries have regular direct contacts with 
pets (Lopes de Mata et al. 1990, Liccardi et al. 2005) and animal allergens can be 
detected in both public places and private facilities even without direct exposure 
to animals, so practically everyone has some exposure to animal allergens (Roost 
et al. 1999, Partti-Pellinen et al. 2000, Almqvist et al. 2001). Exposure to animals 
has been reported to both increase the risk of asthma (Apelberg et al. 2001, 
Jaakkola et al. 2002, Bornehag et al. 2003, Svanes et al. 2003) and diminish it 
(Hölscher et al. 2002, Waser et al. 2005). 

Quantities of pollen grains outdoors during the flowering period are so high 
that actually it is not realistic to avoid them. Interestingly, Frei and Gassner 
(2008a) observed that there is a trend towards higher annual birch pollen 
quantities and an increase in the highest daily mean pollen concentrations. In 
more favourable growing conditions, the flowering period also started earlier 
(Frei & Gassner 2008a) and lasted longer (Stach et al. 2007). It has also been 
shown that pollen grains from more polluted areas are more potent to cause 
immunologic reactions than pollen grains from less polluted areas (Majd et al. 
2004, Motta et al. 2006). If the observed trend continues, it seems reasonable to 
argue that our immunological system will be loaded even more intensively by 
pollen allergens in future. People suffering from pollen allergy may have 
symptoms earlier and they will face more severe symptoms than before (Frei & 
Gassner 2008a). More severe exposure to more potent pollen allergens can also 
partly explain the rapid increase in atopic diseases in Western countries (Frei & 
Leuschner 2000, Beggs & Bambrick 2005, Frei & Gassner 2008b). 

Moreover, differences in the diagnostic criteria and processes applied, in the 
availability and effectiveness of health care system, in the usage of medications 
and in the knowledge of the general public between countries should be 
considered (von Mutius et al. 1994, Maslennikova et al. 1998, Montefort et al. 
1998, von Mutius et al. 1999, Leonardi et al. 2002, Jannus-Pruljan et al. 2004, 
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Meren et al. 2005, Pallasaho et al. 2005). Meren et al. (2005) stated that the low 
prevalence of physician-diagnosed asthma probably reflects a considerable 
underdiagnosis of asthma in Estonia, and western disease criteria for asthma 
based on symptom combinations together with hyperreactivity yielded a 
prevalence of 5–8%, which is similar to the prevalence of asthma among adults in 
neighbouring Western countries. Maslennikova et al. (1998) found that when the 
US recommendations for asthma management were adapted in Moscow, Russia, 
this significantly increased the use of modern anti-inflammatory drugs replacing 
the bronchodilators (such as theophylline) used traditionally, and resulted in a 
significant reduction in doctor visits and improvement in the lung function of 
children.  

Determinants of respiratory infections  

Respiratory infections have previously been linked to crowding/family size/the 
type of day care (Louhiala et al. 1995, Celedon et al. 1999, Hjern et al. 2000, 
Forssell et al. 2001, Cardoso et al. 2004, Hagerhed-Engman et al. 2006), passive 
smoking (Kakish et al. 2000, Zlotkowska & Zejda, 2005, Jaakkola et al. 2006), 
indoor moisture and mould problems (Rylander & Mégevand 2000, Savilahti et al. 
2000, Karevold et al. 2006), and the length of breastfeeding (Celedon et al. 1999, 
Lowe et al. 2006, Quigley et al. 2007). Nafstad et al. (1996) observed that 
maternal smoking increased the risk of lower respiratory tract infections in 
children breastfed for 0–6 months, but not essentially when the child was 
breastfed for more than six months.  

Together with exposure to persons with respiratory infections, factors such as 
poor hygienic conditions (D’Souza 1997), malnutrition (Savitha et al. 2007), 
stress (Ising et al. 2004), deficiency in immune system (Fisk et al. 2003), outdoor 
and indoor pollutants (Biesiada et al. 2000, Ezzati & Kammen 2001, Heinrich 
2003), building material (Diez et al. 2003) and cleaning frequency (Wålinder et al. 
1999) can also affect the risk of respiratory infections. Possibly, due to differences 
in immune response, increased susceptibility, and permeability of inflamed tissue, 
and/or impaired innate immunity, allergic subjects suffer more from respiratory 
infections than non-allergic ones (Cappelletty 1998, Rylander & Mégevand 2000, 
Hak et al. 2003, Friedlander & Busse 2005, Mallia & Johnston 2006). In addition, 
there is a close association between respiratory infections, allergic rhinitis and 
asthma. The majority of asthma exacerbations are triggered by viral respiratory 
tract infections of the upper airways, but also poorly controlled allergic rhinitis 



 32

can trigger exacerbations of asthma in subjects with allergic rhinitis and asthma 
(Baroody 2003, Friedlander & Busse 2005, Mallia & Johnston 2006).  

Although the relation between (respiratory) infections in early childhood and 
allergic diseases has been subject to debate (Nafstad et al. 2005, Bloomfield et al. 
2006, Ramsey et al. 2007), repeated (respiratory) infections and/or microbial 
exposures in early life in general can drive the immune system towards a non-
allergic response, and may play a role in reducing the risk of developing allergic 
diseases among Eastern European schoolchildren (Illi et al. 2001, Zutavern et al. 
2006, von Hertzen et al. 2007). However, as Ramsey et al. (2007) stated, the 
relationship between early-life respiratory illnesses and asthma and atopy is 
complex and probably dependent on the type of infection and immune response it 
initiates.  

Differences in diagnostic practices, surveillance and treatment of respiratory 
infections are obvious between countries. The higher occurrence of respiratory 
infections in children of Eastern European countries can also reflect a higher 
proportion of undiagnosed allergic or non-allergic asthma, and rhinitis being 
diagnosed as infections (Åberg et al. 1996, Blomgren et al. 2004, Dotterud et al. 
2004, Jannus-Pruljan et al. 2004, Pallasaho et al. 2005). It has also been 
suggested that, e.g. acute otitis media is frequently over-diagnosed due to 
inadequate use of diagnostic equipment (Blomgren et al. 2004). 
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2 Aims of the study 

The objectives of the study were: 

1. To compare the occurrence of atopic diseases and respiratory infections in 
schoolchildren and the severity of symptoms among allergic children in two 
closely located, but culturally and socioeconomically different study areas in 
Finland and Russia (I).  

2. To compare the smoking behaviour of parents and schoolchildren between 
Finland and Russia, and to assess the effects of prenatal, postnatal and current 
exposure to tobacco smoke on the risk of atopic diseases and respiratory 
infections in schoolchildren (II).  

3. To compare exposure to animals in Finland and Russia, and to assess the 
independent and combined effects of exposure to animals prenatally, 
postnatally and at the time of the study on the risk of asthma in 
schoolchildren (III).  

4. To assess the risk of exposure to pollen grains in private cars throughout the 
Poaceae and Artemisia pollen season (IV).  

5. To study the penetration of pollen into the indoor air of private and public 
spaces throughout the Betula pollen season, and to assess the risk of exposure 
to pollen grains (V). 
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3 Methods 

3.1 Study design  

The study is based on two separate research projects, which combine two 
different research fields, environmental health and aerobiology, and the main 
determinants of atopic diseases and/or respiratory infections as an entity. First, a 
cross-sectional population -based epidemiological study (I–III) was conducted on 
both sides of the border between Finland and Russia in October and November, 
2003. Second, a rotorod-type-sampler-based pollen study (IV–V) was conducted 
on the Finnish side of the border between 14 July and 17 August, 2003, and 
between 3 and 23 May, 2004.  

3.2 Study areas and populations  

The epidemiological study (I–III) was conducted in the town of Imatra, Finland, 
and in the town of Svetogorsk, Russia. Imatra, with 30,000 inhabitants is located 
in the southeast part of Finland, and Svetogorsk, with 17,000 inhabitants, is 
located in the westernmost part of the Leningrad region. Both study areas are 
located in the border district of Finland and Russia (Figure 3).  

The pollen study (IV–V) was conducted in the towns of Lappeenranta and 
Joutseno, in the municipality of Rautjärvi, and along highway nr 6 in the 
southeast part of Finland. Lappeenranta is the centre of the South Karelia region, 
with 60,000 inhabitants. Correspondingly, Joutseno is a small industrial town with 
10,000 inhabitants located about 30 km north-east of Lappeenranta, and Rautjärvi 
is a small municipality with 4,000 inhabitants located about 80 km north-east of 
Lappeenranta (Figure 3). 
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Fig. 3. Map of the study areas. 

3.3 Data collection  

3.3.1 Epidemiological study (I–III) 

In the epidemiological study, a self-administered questionnaire, modified from the 
International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire 
and two previous Finnish questionnaires (Jaakkola et al. 1990, Pearce et al. 1993, 
Marttila et al. 1994, Asher et al. 1995), was distributed by schoolteachers to 1,400 
schoolchildren 7–16 years of age. The questionnaires were filled in at home by 
schoolchildren together with their parents and returned by the child to the teacher. 
A Finnish-Russian certified translator assisted by a Russian medical expert 
translated the Finnish questionnaire into Russian. Questionnaires were both 
distributed and collected so that no participating individual could be identified.  

The source population consisted entirely of primary schoolchildren 7–16 
years of age, in these two municipalities, one in Finland (2977 schoolchildren, 12 
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primary schools) and one in Russia (1235 schoolchildren, 2 primary schools). 
Participating schools, altogether four in Imatra (N = 727, 4 primary schools) and 
two in Svetogorsk (N = 1235, 2 primary schools), were selected so that they were 
located in the centre of the districts, representing the areas and populations of 
interest. A total of 1106 (response rate 79.0%) schoolchildren returned the 
questionnaire, 519 (74.1%) in Imatra and 587 (83.9%) in Svetogorsk. After 
excluding 11 subjects with information on age missing and two subjects with 
information on gender missing, the study population consisted of 1093 children, 
512 from Finland and 581 from Russia. In Finland, 265 (51.8%) respondents were 
boys and 247 (48.2%) girls. In Russia, the corresponding figures were 252 
(43.4%) and 329 (56.6%).  

Questionnaire – health outcomes and exposure assessments 

The information on health outcomes and exposure assessments was obtained from 
the questionnaire. The main health outcomes were asthma, allergic rhinitis, atopic 
dermatitis, allergic conjunctivitis, and symptoms related to these diseases and 
respiratory infections (tonsillitis, otitis media, sinusitis, bronchitis, pneumonia 
and the common cold) during the previous 12 months. Correspondingly, exposure 
assessments consisted of information on parental and children’s smoking habits 
and animal contacts in different phases of childhood. 

The following exposure indices were formed to characterise exposure during 
pregnancy (prenatal exposure), during the child’s first year of life (early-life 
exposure) and at the time of the survey (current exposure). The reference groups 
consisted of subjects who had never smoked themselves, nor been exposed to 
tobacco smoke in their homes, nor owned a pet/been exposed to farm animals. 
The details of the health outcomes and exposure assessments are presented in 
publications I–III. 

3.3.2 Pollen study (IV–V) 

Rotorod-type sampling and sample analyses 

In the pollen study of 2003 (IV), the pollen concentrations were measured inside a 
moving (N = 38) and parked car (N = 6) using rotorod-type samplers (Perkins 
1957, Rantio-Lehtimäki et al. 1992; Figure 4). Samplers were placed on the rear 
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shelf of the car. A sampling period was restricted to 20–30 min in the afternoon 
(15:00–17:00) simulating the period when commuter work traffic was heaviest. 
Two different private cars were used in chronological sequence, a Nissan Sunny 
on route I (14 June–14 July; IV) during the peak flowering period of Poaceae in 
Finland, and an Opel Astra Caravan on routes II–IV (13 July–17 August; IV) 
during the peak flowering period of Artemisia in Finland. During the 
measurement period the window on the driver’s side was in turn either closed 
(N = 17) or partly open (N = 21).  

 

Fig. 4. Rotorod-type sampler and a power source. Transparent Melinex tape coated 
with adhesive (Vaseline) was fixed to the upper end of the rods. 

In addition, using a similar method, the six samples were collected before, in the 
middle of, and after, the study period from a car parked on a highway lay-by 
which was surrounded by vegetation composed of Poaceae and Artemisia. Then, 
the window on the driver’s side was fully opened and the doors were opened and 
closed occasionally during the measurement period, simulating a pause in the lay-
by.  
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In 2004 (V), the pollen concentrations were measured using rotorod-type 
samplers inside and outside three buildings. The measurements were conducted in 
two residential buildings, i.e. in a ground-floor apartment in a block of flats, in a 
detached house, and in the regional central hospital. Samplers were placed in 
front of the main door (outdoor samples), in the hall/entrance hall I (near to the 
main front door; Indoor I) and in the living room/entrance hall II (further away 
from the main front door; Indoor II) at a height of 1.4 metres, corresponding to 
the average inhalation height. Owing to the sampling height used, the samplers 
can be assumed to collect particles mainly from local sources (Local pollen data; 
O’Rourke & Lebowitz 1984). 

Sampling sites were selected so that there were no major obstacles impeding 
the free circulation of air in the vicinity of the site. Due to ventilation 
requirements, simulating late spring ventilation habits, and the more efficient 
penetration of pollen, all ventilation windows were kept open on the residential 
building sites during the measurement period. All the ventilation windows were 
equipped with pollen filters (Stoppari pollen filter, Talotekniikka Oy, Oulu, 
Finland) on the detached house site, those in the block of flats with mosquito net 
and window lattice. In order to minimise problems with oversampling (Sterling & 
Lewis 1998), a sampling period was restricted to 30 min in the afternoon/evening 
(15:00–20:00). The measurements were performed so that indoor sampling 
(N = 14–15) was conducted immediately after outdoor sampling (N = 13–14) at 
each site. Outdoor measurements were conducted only in rainless conditions and 
stopped when it started to rain. Normal activities and movements of the residents, 
customers or personnel were not restricted during the measurement period.  

Pollen concentrations were determined by systematic sampling of 
microscopic fields and counted from the tapes under a 400x magnification using 
an optical microscope (Leitz Wetzlar, Germany). A single transect line from the 
middle of each sample was examined, comprising 21% of the total collecting area. 
Rotorod pollen measurement data were converted to volumetric equivalents 
(pg/m3; Raynor 1972). The details of the rotorod-type samplers and sampling 
methodology are presented in publications IV–V. 

Burkard sampling and sample analyses  

As part of the Finnish Pollen Information Network (The Finnish Pollen Bulletin 
2003, 2004), daily regional pollen counts were made throughout the pollen season 
with a Burkard 7-day volumetric sampler (Burkard Manufacturing Co. Ltd., 



 40

Rickmansworth, Hertfordshire, UK; Hirst 1952; Figure 5 and 6). The sampler was 
located on the roof of a 19-m high building in the town of Joutseno at 119 m 
above sea level. Due to the sampling height used, the sampler can be thought to 
collect particles mostly from regional sources (Regional pollen data; O’Rourke & 
Lebowitz 1984). The distance between the Burkard sampler and the rotorod-type 
samplers varied depending on the study site from 5 to 40 km. Although the 
distances between samplers varied moderately, these are well in line with the 
previously estimated sample area covered by a Hirst-type (Burkard) sampler 
(Comtois & Cagnon 1988). 

Fig. 5. Burkard 7-day volumetric sampler (Burkard Scientific Ltd). 
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Fig. 6. Burkard 7-day volumetric sampler. Airborne particles are sucked inside and 
trapped on Melinex tape coated with adhesive (Vaseline) and attached to a clockwork 
device rotating at the rate of 2 mm per hour. 

Pollen concentrations were determined by random sampling of microscopic fields 
(60/24h slide), comprising 2.3% of the total sampling area, and counted from the 
tapes using an optical microscopy (400x; Mäkinen 1981). Each sampling method, 
slide preparation and data interpretation were performed according to the standard 
methodology adopted by the Finnish Pollen Information Network and following 
the principles of the European Aeroallergen Network (http://www.polleninfo.org/). 
Pollen concentrations were expressed as a daily mean of pollen grains per cubic 
metre of air (pg/m3) and classified as low, moderate or abundant (Viander & 
Koivikko 1978, Rantio-Lehtimäki et al. 1991b; Table 5). The details of the 
Burkard samplers and sampling methodology are presented in publications IV–V. 
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Table 5. The threshold values of the allergologically importantant airborne pollen 
(pg/m3 air, measured at roof level) in Finland. 

Plant group Low (pg/m3) Moderate (pg/m3) Abundant (pg/m3) 

Birch (Betula)  < 10 10–100  > 100 

Mugwort (Artemisia)  < 10 10–30  > 30 

Grasses (Poaceae)  < 10 10–30  > 30 

Surface sampling and sample analyses 

The sticky tape method was used in surface sampling (Holopainen et al. 2002). In 
this method, two-sided tape (ScotchTM, 12mm, 3M USA) is pressed against the 
sampling surface and ripped away. Pollen grains adhere to the surface of the tape. 
Using a slide preparation method similar to that in rotorod sampling, pollen grains 
were counted under the optical microscope (400x). Ten longitudinal traverses 
with 200 (2003, IV) / 204 (2004, V) microscopic fields were examined, 
comprising 10.6% (2003) / 10.8% (2004) of the total sampling area. The dust 
sample measurement data were expressed as the number of pollen grains per 
square centimetre (pg/cm2). 

In 2003, pollen deposits on the dashboard and rear shelf (N = 10) were 
studied from both cars in the middle of, and after, the four-week measurement 
period. The inside surfaces of the cars were cleaned with a vacuum cleaner and a 
wet towel before, and in the middle of (a wet towel only), the four-week 
measurement period. Thus, the results of surface samples corresponded to dust 
accumulating during the two-week period. In 2004, the dust samples (N = 96) 
were collected from the living room, bedroom, kitchen and hall in residential 
buildings. The samples were taken from the surfaces of floors, floor laths, 
radiators, curtains, window sills, the window frames of ventilation windows, and 
doorsteps. The details of the sampling methodology are presented in publications 
IV–V. 

Meteorological data  

Weather conditions, including the daily mean air temperature and mean wind 
speed were recorded using information from the meteorological station at 
Lappeenranta Airport. In parallel with that, information from a digital 
thermometer (Thermometer Fabriken Viking Ab, type No. 194) was used in 2004 
(V). Cloudiness was also estimated visually for the sample collection period and 
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divided into four different classes: rain, totally cloudy, partly cloudy, and clear sky. 
The details of the collection of meteorological data are presented in publications 
IV and V. 

3.3.3 Statistical methods  

In the epidemiological study (I–III), we compared the crude, age and gender 
standardized prevalences of the studied health outcomes between the Finnish and 
Russian children, smoking habits and behaviour between Finnish and Russian 
parents and children, and the prevalence of exposure to animals of Finnish and 
Russian children. Age and sex adjustment was carried out using the age and sex 
distribution of the total study population with age categorized into 7–10, 11–13 
and 14–16 years. The X2 test, Fisher’s exact test and t test were used to assess the 
statistical significance of differences between the compared groups. The results 
are regarded as significant at P < 0.05. We used odds ratio (OR and 95% 
confidence intervals, CI) as a measure of association, and multiple logistic 
regression analysis to calculate odds ratios adjusting for gender, age, study area, 
parental smoking, early-life and/or current pets or farm animals, any dampness or 
visible moulds and parental allergy. Statistical analyses were performed using the 
statistical package SAS, version 9.1 (SAS Institute, Cary, NC, USA). 

In the pollen study (IV–V), the Spearman statistical test (correlation 
coefficients) for nonparametric data was used to evaluate the relationship between 
regional Burkard and local rotorod pollen data, and between indoor and outdoor 
concentrations of pollen, as well as the relationship between daily airborne pollen 
measurements and meteorological parameters. The Wilcoxon 2-sample test for 
nonparametric data was used for paired comparison, and the Wilcoxon Signed 
Rank test (S) for nonparametric data was used to compare the indoor-to-outdoor 
and indoor I-to-indoor II ratios (mean I/O ratio) of pollen. Average values are 
reported as arithmetic means and standard deviations are also reported. The 
results are regarded as significant at P < 0.05. The statistical analyses were 
performed using the SAS statistical package, version 9.1 (SAS Institute, Cary, NC, 
USA).  
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4 Results 

4.1 Comparison of atopic diseases, symptoms and respiratory 
infections between Finland and Russia (I)  

In this study, allergic diseases were more common among Finnish than among 
Russian schoolchildren, whereas symptoms were more severe among allergic 
children in Russia. The prevalences of asthma (6.7% vs. 3.9%, P = 0.047), allergic 
rhinitis (15.2% vs. 8.8%, P < 0.01), allergic conjunctivitis (4.7% vs. 3.2%, 
P = 0.234), and atopic dermatitis (10.5% vs. 5.9%, P < 0.01) were over 1.5-fold 
higher among schoolchildren in Imatra compared to those in Svetogorsk.  

Problems with speaking due to wheeze (13.2% vs. 3.0%, P < 0.05), daily 
interference caused by rhinitis (interfered a lot: 14.5% vs. 2.6%, P < 0.01), 
persistent rash (52.4% vs. 25.8%, P < 0.001) and sleep disturbance caused by rash 
(≥ 1 nights a week: 15.7% vs. 1.0%, P < 0.001), in particular, were more frequent 
in Russia than in Finland. These results were accompanied by less frequent use of 
medications, a higher occurrence of hospital or health centre treatments, and 
greater sickness absence from school due to allergic symptoms in Russian 
children (Table 6). 

Table 6. Self-reported hospital / health centre treatments, school / day care absence 
and use of medication in the previous 12 months among allergic schoolchildren in 
Imatra, Finland (N = 144) and Svetogorsk, Russia (N = 153).  

Outcome Imatra % (n) Svetogorsk % (n) 

Hospital or health centre visits (N = 114/106) 32.5 66.0*** 
School or day care absences (N = 114/105) 26.3 65.7*** 
Allergy medication 

Proportion of users (N = 114/107) 

Frequency of daily/weekly users (N = 98/80) 

 

99.1*a 

42.9*** 

 

93.5 

18.9 

P values (X2 test), * p < 0.05, ** p < 0.01, *** p < 0.001 
a Fisher’s Exact test, * p < 0.05, ** p < 0.01, *** p < 0.001 

The occurrence of respiratory infections was in general higher among the Russian 
children compared with the Finnish children. The percentage of children with at 
least one episode of tonsillitis (32.5% vs. 5.1%, P < 0.001), sinusitis (11.0% vs. 
4.7%, P < 0.001), and bronchitis (15.0% vs. 6.6%, P < 0.001) during the previous 
12 months was higher among Russian children, whereas the percentage of 
children with otitis media (15.0% vs. 6.2%, P < 0.001) and common cold (55.1 % 
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vs. 23.4%, P < 0.001; ≥2 episodes) in the previous 12 months was higher among 
Finnish children.  

4.2 Exposure and effects of tobacco smoke on atopic diseases and 
respiratory infections in Finland and Russia (II) 

Smoking behaviour of parents differed markedly between Finland and Russia 
(Table 7).  

Table 7. Self-reported exposure to tobacco smoke among schoolchildren in Imatra, 
Finland (Ntot = 512) and in Svetogorsk, Russia (Ntot = 581). 

Exposure variable Imatra % (n) Svetogorsk % (n) 

Indoor exposure to tobacco smoke (N = 512/571)1 1.4 (7) 32.9 (188)*** 

Mother smoking (N = 504/573)1 

≥15 cigarettes/day (N = 121/129) 

During pregnancy (N = 501/566) 

During child’s first year of life (N = 500/566) 

27.0 (136) 

38.0 (46)*** 

14.0 (70)*** 

22.8 (114)*** 

24.8 (142) 

7.8 (10) 

6.7 (38) 

8.8 (50) 

Father smoking (N = 495/560)1 

≥15 cigarettes/day (N = 171/305) 

39.6 (196) 

64.9 (111)*** 

62.3 (349)*** 

47.5 (145) 

Average number of cigarettes smoked daily2 

Mothers / female guardians (N = 121/129) 

Fathers / male guardians (N = 171/305) 

 

11.8*** 

15.6** 

 

7.9 

13.5 
1 P values (X2 test), * p<0.05, ** p<0.01, *** p<0.001; 2 T-test, * p<0.05, ** p<0.01, *** p<0.001 

Strong exposure-response relations were observed between the environmental 
tobacco smoke exposure and health outcomes among Finnish children. 
Particularly, the risk of asthma was related to high maternal smoking (Table 8). 
The risk of any allergic disease was elevated in relation to high maternal smoking 
at the time of the study (adjusted OR 1.94, 95% CI 1.03–3.64) and the risk of the 
common cold was related to high combined parental smoking during infancy 
(1.83, 1.06–3.17) in Finnish children. 
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Table 8. Tobacco smoke exposure and health outcomes in Finnish children 
(Ntot = 512). Low and high exposure groups were compared to no exposure as the 
reference category. 

Health outcome and exposure variable Imatra, Adjusted OR1, 

95 % CI 

Asthma 

Maternal smoking during pregnancy 

low exposure2 

high exposure3 

Maternal smoking during the child’s first year of life 

low exposure2 

high exposure3 

Maternal smoking at the time of the study 

low exposure2 

high exposure3 

Combined parental smoking in the child’s first year of life 

low exposure2 

high exposure3 

Parental smoking at the time of the study  

low exposure4 

high exposure5 

 

 

0.89, 0.20–4.05 

3.51, 1.00–12.3 

 

1.10, 0.35–3.43 

3.34, 1.23–9.07 

 

1.04, 0.34–3.24 

3.27, 1.26–8.48 

 

1.36, 0.57–3.24 

2.66, 1.01–7.00 

 

1.60, 0.69–3.71 

2.91, 1.05–8.09 
Any allergy 

Maternal smoking at the time of the study 

low exposure2 

high exposure3 

 

 

0.69, 0.37–1.27 

1.94, 1.03–3.64 

Common cold/flu 

Combined parental smoking in the child’s first year of life 

low exposure2 

high exposure3 

 

 

1.10, 0.73–1.65 

1.83, 1.06–3.17 
1 Adjusted for age, gender, early-life and current pets, any dampness or mould problems, parental 

allergy; 2 Up to 10 cigarettes per day; 3 More than 10 cigarettes per day; 4 Up to 15 cigarettes per day; 5 

More than 15 cigarettes per day 

In Russia, maternal smoking in pregnancy (6.7%) and during the child’s first year 
of life was rare (8.8%) and, consequently, the corresponding effect estimates were 
imprecise. The effect estimates for asthma showed some similar trends, though 
not statistically significant, with those of the Finnish children. The risk of 
conjunctivitis was particularly related to maternal smoking during the child’s first 
year of life (low exposure: 4.53, 1.49–13.8), and during the study period (low 
exposure: 2.82, 1.07–7.44; due to small numbers of data in heavy smoking 
categories, results on high exposures are lacking). The risk of most respiratory 
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infections was increased in relation to parental smoking, while current paternal 
(low exposure: 0.60, 0.37–0.98) and parental (high exposure: 0.31, 0.11–0.83) 
smoking showed an inverse relation with the common cold.  

4.3 Exposure to domestic animals and risk of asthma in Finland 
and Russia (III) 

The pattern of exposure to animals differed substantially between the Finnish and 
Russian children (Table 9). 

Table 9. Self-reported animal exposure among schoolchildren in Imatra, Finland 
(Ntot = 512), and in Svetogorsk, Russia (Ntot = 581). 

Variable Imatra % (n)1 Svetogorsk % (n)1 

Current indoor exposure to pets2 

Indoor exposure to dogs (≥ 1) 

Indoor exposure to cats (≥ 1) 

Indoor exposure to rodents (≥ 1) 

Indoor exposure to birds (≥ 1) 

55.7 (285) 

26.4 (135)*** 

20.9 (107) 

7.2 (37) 

2.7 (14) 

67.1 (390)*** 

16.0 (93) 

45.6 (265)*** 

6.7 (39) 

7.8 (45)*** 

Exposure during child’s first year of life2 

Indoor exposure to dogs or cats 

Indoor exposure to dogs 

Indoor exposure to cats 

 

31.8 (163) 

12.7 (65)*** 

9.0 (46) 

 

27.2 (158) 

3.1 (18) 

7.6 (44) 

Regular contact with farm animals2 

During pregnancy 

During child’s first year of life 

 

11.7 (60) 

10.6 (54) 

 

16.9 (98)* 

15.2 (88)* 
1 P value, X2 test, * p<0.05, ** p<0.01, *** p<0.001; 2 Numbers are based on available data in the respective 

variable. For none of the variables did the missing data exceed 5%. 

In Finnish children, in general, the risk of asthma was inversely related to pet 
exposure during the first year of life and during the study period, but the only 
significant relation was between asthma and any indoor dog-keeping (adjusted 
OR 0.35, 95% CI 0.13–0.95). On the contrary, the risk of asthma was elevated, 
though not significantly, in relation to regular contacts with farm animals during 
the first year of life and during pregnancy or the first year of life (2.05, 0.78–5.40 
and 2.10, 0.83–5.35, the latter adjusted also for pets, respectively).  

In Russia, the risk of asthma was particularly related to combined indoor cat 
exposure during the first year of life and during the study period (4.56, 1.10–
18.91). There were no cases of asthma among the 93 children exposed to dogs, 
which was consistent with the protective effect among Finnish children, as 4.2 
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cases of asthma would have been expected in this group based on the occurrence 
of asthma in the unexposed group. The results from regular farm animal 
exposures showed trends among Russian children similar to those observed 
among Finnish children: the adjusted OR of asthma for farm animal exposure 
during pregnancy, and during pregnancy or the first year of life was 1.90 (0.70–
5.17) and 1.71 (0.67–4.41, adjusted also for pets), respectively. 

4.4 Exposure to pollen inside private cars during the Poaceae and 
Artemisia pollen season (IV) 

From both the moving and the parked car, Poaceae and Artemisia pollen grains 
were recorded only on one day and in low concentrations (<10 pg/m3). The inside 
concentrations of Betula and Pinus ranged from low to moderate both in the 
moving car (0–15 and 0–41 pg/m3, correspondingly) and in the parked car (0–12 
and 0–80 pg/m3, correspondingly), even though their main flowering period was 
already over. During the measurement period, daily mean outdoor concentrations 
for Poaceae, Artemisia, Betula, and Pinus were 0–27, 0–5, 0–21, and 0–309 pg/m3, 
respectively. Surprisingly, there were no statistically significant differences 
between the mean concentrations of Betula and Pinus pollen inside the moving 
car when the windows were closed compared to the situation when one window 
was partly open. The mean concentrations of Betula pollen were 2.2 (closed; SD 
4.2) vs. 1.5 (open; SD 2.7) pg/m3 and of Pinus 6.7 (closed; SD 10.9) vs. 5.9 (open; 
SD 10.6) pg/m3.  

The pollen deposit on the surfaces was sporadic. The number of Poaceae and 
Artemisia pollen grains ranged from 0–2 pg/cm2, Betula from 0–8 pg/cm2 and 
Pinus from 0–72 pg/cm2 during the four two-week measurement periods. Both 
Betula and Pinus pollen was found on average in greater quantities from the 
dashboards than from the rear shelves of the cars, 2.4 (SD 3.3) vs. 1.2 (SD 1.8; 
Betula) pg/cm2, and 19.6 (SD 30.0) vs. 8.4 (SD 11.4; Pinus) pg/cm2. The mean 
outdoor wind velocity was higher during the moving car measurements (3.5 m/s; 
range 1–6 m/s) than during the parked car measurements (3.0 m/s; range 1–4 m/s). 
A positive relationship between rotorod and Burkard data, and a negative 
relationship between pollen concentration and daily mean temperature, were 
observed.  
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4.5 Exposure to indoor and outdoor pollen in private and public 
spaces during the Betula pollen season (V) 

Outdoor concentrations of Betula pollen grains ranged from low to abundant at 
the regional central hospital (0–855 pg/m3) and block of flats (0–131 pg/m3) and 
from low to moderate outside the detached house (0–20 pg/m3). The 
corresponding concentrations near the main front door (Indoors I) varied from 
low to moderate in the central hospital (0–17 pg/m3), and were low in both the 
block of flats (0–7 pg/m3) and the detached house (0–3 pg/m3). Concentrations 
further from the main front door (Indoors II) were low at all study sites (0–3 
pg/m3; Table 10). Background values of the Burkard sampler measured at 14:00–
16:00 or 16:00–18:00 varied between 0 and 4311 pollen grains during the 
measurement period.  

Table 10. Indoor and outdoor concentrations of Betula pollen grains (pg/m3) at the 
study sites during the measurement period, 2004. 

Date Central hospital 

(IndoorII+I / outdoor)1 

pg/m3 

Block of flats 

(IndoorII+I / outdoor)1 

pg/m3 

Detached house 

(IndoorII+I / outdoor)1  

pg/m3 

3.5. 2 + 7 / 44 0 + 0 / 43 2 + 0 / 3 

4.5. 3 + 17 / 199 2 + 7 / 131 0 + 0 / 20 

5.5. 2 + 5 / 75 3 + 3 / 3 2 + 3 / 19 

6.5. 0 + 3 / 20 3 + 3 / 19 3 + 3 / 9 

7.5. 3 + 5 / 855 2 + 2 / 58 3 + 2 / 17 

10.5. 0 + 2 / 49 2 + 2 / 43 0 + 2 / 5 

11.5. 3 + 2 / 2 2 + 0 / 2 3 + 2 / 15 

12.5. 0 + 2 / 0 0 + 0 / 2 2 + 0 / 0 

13.5. 0 + 2 / 0 0 + 0 / 0 2 + 2 / 2 

14.5. 0 + 0 / 2 0 + 0 / 2 2 + 0 / 0 

17.5. 2 + 0 / 0 0 + 0 / 2 0 + 0 / 3 

18.5. 0 + 2 / 0 0 + 0 / NMa 0 + 0 / NMa 

19.5. 0 + 0 / 0 2 + 0 / 12 0 + 2 / 0 

20.5. 0 + 0 / 0 0 + 0 / 5 NMa 

21.5. NMa NMa 2 + 0 / 0 

23.5. NMa NMa 2 + 0 / 2 
1 Mean value of the two rods; a NM, not measured 

Mean I/O ratios ranged from 0.04 (Indoors I) to 0.01 (Indoors II) in the central 
hospital, from 0.05 (Indoors I) to 0.04 (Indoors II) in the block of flats, and from 
0.16 (Indoors I) to 0.22 (Indoors II) in the detached house. Differences between 
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paired indoor-to-outdoor comparisons of pollen concentrations were significant 
for all study sites (S = –33 to –18.5; P = 0.001–0.031). Indoor-to-indoor (Indoors 
I compared with Indoors II) differences, in contrast, were significant only at the 
central hospital (S = –27.5; P = 0.014).  

There was no statistically significant difference between indoor 
concentrations of Betula pollen in the block of flats apartment equipped with 
mosquito net and window lattice and in the detached house equipped with pollen 
filters. The mean indoor concentrations were 1.2 (SD 2.1) compared with 1.1 
grains m3 (SD 1.2; Indoors I) and 1.1 (SD 1.2) compared with 1.5 grains m3 (SD 
1.2; Indoors II), respectively. Positive relationships were observed between 
rotorod and Burkard data and between pollen concentrations and daily mean 
temperature.  

The numbers of Betula pollen grains on the indoor surfaces were higher in 
the less frequently cleaned apartment in the block of flats (0–2926 pg/cm2) than in 
the more frequently cleaned detached house (0–99 pg/cm2). Within the study sites, 
the numbers of pollen grains were highest in close proximity to ventilation 
windows (window frames).  
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5 Discussion 

The prevalence of allergic diseases was higher among Finnish than among 
Russian schoolchildren, but the symptoms among allergic children were more 
severe and the occurrence of respiratory infections was in general more frequent 
in Russian than in Finnish children. Exposure to tobacco smoke, pets and farm 
animals differed substantially between the Finnish and Russian children. The 
results indicate that parental smoking during and after pregnancy increase the risk 
of asthma, and ETS exposure after pregnancy is related to common colds among 
schoolchildren in Finland, both outcomes showing an exposure-response pattern. 
In Russia, maternal smoking during infancy and during the study period increased 
the risk of allergic conjunctivitis. The risk of asthma was related to being exposed 
to cats indoors both during the first year of life and at the time of the study in 
Russia, whereas in Finland, the risk of asthma was inversely correlated with 
having kept any dog indoors.  

The concentrations of Poaceae and Artemisia pollen inside cars were low 
during the flowering period and were likely to cause reactions only in the most 
sensitive persons. The results also indicated that even after the main flowering 
period, the concentrations of Betula pollen can be preserved for a long time on a 
level causing reactions in individuals with allergies. The concentrations of Betula 
pollen decreased when moving from outdoors to indoors and further toward the 
centre of the building, indicating relatively poor penetration efficiency and/or the 
short-lived presence of pollen grains in the indoor air. The concentrations of 
Betula pollen inside the buildings during the flowering period by and large were 
on a level high enough to cause reactions in only the most sensitive subjects.  

5.1 Validity of results  

5.1.1 Epidemiological study (I–III) 

The modified ISAAC questionnaire, used in the epidemiological study (I–III), is 
standardised to allow comparisons of the prevalence of allergic diseases and the 
severity of symptoms in children between and within populations in different 
countries (Pearce et al. 1993, Asher et al. 1995). However, the interpretation of 
our results may be somewhat affected by methodological limitations, since the 
translation of the questionnaire into Russian was not well standardised. Although 
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both the professional certified translator and the Russian medical expert had 
experience of similar studies, some disagreements between the two languages, 
some cultural differences in understanding and filling in the questionnaire, and 
different definitions of disease were possible sources of bias (I–III).  

Because of the likelihood of national differences in diagnostic procedures and 
definitions of allergic diseases and respiratory infections (von Mutius et al. 1994, 
von Mutius et al. 1999, Jannus-Pruljan et al. 2004, Meren et al. 2005, Pallasaho 
et al. 2005), self-reported allergies and respiratory infections were used instead of 
doctor-diagnosed ones (I–III). For example, asthma was traditionally defined in 
the Soviet Union/Russia as an allergic or atopic disease including such symptoms 
and signs as bronchospasm, dyspnoea, hypersecretion and swelling of the 
bronchial mucosa. The concept ‘infectious allergy’ was also used, and asthma was 
even considered as a complication of, or a subgroup of chronic bronchitis or 
pneumonia (Jannus-Pruljan et al. 2004). In contrast, in Finland, the occurrence of 
nocturnal cough, dyspnoea during or after exercise and/or wheezing, together 
with reversibility in spirometric lung functioning tests (PEF, FEV1, and histamine 
or metacholine challenge tests) indicating variable bronchial obstruction, have 
been used as diagnostic criteria for asthma (The Finnish Current Care guidelines 
2006). In addition, in this study, the prevalences of self-reported allergies were 
well in line with the prevalences of doctor-diagnosed allergies. The differences in 
the prevalences based on doctor-diagnosed and self-reported allergic diseases 
were small, from zero (asthma in Finland) to three (allergic rhinitis in Finland) 
percent, and did not result in any changes in the level of statistical significance in 
differences between the countries.  

Although the response rate was relatively high in both study areas (74% in 
Finland and 84% in Russia), the possibility of selection bias can not be totally 
excluded (I–III). Public awareness of allergies is moderately high in both 
Svetogorsk and Imatra due to several air pollution and health studies conducted in 
the area in the 1980s–1990s (Jaakkola et al. 1990, Marttila et al. 1994, Jaakkola et 
al. 1999). Therefore, appropriate identification of diseases and symptoms could 
be expected. However, because no objective test of allergic sensitisation or blood 
sampling was conducted in this study, the results should be interpreted with 
caution (I–III). 

Potential underreporting of smoking status and smoking levels cannot be 
ruled out (II), especially in Russia, where women’s smoking has been 
traditionally relatively uncommon and socially unacceptable (Prokhorov & 
Alexandrov 1992, Laatikainen et al. 1999). Because of the low numbers of 
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respondents reporting maternal smoking during pregnancy and early childhood in 
Russia, results concerning smoking, especially heavy smoking, during these 
periods should be interpreted with caution (II). However, previous studies have 
reported a high correlation between self-reported smoking or self-reported 
exposure to tobacco smoke and objective biochemical measures of exposure 
(Vartiainen et al. 2002b, Kim et al. 2004). In addition, the consistency between 
the results on health effects of this study (II) and those from other studies supports 
the validity of the current study (Gilliland et al. 2001, Jaakkola et al. 2006). 

Exposure based on current pet-keeping may be influenced by pet avoidance 
behaviour by families with allergies. In some previous studies, 1.7–27.3% of 
respondents reported avoiding contact with pets (Bornehag et al. 2003, Waser et 
al. 2005), and 4.7–12% of respondents gave up pets because of allergy 
(Brunekreef et al. 1992, Svanes et al. 2006). On the other hand, Svanes et al. 
(2006) observed that parents who kept pets despite their own asthma did so even 
if their child got asthma, and adults who already had a pet at the time of 
developing an allergic disease continued to keep it despite the allergy. In this 
study (III), there was a difference in the prevalence of pet ownership at the time 
of the study between asthmatic and non-asthmatic children (in Finland: 42.4% 
and 56.6% currently had pet(s), respectively; in Russia: 54.6% and 67.6%, 
respectively) and between having asthmatic and non-asthmatic parents or siblings 
(in Finland: 47.7% and 57.3% currently had pet(s), respectively; in Russia: 63.0% 
and 67.3%, respectively). This suggests that some pet avoidance behaviour may 
have taken place (III). However, the relation between a pet and a family is 
generally so close and established that there is little reason to believe that many 
individuals would have trouble recalling information on pet ownership (Apelberg 
et al. 2001, Svanes et al. 2006). In addition, Almqvist et al. (2003b) have shown 
good consistency between questionnaire data and objective measurements of 
allergen levels. 

5.1.2 Pollen study (IV–V) 

Because of the short sampling period (20–30 min) and the methodology, the 
limited number of measurements and study sites, the different building types, the 
lack of simultaneous measurements, and the distance between the study sites, the 
results of the pollen studies (IV–V) should be interpreted with caution. The 
stationary sampling methodology used in the study does not directly reflect the 
amount of potentially inhaled particles and the actual risk of exposure (Lee et al. 
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2006a), although Riediker et al. (2000) observed a positive relationship between a 
personal and a stationary sampler. Pollen grains act as carriers of allergenic 
material but pollen counts may include pollen grains devoid of allergens, and thus 
may not represent the true allergen load (Schäppi et al. 1997). However, a 
positive relationship between the number of pollen grains and the allergen 
concentration has previously been observed (Spieksma et al. 1995, Schäppi et al. 
1997). 

The Rotorod sampler is thought to be appropriate for indoor/outdoor 
sampling, since the effects of wind speed and direction have been shown to be 
relatively small and the collection efficiency for particles of pollen size is good 
(Solomon et al. 1980b, Frenz 1999, Frenz, 2000). A sequential sampling 
methodology was used in 2004 (V) instead of simultaneous sampling but this is 
not a problem because there is a lag in indoor penetration by pollen grains.  

Although environmental conditions and pollen concentrations can vary 
considerably between measurements near to the ground (rotorod) and at house 
roof level (Burkard), and although the distance between samplers was 
considerable, a good agreement between the rotorod and Burkard data was 
observed (IV–V). This observation is in line with the result of a previous study 
(Frenz 1999). Additionally, the good agreement between the current rotorod 
measurements (moving vs. parked cars) increases the reliability of the 2003 
results (IV). Good agreement between outdoors and indoors rotorod 
measurements was also observed (V). However, because of the distance between 
the pollen samplers and the weather station, the results, particularly the 
correlation of daily mean temperature and wind speed with pollen count in the 
single family house in Rautjärvi, should be interpreted with caution (V). 

Interestingly, the results of rotorod measurements and surface sampling were 
also consistent (IV–V). However, the collecting efficiency of the sticky tape 
method for taking surface samples is not 100% (Holopainen et al. 2002). Due to 
the nature of the methodology employed and the relatively small sample size, the 
results of the sticky tape method should be interpreted as only indicative (IV–V). 

Low concentrations of Poaceae and Artemisia pollen were not due to any 
fault in the sampler in 2003 (IV), but rather to the poor pollen production season 
of Poaceae and Artemisia species (The Finnish Pollen Bulletin Supplement 2003). 
Hence, the extension of the measurement period might not have produced any 
significant increase in the numbers of pollen grains. Furthermore, within the same 
measurement period, other pollen types were observed which allowed reliable 
comparisons (IV).  
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5.2 Synthesis with previous knowledge 

5.2.1 Atopic diseases, symptoms and respiratory infections (I)  

Despite variation in the definitions used, the prevalence of allergic diseases 
among children in Imatra observed in this study was in accordance with previous 
studies from Finland (Pekkanen et al. 1997, Remes et al. 1998), while the 
prevalence of allergic diseases in Svetogorsk was higher than reported from the 
regions of Sverdlovsk in the Ural mountains and Vologda in the Upper Volga 
(Spengler et al. 2004), but lower than in the district of the highly polluted Kola 
peninsula (Selnes et al. 2001, Dotterud et al. 2004; Table 11). Smaller differences 
in the prevalences of allergic diseases were observed than expected on the basis 
of a previous Finnish-Russian study (von Hertzen et al. 2006b). However, results 
of this study are in line with those on children in East Germany, where the 
prevalence of allergies and atopic sensitisation increased in the 1990s, especially 
among children born after German reunification (von Mutius et al. 1998, Ring et 
al. 1999, Weiland et al. 1999, Heinrich et al. 2002). Similarly, the ISAAC 
Steering Committee (Asher et al. 2006) suggested that there has been an increase 
in the prevalence of asthma and allergic rhinoconjunctivitis among children 13–
14 years of age in Russia. A modest increase in the prevalence of asthma, allergic 
rhinitis and eczema has also been observed among Estonian schoolchildren since 
the 1990s (Annus et al. 2005).  
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Table 11. Some previously published prevalence studies of atopic diseases among 
schoolchildren in Finland and Russia in relation to this study. 

Author, year 

(age category) 

Allergic manifestation Prevalence rate (%) 
Finland Russia 

Pekkanen et al. 1997 

(13–14 years old) 

asthma (doctor-dg; ever) 4.0–7.0  

Remes et al. 1998 

(13–14 years old) 

rhinoconjunctivitis (12 months) 

flexural dermatitis (12 months) 

15.0–23.0 

15.0–19.0 

 

Spengler et al. 2004 

(8–12 years old) 

asthma (ever) 

asthma (doctor-dg) 

 1.9 

1.5 

Selnes et al. 2001 

(7…17 years old)1 

asthma (doctor-dg) 

allergic rhinoconjunctivitis 

atopic dermatitis 

 4.2–6.0 

15.9–17.8 

7.1–7.6 

Dotterud et al. 2004 

(7–17 years old) 

asthma (ever) 

allergic rhinoconjunctivitis 

atopic dermatitis (ever) 

 4.2 

14.7 

7.9 

von Hertzen et al. 2006b 

(7–16 years old) 

asthma (ever) 

asthma (doctor-dg) 

rhinitis (ever) 

rhinitis (12 months) 

atopic eczema (ever) 

atopic eczema (doctor-dg) 

itchy rash (12 months) 

9.0 

8.8 

48.8 

44.4 

38.4 

28.0 

21.8 

1.6 

1.6 

26.3 

24.0 

7.7 

4.2 

9.7 

Hugg et al. 2008b 

(7–16 years old) 

asthma 

allergic rhinitis 

allergic conjunctivitis 

atopic dermatitis 

6.7 

15.2 

4.7 

10.5 

3.9 

8.8 

3.2 

5.9 
1 Cohort-type age categorisation 

Smaller than expected differences in prevalence rates between countries may be 
explained by the increased westernisation of Svetogorsk. As part of this 
“westernisation process”, increased mobility of people and goods across the 
border (Itäinen tullipiiri 2005, TAK Oy 2005), increased prosperity due to foreign 
investments, and/or similar housing conditions due to extensive construction 
projects carried out by Finns in the 1980s have occurred in Svetogorsk. In 
addition, some exposures connected to western lifestyle, such as fatty diet, 
reduced exercise habits and some problems in indoor environments, may have 
increased in Russia, and can promote the development of allergies (Hugg et al. 
2008b). This phenomenon might be observed most rapidly among young age 
groups because children have been exposed to these factors during the critical 
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developmental period of pregnancy and early childhood (von Mutius et al. 1998, 
Heinrich et al. 2002). Thus, the prevalence of allergic diseases seems to vary 
across areas in Russia relatively close to each other. 

The differences observed in the occurrence of allergic diseases and symptoms 
between Finland and Russia may also reflect differences in the availability and 
effectiveness of health care systems and diagnosing and treatment practices, 
and/or in the usage of medications between Finland and Russia. Mild cases of 
allergic diseases may be underdiagnosed and/or undertreated in the Eastern bloc, 
as has been suggested by some previous studies from Russia, other former Soviet 
Union countries, and Central and Eastern European countries (Maslennikova et al. 
1998, Leonardi et al. 2002, Jannus-Pruljan et al. 2004, Meren et al. 2005, 
Pallasaho et al. 2005). The higher occurrence of school or day care absenteesm 
(first graders) and hospital or health centre treatments is compatible with the 
greater questionnaire-reported severity of symptoms among allergic participants 
in Russian, supporting the undertreated hypothesis. This is partly in line with 
previous results on comparisons between East and West Europe, indicating the 
less frequent usage of asthma medication (Annus et al. 2001) and the higher 
occurrence of symptoms in Eastern European countries (Bråbäck et al. 1994, von 
Mutius et al. 1994, Dotterud et al. 2004). It is also consistent with our finding that 
Finnish children with allergic diseases more often receive treatment and use it 
more frequently. Because of the well-organised and developed health care system 
in Finland, milder cases are diagnosed and treated, preventing development into a 
more severe form of disease.  

The severity of symptoms among allergic subjects observed in Russia could 
also be explained by the higher occurrence of respiratory infections, particularly 
in the lower respiratory tract. For example, there are a number of studies which 
have linked respiratory viral infections and the intensity and subsequent 
exacerbation of asthma (recently reviewed by Schaller et al. 2006).  

Overall, the occurrence of respiratory infections was higher among Russian 
than among Finnish children, which was partly in accordance with previous east-
west comparisons (Bråbäck et al. 1994, von Mutius et al. 1994, Weiland et al. 
1999, Dotterud et al. 2004, Gehring et al. 2005; Table 12). In addition to 
differences in diagnostic practices, the results can be partly explained by the 
greater exposure to pathogenic microbes associated with lower hygienic 
conditions in Russia (von Hertzen et al. 2006a, von Hertzen et al. 2007, Seiskari 
et al. 2007). The higher occurrence of respiratory infections in Russian children 
can also reflect a higher proportion of undiagnosed allergic or non-allergic asthma 
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and rhinitis being diagnosed as infections (Åberg et al. 1996, Dotterud et al. 2004, 
Jannus-Pruljan et al. 2004). 

Table 12. Some previously published prevalence studies of respiratory infections 
among schoolchildren between East and West Europe in relation to this study. 

Author, year 

(age category) 

Respiratory infection Prevalence rate (%) 
East West 

Bråbäck et al. 1994 

Poland-Sweden 

(10–12 years old) 

Common cold 14.0 8.0 

von Mutius et al. 1994 

East-West Germany 

(9–11 years old) 

Bronchitis 33.7 15.9 

Weiland et al. 1999 

East-West Germany 

(5…11 years old)1 

Bronchitis (dg) 31.8–36.8 21.3–24.4  

 

Dotterud et al. 2004 

Russia-Norway 

(7–17 years old) 

Bronchitis/pneumonia 44.0 9.8 

Gehring et al. 2005 

Eastern-Western Europe 

(6–12 years old) 

Bronchitis (12 months) 14.6–41.5 7.6–18.5 

Hugg et al. 2008b 

Russia-Finland 

(7–16 years old) 

Tonsillitis (12 months)2 

Otitis media (12 months)2 

Sinusitis (12 months)2 

Bronchitis (12 months)2 

Pneumonia (12 months)2 

Cold or flu (12 months)3 

32.5 

6.2 

11.0 

15.0 

1.6 

23.4 

5.1 

15.0 

4.7 

6.6 

0.4 

55.1 
1 Cohort-type age categorisation; 2 One or more episodes during the previous 12 months; 3 Two or more 

episodes during the previous 12 months  

5.2.2 Exposure and effects of tobacco smoke on atopic diseases and 
respiratory infections (II) 

Despite differences in the definitions and criteria used for exposure, the overall 
occurrence of indoor exposure to tobacco smoke and the prevalence of smoking 
fathers in both study areas were in line with previous results reported from the 
two countries (Lund et al. 1998a, Pallasaho et al. 2002, Jaakkola et al. 2003, 
Dotterud et al. 2004, Pomerleau et al. 2004, von Hertzen et al. 2006b, Jaakkola et 
al. 2006; Table 13). The proportion of smoking mothers and maternal smoking 



61 

during pregnancy was in Svetogorsk among the highest ever reported from Russia, 
whereas in Finland, the smoking prevalences were in accordance with previous 
studies (Jaakkola et al. 2001, Barman et al. 2004, Dotterud et al. 2004, Jaakkola 
& Gissler 2004, Pomerleau et al. 2004, Jaakkola et al. 2006; Table 13).  

Table 13. Summary of previously published studies on smoking habits of adults, and 
regular exposure to indoor and prenatal smoking in Finland and Russia in relation to 
this study. 

Author, year Exposure variable Prevalence rate (%) 
Finland Russia 

Rahkonen et al. 1992 Male smoking 
Female smoking 

32.0–38.0 
16.0–21.0 

 

Jaakkola et al. 1994 Exposure to indoor smoking 
Father smoking 
Mother smoking 

9.9 
30.2 
21.7 

 

McKee et al. 1998 Male smoking 
Female smoking 

 41.0–73.0 
5.0–28.0 

Lund et al. 1998a Exposure to indoor smoking 7.0  
Korhonen et al. 1998 Male smoking 

Female smoking 
29.0–37.0 
14.0–22.0 

 

Vartiainen et al. 1998 Male smoking 
Female smoking 

32.0–39.0 
17.0–23.0 

 

Laaksonen et al. 1999 Male smoking 
Female smoking 

27.0–35.0 
15.0–19.0 

 

Laatikainen et al. 1999 Male smoking 
Female smoking 

29.0 
13.0 

65.0 
10.0 

Korhonen et al. 2000 Male smoking 
Female smoking 

27.0–28.0 
17.0–18.0 

61.0 
14.0 

Schwartz et al. 2000 Exposure to indoor smoking 10.8–15.8  
Helasoja et al. 2001 Male smoking 

Female smoking 
30.0 
19.0 

 

Heloma et al. 2001 Male smoking 
Female smoking 

27.4–32.3 
18.6–22.9 

 

Jaakkola et al. 2001 Mother smoking during pregnancy 10.0–20.0  
Paavola et al. 2001 Male smoking 

Female smoking 
35.0 
23.0 

 

Jousilahti & Helakorpi 2002 Male smoking 
Female smoking 

27.3 
20.3 

 

Laatikainen et al. 2002 Male smoking 
Female smoking 

 63.0–65.0 
11.0–15.0 

Pallasaho et al. 2002 Male smoking 
Female smoking 

26.0–43.0 
18.0–35.0 
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Author, year Exposure variable Prevalence rate (%) 
Finland Russia 

Heloma & Jaakkola 2003 Male smoking 
Female smoking 

24.8–33.1 
18.4–26.1 

 

Jaakkola et al. 2003 Exposure to indoor smoking 1.7–3.0  
Kotimaa et al. 2003 Mother smoking 

During pregnancy 
13.4 
9.3 

 

Barman et al. 2004 Father smoking 
Mother smoking 

During pregnancy 

27.0 
24.0 
12.0 

 

Dotterud et al. 2004 Father smoking 
Mother smoking 

 53.3 
10.3 

Gilmore et al. 2004 Male smoking 
Female smoking 

 42.3–69.7 
2.5–30.6 

Heloma et al. 2004 Male smoking 
Female smoking 

28.0 
20.0 

 

Jaakkola & Gissler 2004 Mother smoking during pregnancy 14.9  
Piipari et al. 2004 Exposure to indoor smoking 5.6–5.9  
Pomerleau et al. 2004 Male smoking 

Female smoking 
 60.4 

15.4 
Kouvonen et al. 2005 Male smoking 

Female smoking 
23.1 
16.3 

 

Laaksonen et al. 2005 Male smoking 
Female smoking 

20.0–53.0 
13.0–38.0 

 

Bobak et al. 2006 Male smoking 
Female smoking 

 46.0–74.0 
1.0–31.0 

Helasoja et al. 2006 Male smoking 
Female smoking 

19.0–34.0 
14.0–23.0 

 

von Hertzen et al. 2006 Exposure to indoor smoking 3.8 39.0 
Jaakkola et al. 2006 Exposure to indoor smoking 

Mother smoking during pregnancy 
 46.1–51.1 

4.3 
Laaksonen et al. 2006 Male smoking 

Female smoking 
27.0 
23.0 

 

Idris et al. 2007 Male smoking 
Female smoking 

23.3–34.1 
13.5–27.5 

 

Perlman et al. 2007 Male smoking 
Female smoking 

 62.6 
14.8 

Hugg et al. 2008a Exposure to indoor smoking 
Father smoking 
Mother smoking 

During pregnancy 
During child’s first year of life 

1.4 
39.6 
27.0 
14.0 
22.8 

32.9 
62.3 
24.8 
6.7 
8.8 
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Although indoor and maternal smoking is traditionally not socially very 
acceptable in Russia (Dotterud et al. 2001), children were regularly exposed to 
high indoor and maternal smoking in Svetogorsk. The results are in line with a 
previous study that suggested that the highest smoking rates in Russia are found 
in areas, such as Svetogorsk, exposed to western influences and among young 
women 18–34 years of age, corresponding to the age range of mothers in the 
present study (McKee et al. 1998). The increase in the prevalence of smoking 
among women could be partly explained by a change in women’s social position 
and, especially in Russia, the extensive marketing of tobacco products by the 
international tobacco companies (Laaksonen et al. 1999, Pomerleau et al. 2004). 
The increased prosperity in Svetogorsk due to foreign investments could also 
explain these phenomena.  

In spite of printed and verbal information on health risks of the child related 
to tobacco smoke exposure distributed in maternity care in Finland (Stakes 2005, 
STM 2004), a substantial proportion of women smoked during pregnancy and the 
child’s first year of life in Imatra. In addition, in agreement with a previous study 
(Colman & Joyce 2003), smoking cessation seemed to be temporary, with 
smoking returning to a higher level soon after pregnancy, especially in Finnish 
women. Because in Finland smoking among women during pregnancy has been 
strongly associated with low educational and socioeconomic status and young 
maternal age (Jaakkola et al. 2001, Bobak et al. 2006), smoking cessation efforts 
are to some extent hampered by related problems, such as unemployment, 
physical or mental illnesses, and alcohol problems. In the future, this multi-
problem group of smokers needs a comprehensive support system, probably 
including a specifically tailored health promotion programme and perhaps 
financial support.  

The proportion of heavy smokers (≥ 15 cigarettes/day) was higher in Finland 
than in Russia among both parents. This finding is consistent with a previous 
study from Russia, but the prevalences were higher than in some previous studies 
from Finland (Barman et al. 2004, Gilmore et al. 2004). The differences in the 
numbers of cigarettes smoked may be related to the greater amount of addictive 
and harmful substances in cigarettes and the more general use of unfiltered 
cigarettes in Russia (WHO 1997, Danishevski & McKee 2002). Although 
currently there are no marked differences in the tobacco legislation or restrictions 
between the two countries (WHO 2006), differences in parental smoking 
behaviour and children’s exposure to ETS are considerable and can probably be 
explained by different cultural attitudes, and by poor enforcement of smoking 
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legislations, extensive tobacco marketing and diminishing resources for health 
promotion in Russia (Prokhorov & Alexandrov 1992, Danishevski & McKee 
2002, Pomerleau et al. 2004). 

Findings of this study strengthen the evidence for the role of maternal 
smoking in pregnancy and early-life ETS exposure in the development of asthma 
(Gilliland et al. 2001, Jaakkola & Jaakkola 2002, Jaakkola & Gissler 2004, 
Jaakkola et al. 2006). The impact of maternal smoking was somewhat stronger 
than that of paternal smoking, probably because a larger proportion of cigarettes 
smoked by the mother are smoked in the vicinity of the child. In particular, the 
current Finnish results were consistent with a previous study from Finland 
(Jaakkola & Gissler 2004), where there was a clear exposure-response pattern, 
with no or relatively low risk in the low exposure categories, while the effects 
were usually substantial in the high exposure categories. The children of heavy 
smokers are likely to be exposed to tobacco smoke in different types of situations 
when they are in the vicinity of smoking parents, even if the parents try to avoid 
smoking at home (Lund et al. 1998b).  

Moisture damage and visible mould growth were more frequent in Russia 
than in Finland. Differences in the occurrence of exposure may confound or 
modify the relations between ETS and atopic diseases and respiratory infections. 
The presence of any dampness and mould problems were considered in the 
analysis as a confounder and were adjusted for.  

There are only a few studies concerning the ETS exposure of children and its 
effects on allergic and respiratory diseases among Russian children (Dotterud et 
al. 2004, Spengler et al. 2004, von Hertzen et al. 2006b, Jaakkola et al. 2006). 
Jaakkola et al. (2006) found that the risk of asthma was related to maternal 
smoking during pregnancy and early-life, although not to current ETS exposure 
among Russian schoolchildren. In this study, the exposure to maternal smoking in 
pregnancy was rare and consequently, the effect estimates were imprecise. 
However, a similar trend, although not significant, was observed in Russian 
children for postnatal exposure.  

There are only a few studies looking at the relations between childhood ETS 
exposure and rhinoconjunctivitis/conjunctivitis (Dotterud et al. 2004). I found an 
increased risk of allergic conjunctivitis in relation to the child’s exposure to both 
maternal smoking during the first year of life and during the study period in 
Russia. A recent study from Italy found an elevated risk of conjunctivitis among 
ETS-exposed women (Simoni et al. 2007).  
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I was not able to identify previous studies investigating childhood ETS 
exposure and common colds. Bensenor et al. (2001) showed that non-smoking 
women exposed to ETS were at increased risk of having more frequent and 
longer-lasting colds than those not exposed, which is consistent with findings of 
this study in Finnish children in relation to early-life ETS. On the contrary, 
Biagini et al. (2006) observed that the prevalence of upper respiratory infections 
was highest in the non-ETS-exposed group of infants, which would be consistent 
with findings of this study in the Russian children. At least part of these 
somewhat contradictory effect estimates for common cold/flu between countries 
could be explained by different exposure patterns. 

5.2.3 Exposure to domestic animals and risk of asthma (III) 

The prevalence of pet exposure in the present study was relatively high, but well 
in line with the results of previous studies (Hesselmar et al. 1999, Bornehag et al. 
2003, Remes et al. 2003, Gusareva et al. 2006, von Hertzen et al. 2006b, Svanes 
et al. 2006). According to Gusareva et al. (2006), cats were a major allergen 
among west-Siberian patients with asthma. Interestingly, indoor exposure to cats 
during the child’s first year of life was, although not significantly, lower in Russia 
than in Finland, although current keeping of cat(s) indoors was twice as common 
in Russia as in Finland. The result indicates that (indoor) cat-keeping is a 
relatively new phenomenon and/or the acquisition of a pet usually occurs later in 
life in Russia. Also the relatively high proportion of missing values may distort 
the results. Unlike Al-Mousawi et al. (2004), present Russian results indicate that 
even in areas with a relatively high prevalence of cats, continuous indoor 
exposure to cats can increase the risk of asthma. Correspondingly, in line with 
present Finnish results, Hesselmar et al. (1999; cat and dog exposure) and 
Hölscher et al. (2002; dog exposure) observed that pet exposure during the first 
year of life or during the study period was inversely associated with childhood 
asthma.  

There is some previous evidence that exposure to dogs and cats may have 
different effects on the risk of asthma. Linneberg et al. (2003) found that previous 
or continuing exposure to a cat at home increased the risk of developing a 
sensitization to cat, whilst having a dog at home did not increase the risk of 
developing a sensitization to dog. Similarly, Oberle et al. (2003) observed a 
significant association between continuous exposure to cats from early life on and 
asthma, whereas exposure to dogs was not related to the prevalence of asthma. In 
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addition, some previous studies have suggested that cat allergens could be more 
potent than dog allergens (Murray et al. 1983, Almqvist et al. 2003a). 

In previous studies, lower frequencies of asthma have been observed in 
children and in young adults growing up on farms compared to those reared in 
non-farm areas (Kilpeläinen et al. 2000, Adler et al. 2005, Ege et al. 2006). 
However, little is known about the risk of asthma among children with an urban 
background and with regular contact with farm animals during childhood. In the 
present study, the risk of asthma was elevated in relation to contact with farm 
animals during pregnancy and early life in both Finnish and Russian children who 
did not live on a farm. It seems reasonable to speculate that the protective effects 
of animal exposure are allergen-specific (Eder et al. 2005, Stern et al. 2007) and 
dose-dependent (Ege et al. 2006), indicating that, in this study, regular but 
intermittent pre- and postnatal exposure to farm animals was not intensive enough 
to cause a protective nonallergic immunological response among children with an 
urban background. Alternatively, urban children exposed to farm animals only 
during visits may not experience some of the environmental or dietary exposures 
that may be typical for children growing up on farms and may be protective 
against allergies (Ege et al. 2007). Gereda et al. (2001) stated that households 
with detectable allergen levels but low levels of certain microbial products 
(mainly endotoxins) may provide an environment that predisposes to animal 
allergen sensitisation. 

5.2.4 Exposure to pollen inside private cars (IV) 

Overall, our results are in accordance with previous findings of decreasing 
numbers of pollen grains moving from outdoors to indoors (Muilenberg et al. 
1991, Sterling & Lewis 1998, Lee et al. 2006a). It seems obvious that the fresh air 
filters efficiently prevent the penetration of intact pollen particles (diameter 20–60 
μm; Gustavsson 2001). However, fragments of pollen grains generated by 
processes where the grains are moistened, dry out and after that easily break down 
into smaller particles (Taylor et al. 2004), as well as certain fractions of smaller-
sized allergenic particles (<1 μm in diameter; Rantio-Lehtimäki et al. 1994), 
might pass through the filter system into the inside air and cause allergic reactions 
when driving (Holmquist & Vesterberg 2001). Due to the lack of simultaneous 
measurements between the cars, little can be said about the influence of a fresh air 
filter on the concentration of pollen grains. However, the results of pilot rotorod 
measurements (N = 2) conducted simultaneously during the Betula flowering 
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season (22.5.) are in line with a previous study (Morrow Brown 1991), indicating 
that the fresh air filter effectively blocks the penetration of pollen. The Betula 
concentrations were considerably higher in the interior air of the car without a 
filter (37 pg/m3) compared to the car with a filter (5 pg/m3).  

Pollen concentrations of Poaceae and Artemisia species were unexpectedly 
low inside the moving car, because, regardless of the wind speed, the turbulence 
caused by a moving car probably disturbs and shakes off the pollen of wayside 
herbs and grass along with the resuspension of the already settled pollen (Morrow 
Brown 1991). On the other hand, in the parked car measurements with an open 
window, the wind speed was possibly not high enough to carry the relatively 
heavy pollen grains through the open window and doors to the sampler placed on 
the rear shelf, resulting in the observed low pollen concentration during the 
control measurements (Park et al. 1998). 

Because Betula and Pinus pollen was observed inside the car, it seems 
obvious that other mechanisms such, as the volume and dispersal characteristics 
of pollen grains, could also explain the low inside concentration of Poaceae and 
Artemisia. As the direction of the air flow in the ventilation system inside the car 
was from the front towards the back, it could be expected that pollen grains would 
accumulate and be found in greater quantities on the rear shelves compared to the 
dashboards, and in greater quantities when the window was open rather than 
closed. Depending on the design and technology of the window and air 
intakes/outlets, the exterior and interior shapes and material of the car, the vehicle 
speed, the ventilation volume, the turbulence and direction of the indoor air and 
the adhesion force of deposited pollen, different distribution figures are possible 
(Muilenberg et al. 1991, Richmond-Bryant et al. 2006). According to Muilenberg 
et al. (1991), it is possible that particle momentum in relation to vehicle speed 
restricted the penetration of bioaerosols, such as pollen size particles, which 
would have tended to follow the airflow past the open side windows. The results 
can also partly be a consequence of random variation related to the relatively 
small sample size.  

The low concentrations of Poaceae and Artemisia pollen inside the car could 
also be explained by the relatively low coverage of these plants along road verges, 
the inefficient spreading of the pollen grains of mostly low-growing species, the 
timing of the measurements in relation to pollination period, the relatively calm 
wind conditions during the measurements, unsuitable growing conditions, the 
early and repeated mowing of verges, and the poor pollen production season 
(Käpylä 1981, Rantio-Lehtimäki 1991a, Rantio-Lehtimäki et al. 1992, Finnish 
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Road Administration 2000, The Finnish Pollen Bulletin Supplement 2003, 
Jantunen et al. 2004). In contrast, enormous quantities of Betula and Pinus pollen 
grains are produced and released during the pollination period (Taylor et al. 2004). 
The abundance of Betula and Pinus pollen after the pollination period could be 
explained by the resuspension of settled pollen in the relatively dry study 
conditions (Morrow Brown 1991, Muilenberg et al. 1991). It is important to note 
that, in dry outdoor and indoor conditions, pollen grains can retain their 
allergenicity for a long time (Yli-Panula & Ahlholm 1998).  

The observed negative relationship between pollen concentration and daily 
mean temperature results from the phenology of the plants. After the pollination 
period, the number of pollen grains decreases gradually to close to zero even if 
the temperature and other conditions become more favourable. 

5.2.5 Exposure to indoor and outdoor pollen in private and public 
spaces (V) 

The observation that pollen grains were found in higher concentrations outside 
than inside is consistent with previous studies (O’Rourke & Lebowitz 1984, 
Carinanos et al. 2004, Lee et al. 2006a; Table 14). The low indoor-to-outdoor 
ratios observed are also in accordance with previous findings (Stock & Morandi 
1988, Lee et al. 2006a). Low I/O ratios could be partially explained by the size of 
the pollen grains. Because of the moderate size of the particles (20–60 μm), only 
a small fraction of pollen grains penetrate from outdoors to indoors, especially 
when doors and windows are closed and the ventilation system is equipped with 
filters (Solomon et al. 1980a). 
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Table 14. Summary of previously published studies on concentrations of indoor-
outdoor pollen grains in inhalation air in relation to this study. 

Author, year 

(country) 

Type of indoor space Indoor/outdoor concentration 

(pg/m3; type of sampler) 

Solomon et al. 1980a 

(US) 

Homes and outpatient 

clinics’ examining rooms 

16–253 / 688 (median valuesa) 

(Rotobar and Rotorod samplers) 

O’Rourke & Lebowitz 1984 

(US) 

Private homes 0–4 / 0–186 

(Rotorod sampler) 

Stock & Morandi 1988 

(US) 

Private homes 1.0–6.2 / 3.9–96.1 (geometric means); 

(Rotorod sampler) 

O’Rourke et al. 1989 

(US) 

Private homes 0–600 / 0–1 171 (mean values) 

(Burkard personal sampler) 

Morrow-Brown 1991 

(UK) 

Air-filtered car Almost nothing / 1 000–10 000  

(mobile slit sampler) 

Sterling & Lewis 1998 

(US) 

Mobile homes 2.3–26.3 / 4.9–59.7 (geometric means); 

(Rotorod sampler) 

Tormo Molina et al. 2002 

(Spain) 

Hospital building 10.0 / 299.3 (mean values) 

(portable volumetric sampler) 

Carinanos et al. 2004 

(Spain) 

University buildings < 150 / < 2 200 

(Lanzoni VPPS 1000 sampler) 

Lee et al. 2006a (US) Single-family homes 1–5 / 1–1 234 

(Button personal inhalable aerosol 

sampler) 

Lee et al. 2006b (US) Single-family homes 0–2 / 1–44 

(Button personal inhalable aerosol 

sampler) 

Hugg & Rantio-Lehtimäki 

2007 (Finland) 

Single-family home, block 

of flats and 

central hospital building 

0–17 / 0–855 

(rotorod-type sampler) 

a pollen and fungus spore data were combined 

Despite the highest cleaning frequency, the highest indoor concentrations of 
pollen were observed in the central hospital, which had the highest frequency of 
door opening and the largest doors. Similarly, D’Amato et al. (1996) found the 
highest indoor pollen concentrations when a door was open during the pollen-
production season. The indoor-to-indoor (Indoors I vs. Indoors II) difference 
observed in the central hospital could be explained by the relatively high 
penetration efficiency of pollen in a situation where large doors (outer and inner 
doors) were opened at the same time and with high frequency. Although the 
pollen grains probably behave in a similar manner in indoor spaces of different 
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sizes, because of the relatively high gravitational settling velocity of pollen, the 
highest numbers are found close to entrances. It seems obvious that there is more 
room for variation in the quantities of pollen grains between sites in larger indoor 
spaces, for example, the entrance hall in the central hospital, than in smaller 
spaces, for example, rooms in residential buildings.  

The movement of pollen grains should be entirely prevented by the pollen 
filters (filter class EU5; Seppänen 1994) used in the detached house, and partially 
prevented by the ventilation window lattice and mosquito net used in the 
apartment in the block of flats. The results of our study indicate that, irrespective 
of pollen filters and other preventive structures, low (to moderate) pollen 
concentrations could be found in indoor air. Although numbers of pollen grains 
were highest in dust samples in close proximity to ventilation windows, owing to 
the relatively high gravitational settling velocity of pollen and lack of air 
movement, concentrations of pollen grains decreased rapidly in indoor air 
(O’Rourke & Lebowitz 1984, Lee et al. 2006a). Because of the settling velocity 
of pollen and mostly relatively weak air flow inside homes, the suitability of 
rotorod samplers for the measurement of numbers of pollen grains in indoor air 
should be the subject of critical discussion and research.  

An activity like cleaning by the occupants can increase indoor concentrations 
of particles larger than 2.5 μm (Jones et al. 2000), and also concentrations of 
pollen grain size classes (Stock & Morandi 1988). The current results suggest that 
frequent cleaning of indoor surfaces reduces the number of particles of pollen size, 
but it does not totally eliminate them.  

Holmquist and Vesterberg (1999) observed higher concentrations of pollen 
allergens in a room occupied by active children than in a room with not so active 
children. In this study, air movements induced by an active puppy could explain 
the higher mean concentration of pollen in the living room than in the hall in the 
detached house. Interestingly, the differences between concentrations of pollen in 
the indoor air in the apartment in the block of flats and the detached house were 
not pronounced, although the numbers of pollen grains were higher on the 
surfaces in the apartment in the block of flats. This result reveals the importance 
of occupant activity as a factor affecting indoor concentrations of pollen but, in 
contrast with the study of Sterling and Lewis (1998), normal activity, for example, 
walking, within the home did not lift settled pollen grains back into the air. 
Ultimately, the relationship between the turbulence and velocity of the air and the 
adhesion force of deposited pollen determines the concentration of pollen in 
indoor air.  
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According to Yli-Panula and Ahlholm (1998), the antigenic activity of birch 
and grass pollen in the dust remained high throughout the study period of one 
year, although activity was highest during the birch pollen period. In relatively 
stable and dry indoor conditions, it is reasonable to assume that the antigenic 
activity of intact pollen grains in indoor dust remains for longer than it does 
outside under more variable conditions. Thus, particles penetrating directly 
through doors and windows, which do not become moist during dry weather, may 
settle and retain their role as allergenic particles.  

In accordance with the current results, positive correlations between indoor 
and outdoor pollen concentrations (Stock & Morandi 1988, Lee et al. 2006a), and 
between outdoor pollen concentrations at different altitudes (Carinanos et al. 
2004) have previously been observed. According to Sterling and Lewis (1998), up 
to 67% of the indoor pollen in mobile homes could be explained by outdoor 
pollen concentrations. A positive relationship between pollen concentrations and 
daily mean temperature has also been observed previously (Puc & Wolski 2002). 
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6 Conclusions 

1. The prevalence of allergic diseases is higher among Finnish than among 
Russian schoolchildren, but the results suggest that the differences in the 
prevalence rates of allergic diseases between Finland and Russia is 
diminishing with modernization. The symptoms in allergic children are more 
severe and the occurrence of respiratory infections is in general more 
frequent in Russian than in Finnish children. Western lifestyle, differences in 
diagnostic procedures, availability and use of health care and medications, 
and differences in environmental risk factors and microbial exposures are 
possible explanations for the observed differences (I).  

2. The time pattern of exposure to tobacco smoke differs substantially between 
the Finnish and Russian children, with Finnish children having more 
exposure to maternal smoking during pregnancy and in infancy, and Russian 
children having more exposure from paternal smoking and regular smoking 
indoors. The results indicate that parental smoking during and after 
pregnancy increase the risk of asthma and that ETS exposure after pregnancy 
is related to common colds among schoolchildren in Finland, both outcomes 
showing an exposure-response pattern. In Russia, maternal smoking during 
infancy and during the study period increases the risk of allergic 
conjunctivitis, while current paternal and parental smoking showed an inverse 
relation with the common cold. The results suggest that more efforts should 
be directed to reducing parental smoking, with the emphasis in Finland on 
maternal smoking during pregnancy and infancy, and in Russia on paternal 
smoking and the exposure of children to tobacco smoke in general. Such 
measures should be emphasised in future educational health promoting 
programmes and maternity and child care systems (II).  

3. Exposure to pets and farm animals during childhood was significantly 
different in Finland and in Russia. Finnish children were exposed more 
frequently to dogs during childhood, whereas Russian children were exposed 
more frequently to pets overall indoors, and to cats at the time of the study, 
and farm animals during childhood. The results indicate that in different 
environmental conditions and conditions of exposure, indoor exposure to pets 
can yield opposite results. In Russia, the risk of asthma was related to being 
exposed to cats indoors both during the first year of life and at the time of the 
study, whereas in Finland, the risk of asthma was inversely correlated with 
having kept any dog indoors. Our findings suggest that continuous home 
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exposure to cat allergens and intermittent early exposure to farm animals 
increase the risk of asthma, whereas continuous home exposure to dogs 
decreases the risk. The results also suggest that more studies are needed on 
the role and intensity of exposure to different pets and farm animals together 
with exposure to other factors. Such studies need to be carried out with regard 
to children in different age groups and comparing different countries (III).  

4. The concentrations of Poaceae and Artemisia pollen inside cars were low 
during the flowering period, and are likely to cause reactions only in the most 
sensitive persons. The results also indicate that even after the main flowering 
period, the concentrations of Betula pollen can be preserved for a long time 
on a level causing reactions in individuals with allergies. The similarity of the 
surface sample concentrations between the cars and the similarity between 
the measurements with an open and closed window indicate that the main 
penetration route of pollen inside the car could be through the doors, 
especially in cars equipped with fresh air filters. In the light of these results, it 
appears possible that the majority of pollen grains penetrate into the inside air 
of the car at the moment of entering or through the air intake in vehicles 
without efficient air filters (IV). 

5. The concentrations of Betula pollen decrease when moving from outdoors to 
indoors and further toward the centre of the building, indicating relatively 
poor penetration efficiency and/or the short-lived presence of pollen grains in 
the indoor air. The concentrations of Betula pollen inside the buildings during 
the flowering period by and large were on a high enough level to cause 
reactions in only the most sensitive subjects. The results suggest that pollen 
filters and other preventive structures are relatively effective means of 
controlling penetration and regulating the indoor concentration of airborne 
pollen, and that the number of pollen grains could be also controlled by the 
cleaning frequency. The results also “challenge” the idea of rotorod samplers’ 
suitability for indoor air measurements of pollen grains in conditions of 
relatively poor air flow (V). 
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7 Future aspects 

In the future, more detailed studies are needed on the effects of socioeconomic 
factors (education, occupation and income level) and different degrees of 
urbanisation on the occurrence of allergies, respiratory infections and symptoms. 
For example, possible differences in occurrence of allergies between the richest 
and most urbanised people in Russia, whose living conditions are very similar to 
those in Western countries in comparison to the poorest and more rural ones? 
More research on the impact of the availability of health care and proper 
treatment on the prevalence of allergies, respiratory infections and symptoms is 
also needed. Moreover, the role of different penetration routes of pollen grains, 
and the relationship between the turbulence and velocity of the air and the 
adhesion force of deposited pollen should be studied more accurately. It is also 
important to study in what conditions and for how long different indoor allergens 
may be potent.  
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