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Summary Epidemiological surveys have indicated that there has been a notable
increase in the prevalence of both asthma and other allergic symptoms in children
and young adults. Since it seems unlikely that genetic factors would contribute to the
rising trend, environmental factors might play a major part in the development of
childhood asthma.

In a prospective birth-cohort study, we assessed the relevance of different exposures
such as mite and cat allergen exposure, environmental tobacco smoke (ETS) exposure,
early infectious diseases and vaccinations for the development of childhood asthma up to
the age of 10 years. Data up to 7 years of age have been evaluated. Of 1314 newborn
infants enrolled in five German cities in 1990, follow-up data at age 7 years were available
for 939 children (72%). Assessments included repeated measurements of specific IgE to
food and inhalant allergens, measurement of indoor allergen exposure at 6 months, |8
months and 3 years of age and yearly interviews by a paediatrician. At age 7 years,
pulmonary function was tested and bronchial responsiveness was determined in 645
children. At age 7, the prevalence of wheezing in the past |2 months was 10% (94 out of
938), and 6.1% (57 out of 939) parents reported a doctor's diagnosis of asthma in their
children. Sensitisation to indoor allergens was associated with asthma, wheeze and
increased bronchial responsiveness. However, no relationship between early indoor
allergen exposure and the prevalence of asthma, wheeze and bronchial responsiveness
was seen.

During the first 3 years of life, intra-uterine tobacco and consistent ETS exposure have
an adjuvant effect on allergic sensitisation that is transient and restricted to children with a
genetic predisposition for allergy.

Children sensitised to any allergen early in life and sensitised to inhalant allergens by the
age of 7 years were at a significantly increased risk of being asthmatic at this age (odds
ratio (OR) = 10.12; 95% confidence interval (Cl) = 3.81-26.88). Children with
repeated episodes (>2) of runny nose before the age of | year were less likely to
develop asthma by the age of 7 years (OR = 0.52; 95% CI = 0.29-0.92).

*Correspondence to: Susanne Lau. Tel.: +49 30 4505 66 182; Fax: +49 30 4505 66 931; E-mail: susanne.lau@charite.de
"™MAS collaborators were as follows: Marketa Groeger MD, Diisseldorf; Fred Zepp MD, Wolfgang Kamin MD and Imke Bieber MD, Mainz; Uta
Tacke MD, Freiburg; Volker Wahn MD, Schwedt; Carl-Peter Bauer MD, Gaissach; Renate Bergmann MD, Berlin; Erika von Mutius MD, Miinchen.

1526-0542/02/% — see front matter

© 2002 Elsevier Science Ltd. All rights reserved.



266

S. LAU ET AL

Our data do not support the hypothesis that exposure to environmental allergens
directly causes asthma in childhood but that induction of specific IgE responses and the
development of childhood asthma are determined by independent factors. Indoor
allergen avoidance is recommended as first line treatment in secondary and tertiary
prevention; however, conclusions should be drawn with caution about the possible effect
of primary preventative measures. Since allergic asthma seems to be a Th2-disease,
immunomodulating factors such as early childhood infections, LPS-exposure or other
factors influencing gene—environment interaction and individual susceptibility seem to be
relevant for the development of childhood asthma.
© 2002 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Atopic diseases and asthma represent an increasing health
problem in industrialised Western societies and are the
most frequent chronic illnesses in childhood.' The devel-
opment of atopy is favoured by a shift towards Th2-like
cytokines (interleukin-4 (IL-4), IL-5, IL-13) in humans pro-
moting the production of IgE antibodies.™” Several potential
determinants being responsible for the development of
atopy and asthma have been proposed such as lack of
severe and repeated infections,®’ obesity and lack of physi-
cal exercise® decreased family size,” " changing dietary
habits'>!* and increased indoor allergen exposure.'*'?

Children of farmers who have contact with lifestock and
therefore to Gram-negative bacteria and endotoxins from
the lipopolysaccharides of the bacterial cell wall were found
to have a lower risk for the development of hay fever and
specific sensitisation than other children.'®'® Lifestyle
seems to be an important influencing variable. Children
with an anthroposophic lifestyle showed a lower preva-
lence of atopic diseases in a Swedish study.'”

Exposure to house dust mite Dermatophagoides allergen
has been considered to be one major risk factor for the
development of asthma and specific sensitisation.”® %"
Jennifer Peat and colleagues postulated that, in Australia,
the risk of childhood asthma is increasing in parallel with
increasing mite allergen e><posure.'4'2| The International
Study of Asthma and Atopy in Childhood (ISAAC) showed
that in areas with very high mite allergen exposure (Aus-
tralia, Great Britain, New Zealand) the prevalence of
asthma in childhood was higher than in other countries.”>*°

In cross-sectional studies a relationship between cat
allergen exposure and specific sensitisation has been
reported and cat sensitisation seems to be a major risk
factor for asthma.”’ >’ However, there is some evidence
that in certain circumstances high allergen exposure and
contact with pets early in life may prevent asthma later
on30-32

Several asthmatic phenotypes exist and many epidemio-
logical studies have not used the same asthma definitions,
making interpretation of the data even more complicated.
However, asthma and atopy in childhood seem to run in
parallel if certain perinatal or hereditary influences prevalil,

rather than being subsequent stepping stones in a progres-
sive atopic march. Some authors even doubt that atopy or
allergen exposure are the most important risk factors for
asthma,****

Conflicting data have been published about the signifi-
cance of tobacco smoke exposure in childhood and the
development of atopic sensitisation and asthma.*>

Having older siblings has consistently been shown to
reduce the risk of developing atopic diseases.” ' This effect
has been confirmed using markers of infectious burden
such as number of older siblings,'" attendance at day care
facilities®*® and positive serology to orofaecal infec-
tions™"*? but some authors failed to relate the protective
effect of siblings to exposure to personal infections or
infections in siblings.*? However, whether such a protective
effect operates for asthma remained unclear. Several
authors have indeed reported that infections may enhance
the development of asthma, particularly infections with
respiratory syncytial virus.***> The longitudinal German
Multicentre Allergy Study (MAS) is a birth-cohort study
with regular assessment of asthma and asthmatic symptoms
(Figs | & 2), measurements of specific Igk from age | year
to 7 years and assessment of different exposure factors
such as tobacco smoke, indoor allergens and infections and
it therefore offers the ideal data for the analysis of the
association of exposure factors, atopic sensitisation and the
development of childhood asthma in an observational,
prospective setting.*® The aim of the study was to char-
acterise the typical course of atopic sensitisation in the
development of childhood asthma and to identify factors
that influence and drive the atopic march from atopic
sensitization to asthma.

THE SIGNIFICANCE OF INDOOR
ALLERGENS FOR THE
DEVELOPMENT OF SPECIFIC
SENSITISATION AND ASTHMA IN
CHILDHOOD*78

At the age of 7, the prevalence of “wheezing ever” was
17.4% (163/938), that of “ever asthma, diagnosed by a
doctor” was 6.1% (57/939), while the period prevalence of
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Children enrolled in MAS birth cohort 1990
(n=1314)

Atopic family history and/or cordblood IgE > 0.9 kU/I :
499 newborns
Random risk: 815 newborns

Participation in follow-up at age 1 year:

Questionnaire
1120/1314 (85.2%)
Specific IgE
724/1120 (64.6%)

Participation in follow-up at age 7 years

Questionnaire
939/1314 (71.5%)
Specific IgE
679/939 (72.3%)

Bronchial histamine challenge
645/939 (68.7%)

Figure | Study population at birth, at age | and at age 7 years.

“current wheeze”, i.e. wheezing episodes during the last
|2 months prior to the interview, was 0% (94/938). Fifty
per cent of children with “current wheeze” reported
wheezing episodes during the first 3 vyears of life and
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70% showed specific sensitisation to inhalant and/or food
allergens at age 7.

Boys had a higher risk for atopy and asthma than girls at
the age of 3 and 7 years. There was no difference in mite
(Derp | 4+ Derf1)and cat (Fel d I) allergen levels at 6 and
| 8 months between families with or without a family history
for asthma or atopy. Families owning a cat showed a
significantly higher exposure than families without a cat
(20 pg/g Fel d | versus 0.046 pg/g, P < 0.0001, age 6
months). However, there was no difference in the pre-
valence of wheeze in the last |2 months and bronchial
hyper-responsiveness (BHR) due to cat ownership.

There was a strong association between sensitisation to
mite and/or cat allergens and wheezing (Fig. 3), which
became significant around the 3rd year of life. Furthermore,
children with sensitisation to indoor allergens showed
higher bronchial responsiveness.

Indoor allergen exposure was strongly related to specific
sensitisation at age 3 to 7 years (Fig. 4); however, at 7 years,
this effect was more pronounced for mite than for cat. We
were unable to detect a consistent dose—response relation-
ship for early indoor allergen exposure and “doctor’s
diagnosed asthma”, “ wheezing within the last 12 months”
or “wheezing ever” (Fig. 5). Similar results were seen for
indoor allergen exposure on carpets at 4 and 5 years of age
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Figure 2 Participation rates for 1990-2000.
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Figure 3 Sensitisation to house dust mite and wheezing up to 7 years of age. (@) sensitised; (O) not sensitised. *P < 0.001.

Reproduced, with permission, from Lau et al.*®
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Figure 4 Exposure to house dust mite at 6 months of age and sensitisation to mite up to 7 years of age. (O) Ist quartile; (@) 4th
quartile. *P < 0.005; **P < 0.01; ***P < 0.001. Reproduced, with permission, from Lau et al*®
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Figure 5 Exposure to house dust mite at 6 months of age and wheezing up to 7 years of age. (O) Ist quartile; (@) 4th quartile.

Reproduced, with permission, from Lau et al.*®

and on mattresses at 5 years of age (data not shown).
When stratifying the analysis for atopy (sensitisation to
house dust mites and atopic dermatitis with sensitisation to
food allergens, respectively), no association between
indoor allergen exposure to house dust mites or cat dander
and wheezing was seen (data not shown).

Furthermore, the level of exposure to indoor allergens
was not related to the age of onset of wheezing, or to the
severity of the disease defined as the frequency of wheez-
ing episodes in the last |2 months at the age of 7 years (data
not shown). Similar results were obtained when using
histamine (PC,q) and forced expiratory volume in | second
(FEV)) as the definition of bronchial hyper-responsiveness.
There was no relationship between baseline lung function
(FEV), forced vital capacity (FVC), FEV,/FVC ratio, maximal
expiratory flow at 75%, 50% and 25% of FVC (MEF7550.25),
and indoor allergen exposure (data not shown).

BRONCHIAL HYPER-
RESPONSIVENESS AND ASTHMA?®

Children in the MAS cohort showed a higher bronchial
hyper-responsiveness after titrated histamine challenge at

age 7/ years than other cohorts of slightly older age (age 9—
I3 years). However, a threshold concentration of 0.6 mg/
ml histamine could discriminate between children with and
without current wheeze (93% specificity and 45.9% sensi-
tIVIty, PCzo FE\/|)

THE SIGNIFICANCE OF
ENVIRONMENTAL TOBACCO
SMOKE EXPOSURE FOR THE
DEVELOPMENT OF SPECIFIC
SENSITISATION AND ASTHMA®®

At the age of 3, children who were pre- and postnatally
exposed to tobacco smoke had a significantly higher risk of
sensitisation to food allergens (odds ratio (OR) = 2.3;95%
confidence interval (Cl) = |.1-4.6) than unexposed chil-
dren (Fig. 6). Children who were only postnatally exposed
by a smoking mother also had a 2.2 times higher risk (95%
Cl = 0.9-5.9) of sensitisation than did unexposed children.
Smoking during pregnancy was a risk factor for wheezing
during the first 3 years of life and for impaired lung function
at age 7 in those children, who showed wheezing episodes
only during the first years of life. It was also a significant risk



DEVELOPMENT OF CHILDHOOD ASTHMA: LESSONS FROM THE MAS 269

P = 0.005
a5, 1
40
35
30+
25+
20
15+
10

(%)

Foods Birch/ grass

O Parents pre -/ post -
B Father -/ +

B Mother -/ +

W Mother + / +

Mite/cat

Figure 6 Tobacco smoke exposure pre- and postnatally and allergic sensitisation (>0.35 kU/I) during the first 3 years of life.

Reproduced, with permission, from Kulig et al.>°

factor for asthma at school age (OR =2.46; 95%
Cl = 1.28-4.73).

THE SIGNIFICANCE OF HEREDITY
AND SOCIAL STATUS FOR THE
DEVELOPMENT OF ASTHMA®'

Maternal asthma was the strongest risk factor for the
development of childhood asthma. The risk of aeroallergen
sensitisation (OR = [.76; 95% Cl = 1.3—2.37) and the
lifetime prevalence of hay fever (OR = 2.36; 95% Cl =
|.76—3.17) and asthma (OR = 1.74; 95% Cl = 1.08—
2.8) was elevated in parents of high compared to low
socio-economic status (SES). With high SES the risk of
smoking in pregnancy (OR = 0.35; 95% Cl = 0.23—-0.51),
in the home (OR =0.31; 95% Cl=0.21-0.46), pet
ownership (OR = 0.37; 95% Cl = 0.26—0.55), high mite
(OR =042, 95% Cl=0.25-0.74) and high «cat
(OR =0.38;95% Cl = 0.18—0.82) allergen concentration
in house dust was reduced, but was elevated for breast
feeding over more than 6 months (OR = 4.67; 95%
Cl =2.9-7.48).

THE SIGNIFICANCE OF
SENSITISATION PATTERNS FOR THE
DEVELOPMENT OF CHILDHOOD
ASTHMAS?2

Sensitisation to hen's egg at the age of 12 months is
predictive for allergic sensitisation to common indoor
and outdoor allergens at 3 years.> Children with sensi-
tisation to food and/or inhalant allergens during the first
three years of life and inhalant sensitisation in the 7th
year of life (“persistent sensitisation”: Fig. 7) had a higher
risk for asthma at age 7 than those children with early
transient (only during the first 3 years of life) or no
sensitisation (OR = 10.12; 95% CI = 3.81—-26.88). Only
those persistently sensitised children who had a positive
parental history of asthma or atopy were at significantly
increased risk of being asthmatic at age 7 vyears
(OR = 15.56; 95% Cl=5.78—41.83). The onset of
atopic sensitisation in atopic children with current asthma
at the age of 7 years was significantly earlier than in atopic
children without current asthma (39.4% before age |
versus 219%, P =0.015).

B No sensitisation, n=342 (39%)

B Transientearly sensitisation, n=82(12.7%)
O Late sensitisation, n=117(18.1%)

O Persistent sensitisation, n=99 (15.3% )
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Figure 7 Prevalence of asthma and asthmatic symptoms at the age of 7 years, stratified for sensitisation pattern. BHR, bronchial
hyper-responsiveness. *P < 0.05; **P < 0.001. Reproduced, with permission, from lli et al.>*
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Figure 8 Repeated episodes of runny nose during the first year of life and wheezing (adjusted for parental education, smoking habits,

history of atopy and age). Reproduced, with permission, from llli et a

THE SIGNIFICANCE OF EARLY
CHILDHOOD INFECTIONS FOR THE
DEVELOPMENT OF ASTHMA UP TO
SCHOOL AGE®**

In addition to atopic disease and asthma we assessed other
illnesses at follow up. The commonest type of infectious
disease was viral infection with only 184 children (14%) not
having had a viral infection in the first year of life. Longitudinal
analysis showed a strong inverse association between
repeated episodes of runny nose and asthma at age 7
(Fig. 8). Similarly, having one or more herpes virus infection
inthe first 3 years of life was inversely associated with asthma
atage 7 (OR = 0.48; 95% C| = 0.26—0.89). We found no
association between bacterial, fungal, gastrointestinal, or
urinary tract infections in the first year of life with wheeze
attheage of 4,5, 6 or 7 years. However, the number of lower
respiratory tract infections in the first 3 years of life showed a
strong positive dose—response relationship with current
wheeze and wheeze ever, the diagnosis of asthma and
bronchial hyper-reactivity at age 7 (OR = 3.37; 95%
Cl = 1.92—5.92 for >4 lower respiratory tract infections).

Only recurrent runny nose showed an association with
subsequent atopic sensitisation: children with two or more
episodes of runny nose in the first year of life had half the
risk of being sensitised to inhalant allergens at the age of |
year (OR = 0.46; 95% Cl=0.28—0.76) or 3 years
(OR = 0.53;95% CI = 0.37—0.76). At the age of 5 years,
however, this effect became non-significant.

BCG (bacille Calmette-Guérin) vaccination for the pre-
vention oftuberculosisin early infancy was not associated with
a decreased risk of atopic sensitisation.”> An inverse relation-
ship between cumulative received vaccine doses and atopy
was observed. Measles/mumps, rubella, pertussis and
diphtheria vaccination were particularly associated with a
transient reduction of atopy, whereas vaccination against
tetanus, polio and Haemophilus influenzae had no effect. Thus,
regular childhood vaccination regimes may help to overcome
a transient atopy-associated deficiency in Thl function.

/.54

CONCLUSIONS

Inthe German MAS, the strongest risk factors for childhood
asthma are maternal asthma, persistent sensitisation, mater-
nal smoking during pregnancy and sensitisation to indoor
allergens. While sensitisation to indoor allergen was clearly
related to exposure, no direct association between indoor
allergens in the home environment during early infancy and
asthma could be shown. In tum, repeated infections during
infancy seemed to be protective against atopy and asthma
at school-age.

Imitation of the natural infectious burden could be a new
therapeutic option in the prevention of asthma and atopic
disease. A possible approach to Thl-stimulation may be a
regular intake of lactobacilli in infancy.”*>’ However, the
Th1/Th2-dichotomy may only partly explain the increase in
asthma and atopic disease as Thl cytokines may also be
involved in the chronic inflammatory process of asthma and
atopic eczema. Recent data indicate that Thl diseases are
increasing,”® therefore immunological dysregulation in Th
and Th2 diseases may derive from other regulatory cells
such as antigen presenting cells.

PRACTICE POINTS

e The increasing prevalence of asthma and atopic
diseases in childhood seems to be influenced by
various environmental factors.

e Factors determining the development of atopy are
at least in part different from those inciting
childhood asthma.

e Persistent sensitisation (early in infancy and at
school age) and maternal asthma appear to be the
major risk factors for asthma at school age.

e The role of indoor allergen avoidance seems to be
clear for avoiding specific sensitisation,”” but may
not prevent asthma.
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RESEARCH DIRECTIONS

e Intervention studies in infancy are needed to
investigate the potential benefit of new therapies
such as lactobacilli or lysate of Gram-negative
bacteria containing lipopolysaccharide to stimulate
Thl immune responses.

e Regular childhood vaccination regimens may help
to overcome a transient atopy-associated
deficiency in Thl function.
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