
The prevalence of allergic diseases has been on the rise for the
last 200 years, when hay fever, an easy and obvious-to-recog-
nize illness, was virtually unknown in Europe and North
America. Genetic factors are unlikely to explain these rapid
increases. Among the potential environmental factors, expo-
sure to ambient air pollution has been intensely debated.
Besides passive smoking, which has convincingly been shown
to increase the risk for asthma and bronchial hyperresponsive-
ness among exposed children, the evidence to suggest that out-
door pollution to sulfur dioxide, particulate matter, diesel
exhaust, and ozone is causally related with the inception of
allergic diseases is poor. Rather, factors associated with the
lifestyle of populations or families, such as socioeconomic sta-
tus, allergen exposure, sibship size, early childhood infections,
dietary habits, and growing up in anthroposophic families or a
farming environment, may prove to be of greater relevance.
The future challenge is to tackle the complex interplay
between environmental factors and genetic determinants that
will eventually contribute to a better understanding and to bet-
ter prevention strategies for such multifactorial conditions as
asthma and allergies. (J Allergy Clin Immunol 2000;105:9-19.)
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At the turn of the millenium hay fever and other aller-
gic diseases are common conditions in affluent Western
societies. The prevalence of hay fever in adolescents, for
example, is estimated to be 38.6% in the United King-
dom and 33.6% in the United States.1 Yet 200 years ago
hay fever, an easy and obvious-to-recognize illness, was
virtually unknown in Europe and North America.2 It was
only in the early 19th century that hay fever was careful-
ly described, but at that time it was regarded as an unusu-
al illness.

In this century allergic conditions have been on the
rise.3 But disparities similar to the impressive change
over time can still be found as significant differences
over space when the prevalence of allergic diseases in
Western regions is contrasted to rates in countries with
lower living standards, such as eastern Europe or the

developing world. In fact, prevalences of hay fever and
asthma have been shown to be exceedingly low to nonex-
istent in some rural areas of Africa, eastern Russia, and
the developing world.1,4,5 Because genetic factors can
neither explain the increase in prevalence over the last
decades nor the significant and in part large differences
in prevalence between regions of similar ethnic back-
grounds, a strong environmental influence on the expres-
sion of allergic diseases is very likely. This notion is fur-
thermore supported by the observation that the familial
aggregation of atopic diseases is rather low.6 The λ for
asthma (ie, the risk that a sibling of an asthmatic subject
also has asthma) divided by the risk that an unrelated
individual from the same population has asthma is only
around 2, as compared to cystic fibrosis or schizophrenia,
where λ = 500 and λ = 8.6, respectively.

The concept that environmental influences are impor-
tant for the development of illnesses dates back to the
observation of epidemics and the subsequent identifica-
tion of their causes, such as cholera in the case of John
Snow in London or Mycobacterium tuberculosis by
Robert Koch. These concepts have dramatically improved
medical care in the last century. As a consequence, mor-
tality rates for infectious diseases, the leading causes of
death at the beginning of this century, have dropped
markedly and have been replaced by other causes such as
death from cardiovascular disease or malignancy.7

However, over time other “modern” chronic condi-
tions have evolved where such unidirectional concepts of
a germ invading a host or a factor adversely affecting an
individual may prove misleading. Adaptation to a hostile
environment has for centuries been a prerequisite for sur-
vival and may have been selected as the “normal,”
“healthy” status over the generations. Not only are we
exposed to novel influences, but we may also lack “pro-
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tective” environmental stimuli. Chronic disease condi-
tions may thus in part reflect a “normal” but no longer
well-adapted response to the modern environment we are
exposed to.

Allergic conditions share numerous characteristics
such as the production of IgE antibodies in response to
allergens,8 an impaired balance between cytokines of
TH1- and TH2-type lymphocytes,9 a positive family back-
ground for atopic diseases,10 and sometimes the expres-
sion of several atopic conditions in one individual.
Because of these similarities, many clinical and epidemi-
ologic investigations have grouped subjects with differ-
ent phenotypic manifestations of atopy into one class of
illness to study the mechanisms involved in the disease
process, the risk factors, and the response of affected
subjects to therapy.

There is, however, increasing evidence that even sub-
jects with the same symptom (eg, wheeze) may differ
markedly with respect to associated features such as the
detection of IgE antibodies to environmental allergens,
bronchial responsiveness to direct and indirect stimuli,
age of onset of the disease, and response to medication.11

Thus distinct subtypes of disease may eventually result in
similar clinical conditions, depending on a subject’s
complex genetic background and on her or his encounter
with various environmental influences. In light of the
immensely rapid increase in knowledge about genetic
determinants of human diseases, which also marks the
turn into the next millenium, more dissimilarities than
common ground will probably be detected, thereby
adding more complexity and challenging our limited
capacities to understand the nature of multifactorial
chronic conditions such as allergic diseases.

AMBIENT AIR POLLUTION

Air pollution is felt by many to be one of the more
pressing problems toward the end of this century, posing
a potential threat to the health and well-being of entire
populations. When an attempt is made to understand the
potential adverse effects of air pollution, the distinction
between exacerbation of pre-existing disease in already-
affected subjects from the potential adverse effects on the
inception of newly developing cases of allergic disease
seems essential. Although increasing evidence suggests
that asthma exacerbations may be triggered by different
air pollutants and that allergen responses are enhanced by
exposure to certain pollutants,12 there is little evidence to
suggest that exposure to air pollution increases the inci-
dence of allergic diseases.

A unique opportunity to study the effects of air pollu-
tion on the development of asthma and atopy arose with
the reunification of Germany. Genetically similar popu-
lations in both parts of the country had been exposed for
more than 40 years to radically different environmental
conditions. Industrial areas of the former German Demo-
cratic Republic had excessively high levels of winter sul-
fur dioxide (0.105 ppm annual average) and particulate
pollution (80 µg/m3 annual average), whereas in the West

German cities outdoor nitrogen dioxide (NO2) concen-
trations (0.028 ppm annual average) tended to be higher,
reflecting the much denser automobile traffic.13 Several
studies in children and adults have consistently shown
that the prevalence of asthma, bronchial hyperrespon-
siveness (BHR), hay fever, and atopy were all signifi-
cantly lower in the polluted cities of East Germany com-
pared with West German cities.14,15 Likewise, the
prevalence of atopic sensitization and asthma was lower
in schoolchildren living in the more-polluted eastern part
of the Baltic area compared with western Sweden, with
lower levels of air pollution.16,17

TRAFFIC EXPOSURE

It has been argued that other types of pollutants that
are associated with increasing traffic exposure character-
istic of Western cities may be of greater relevance to the
inception of allergic diseases than are the traditional type
of pollution occurring with burning of coal and other 
fossil fuels. Diesel exhaust is the single major contribu-
tor to particulate matter in most urban areas worldwide,
accounting for up to 90% of the total particle mass in
some major cities.18 The mass median diameter of diesel
exhaust particles is approximately 0.2 µm with more than
90% being <1 µm,19 thereby achieving high levels of
peripheral airway deposition. Diesel particles have also
been shown to absorb allergens from grass pollen onto
their surface and may therefore act as potential carriers to
increase their deposition in the lung.20 Thereby both the
allergen dose and the antigenicity of the pollen allergen
may be enhanced.

Indeed, several studies have demonstrated that expo-
sure to diesel particles after allergen challenge results in
increased expression of TH2-type cytokines (IL-4, IL-5,
IL-6, IL-10, IL-13) in in vivo nasal challenges of volun-
teers.21 Furthermore, diesel exhaust particulates have
been shown to enhance eosinophil adhesion to nasal
epithecial cells and to cause degranulation22 and to
induce nasal IgE production.23 The results of these stud-
ies suggest that exposure to diesel exhaust might exacer-
bate pre-existing allergic conditions but not necessarily
induce the development of new cases of atopy. Findings
of epidemiologic studies indicate, in fact, that the level of
exposure to car and truck traffic exhaust plays a minor, if
any, role for the inception of asthma and atopy.24-26

High rates of road traffic impaired pulmonary function
and increased the prevalence of respiratory symptoms in
children living in Munich, West Germany.24 However,
the prevalence of allergic rhinitis, asthma, BHR, and
atopic sensitization was not associated with increasing
car traffic counts. Several other surveys have investigat-
ed effects of exposure to vehicle emissions in Japan, The
Netherlands, the United Kingdom, and Germany. In the
Japanese and Dutch studies the prevalence of respiratory
symptoms such as wheeze and chronic cough or phlegm
was related to living close to major roads in female sub-
jects.27,28 Neither study included objective measures of
disease.
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In the United Kingdom and Sweden preschool chil-
dren admitted to the hospital because of asthma and
wheeze were significantly more likely to live in an area
with high traffic flow and increased outdoor NO2 expo-
sure resulting from traffic emissions.29,30 In both studies
a significant proportion of these children may have had
transient early wheezing with viral infections, which is
unrelated to the development of progressive childhood
asthma. An often-quoted Japanese survey reported an
increased prevalence of cedar pollinosis in areas with
high traffic exposure and concomitant increased pollen
counts.31 The results of this study should, however, be
interpreted with much caution because potential con-
founding factors such as socioeconomic status were not
explored. A very recent survey of schoolchildren living
in Dresden, East Germany, assessed exposure on an indi-
vidual level relating mean annual air pollution levels
(sulfur dioxide, NO2, carbon monoxide, benzene, and
ozone) that had been measured on a 1-km2 grid to the
home and school addresses of each study subject. These
authors’ results confirm the adverse effects of ambient
city air pollution on the prevalence of cough and bron-
chitis but also the lack of an association between pollu-
tion levels and the prevalence of hay fever, atopy, and
BHR.25 Likewise, exposure to truck traffic was related to
small decrements in baseline lung function and respira-
tory symptoms in Dutch schoolchildren but not to atopy
and BHR.26

OZONE

Single ozone exposure has been shown to evoke
cough, breathlessness, and chest pain on inspiration; to
result in a restrictive ventilatory defect with decrements
in forced vital capacity and FEV1; to induce neutrophilic
inflammation of the airway submucosa; and to increase
airway reactivity.12 The response to ozone shows large
intersubject variability,32,33 with approximately 10% to
20% of the population sensitive to the development of
reductions in lung function after ozone exposure34,35

while others are insensitive. With repeated exposure, ani-
mal and human studies have revealed development of tol-
erance to the adverse effects of ozone.36,37 Studies
repeating ozone exposure over 4 to 5 days have shown
that the greatest decrement in forced vital capacity and
FEV1 occurs on the second day of exposure, with the
effect on symptoms and spirometric changes becoming
negligible by day 5. It remains, however, unclear whether
ozone-induced airway hyperresponsiveness persists after
repeated exposure. Several studies have resulted in con-
flicting evidence38-41 that awaits further careful investi-
gation.

Most studies have found significant inflammatory
changes in the airways after exposure to ozone, with
increases in numbers of neutrophils, but not eosinophils,
several cytokines, and leukotrienes in bronchoalveolar
lavage fluid42-46 and in large airways mucosal biopsy
specimens.45 The type of airway inflammation seen after
ozone exposure differs, however, substantially from

inflammatory changes occuring in the airways of asth-
matic subjects.

Because of the marked inflammatory responses in the
airways and the potential for induction of BHR in healthy
subjects, there is concern that ozone may enhance the
development of asthma in populations exposed to signif-
icant concentrations. There are, however, only few epi-
demiologic studies addressing this question. In the Amer-
ican Six Cities Study47 the prevalence of diagnosed
childhood asthma increased significantly with rising
ozone levels, but hay fever symptoms did not show the
same trend. No objective measures of atopy, pulmonary
function, or airway responsiveness were included in this
study. In the Swiss multicenter study SCARPOL,48

which used a similar study design to assess exposure
over a wide range of concentrations, the prevalence of
both childhood asthma and hay fever was unrelated to
long-term exposure to ozone. Likewise, in adults no con-
sistent effects of long-term exposure to ambient ozone
concentrations on the development of asthma and atopy
have been demonstrated.49,50

ENVIRONMENTAL TOBACCO SMOKE 

EXPOSURE

There is strong, consistent evidence to suggest that
environmental tobacco smoke (ETS) exposure increases
the risk of lower respiratory tract illnesses in infancy and
childhood.51,52 A review on adverse health effects of ETS
exposure by the US Environmental Protection Agency51

concluded that passive smoke exposure is causally asso-
ciated with an increased risk of lower respiratory tract
infections such as bronchitis and pneumonia, mainly in
infants and young children, a small but significant and
dose-dependent reduction in pulmonary function, and
with additional episodes and increased severity of symp-
toms in children with asthma. Furthermore, in this report
ETS exposure was considered to be a risk factor for the
inception of new cases of asthma in children not previ-
ously displaying symptoms.

The strong link between a mother’s smoking during
pregnancy and decrements in infant pulmonary function
with subsequent occurrence of wheezing lower respirato-
ry tract infections in the first years of life may indicate
that mainly the risk of benign transient viral-associated
wheeze in early infancy and not the risk for development
of childhood asthma is increased by passive smoke expo-
sure. However, in the large birth cohort study in Tucson,
Ariz, the occurrence of both transient early wheezing and
persistent wheezing up to the age of 6 years, which may
be seen as the equivalent of a physician’s diagnosis of
asthma in other studies, was related to ETS exposure.11

Children of mothers with 12 or fewer years of education
and who smoked 10 or more cigarettes per day were 2.5
times more likely to have asthma (odds ratio [OR] 2.5,
95% confidence interval [CI] 1.42-4.59, P = .002) than
were children of mothers with the same educational level
who did not smoke or who smoked fewer than 10 ciga-
rettes a day.53 In a British birth cohort study following
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9670 children up to the age of 10 years a 14% increase in
childhood wheezy bronchitis was noted when mothers
smoked more than 4 cigarettes per day.54 This rate
increased to 49% when the mother’s smoking exceeded
14 cigarettes per day. Interestingly, in a recent case-con-
trol study performed in South Africa in 7- to 9-year-old
children55 the mother’s smoking during pregnancy was
reported to increase the child’s risk for development of
asthma and wheeze almost 2-fold (OR 1.9, 95% CI 1.2-
2.8). Yet each additional smoking household member
added significantly to this odds (OR 1.15, 95% CI 1.0-
1.3), suggesting that the risks for asthma do not only
increase with passive smoke exposure in utero (although
the effect is stronger51) but also postnatally by passive
inhalation of cigarette smoke.

A recent comprehensive meta-analysis has confirmed
a significantly increased prevalence and incidence of
wheeze and asthma in children exposed to maternal
smoking.56 This report furthermore observed a small but
probably real increase in BHR among children of smok-
ing mothers. Thus convincing evidence exists suggesting
a causal link between passive smoke exposure and the
development of childhood asthma. Conflicting results
arise, however, from studies investigating the effects of
ETS exposure on the development of atopic sensitization
in children.56 The balance of evidence did not support a
positive association of allergic sensitization with parental
smoking, either prenatally or postnatally, after 36 studies
on IgE, skin test reactivity, hay fever, and eczema were
reviewed.56

SOCIOECONOMIC STATUS

High prevalences of childhood asthma and atopic dis-
eases have been found in affluent Western societies. In
the developing world a gradient between affluent and
poor regions has been seen. In Harare, the capital of Zim-
babwe, the prevalence of airway hyperresponsiveness, as
assessed by a free-running test, was significantly higher
in a wealthier part of the city than in its poorer districts.57

In the United Kingdom high social class was associated
with a higher prevalence of atopic eczema.58 Moreover,
in Italian military recruits a striking relationship between
high parental socioeconomic status and increased IgE
production to a panel of aeroallergens was found.59

These findings cannot be reproduced in all regions, par-
ticularly not in inner-city areas of the United States,
where low social class has repeatedly been associated
with increased asthma morbidity.60 Thus the socioeco-
nomic status of families may rather be a surrogate mea-
sure for lifestyle characteristics than a risk factor per se.
These factors may comprise dietary habits, family size,
access to health care, environmental ETS, allergen expo-
sure, or other yet unknown determinants.

NUTRITION

Changes in dietary habits have been implicated as a
factor characteristic of societies with increasing afflu-

ence, therefore possibly relating to the increase in the
prevalence of asthma and atopy seen over the last
decades. In some prospective studies breast-feeding has
been found to have a transient beneficial effect on the
incidence of eczema, food allergy, and early wheezing
illnesses in the first 1 to 3 years of life,61,62 but these
findings could not be reproduced by others.63 Further-
more, no consistent protective effect on the subsequent
development of childhood asthma has been seen. The
composition of breast milk may have differed among
study populations or uncontrolled confounding by fac-
tors related to other characteristics of breast-feeding
mothers may have contributed to the conflicting results.

Numerous studies have, however, demonstrated a ben-
efit from feeding hydrolyzed formulas to at-risk infants
with a family background of atopic disease.64-67 The
effect was, however, again transient, with a reduction of
symptoms of eczema and the gastrointestinal tract main-
ly over the first 18 months of life. Furthermore, the
development of asthma and hay fever later in life could
not be prevented by these dietary interventions.68

Other dietary factors may have changed over the
years. The balance of unsaturated to saturated fats in the
diet may have changed toward a lower consumption of
animal fats and in favor of polyunsaturated oils and trans-
fatty acids.69 A recent Australian study70 showed a lower
prevalence of asthma and BHR in children with a high
intake of fresh oily fish in the diet. The results of a pre-
vious study demonstrated an association between high
fish consumption and improved baseline FEV1 in the
United States.71 Thus children who eat fish regularly
may consume adequate amounts of omega-3 fatty acids,
protecting them from BHR. Low levels of intake of vita-
min C, which functions as antioxidant and coenzyme in
the biosynthesis of collagen, have furthermore been
shown to relate to increased prevalence and incidence of
asthma and wheeze and to lower levels of lung func-
tion.72 Finally, the severity of asthma, not its inception,
has been linked to increased salt intake, but only in
men.73 Although these associations are of interest, they
cannot explain the substantial changes in asthma preva-
lence that have occurred in the last decades. If confirmed
by further epidemiologic studies, randomized trials and a
search for the biologic mechanisms explaining the
observed effects of diet may be warranted.

ALLERGEN EXPOSURE

There is increasing evidence to suggest that the level
of allergen exposure is a risk factor for the development
of atopic sensitization in children.74-76 In the German
Multicenter Atopy Study76 a large birth cohort following
newborn children up to the age of 7 years, house dust
mite and cat allergen concentrations in domestic carpet
dust were strongly related to the development of atopic
sensitization toward that specific allergen in the first 3
years of life. A clear dose-response relationship was
found as well as a strong effect modification by the
familial background for atopic diseases. In the group of
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children with a positive family history of atopy, a mite
allergen concentration below 750 ng/g dust resulted in a
3% sensitization rate, whereas in the group of children
without a positive family history an exposure up to
25,000 ng/mg dust was necessary to achieve a sensitiza-
tion rate of 3%. These findings indicate that no general
exposure threshold can be proposed, as had been sug-
gested previously, and that in fact children with a genet-
ic risk are susceptible to even very low levels of expo-
sure. The relevance of allergen concentration for the
inception of atopic sensitization to that specific allergen
may extend beyond infancy because similar findings
have been reported for school-aged children.75

Whether environmental allergen exposure affects the
inception of asthma in ways similar to the development
of atopic sensitization remains to be seen. In a prospec-
tive longitudinal study of infants born to atopic parents,
Sporik et al77 demonstrated a strong correlation between
wheezing and sensitization to mites at the age of 11
years. Exposure to house dust mites in infancy was weak-
ly associated with sensitization at age 11 years (P =
.062). There was considerable overlap in the degree of
exposure in infancy and no difference in mean exposures
between asymptomatic and wheezing schoolchildren was
found. However, a significantly increased risk of current
asthma was apparent if a subject had in infancy been
exposed to an arbitrary cutpoint of more than 10 µg per
gram dust of Der p 1, a major mite allergen.

If the level of exposure to mites in early infancy is
indeed crucial for the expression of asthma, children
brought up in a mite-free environment at high altitude
should have a significantly lower prevalence of asthma
and wheeze than children from humid, mite-infested
areas. The results of 2 studies performed in the Alps and
in New Mexico failed, however, to document a signifi-
cant effect of a mite-free environment on the occurrence
of asthma.78,79 Furthermore, in desert areas such as Tuc-
son, Ariz, or inland Australia, where mites are rarely
detected, the prevalence of asthma has not been found to
be reduced.80,81 Thus, in contrast to the immunologic
processes involved with the production of specific IgE
antibodies, the mechanisms inducing an asthmatic condi-
tion might not be as susceptible to changes in allergen
exposure levels. The characteristic feature of an asthmat-
ic subject may rather lie in that person’s capacity to
mount particularly strong IgE responses toward perenni-
al but not seasonal allergens, the strength of response
being dependent on the level of exposure to that respec-
tive allergen.

FAMILY SIZE

There is increasing consistent evidence that sibship
size contributes to the expression of atopy in families.
Many authors have shown that the number of siblings is
inversely related to the prevalence of self-reported
inhalant allergy,82 hay fever,83-86 atopic eczema,87-89 skin
test reactivity,84,90-93 and the presence of specific IgE
anitibodies in the serum86,94,95 in children, adolescents,

and adults. Most reports that were large enough to allow
a separate analysis of the influence of older and younger
siblings found a stronger relation with the presence of
older siblings than with younger brothers and sisters. The
consistency and strength of this association over all age
groups and different populations is intriguing and sug-
gests a major underlying determinant of those responses.

Interestingly, the relationship between family size and
asthma or airway hyperresponsiveness is less clear.
Although some investigators found similar negative asso-
ciations between the number of siblings and several def-
initions of asthma,86,96-98 others failed to confirm these
findings by use of either questionnaire-based estimates of
asthma prevalence85,98,99 or measures of airway hyperre-
sponsiveness.92

Several hypotheses have been put forward to explain
the sibling effect. It seems very unlikely that the age of
the mother is the underlying causal factor because in this
and other reports the sibling effect was still seen after
adjustmen for the age of the mother at birth of her child.
Furthermore, increasing age of the mother has been relat-
ed to increasing prevalence of hay fever and skin test
reactivity,84 which contrasts with the inverse relationship
found for sibship size. Strachan,83 who first described the
phenomen in 1989, proposed that “infection in early
childhood, transmitted by unhygienic contact with older
siblings, or acquired prenatally from a mother infected
by contact with her older children” may prevent the
development of allergic diseases. The strong inverse rela-
tionship between sibship size and the expression of atopy
in families may, however, also be attributable to other
mechanisms. The number of older siblings might be a
surrogate measure for multiple pregnancies in which
fetomaternal immune responses may change with each
pregnancy. If this notion were correct, then not only the
number of older siblings but also the number of pregnan-
cies including miscarriages should be related to the
occurrence of atopic diseases in the offspring.

INFECTIONS 

There is still a continuing debate about a potential
causal role of virus infections, mainly respiratory syncy-
tial virus (RSV), for the subsequent development of
childhood wheezing illness, asthma, and atopy. Two
major hypotheses have been proposed to explain the
association between respiratory tract infections and sub-
sequent respiratory abnormalities.100 One hypothesis
states that viral infections early in life damage the grow-
ing lung or alter host immune regulation. The second
hypothesis holds that respiratory infections are more
severe in infants and children with some underlying pre-
disposition. In this case, the symptomatic viral infection
is merely an indicator of an otherwise silent condition,
whereas viral infections were causal risk factors if the
first hypothesis holds true. These two arguments are not
mutually exclusive. It is conceivable that severe viral
lower respiratory tract infections occur primarily in
infants and children with an inherent predisposition and
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that both the infection and the predisposition contribute
to the development of wheezing illness or other long-
term respiratory abnormality.

RSV infection is very common in the first year of life.
According to Long et al,101 80% or more of all infants
are infected with RSV up to their first birthday, but only
approximately 1% of all infants are hospitalized for RSV
disease and 0.1% require intensive care. Thus a signifi-
cant proportion of children undergo inapparent RSV
infections in the first years of life, suggesting that there
is at least one host factor that determines the develop-
ment of bronchiolitis after RSV infection.

Several investigators have followed up for several
years children with proved RSV bronchiolitis. Most
authors101-103 reported reductions in lung function and
increased prevalence of airway hyperresponsiveness in
cases compared with controls. These results are, howev-
er, also consistent with the notion of an underlying pre-
morbid respiratory abnormality rather than a subsequent
damage of the airways through the RSV infection. Pullen
and Hey103 followed up 130 infants with proved RSV
bronchiolitis admitted to hospital at a mean age of 14
weeks and compared them with matched controls. Of the
RSV group, 6.2% were wheezing at the age of 10 years
compared with 4.5% of the control group. A slightly
increased prevalence of repeated mild episodes of
wheeze was found during the first 4 years of life (38% vs
15%), but no increased rate of atopic sensitization was
seen in the cases compared with the controls. Others con-
firmed these findings.101,102 A recent report from the lon-
gitudinal Tucson Birth Cohort Study corroborated the
previous observations in a general population sample
devoid of potential selection bias through follow-up of a
selected hospital population. In the Tucson study RSV
LRIs were associated with a diminishing risk of recurrent
wheezing over the school years starting with a 4-fold
increased risk at age 6 years that then was reduced to no
risk at age 13 years.104 The occurrence of RSV LRI was
furthermore unrelated to the development of atopic sen-
sitization. Likewise, viral-associated wheezing may be
less related to atopy and BHR and have a better progno-
sis than atopic asthma does.105

In several studies an inverse relationship between
asthma and the overall burden of respiratory infections
has been reported. In Papua New Guinea Anderson106

observed that respiratory infections were more common
among young children in the highlands, where the asth-
ma rate was exceedingly low, compared with the coastal
regions of the country, where asthma occurred more fre-
quently. In the Fiji Islands Flynn107,108 studied 2 groups
of children: the indigenous Fijians who showed a high
hospital admission rate for pneumonia and the Fiji Indi-
ans whose asthma admission rate was three times higher
than in the Fijians. Consistent with the hospitalization
rates, Indian children had a 3-fold higher prevalence of
asthma and airway hyperresponsiveness than Fijians,
whereas respiratory infections were more than twice as
common in Fijian than Indian children. In the Eastern
European countries a higher prevalence of bronchitis and

respiratory infections was found, whereas atopic sensiti-
zation, hay fever, asthma, and BHR were all significant-
ly lower than in Sweden and West Germany.14-16

The results of other recent studies further substantiate
the potential protective effect of infections early in life
on the development of mainly atopy and to a lesser
extent on asthma in later childhood. In Guinea-Bissau,
West Africa, Shaheen et al109 followed children at the
age of 0 to 6 years into young adulthood. The subjects
with childhood measles had about half the rate of atopic
sensitization defined as skin prick test positivity to
aeroallergens than those who had been vaccinated and
did not acquire measles (12.8% vs 25.6%). A recent
report from southern Italy showed that military recruits
who were seropositive for hepatitis A as a potential indi-
cator of hygiene had a significantly lower prevalence of
atopic sensitization to common aeroallergens and a
lower prevalence of atopic diseases compared with their
peers who did not have antibodies to hepatitis A.110 In a
recent study from East Germany the development of
allergy at the age of 5 to 14 years was significantly
reduced if a child from small families entered a day
nursery between 6 to 11 months old compared with 12
to 23 months of life or after the second birthday (15.7%
vs 21.8% vs 27%).111 In the prospective Tucson Cohort
Study children who had nonwheezing LRIs such as
pneumonia and tracheobronchitis in their first 3 years of
life had subsequently reduced skin test reactivity and
depressed levels of total serum IgE at the age of 6
years.112 A potential protective effect of parasitic infec-
tions (eg, in areas of the developing world) has not yet
been explored sufficiently. Microbial stimulation, both
from normal commensals and pathogens through the gut
may be another route of exposure that may have altered
the normal intestinal colonization pattern in infancy.
Thereby the induction and maintenance of oral tolerance
of innocuous antigens, such as food proteins and inhaled
allergens, may substantially be hampered.113,114 These
hypotheses, although intriguing, have not to date been
supported by epidemiologic evidence because signifi-
cant methodologic difficulties arise when an attempt is
made to measure the microbial pattern of the intestinal
flora.

A “human model” that may prove interesting in this
context is the recent observation reported by several
authors that growing up on a farm confers significant pro-
tection against the development of atopy115-117 (Fig 1). In
a Swiss population of 6- to 15-year-old schoolchildren 
the odds of having seasonal symptoms of hay fever
(adjusted OR 0.34, 95% CI 0.12-0.89) and for develop-
ment of atopic sensitization as measured by the radioal-
lergosorbent test (adjusted OR 0.31, 95% CI 0.13-0.73)
were strongly decreased in children raised on a farm
compared with their peers from the same rural area
whose parents were not farmers.115 Similarly, in a large
survey of Bavarian children entering school at ages 5 to
7 years the prevalence of hay fever among children raised
on a farm was significantly lower than among their peers
from the same villages who did not grow up on a farm
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(1.8% vs 4.9%, P ≤ .001).116 Adjustment for potential
confounding variables confirmed the strong inverse rela-
tionship (adjusted OR 0.52, 95% CI 0.28-0.99). A recent
Austrian117 survey of 8- to 10-year-old children has con-
firmed the findings. In all surveys a slight protective
effect was also seen for the prevalence of asthma (eg,
adjusted OR 0.65, 95% CI 0.39-1.09 in Bavaria), where-
as the development of atopic eczema was not affected by
farming activities of the parents.

Living conditions of farming families differ in many
respects from lifestyles of other families: larger family
size, more pets, frequently heating with wood or coal,
less maternal smoking, more dampness, and other dietary
habits. None of these factors could so far explain the
strong inverse association between atopy and growing up
on a farm. In contrast, contact with livestock and poultry
was found to explain much of the relationship between
farming and atopy in the Austrian study (Riedler, person-
al communication). Likewise, in the Bavarian survey a
strong inverse dose-dependent relationship between
exposure to livestock and the prevalence of atopic dis-
eases was found (adjusted OR 0.41, 95% CI 0.23-0.74
for frequent contact to livestock).117 Furthermore, Aus-
trian children with regular contact with farm animals but
not growing up on a farm had a significantly lower preva-
lence of atopic sensitization (13.5% vs 34.8%, P = .01)
than did children with no contact (Riedler, personal com-
munication). These findings suggest that factors preva-
lent in stables and presumably thereby also in the homes
of farming families confer the protection that is associat-
ed with a farming lifestyle. A potential candidate among

other factors is the exposure to bacterial products such as
endotoxin and LPS in the stables that may, through bind-
ing with the CD14 receptor, result in increased produc-
tion of IL-12 and thereby activation of the TH1 path-
way.118,119 Polymorphisms in the CD14 gene have
recently been identified,120 which may be of importance
for a subject’s response to the environmental exposure to
bacterial products. Increased or altered microbial expo-
sure may, however, also arise through the consumption of
unpasteurized milk. Further investigations including mea-
surements of microbial contamination, a child’s immune
response, and his or her genetic background among farm-
ing environments are needed.

These findings have prompted investigators to specu-
late about a potential harmful effect of vaccinations and
antibiotic use. This discussion was further fueled by a
recent article by Shirakawa et al,121 who reported that,
among BCG-immunized Japanese schoolchildren, asth-
matic symptoms and several index values of atopy were
significantly less likely in positive tuberculin responders
compared with negative responders and that remission of
atopic symptoms between the ages of 7 and 12 years was
much more likely in positive tuberculin responders. The
interpretation of these findings has been debated inten-
sively. The inverse association between allergic status
and tuberculin reactivity may simply reflect the imbal-
ance of TH1/TH2 responsiveness characteristic of atopic
individuals who have been shown to express smaller
delayed-type hypersensitivity skin reactions to recall
antigens than nonatopic subjects do.122 This imbalance
may relate to genetic or other constitutional factors rather

FIG 1. Childhood environment and allergic sensitization. Studies from Switzerland,115 Bavaria,116 and Aus-
tria117 indicate that children raised on farms are at greater reduced risk for development of atopy than are
non-farm children from the same villages.
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than to exposure to mycobacteria. Such an interpretation
is supported by findings of a Swedish group showing that
a single immunization for BCG after birth does not affect
the prevalence of atopic diseases at school age.123

Likewise, the role of vaccination for measles has been
questioned. The generalizability of the findings from
Guinea-Bissau, West Africa, to Western populations
must, however, be called in question. In fact, several
studies were unable to detect an adverse effect of child-
hood immunizations on the development of allergic dis-
eases.124,125 Moreover, there is no evidence to date to
suggest that the use of antibiotics may be causally relat-
ed to the inception of childhood asthma or allergies. A
recent retrospective study by Farooqi and Hopkin126

showing a positive association between antibiotic use
and asthma must be interpreted with great caution be-
cause a potential severe bias by reverse causation (ie,
children with pre-existing symptoms of asthma may
receive more antibiotics because of their disease) cannot
be excluded. This study also pointed toward a potential
risk associated with pertussis immunization, as seen in
another investigation from New Zealand.127 In the latter
study no recorded asthma episodes or consultations for
asthma or other allergic illness before age 10 years were
seen in the 23 children who received no diphtheria-per-
tussis-tetanus and polio immunizations. These numbers
are, however, quite small and other studies have failed to
show significant associations with immunization sta-
tus.124,125

OUTLOOK

When we speculate about future avenues to reduce our
ignorance about the relevant causal factors for the incep-
tion of allergic diseases, several issues come to mind. In
epidemiology informative study populations must be
identified. These may include populations over a broad
range of exposure to a suspected risk factor or popula-
tions with a significant contrast in the prevalence of 
allergic diseases. Within the latter group a comparison of
environmental influences in ethnically similar groups
may prove particularly interesting. Such “human mod-
els” may include subjects living in urban and rural areas
in developing countries128 exposed or not exposed to
anthroposophic lifestyles129 or to a farming environ-
ment.115-117 Furthermore, the timing of exposure may be
an important determinant because several studies indi-
cate the importance of the first 1 to 3 years of life for the
maturation of immune responses related to asthma and
allergies.118 Several “windows of opportunity” may be
relevant and differ between atopic conditions. Potential
gene-environment interactions must become a focus of
attention because complex diseases such as asthma and
allergic conditions are likely to be determined by inter-
actions between multiple major and minor genes and
involve important environmental factors for their expres-
sion.6 Both the search for genes and for environmental
determinants relies on increasing knowledge about the
mutual cofactors.

CONCLUSIONS

Environmental factors play an important role for the
development and manifestation of allergic conditions in
genetically predisposed subjects. There is little evidence
to suggest that exposure to air pollutants such as sulfur
dioxide, particulate matter, traffic exhaust, or ozone is
associated with the inception of new cases of atopy or
asthma. Rather, lifestyle factors relating to the socioeco-
nomic status of a population or a family, its size, and the
number of siblings of a given individual, her or his histo-
ry of early childhood infections with viruses and bacteria,
and a subject’s dietary habits may be of greater relevance.
The future challenge is to tackle the complex interplay
between environmental factors and genetic determinants
that will eventually contribute to a better understanding
and hopefully to better prevention strategies for such mul-
tifactorial conditions as asthma and allergies.
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