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Mechanisms of enhanced prevalence of asthma and atopy in

developed countries
JM Hopkin

Atopy —a T helper 2 cell driven hypersensitivity to innocuous
antigens (allergens) which causes most cases of asthma —
is of complex genetic and environmental origins. There is
compelling epidemiological evidence for a rise in atopic
disease in ‘westernised’ communities. The changing pattern
of microbial exposure in early childhood is suggested to be
the principal candidate mechanism for this rise.
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Abbreviations
FceRI the high-affinity IgE receptor
HAV hepatitis A virus

IFN interferon
IL interleukin
Th T helper
Introduction

Atopy is the immune disorder of hypersensitivity to com-
mon, rather innocuous environmental antigens derived
from agents such as pollens and house dust mites. It
manifests as recurrent or chronic inflammatory disorder
of the respiratory mucosa (causing the syndromes of
asthma and rhinitis) and the skin (causing eczema), and
more rarely as an acute systemic disease. Atopy is the
leading cause of asthma, rhinitis and eczema between the
ages of 5 and 25 years [1]. Chronic disease or repeated
episodes of acute disease in affected individuals impose
a burden of morbidity in young people and create a
demand for great volumes of relief medication, including
topical anti-inflammatory agents such as cromoglycate and
beclomethasons, but none of which fundamentally modify
the underlying immune disorder. This article explores the
mechanisms that may underlie the recent epidemiological
trends in the occurrence of atopic disease.

Increased levels of atopy

The clinical atopic disorders (asthma, rhinitis, eczema)
have long been recognised, but have become steadily more
prominent in recent decades so that 30% of the population
in some communities may manifest some atopic disease
at some time in their early lives and 10% of children
in the same communities manifest atopic asthma [1-4].
Changes in diagnostic fashion, including a strong lead
towards early diagnosis and treatment of asthma, have
contributed to this rising prominence [5]. A number of

carefully controlled studies, however, point to a real rise
in the frequency of asthma, wheeze, and the other atopic
syndromes in developed communities [1-4]; early studies
have been subject to methodological criticism [5] but
the weight of opinion and common clinical experience
supports a rising trend [1]. In addition, studies across
different societies show highly variable international rates
for both atopic disease and atopic sensitisation assayed by
allergen skin prick tests [6-9]; they provide strong and
objective evidence for an association of atopic disease with
westernisation, or economic wealth. Moreover, migrants
from underdeveloped to developed countries acquire more
atopic disease [10-11].

Cellular and molecular events underlying
atopy

Whilst these demographic trends have been emerging,
steady progress has been made in understanding the
cellular and molecular events that underlie atopic hyper-
sensitivity and the mucosal inflammation it causes, such
inflammation being the substrate for clinical disease.
Sustained and exuberant production of IgE against
environmental antigens is a key process underlying atopy
[12]. Another is the binding of IgE to mucosal mast
cells via the high affinity IgE receptor FceRI: following
contact with allergen, and the subsequent cross-linking
of the FceRI-bound IgE molecules, mast cell activation
occurs through FceRI and this leads to the release of a
complex array of biological mediators which orchestrate
local mucosal inflammation [13].

The molecular mechanisms governing the B cell switch
to IgE production and the IgE-associated effector mech-
anisms are also emerging. A crucial control mechanism
lies in the character of the helper T lymphocytes and
their associated cytokine products (reviewed in [14]).
Th1 lymphocyte development is primed by IL-12 and
is associated with IFN-y and IL-2 cytokine production;
these Th1 cytokines play a crucial role in the development
of cell-mediated immunity and the control of a number
of pathogens, in particular intracellular pathogens such as
viruses and mycobacteria. Th2 lymphocyte development
is primed by IL-4, is associated with IL.-5 and IL.-13
cytokine production and promotes the secretion of IgE,
and the recruitment of eosinophils, as part of the natural
immune response to large extracellular parasites, such as
helminths, at mucosal surfaces. These Th2 mechanisms
are central to the development of hypersensitivity to
common, innocuous environmental antigens in atopy
[13,14].

Central to the Th1/Th2 paradigm are the observations
that particular challenges to the immune system demand
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particular T' helper lymphocyte responses; furthermore,
there is an important degree of mutual antagonism
between the Thl and Th2 systems, with IFN-y and IL.-4
being able to repress the growth and cytokine secretion of
Th2 and Th1 cells respectively [14,15]. In atopy there is
a chronic and persistent Th2 predominance — detectable
either in circulating mononuclear cells upon allergen
challenge 7/ vitro or in direct assays of bronchial mucosa
[16,17]; non-atopic patients do not show such Th2
skewing. It is notable that hyposensitisation or antigen
immunotherapy for specific allergies deviates mononuclear
cell responses to allergens away from a Th2 and towards
a Th1 cytokine profile [18°*]; furthermore transfection of
IFN-y in the respiratory mucosa represses Th2 immune
mechanisms in mice [19].

Factors influencing atopy

It is instructive to consider what forces might promote
atopy by considering the epidemiology of the disorder in
the context of the known cellular biology. It is generally
acknowledged that these forces are mixed and include an
important interaction between genetic and environmental
variables [20].

Genetic factors

The genetics of atopy has received considerable attention
recently on the basis of the long-standing observation of
familial aggregation. Formal twin studies fully support a
significant genetic contribution. In twins reared apart or
together, monozygotes show significantly greater correla-
tions than dizygotes for total serum IgE levels for which
heritability is estimated as 50% (proportion of variance
attributable to genetic factors). Monozygous twins show
a concordance rate of some 70% for IgE response to
any common allergen [21]. The analysis of concordance
rates in twins, taking account of whether reared together
or apart, emphasise two factors: genetic and non-familial
environmental variables.

Studies now published on molecular genetic approaches to
atopy affirm the significant genetic influences. Genome-
wide searches for genetic linkage through microsatellite
markers, and genetic association studies on candidate
genes, both emphasise the complex and heterogeneous
genetic origins of atopy; statistically significant genetic
linkages have been identified for asthma, bronchial
reactivity, eczema and IgE levels on a range of dif-
ferent human chromosomes [22,23]. Thus there is a
very important degree of genetic heterogeneity which
implies multiple genetic actions at different phenotypic
levels; this has contributed to the contrasting results in
different populations. Candidate genes relevant to the
immunopathology of atopy are being identified at different
chromosomal locations and genetic association of certain
variants of these genes with the atopy phenotype has
been noted, for example variants of the high affinity
IgE receptor on chromosome 11 [22]. The functional
significance or action of any mutation has yet to be

demonstrated, however. This link will come but a great
deal of work remains to be done.

Environmental factors

The recent rise in atopy in the incidence of westernised
communities, along with evidence from studies on migrant
populations, emphasises the importance of environmental
factors for the development of atopy. As these changes
have occurred rapidly, over only decades, in very large,
outbred populations, a genetic mechanism with steep
changes in gene frequencies is highly unlikely in the
absence of either extraordinary mutation rates or very
powerful Darwinian selection.

But which environmental factors may have driven this
rise in atopy prevalence? The clear message from the
epidemiology studies is that the rise relates to westernisa-
tion, and that the rates for atopy associate with the higher
social classes within communities [24-26]. This finding
allows for a wealth of possibilities and the association of
Th2-skewing in cord blood with atopy [27,28] indicates
that the search for the major factors needs to encompass
both pre-natal and early childhood effects.

Allergen loads

The increase in the levels of indoor allergens has
been considered as one potential mechanism [29] —in
particular, the case for likely increases in house dust
mites in more ‘luxurious’ modern homes with more
furnishings and higher relative humidities which suit the
mite. Though the level of mites can be related to the
risk of sensitisation and wheezy illness, it is not believed
that rising house dust mite levels account for the general
rise in atopy. Asthma has risen in American regions,
such as the extreme South West and North East, where
relative humidity is low and where sensitisation to the
cockroach is more prominent; mite levels cannot account
for the different rates of grass sensitisation noted between
western and socialist Europe for 1990 [6].

Air pollution

Chemical air pollution has also come under scrutiny —
where the pro-inflammatory and perhaps adjuvant prop-
erties of particulate matter, sulphur dioxide, nitrogen
dioxide and ozone have been investigated [30]. It is
generally concluded that such air pollution can act as an
irritant and precipitate respiratory symptoms in established
asthma. The data of the late 1980s, on West and East
Germany, and on the Scandinavian and Baltic countries,
provide telling arguments against the promotion of atopy
by chemical air pollution [6-8,31]: the rates of atopy
were significantly lower in the old socialist states with
their more, industry-driven, polluted air. It is notable that
nitrogen dioxide levels, a valuable index of traffic-related
pollution which is relevant to West Germany, were the
same in both Germanies.

Dietary change
Dietary and feeding patterns are certainly different in
westernised communities. It has been proposed that
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different intakes of vitamin C (an anti-inflammatory, free
radical scavenger), omega 3 fatty acids typically found in
fish (and potential shifters of eicosanoid production away
from the arachidonic pathway to the prostenoic pathway
which produces less pro-inflammatory leucotrines) and
salts such as sodium, potassium and magnesium (with
potential effects on smooth muscle function in the airways)
might predict the risk of asthma [32,33]. There are, as
yet, insufficient data to support such ideas. Moreover no
conclusive evidence has emerged from a good deal of
research on whether breast feeding protects against atopy
[34].

Microbial exposure

One environmental factor, infectious disease and the
pattern of microbial exposure in childhood, has changed
considerably with westernisation as a result of cleaner
water and food, and less crowded accommodation; the
natural history of exposure has been modified by better
nutrition, immunisation and antimicrobial treatments.
Exposure to pathogens and colonising microbes is a key
process in the programming of both immune function
and memory; therefore the changing patterns of microbial
exposure in recent decades in westernised communities
represents one important candidate mechanism for the rise
of atopy.

A relationship between atopy and fewer siblings [35,36]
has been documented in the last decade and may be
evidence that less exposure to infection promotes atopy;
thus a decline in infections in recent times in ‘westernised’
countries might have altered immune programming and
released an epidemic of atopy. More specific data on
infections and in support of the infection-atopy hypothesis
are now beginning to emerge.

An historical cohort study in Guinea-Bissau, West Africa,
examined the relationship between a history of measles
in childhood and the results of allergen skin prick
testing to a range of aero-allergen preparations, including
those from the mites Dermatophagoides pteronyssinus and
Dermatophagoides farinae and mixed grass pollens, in young
adulthood [37°°]. A history of measles infection associated
with less atopy (any skin prick test positive - with an odds
ratio of 0.36), and with less frequent skin test positivity to
D. pteronyssinus specifically - with an odds ratio of 0.24.

A cross-sectional retrospective study of military students
in Italy [38°*] examined the relationship between positive
serology to hepatitis A virus (HAV) and the presence of
IgE to common aero-allergens by skin prick testing and
serology. Atopy, defined as any positive skin prick test, was
significantly less common in those students positive, using
serology, for HAV as compared with those who were HAV
negative (21.9% versus 30.2%, respectively); also those
with positive HAV serology showed lower specific IgE
concentrations and a lower lifetime prevalence of either

allergic rhinitis, asthma or both conditions (8.4% versus
16.7% for HAV positive versus negative respectively).

In a population of Japanese school children [39°°], asso-
ciation between delayed hypersensitivity to Mycobacterium
tuberculosis, as measured by tuberculin skin testing, and
the presence of clinical atopic disease, total and allergen-
specific serum IgE levels and serum levels of different
Th1l and Th2 cytokines has been assessed. Strongly
positive tuberculin skin tests, indicative of exposure and
an immune response to M. tuberculosis, were associated,
as compared with negative tuberculin skin tests, with
fewer subsequent asthma attacks (3.7% versus 13.4%
respectively), lower total serum IgE levels (98 interaxional
units (IU)/ml versus 208 IU/ml respectively), lower serum
levels of Th2 cytokines (e.g. 0.92 pg/ml versus 1.88 pg/ml
respectively for IL-4) and higher Thl serum cytokine
levels (e.g. 13.2pg/ml versus 7.8 pg/ml respectively for
IFN-y).

In each of these three studies [37°°-39°°], exposure
to an intracellular infection early in life predicted less
atopy subsequently; as intracellular infections typically
recruit 'Th1l immunity which might downregulate Th2
mechanisms that are implicated in atopy, then these as-
sociations are understandable and credible. Nevertheless,
there is more complexity to the immunology of this issue.
Measles virus infection leads to a profound suppression of
cell-mediated immunity, probably through downregulation
of 1L.-12 production via cross-linking of the cellular
receptor, CD46, by the measles virus [40]; as part of
this disturbance there is a Th2 cytokine preponderance
both during and after measles infection. The immune
response to HAV infection, acquired by the faecal-oral
route, involves both effective cell-mediated immunity and
antibody response. Also certain respiratory viruses, such
as the rhinovirus and the respiratory syncytial virus, can
act as effective promoters of symptoms, or indeed as Th2
cytokine promoters, in asthma [41,42°].

In tuberculosis, the necessary Thl predominant immune
response and the possibility for the suppression of Th2
mechanisms for atopy is clearer. It can be envisaged that
exposure to M. tuberculosis in early childhood (causing
a protracted infection even in the absence of disease)
at the time of the first exposure to allergens might,
through Th cytokine balance mechanisms, encourage the
formation of allergen-specific clones, including memory
cells, of a preponderantly Th1 type [43]. Indeed, in young
people with strongly positive tuberculin reactions, we
have recently found that their circulating mononuclear
cells secrete more IFN-y in response to an iz vitro
challenge with common allergens than tuberculin negative
individuals (L. Pierson, B Ferrie, J]M Hopkin, unpublished
data) [44]. Thus it can be envisaged that exposure to
other microbes with strong Thl promoting properties
early in childhood might have a similar effect on the
character of allergen specific clones [44]. It should be
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recalled that these microbes may not necessarily be
pathogens, since colonising microbes also are important for
programming the developing immune system, particularly
those microbes that constitute the microflora of the
gut and which impact on systemic immunity through
the gut-associated lymphoid tissue [45]; the density and
character of these microflora may be significantly affected
by life-style or oral antibiotics with the potential to disturb
immune programming [46].

The retrospective data cited above [37-39] on the link
between certain infections and atopy point to the need
for prospective studies to critically test the notion that
patterns of microbial exposure in childhood impact on the
immune response to allergens and thereby atopic disease.
If true, then there are exciting prospects for manipulating
the earliest responses to allergen in childhood and
disrupting the march of the atopic diseases.

Conclusions

Epidemiological data, based on national trends and
international comparisons, point to an important rise
over recent decades in atopic sensitisation and atopic
clinical disease which associates with ‘westernisation’. The
data point to some major environmental determinant(s).
The evidence, to date, provides little support for the
aetiological hypotheses of changing indoor allergen ex-
posure, chemical air-pollution, infant feeding or dietary
patterns as explanations for the rise. Instead, the changing
patterns of microbial exposure in childhood emerge as
the principal candidate mechanism. Retrospective studies
provide evidence for an inverse association between
certain viral and mycobacterial infections and atopy levels,
and link this to Th immune cytokine profiles. Prospective
and experimental studies are now needed to test the
hypothesis that patterns of microbial exposure at the start
of life can crucially determine the character of the immune
response to allergens, and the likelihood of subsequent
atopic disease.
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