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The past three decades have seen an increase in
reported asthma and allergic diseases from many
studies around the world, recently described as an
epidemic.1 While many hypotheses have been devel-
oped to explain these changes, the hygiene hypoth-
esis has for the past decade encompassed an
expanding link between the epidemiology and
immunology of both atopic sensitisation and atopic

diseases. These associations and the utility of the
hypothesis have recently been reviewed by David
Strachan,2 who first reported the associations
between birth order and hayfever, and articulated
the hygiene hypothesis as an explanation.3 Inverse
relationships between atopic and infectious disease
was first raised a decade earlier by Gerrard et al. in
a comparison of atopic disease amongst the Metis
(native Indian) and white communities of northern
Saskatchewan.4 The immunological basis for the
hypothesis rests on the concept of immune devia-
tion in early life towards T helper cell (Th)1 immune
responses induced by microbial exposure, with Th1
responses suppressing Th2 responses and immuno-
globulin E (IgE) production. The hypothesis there-
fore refers to IgE-mediated diseases such as hayfever
but is less applicable to asthma, where atopy plays
an important but not exclusive role.

The relationships between asthma, bronchial
hyperresponsiveness (BHR) and atopy have recently
been examined among 20- to 44-year-old adults, in
five Spanish centres involved in the European Com-
munity Respiratory Health Survey. The adjusted pro-
portion of BHR attributable to atopy was 21% and the
proportion of asthma symptoms and BHR attributable
to atopy was 42%.5 Factors associated with the
hygiene hypothesis such as birth order or specific
infections will vary in their strength of association
with asthma depending on the proportion of asthma
attributable to atopy. An important feature of any
useful hypothesis is that it should unify disparate
observations. The hygiene hypothesis does this, sug-
gesting explanations for socio-economic variations in
atopic disease both within and between countries,
and a plausible explanation of some of the long-term
upward trends in prevalence. Studies of the relation-
ship between infection or microbial exposures and
atopic disease also tend to support the hygiene
hypothesis.

The influence of antibiotics on these associations
has recently been studied. Farooqi et al. found a
twofold risk of doctor-diagnosed atopic diseases
with antibiotic treatment in the first 2 years of life,
among a general practice birth cohort.6 The
increased risk was apparent for all classes of anti-
biotics, although greater for cephalosporins and
macrolides; it was independent of the underlying
condition being treated, and was similar for those
with and without a history of maternal atopy.
Antibiotic exposure was the strongest predictor of
atopic disease in this study.

The other two studies have examined antibiotic
use among children in Sweden and New Zealand,
whose families have some association with an
anthroposophic lifestyle. Families embracing this
lifestyle, whose tenets were set out by Rudolph
Steiner in the nineteenth century, tend to minimise
their involvement with conventional medical
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practice and therapy, including antibiotics and
immunisation. They follow a different educational
philosophy for their children, and may alter their
diet and sources of food. The Swedish study com-
pared atopy in 5–13 year olds with and without an
anthroposophic lifestyle.7 Only one-half of the
anthroposophic children had ever been exposed to
antibiotics, compared with 90% among the controls.
The prevalence of atopy, defined by skin prick
testing or Phadiotop-specific IgE, was 24% in the
anthroposophic children compared with 34% in the
controls. The risk of atopy was inversely related to
the number of anthroposophic lifestyle character-
istics although these could not be individually
assessed due to the strong correlations between
them. The New Zealand study looked specifically at
antibiotic use among 5- to 10-year-old children
attending Rudolph Steiner schools in New Zealand
in relation to a history of parentally reported atopic
disease.8 An increased adjusted risk of asthma,
wheezing and hayfever was found for any antibiotic
use, was stronger for antibiotic use in the first year
of life and showed a dose–response relationship
with the number of antibiotic courses in the first
year of life. This study relied on the parental report-
ing of atopic disease and did not explore the
conditions for which the antibiotics had been pre-
scribed. Reverse causality is clearly possible in this
study, although when antibiotics were given in the
first year of life but first asthma symptoms occurred
after the first year, the risk remained elevated (odds
ratio = 7.5, 95% confidence interval = 2.6–22.0).

While bias and confounding cannot be ruled out
as explanations for the associations between anti-
biotics and atopic sensitisation or disease in these
studies, the consistent positive association requires
further study. Assuming that the relationship is
causal, it could arise either as a direct immuno-
modulatory effect of antibiotics or through the
hygiene hypothesis, either by reducing the effects of
specific infections or by altering bowel flora at a
time when these bacteria would stimulate Th1
immunity.

Antibiotics have been reported to have direct
effects on the immune system, and these reports were
recently reviewed by Van Vlem et al.9 They concluded
that the immunomodulating effects of antibiotics
remain heterogeneous, contradictory and, for many
drugs, insufficient. Given the strong effects found in
the studies previously discussed, investigation of the
direct effects of antibiotics on immune development
is warranted. Under the hygiene hypothesis, anti-
biotics could reduce the effects of specific bacterial
infection on the developing immune system. This
seems unlikely given that, in clinical practice, most
antibiotic treatment is empirical without detailed
microbiological investigation and often for viral
infections.

Attention has focused on the effects of antibiotics
on bowel flora, which may be particularly relevant
in early life, when the immune system is developing
and the bowel is being colonised. Observations in
mice suggest that bacterial flora are important for
the development of Th1 immunity10 and that this
can be impaired by antibiotics.11 Children in Estonia
and Sweden with different patterns of atopic disease
have been shown to differ in their bowel flora12

and, more recently, atopic children have been
shown to be less often colonised by lactobacilli
compared with non-atopic children in the same
population.13 These observations in animal models
and in humans require further study both to confirm
the findings and to understand the mechanisms.
Food prepared with live bacterial culture probably
goes back to antiquity in the Middle East and Far
East, and for at least 100 years in Europe since
Metchnikoff introduced them. Manipulating bowel
flora in infancy or in association with antibiotic
treatment would be an inexpensive and acceptable
intervention that could be readily promoted at a
population level.

The role of antibiotics in the acquisition of atopy
and atopic disease remains to be proven. There is,
however, more than sufficient evidence from animal
and human studies to warrant further exploration.
Antibiotics may turn out to be an important tributary
of the hygiene hypothesis, helping to explain some of
the temporal and geographic variation in atopic
disorders, and manipulating bowel flora in infancy
may provide a route to prevention.
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