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The increase in allergic disease in western, industrialized countries has been phenomenal.
Although the reasons for this increase are unknown, it is clear that the primary management
of allergies is prevention. There is now significant epidemiologic data suggesting that a pro-
gram designed and focused on prevention will have a significant impact on the development
of allergies. These include not only environmental, but also dietary restrictions. There remain,
however, several major problems. Firstly, it is not clear which subjects will respond best to a
program focusing on either pre—or postnatal prevention. Secondly, the immunological mecha-
nisms involved remain unclear. For example, it would be highly desirable to have a readout
that monitors the improvement in allergen avoidance, other than clinical response. This review
will focus on the immunological background of allergy prevention, including epidemiologic
observations and thoughts for future potential allergy prevention.
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Introduction

There is now an almost universal consen-
sus that the prevalence of allergic diseases has
increased considerably in Western industrial-
ized countries, particularly since World War II.
The reasons for the increase are unknown. The
obvious optimal management of this major
public health problem would be primary pre-
vention (i.e., to prevent allergies from ever
appearing). Until recently, most of the interest
focused on identifying potential risk factors,
such as environmental factors that would in-
crease the likelihood for sensitization. Thus,
excessive exposure to indoor allergens, par-
ticularly house dust mites, tobacco smoke, and
poor indoor ventilation, have been suggested
as major risk factors, especially when encoun-
tered early in life. As a consequence, primary
prevention previously focused on reducing
exposure to these putative risk factors. However,
none of them can more than marginally explain
the large regional differences on allergy preva-
lence, and the results of intervention studies
have largely been disappointing.

Over the past few years, novel discoveries
related to the maturation of the immune sys-
tem have resulted in a switch of research inter-
est toward the identification of factors that
would protect against the development of
manifest allergic disease. An understanding of
the development of immune responses to aller-
gens and how this is modified by the environ-
ment is a prerequisite for the understanding of
why the prevalence of allergy is increasing in
developed countries and holds the key for the
implementation of primary prevention.

This chapter briefly discusses the develop-
ment of immune responses to allergens and
some aspects of microbial ecology early in life
as a background for possible preventive mea-
sures in the future. Some results of observa-
tional studies and the outcome of prospective
intervention studies will be summarized. Finally,
some potential future alleys toward allergy
prevention will be suggested.

Immunological Background

It is recognized that T-cell function in fetal
life is constitutively Th2-based as part of a set
of control mechanisms to limit potential dam-
age to the placenta via toxic Th1 cytokines (1).
The immune system at birth is not adapted for
postnatal life in several aspects, including poor
cell-mediated immunity, inability to produce
certain immunoglobulin isotypes, poor inflam-
matory responses, and impaired defenses against
intracellular pathogens (2). Thus, the immune
system of the newborn baby is characterized
by impaired Th1 immune function and a pre-
disposition for type 2 immune responses (sum-
marized in ref. 3). Although the expression of
type 2 responses to allergens is the hallmark of
allergic diseases and ”allergy-type” immunity,
such immune responses appear to be normal
early in life. A balanced Th1/Th2 immunity is
achieved in early childhood. The speed of this
process is to some extent genetically deter-
mined. But it is probably even more influenced
by the environment, notably stimulation
by microbial antigens. This is clearly demon-
strated by the delayed development of toler-
ance and other regulatory functions in animals
that have been reared under germ-free condi-
tions (4).

Transient, low-level IgE antibody responses
to ingested and inhaled allergens are normally
encountered during the first years of life and
thus seem to be part of the normal maturation
process (5). Similarly, low levels of IgE anti-
bodies are more common during infancy in
Estonia, a country with a low prevalence of
allergic disease, than in Sweden, where child-
hood allergies are very common (6). Therefore,
the differences between allergy-prone and nor-
mal infants and between infants in countries
with a high vs low prevalence of allergies seem
to be a result of faulty downregulation of IgE
responses rather than the antibody response in
itself. It is also clear from these studies that the
mere presence of low levels of IgE antibodies
to allergens is neither an indicator of allergy
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nor even necessarily associated with subse-
quently developing disease.

Genetic risk for allergy is associated with
delayed postnatal maturation of T-helper cell
function (7). Both the cloning frequency of
CD4+ T cells and the capacity of cloned CD4+ T
cells to secrete interferon (IFN)-γ and inter-
leukin (IL)-4, were reduced in infants with
positive atopic family history, and the reduc-
tion was most marked in IFN-γ, indicating an
overall Th2 bias in T-cell function in this group
(8). Several groups have since reported similar
findings in cord blood (9–11). Thus, there is
accumulating evidence that the maturation
process proceeds at a slower pace than normal
in infants with an atopic family history and/or
those that develop allergic disease, and that
development of tolerance to allergens seems to
be more rapid in nonatopic infants.

The first encounters with ubiquitous aller-
gens occur during the first year of life or even
before birth. Thus, allergen-specific immune
responses may already be detected in fetal
blood after 22 wk of gestation (12), and they
are common in T cells from cord blood (11,13).
However, it is not known whether such im-
mune responses are associated with a risk for
allergy or are part of the normal maturation of
immunity and tolerance development.

The immune system of the newborn infant
is influenced by maternal immunity, both trans-
placentally and via the breast milk while the
baby is breastfed. The mother can thus be
regarded as a major “environmental factor”
early in life. During the period of breastfeeding,
the mother may provide protective factors and
immunity modifying components as well as
antigenic stimulation. Besides numerous com-
ponents that help in the protection against
infection, human milk contains components
that enhance the maturation of the immune
system of the newborn infant. Human milk
contains numerous immunologic components,
including IgA and other antibodies; various
chemokines (14); and cytokines, mainly with
anti-inflammatory and IgA stimulatory prop-

erties, such as transforming growth factor
(TGF)-β, IL-8, and IL-10 (15,16).

It is well established that human milk often
contains food antigens that may induce IgE
antibody formation. Less is known regarding
the immunologic consequences of introducing
foreign antigens while the infant is still breast-
feeding. As indicated by studies of immunity
to infectious agents, it is possible that this
represents a mechanism by which immune
responses are modulated (17).

There are considerable individual varia-
tions in the composition of human milk. Differ-
ences of potential significance for the discussion
of possible protection against allergy by breast-
feeding include total and specific IgA antibody
levels (16), cytokines and chemokines (14,15),
and polyunsaturated long-chain fatty acids
(PUFAs) (18,19). Such differences may explain
the controversy regarding the possible allergy-
preventive effects of breastfeeding.

Microbial Ecology

The fact that the development of allergy
from an immunological point of view seems to
be characterized by delayed maturation of
immunity and induction of tolerance to aller-
gens has led to a search for factors that would
enhance this process. Some of these factors are
infections and other microbial pressures, which
are known to have longlasting nonspecific sys-
temic effects on the nature of the immune re-
sponse to unrelated antigens (20). It has been
suggested that recurrent infections during
early childhood may protect against allergy
(21). However, from an immunological point
of view, respiratory infections would not be
expected to exert such continuous strong pres-
sure on the maturing immune system as to
induce immune deviation, and global differ-
ences in the prevalence of such infections do
not explain the differences in allergy incidence
and prevalence.

The microflora of the large gut may have
important roles in both human health and dis-
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ease. This perspective is by no means a new
concept, as Metchnikoff indicated the impor-
tance of the host colonic microflora in main-
taining health as long as a century ago (22).
Rapid advancements have been made, particu-
larly over the past 10 yr, and the bacterial
microflora of the human gut is now accepted
as an important influence on the host defense
system.

The total mucosal surface area of the adult
human gastrointestinal tract is up to 300 m2,
making it the largest body area interacting with
the environment (23). It is colonized with over
1014 microorganisms, weighing over 1 kg and
corresponding to more than 10 times the total
number of cells in the body. The gastrointestinal
tract of the newborn baby is sterile. However,
soon after birth numerous types of microor-
ganisms colonize it. Colonization is complete
after approx 1 wk, but the numbers and spe-
cies of bacteria fluctuate markedly during the
first 6 mo of life.

It is recognized that interaction with mi-
crobes, especially the normal microbial flora of
the gastrointestinal tract, is the principal envi-
ronmental signal for postnatal maturation of
T-cell function (in particular the Th1 compo-
nent) (7). Recognition of these signals is medi-
ated by a series of Toll-like receptors expressed
on cells of the innate immune system and other
receptors such as CD14; it is noteworthy that a
polymorphism in the CD14 gene has recently
been associated with high IgE levels (24).
Recent international studies have drawn atten-
tion to the wide variations in allergy preva-
lence between different countries (25,26). On
the basis of the findings reviewed above, it has
been suggested that variations in patterns of
microbial colonization of the gastrointestinal
tract, linked with lifestyle and/or geographic
factors, may be important determinants of the
heterogeneity in allergy prevalence through-
out the world (27). Ongoing cohort studies are
focusing in detail on this complex issue. These
suggestions are supported by observations that
germ-free mice do not develop tolerance in the

absence of a gut flora (4) and by the demon-
stration of differences in the composition of the
gut flora between infants living in countries
with a high vs low prevalence of allergy (28,29)
and between healthy and allergic infants (30–33).
Although all the studies confirm such differ-
ences, no particular protective or potentially
harmful bacterial species can be identified so
far. In the two prospective studies (30,33) and
one cross-sectional study (32) the presence of
bifidobacteria has associated with less allergy,
whereas the presence of Clostridium difficile
has been linked to allergy (30,31).

Epidemiological Observations

Numerous studies have reported an asso-
ciation between exposure to food and inhalant
allergens early in life and sensitization to those
allergens. As severely allergic school children
were often sensitized at an early age, it was
assumed that the exposure early in life was
indeed a risk factor for the development of
allergic disease. In a German prospective obser-
vational study enrolling about 1000 newborn
infants who were followed for 11 yr, the rel-
evance of different exposures were assessed,
such as mite and cat allergen exposure, environ-
mental tobacco smoke (ETS), early infectious
diseases, and vaccinations for the development
of childhood asthma up to age 10 yr (34). Dur-
ing the first 3 yr of life, intrauterine tobacco and
consistent ETS appeared to have an adjuvant
effect on allergic sensitization that was tran-
sient and restricted to children with a genetic
predisposition for allergy. Children sensitized
early in life to any allergen were at a signifi-
cantly increased risk of being asthmatic at 7 yr.
However, there was no relationship between
allergen exposure early in life and subsequent
development of disease. Although sensitiza-
tion to indoor allergen was clearly related to
exposure, there was no direct association
between the levels of indoor allergen in the
home environment during early infancy and
asthma. Thus, this prospective observational
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study did not support the hypothesis that
exposure to environmental allergens directly
causes asthma in childhood but rather suggests
that the induction of IgE antibody responses
and the development of childhood asthma are
determined by independent factors.

The difference between sensitization (i.e.,
presence of IgE antibodies to allergens) and the
appearance of disease is further indicated by a
Swedish study, which was the first to suggest
that early exposure to pets may in fact protect
against allergic asthma later in life (35). In this
study, keeping a cat during the first year of life
was associated with a threefold reduction in
asthma as well as cat sensitivity at 11 yr, but
not at 7 yr. Subsequent studies have yielded
similar results (36). These studies are consistent
with experimental studies showing that post-
natal tolerance is enhanced by high antigen
exposure (7).

The conclusion from these studies is that
although allergen exposure early in life is asso-
ciated with temporary IgE antibody formation,
it seems to play a marginal role for the appear-
ance of allergic disease.

Intervention Studies

Mothers
The observation that IgE antibodies to foods

may occasionally be present in cord blood (37)
raised the hypothesis that modifying the
exposure to potent food allergens during fetal
life could prevent sensitization and subse-
quent allergic disease. In one study, mothers
abstained from eating any cow milk (CM) or
eggs during the last trimester of pregnancy
(38,39), whereas in another study, the potential
of tolerance induction was explored by giving
the mothers either one hen egg and about 1 L
of cow milk during the last 3 mo of pregnancy
(40). The former study comprised 209 mothers
who were randomized to either a strict elimi-
nation diet or no intervention. The children
were followed up at 18 mo and 5 yr. The preva-
lence of allergic disease could be evaluated in

198 children (95%). Allergic disease was moni-
tored with questionnaires, skin-prick tests
(SPTs), serum-IgE determinations, and physi-
cal examination. Eczema, allergic rhinocon-
junctivitis, and asthma were equally common
in groups at both ages. However, persistent
food intolerance to egg at 5 yr was significantly
more common in children of mothers who had
been on the elimination diet, thus suggesting
delayed development of tolerance in unex-
posed children (38).

In the second study, 162 women with respi-
ratory allergy to animal dander and/or pollens
were randomly allocated to a diet consisting of
either a very low ingestion of hen eggs and CM
or a daily ingestion of one hen egg and about
1 L of CM during the last 3 mo of pregnancy
(40). At 18 mo, the distribution of atopic dis-
ease was similar both in infants of mothers on
a restricted diet and those with high intake of
the two foods.

It has been known for many years that anti-
gens in foods eaten by lactating mothers are
transferred into the breast milk and may sen-
sitize or elicit symptoms in allergic infants.
Therefore, it appeared logical to evaluate the
possible allergy preventive effect of an elimi-
nation diet to breastfeeding mothers of infants
with a family history of allergy.  This was done
in a prospective study comprising 115 mothers
and infants (41). The 65 mothers in the inter-
vention group excluded all CM, egg, fish, and
nuts from their diet during the first 3 mo of lac-
tation, and 50 mothers maintained an unre-
stricted diet. The diet of the infants was similar
in both groups (i.e., CM was not supplied until
age 6 mo and eggs and fish not until age 9 mo).
The incidence of atopic dermatitis was signifi-
cantly lower in the maternal diet group during
the first 6 mo postpartum (11 and 28%, respec-
tively) but not after that age. Other atopic/
allergic manifestations did not differ and the
number of positive SPTs to egg white, CM, or
fish at age 9 mo was similar in both groups.
Therefore, sensitization was only avoided as
long as the infants were exclusively breast-fed
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by mothers adhering to the diet. The children
were subject to subsequent follow-ups, the last
one performed at 10 yr (42). Sensitization to the
three foods avoided by the mothers during lac-
tation as well as sensitization to inhaled aller-
gens were similar in the two groups, nor were
there any differences with regard to clinical
allergy. The authors concluded that no general
recommendations should be given to imple-
ment prophylactic maternal dietary avoidance
during lactation in allergy-prone families.

Observational studies have linked house
dust mite (HDM) exposure and dietary fatty
acid intake with asthma in childhood. The pos-
sible allergy preventive effects of these obser-
vations were explored in a study comprising
616 pregnant women who were randomized to
an HDM-avoidance intervention, comprising
the use of impermeable mattress covers and an
acaricide or control and the use of an oil sup-
plement, margarines, and cooking oils contain-
ing high levels of omega-3 fatty acids or control
(43). Atopic status was measured by SPTs.
Symptoms, diagnoses, and medication histo-
ries were elicited by means of parental inter-
views. The diet intervention resulted in a 10%
absolute reduction (95% confidence interval
[CI], 1.5–18.1; p = 0.02) in the prevalence of any
wheeze and an 8% absolute reduction (95% CI,
0.5–15.1) asthma. The HDM-avoidance inter-
vention did not affect these outcomes but was
associated with a lower use of oral steroids.
Thus, the study indicates that dietary omega-3
fatty acids might have a beneficial effect on the
prevalence of wheeze during the first 18 mo of
life.

Postnatal Diet
Because CM and eggs are the most common

allergens associated with allergic disease in in-
fancy strict avoidance has been tried in allergy
prevention. As indicated in the previous sec-
tion, maternal diet during breastfeeding tem-
porarily delayed sensitization to the two
allergens and reduced the incidence of infan-
tile dermatitis (41). In a Danish study, infants

with a family history of allergy and elevated
cord blood IgE were randomized to one of
three blinded formulas when breastfeeding
was insufficient (44). In addition, CM products
and solid foods were avoided until age 4 mo.
Food allergy was confirmed by controlled
elimination/challenge procedures. The cumula-
tive incidence of parental-reported CM allergy
was significantly higher in children who were
fed a partially hydrolyzed formula than in either
of two extensively hydrolyzed products at 18
mo (7 vs 3 and 0%). The cumulative incidence
of confirmed CM allergy was 1% (3 of 232) in
exclusively breast-fed infants and in infants fed
extensively hydrolyzed formula (1 of 161),
compared to 5% (5 of 85) in infants who were
fed partially hydrolyzed formula.

The allergy preventive effect of extensively
and partially hydrolyzed CM formulas com-
pared with a regular formula was assessed in a
Swedish study, comprising 155 infants with a
family history of allergy (45). No CM was given
during the first 9 mo of life, and no egg and
fish were given up to age 12 mo. Breastfeeding
mothers avoided the same foods. At weaning,
the infants were randomized to one of the
formula groups. There were less cumulative
atopic symptoms at 18 mo in the infants receiv-
ing extensively hydrolyzed formula compared
to infants receiving regular or partially hydro-
lyzed formula; significantly fewer infants in
the former group had a positive SPT to eggs at
9 mo. The findings support a temporary allergy
preventive effect of an extensively hydrolyzed
formula.

There are ongoing studies in which pro-
biotic lactobacilli are given to the mothers dur-
ing the last part of pregnancy and then to the
newborn babies. The studies are based on
observations of differences in the composition
of the gut flora between allergic and nonaller-
gic infants (30,31,33) and with the underlying
hypothesis that such treatment would modify
the neonatal gut flora and through this also
affect the development of tolerance. To date,
results have been published only from one of
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the studies (46,47). This study originally com-
prised 132 infants with a family history of
allergy. Lactobacilli or placebo were given to
pregnant women, starting 2–4 wk before deliv-
ery and during the lactation period or to the
babies if they were not breastfed. The authors
reported a 50% reduction in the incidence of
atopic eczema during the first 2 yr of life (i.e.,
23 vs 46% in the placebo group) (46). At 4 yr,
there was still a lower cumulative incidence of
eczema (26 vs 46%) (47). However, there was
no difference between the groups regarding
respiratory symptoms, nor was there specific
or total IgE antibody levels and SPT results.

Postnatal Environment
With strenuous avoidance measures, it is

possible to decrease and maintain very low lev-
els of HDMs, at least in countries with a tem-
perate climate (48). However, it is much more
difficult, or even not feasible, to eradicate cat
allergen from the home (49,50). Avoidance mea-
sures put a considerable demand on the fami-
lies. Clearly, they should be worthwhile and
not only reduce allergen levels and incidence
of sensitization but also reduce the incidence
of disease. The efficacy of avoidance measures
has been attempted in several continuing pro-
spective intervention studies.

In a randomized controlled study, a birth
cohort of 120 infants with a family history of
allergy has been followed since 1990. Allergen-
avoidance measures were instituted from birth
in the prophylactic group. They included a
low-allergen diet to the mothers if breastfeeding
and alternatively an extensively hydrolyzed
formula to the babies. In addition, exposure to
HDM was reduced by the use of an acaricide
and mattress covers. The control group fol-
lowed standard advice as normally given by
the health visitors. After 1 yr, the prophylactic
group reported less total wheezing and eczema.
At 2 yr, the reduction in asthma was no longer
statistically significant, although a positive SPT
was less common in the prophylactic group. At
4 yr, the control group continued to show more

total allergy, and positive SPTs were more
common (51). At 8 yr, the prophylactic group
was found to be at a reduced risk for current
wheeze and sensitization to HDM (52). The
authors suggested that the preventive mea-
sures might prevent some cases of childhood
asthma. However, it should be pointed out that
the study groups were small and the results
should be confirmed in a larger study. Further-
more, the results cannot readily be extrapo-
lated to other environments.

In 1996, the Prevention and Incidence of
Asthma and Mite Allergy (PIAMA) birth cohort
study was initiated (53). Children born to aller-
gic mothers were enrolled in a double-blind
placebo-controlled trial for evaluating the use
of mite-impermeable mattress and pillow cov-
ers. Homes were visited before birth, 3 mo after
birth, and 12 mo after birth for the collection of
dust samples from floors and mattresses. A
medical investigation and home visit at age 4
yr are nearing completion. Preliminary results
show that mite-allergen levels were lower than
in previous Dutch studies and that the inter-
vention measure had a significant effect on
mite-allergen levels, without important clinical
benefits up to age 2 yr.

A multicenter European, population-based,
randomized, controlled study of children at
increased atopic risk included 696 newborns
(54). Inclusion criteria were a positive history
of parental allergy and a positive SPT or spe-
cific IgE against at least one out of a panel of
common aeroallergens in one or both parents.
At age 1 yr, the overall sensitization rate was 6
vs 11% in the control group. The prevalence of
sensitization against Der p was 2% in the pro-
phylactic group vs 5% in the control group.
Thus, the sensitization rate could be decreased
through the use of impermeable mattress
encasings and the implementation of easy-to-
perform preventive measures. However, there
are no data yet on clinical outcomes from this
study.

In a randomized intervention British study,
a cohort of 1000 children with a family history



136 Björkstén

Clinical Reviews in Allergy & Immunology Volume 26, 2004

of atopy was followed prospectively (55). The
intervention group commenced complex avoid-
ance measures from the second trimester of
pregnancy, and it was demonstrated that low
level of Der p 1 could be achieved and main-
tained over a long period of time. At 1 yr, the
prevalence of sensitization to HDM was low in
all groups. Infants in the intervention group,
however, had fewer respiratory symptoms in
the first year of life, but the authors pointed out
that these findings tell us very little about the
possible effect of intervention on asthma.

Potential Allergy Prevention
in the Future

Future allergy prevention may focus on tol-
erance induction rather than allergen avoid-
ance and should be based on better knowledge
about the normal maturation of immunity.
Potentially, both specific and nonspecific routes
could be considered for allergy prevention.
Specific prevention is based on the observa-
tions that, as discussed in previous sections,
atopic sensitization to inhalants is associated
with development of Th2-associated memory
as opposed to weak Th1-like memory in “tol-
erant” nonatopics and that sensitization to
inhalants occurs as a result of failure of normal
mucosal tolerance processes, which are initi-
ated during early exposures. Animal studies
indicate that the efficiency of this process is
directly related to the intensity of antigen
stimulation, inferring that protection against
sensitization via mucosal tolerance can poten-
tially be enhanced therapeutically (27). Indirect
support for this comes from data suggesting
that intense cat exposure induces split toler-
ance involving IgE-selective suppression with
concomitant preservation of IgG (56). Based on
the experimental and clinical observations (5),
it has been suggested that administration of
high doses of inhalant allergens early in life
would drive the immune system toward toler-
ance rather than sensitization (57–59).

Nonspecific allergy prevention early in life
is based on the possible immune modulating

effects of the intestinal flora. As summarized
above, such studies are ongoing and the results
so far are encouraging. However, more studies
are needed before this attractive form for allergy
prevention should be considered as a routine
procedure.

Comments

Some of the current confusion regarding
the effects of allergen exposure early in life
seems to stem from a misconception and the
confusion between “sensitization” and “dis-
ease.” On one hand, as discussed earlier, there
is ample evidence that high levels of exposure to
indoor allergens is associated with an increased
incidence of sensitization early in life. On the
other hand, numerous studies over the years
have clearly shown that severely allergic and
asthmatic children often demonstrated sensiti-
zation at an early stage. These two firmly estab-
lished observations led to the conclusion that
high exposure to allergens during the first
years of life actually would cause allergic disease
and, as a consequence, that reduced exposure
to allergen would prevent disease. However,
as discussed earlier, the assumed relationship
between exposure of healthy infants early in
life and subsequent disease (rather than merely
demonstrating the presence of IgE antibodies)
has not been confirmed, nor have any of the
intervention studies summarized above given
any experimental support for the assumption.

Few authors suggesting various allergy
preventive measures have discussed the poten-
tial ethical issues arising in connection with
giving advice, which might interfere with the
lives of families subject to the recommenda-
tions. One could argue that advice in medical
issues should be based solidly on research, as
is the case with pharmacotherapy, for example.
There is also confusion between primary and
secondary prevention especially among the
general public. Secondary prevention refers
to the obvious need to reduce exposure to
relevant allergens for those individuals who
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manifest clinical disease triggered by allergen
exposure. In these cases, allergen avoidance is
part of the treatment, similar to the avoidance
of certain foods, which is part of the treatment
of, for example, diabetes and celiac disease.
This should not be confused with primary pre-
vention, which refers to intending to prevent
the onset of allergic disease.

The conclusion from the various efforts to
prevent allergy is that although it is possible to
reduce the incidence of cow milk allergy in
infancy by avoiding exposure, the total inci-
dence of allergy is only marginally affected,
even by strenuous efforts to modify the home
environment and diet. Ethical concerns can be
raised against giving advice with such low effi-
cacy as documented until now. Future efforts
toward allergy prevention may potentially be
based on various means to enhance induction
of tolerance toward allergens, rather than by
avoidance regimens.
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