
ABSTRACT

Impact of diet on the immunological 
microenvironment of the pregnant 
uterus and its relationship to allergic 
disease in the offspring – a review 
of the recent literature
Department of Pediatrics, Instituto Fernandes Figueira, Fundação 
Oswaldo Cruz (Fiocruz), Rio de Janeiro, Brazil

INTRODUCTION
One of the major current concerns in 

the management of allergies originates in the 
observation that, even though the worldwide 
prevalence of asthma (as well as other al-
lergic diseases, including atopic dermatitis) 
has signifi cantly increased over the last two 
decades,1 studies comparing its prevalence 
patterns in different countries have failed to 
pinpoint a specifi c etiological factor that could 
account for this increased prevalence.2 The 
morbidity associated with allergic disease, and 
the high associated costs of medication and/
or inpatient treatment, highlight the need for 
more studies in order to change this rather 
unsatisfactory picture. 

A number of pathophysiological hy-
potheses have been advanced, in an attempt 
to explain this phenomenon, which seems to 
be reaching its plateau level. Foremost is the 
so-called hygiene hypothesis, fi rst proposed by 
Strachan (1989), who had shown that the risks 
of hay fever and allergic sensitization were in-
versely proportional to the number of siblings 
in the families studied. Strachan proposed 
that the reduction in average family size, the 
improvement of housing conditions and the 
shift towards better personal hygiene habits 
– all trends associated with modern urban 
life – have contributed towards decreasing 
the risk of cross-infection between siblings 
living together. The observation that this 
apparently improved situation regarding in-
fectious disease is associated with increased 
risk of allergies suggests that cross-infection 
has a benefi cial effect on the incidence of 
allergic disease.3 These initial epidemiologi-
cal observations were followed by a number 
of studies, both clinical and experimental, 
that attempted to substantiate the hypoth-
esis and to establish a mechanism that could 
account for the observations. However, at 
present a number of controversial issues 

persist, and the hygiene hypothesis is not 
yet universally accepted.

An alternative view involves the concept 
of fetal programming, or imprinting, for which 
the evidence will be reviewed below. There 
is growing interest in the possibility that 
the mother, during pregnancy, may have an 
important infl uence on the development of 
the immune response to environmental aller-
gens in the growing fetus and/or the neonate. 
The interactions between the maternal organ-
ism, the placental microenvironment and the 
fetus constitute a new frontier for research in 
allergology and may become a target for thera-
peutic and/or prophylactic intervention, with 
the aim of preventing allergic asthma.4

OBJECTIVE
The aim of this review, which is directed 

towards professionals in the fi elds of primary 
healthcare and public health planning/evalu-
ation, was to summarize the current insights 
on the development of immune reactivity 
in the fetus, within the context of allergic 
sensitization during pregnancy, and to out-
line strategies for reducing the prevalence of 
allergic disease, based on understanding the 
mechanisms involved.

THE LINK BETWEEN 
SUCCESSFUL 

PREGNANCY AND A “TH2” 
MICROENVIRONMENT IN 
THE PREGNANT UTERUS

There are a few concepts that are prerequi-
sites for any discussion on the immunological 
aspects of pregnancy. Foremost is the discov-
ery, reported by Mossman et al. in 1986,5

that CD4+ T lymphocytes differentiate into 
two major subpopulations with very distinct 
functional properties. Their work showed 
that naïve CD4+ T cells, following their ini-
tial stimulation by antigens associated with 

Medical progress has reduced the mortality 
from infectious diseases in most countries, but 
allergic diseases have become more prevalent 
worldwide over the same period, especially 
in industrialized countries. This has prompted 
speculation that modern lifestyles have altered 
the relationship between heredity and environ-
ment so as to promote development of an atopic 
phenotype when exposure to infection decreases. 
A healthy uterine microenvironment is known to 
favor Th2 lymphocyte development. However, 
some evidence suggests that persistence of the 
Th2 pattern of immunity directs the developing 
organism’s immune response towards a long-last-
ing atopic phenotype. Even though the outcome 
also depends on other factors (such as infection, 
functional state of the intestinal microfl ora, and 
exposure to environmental allergens at times 
critical to development), it seems that the immune 
system during the perinatal period is responsive 
to interventions that are no longer effective in 
adulthood. We have reviewed the literature 
accessible through Medline to identify recent 
advances in the prevention of allergic disease 
through interventions in the fetal-maternal 
relationship. Diet seems to have a signifi cant 
impact on the immunological profi le of the 
pregnant uterus, as well as on the postnatal 
development of allergic disease in the offspring, 
as suggested by the effects of probiotic bacteria 
and by manipulations of the dietary content of 
polyunsaturated fatty acids and antioxidants. 
This highlights the need for further studies, in 
order to defi ne the best intervention methods, the 
most appropriate time interval and the individu-
als who will most likely benefi t from them. 
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antigen-presenting cells, would undergo dif-
ferentiation into cells with distinctive patterns 
of cytokine production (and hence, distinct 
regulatory roles). This differentiation would 
depend on the nature of the initial stimulus, 
and also on the precise conditions under 
which stimulation took place. On the basis 
of their specifi c cytokine secretion patterns, 
it was possible to defi ne the Th1 and Th2 
subpopulations. 

Th1 cells selectively produce interleukin-
2, interferon-γ and tumor necrosis factor-γ.
These three cytokines are essential for the 
defense against intracellular microor ga nisms, 
including viruses and some bacteria that 
survive as intracellular parasites, such as 
Mycobacterium tuberculosis and Listeria mono-
cytogenes. Interferon-γ plays a special role in 
activating macrophages, thereby preventing 
survival and multiplication of microorgan-
isms in their vacuoles and cytoplasm. On 
the other hand, tumor necrosis factor-γ is 
required for organizing and maintaining the 
granulomas that make it possible to contain 
these microorganisms, and thereby to limit 
their systemic dissemination. This same set 
of cytokines is essential for delayed-type hy-
persensitivity reactions and graft-versus-host 
reactions, which represent two distinct types 
of cell-mediated immunity.6

In contrast, Th2 cells selectively produce 
cytokines such as interleukin-4 (important 
for producing anaphylactic antibodies of 
immunoglobulin E class, IgE), interleukin-5 
(the major growth factor for eosinophils and 
a critical regulator of antibody production 
by some B lymphocytes), interleukin-6 (a 
major mediator of the systemic acute phase 
reactions, and a nonspecific enhancer of 
antibody production) and interleukin-13 
(also involved in promoting IgE synthesis, as 
well as in many of the tissue phenomena as-
sociated with allergic reactions and asthma). 
This subset of cytokines is critical for the 
pathophysiology of acute allergic processes, 
involving IgE, mast cells and eosinophils, 
in addition to participating in combating 
extracellular pathogens, which critically relies 
on antibody production.6

In Mossman’s paradigm,5 there is a 
dynamic equilibrium between these two T 
cell subpopulations: when either one pre-
dominates, the other one is correspondingly 
inhibited. This is broadly demonstrated by the 
observation that some of the cytokines selec-
tively produced by these subpopulations can 
infl uence the development and function of the 
complementary subpopulation. For instance, 
interferon-γ (IFN-γ), a Th1 product, inhibits 

the development and function of Th2 cells by 
a variety of mechanisms. A large number of 
studies over the last two decades7,8 have shown 
that an imbalance in the numbers of Th1 and 
Th2 cells may be at the origin of a great variety 
of disease processes. 

This general paradigm of CD4+ T spe-
cialization, however, must be regarded within 
the context of each specifi c organ or tissue, 
because microenvironmental conditions deci-
sively infl uence the likelihood of initiation and 
completion of either differentiation program. 
One such specifi c setting is pregnancy, which 
is exclusively found in females and is struc-
tured around the need to protect and nurture 
the developing fetus. 

Many clinical and experimental studies 
have suggested that successful pregnancy 
takes place in a microenvironment in which 
the predominant cytokine production pattern 
is Th2.9 In contrast, experimental studies 
on mice,10 and also clinical studies among 
humans, have shown that a predominantly 
Th1 cytokine production pattern leads to 
miscarriages and fetal losses.11 It is believed 
that Th2 cytokines are part of a complex 
network of immunological interactions that 
oppose the underlying tendency to reject the 
fetus. At least in principle, the fetus is endowed 
with histocompatibility antigens distinct from 
those found in the maternal organism, and 
therefore is susceptible to rejection as an al-
lograft. On the other hand, the presence of the 
same Th2 cytokines promotes an intrauterine 
microenvironment that is favorable to the 
progression of allergies. The fetus develops 
in an environment in which the production 
of interleukin-4 and the immunosuppressive 
and anti-infl ammatory interleukin-10 pre-
dominates over that of interferon-γ.12 This, 
by itself, does not determine the birth of a 
child prone to allergic disease (and, at any rate, 
allergic manifestations are rare at birth, even 
in children who will subsequently become al-
lergic). However, even if babies are not born 
allergic, there is some evidence that babies who 
will eventually develop allergic disease show a 
more pronounced Th2 bias at birth.13

A number of other factors may superim-
pose on the preexisting infl uences. A study by 
Brown et al.14 showed that the type of delivery 
may modulate the production of interferon-γ
by mononuclear cells isolated from umbilical 
cord blood. These authors showed that vaginal 
delivery is associated with high interferon-γ
production. In contrast, following delivery by 
cesarean section, the production of interferon -
γ is lower. The authors emphasized the need 
for further studies to evaluate the duration of 

these divergent patterns of physiological regu-
lation. However, in any event, their fi ndings 
indicate that normal delivery is one of the fi rst 
physiological stimuli to disturb the previously 
existing Th1-Th2 equilibrium and shift cyto-
kine production from the Th2 pole towards 
the Th1 pole. Through this, the transition to 
life in a potentially infectious environment, as 
opposed to in the highly protected environ-
ment of the uterus, is facilitated. 

THE IMPACT OF MATERNAL 
ALLERGIES ON THE 

HEALTH OF CHILDREN 
The hypothesis that early events in fetal 

development and in infancy can determine 
the emergence of allergic disease has arisen 
from a number of clinical and epidemiologi-
cal observations. Foremost is the well-estab-
lished fact that the risk of atopy is higher 
among the offspring of atopic mothers than 
among the offspring of atopic fathers. This 
points towards a strong symbiotic effect bet-
ween mother and fetus during pregnancy and 
also between mother and infant after birth.15

IgE, the main effector antibody class in 
the allergic reactions that trigger asthma and 
allergic rhinitis, is unable to effectively cross 
the placental barrier. However, the presence 
of IgE and Th2 cytokines in the amniotic 
fl uid has already been reported.16 This means 
that, in addition to having its skin covered by 
amniotic fl uid containing IgE, the fetus, which 
aspirates and swallows amniotic fl uid, is also 
exposed to IgE through the lymphoid tissue 
associated with the respiratory and digestive 
tracts. If this IgE is complexed with a specifi c 
antigen, the minimum conditions for indu-
cing allergen-specifi c responses in the fetus are 
fulfi lled, since dendritic cells endowed with 
high-affi nity IgE receptors can endocytose 
the immune complexes. This material can 
subsequently be processed and presented in 
the context of Class II major histocompat-
ibility complex (MHC) molecules, thereby 
leading to activation of CD4+ T lymphocytes 
and the emergence of a specifi c response to 
these allergens.17

A recent study by van Gool et al.18 rein-
forced this hypothesis, by showing that one 
of the determinants of neonatal serum IgE 
levels is the presence of elevated maternal 
serum IgE. The same study showed that 
the neonatal serum IgE levels were inversely 
correlated with the order of birth among 
the offspring of multiparous mothers. This 
provides an alternative mechanism to account 
for the “sibling effect” initially detected by 
Strachan3 (1989), as opposed to the previously 
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mentioned hypothesis of protection conferred 
by cross-infections among the offspring from 
multiparous mothers. 

ALLERGIC
RESPONSIVENESS IN THE 

FETUS AND NEWBORN
There is considerable speculation in the 

literature concerning the moment at which the 
developing human fetus becomes capable of 
mounting an adaptive immune response. The 
traditional view is that the newborn’s immune 
system is entirely naïve. However, based on the 
fact that only immunoglobulin G can cross 
the placenta in humans, the demonstration of 
elevated IgE in the cord blood19 and the presence 
of allergen-specifi c T cells at birth20 suggest that 
the immune system can be stimulated by aller-
gens before birth. It has already been shown that 
the fetus is capable of mounting antigen-spe-
cifi c responses to rubella antigens and tetanus 
toxoid. In these studies, immunoglobulin M 
(IgM) could be detected in cord blood from 
neonates whose mothers had been infected 
with rubella or vaccinated against tetanus 
toxoid during pregnancy.21,22 It is important 
to emphasize that the presence of anti-tetanus 
toxoid IgM in cord blood is only detected if 
immunization took place during pregnancy, 
and not before that. This implies that it is only 
under this condition that the antigen seems to 
gain access to the fetal immune system. 

It is therefore important to determine 
whether antigens or allergens are capable of 
reaching the fetus in the uterine environment. 
A study on pregnant women who underwent 
routine amniocentesis around the 16th week 
of gestation reported the presence of Derp 
1 (the major allergen of Dermatophagoides 
pteronissimus, an important species of house 
dust mite) and ovalbumin both in amniotic 
fl uid and in maternal blood.23 Moreover, that 
study provided evidence for the existence of two 
separate pathways for transfer of allergens to 
the fetus, namely the transplacental and trans-
amniotic routes (even in sterile procedure). A 
study by Viscarello et al. showed that the p24 
antigen of the human immunodefi ciency virus 
(HIV-1) is also detectable in the amniotic fl uid 
and fetal blood of mothers infected by HIV.24

The presence of viruses or viral antigens in the 
maternal serum or amniotic fl uid is not syn-
onymous with fetal infection, since the study 
by Viscarello found two fetal serum samples 
that were negative for p24 antigen, in spite of 
its presence in maternal serum and amniotic 
fl uid. Another recent study showed that food 
allergens can be measured in the maternal 
circulation and milk soon after ingestion.25

LYMPHOID STRUCTURE 
MATURATION AND ITS ROLE 
IN ALLERGEN SENSITIZATION 

Several lines of evidence point to the 22nd

week of gestation as the critical time at which 
the immunological reactivity of the fetus be-
comes detectable.26 One of the major points 
of interest is the fetal gut, which becomes 
structurally mature around the 19th week, 
including its defense structures, such as lym-
phoid follicles, Peyer’s patches and M cells.27

Hence, the coincidence between the matura-
tion of specifi c structures and the appearance 
of immunological competence suggests that 
the gut development can, at this moment, 
enable the host to respond to environmental 
antigens, and may decisively infl uence what 
will happen in the postnatal period. 

THE IMPACT OF MATERNAL 
DIET AND THE EFFECT OF 

DIETARY INTERVENTION 
ON ALLERGIES 

Over the last two decades, the prevalence 
of allergic disease has increased in industria-
lized countries and, in an interesting (and 
perhaps not coincidental) way, particularly in 
countries where English is the offi cial language. 
The mechanisms underlying this increase in 
allergic phenomena are still not well under-
stood. As the mutation rates are known to be 
too low to account for any signifi cant change 
in the genetic profi le of the general population 
over such a short evolutionary time, it is likely 
that epigenetic factors, i.e. those associated 
with the environment and modern lifestyles, 
are involved in this increase in allergic disease. 
One of the factors suspected of contributing 
towards this increase is the reduced intake of 
fresh fruits and vegetables, especially in the 
UK.28 The role this plays in the genesis of 
allergic disease has not yet been determined; 
however, it is clear that it contributes towards 
aggravating preexisting disease.29

These observations suggest that dietary 
interventions may lead to important changes 
in the likelihood that allergic diseases will 
develop. Within this context, some of the 
most interesting observations relate to pro-
biotic effects. 

A study by Kalliomaki et al.30 highlighted 
the importance of probiotics as modulators 
of allergic disease. These researchers carried 
out a randomized, controlled study in which 
Lactobacillus GG (1 x 1010 colony-forming 
units)  was introduced during the prenatal 
period into the diet of pregnant women who 
were deemed to present the risk of transmit-
ting atopy (namely, those who had at least 

one fi rst-degree relative affected by eczema, 
or a partner with atopic eczema, rhinitis or 
asthma). Probiotics were also administered 
to infants during their fi rst six months of life. 
The study showed that the frequency of atopic 
eczema at two years of age in the probiotic 
consumption group was half of what it was 
in the placebo group. This result shows that 
Lactobacillus GG is effective in preventing 
atopic eczema. 

Probiotics, especially those derived from 
strains of Lactobacillus and Bifi dobacterium,
are capable of modifying the in vitro pattern 
of cytokine production by monocytes and 
lymphocytes, thereby enhancing the produc-
tion of interleukin-12 and interferon-γ, two 
of the hallmarks of the Th1 profi le.31 This 
observation points towards one of the possible 
mechanisms through which probiotics can 
have such a marked infl uence on the incidence 
of childhood atopy. Within this conceptual 
framework, probiotics can represent a stimulus 
capable of inducing the fetal immune system, 
which had hitherto been biased towards the 
Th2 profi le, to fi nd a new equilibrium point 
without concurrently infl icting damage on the 
organism, such as would be caused by a viral 
or bacterial infection, with the accompanying 
risk to the continuity of gestation.

A study by Pohjavuori et al.32 showed 
that probiotic bacteria are also potentially 
benefi cial for the maturation of the immune 
system in the infant. These investigators  
carried out a double-blind randomized 
study in which patients with suspected 
allergy to cow’s milk received Lactobacil-
lus rhamnosus GG (5 x 109 colony-forming 
units) for four weeks. It was shown that the 
mononuclear cells of the peripheral blood 
from infants affected by cow’s milk allergy 
present decreased production of interferon-γ,
and that this production was increased in the 
group treated with probiotics. Cow’s milk al-
lergy is believed to stem from the establishment 
of a partial state of orally induced tolerance, 
and generally ceases by the age of two years, 
when the intestines complete their maturation. 
Appropriate exposure to orofecal microbes can 
attenuate the polarization towards Th2, which 
is predominant in the neonatal period, and can 
thereby contribute towards the emergence of a 
more balanced profi le of cytokine production 
and response to food antigens. It is noteworthy 
that, in contrast with the benefi cial effects of 
probiotics in early life, studies on adults have 
failed to show any improvement in pollen aller-
gies following consumption of Lactobacillus.33

A further important target for therapeutic 
intervention is offered by polyunsaturated 
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fatty acids (PUFA). In 1997, Black and Sharpe 
reported that some recent changes in the pat-
tern of dietary fat consumption could also 
play a role in the worldwide trend towards 
higher prevalence of allergies. In industrialized 
countries, as a consequence of public health 
measures aimed at decreasing risk factors for 
coronary artery disease, the consumption of 
saturated fats (butter and lard) has decreased 
and the consumption of n-6 PUFA from mar-
garine and vegetable oils has proportionately 
increased. These authors suggested that these 
changes in diet, along with the decreased con-
sumption of fi sh oils (from fresh tuna, herring, 
trout and salmon) or of fi sh oil derivatives 
(cod liver oil), which are rich in n-3 PUFA, 
eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), contributed towards the 
increased prevalence of allergies.34

The most common PUFA species are 
linoleic acid (n-6) and α-linoleic acid (n-3). 
Linoleic acid is converted to arachidonic 
acid, which can be metabolized through the 
cyclooxygenase and lipoxygenase pathways 
to yield prostaglandins, thromboxanes 
and leukotrienes. Increased production of 
arachidonic acid and prostaglandin E2 fa-
vors atopic sensitization. On the other hand, 
α-lino leic acid inhibits metabolic conversion 
of li noleic acid by competing for the same 
enzymes.35 A noticeable trend in Western diets 
over the last decades includes decreased con-
sumption of the anti-infl ammatory n-3 PUFA, 
such as α-linoleic acid, and a proportional 
increase in the consumption of n-6 PUFA, such 
as linoleic acid, which can feed infl ammation 
by providing more arachidonic acid.

Some studies involving the supplemen-
tation of adult diets with n-3 PUFA have 
failed to show any important benefit.36

However, this may be related to the fact that 
intervention may be ineffective once the 
corresponding allergic response has become 
established. Working within this concep-
tual frame work, Dunstan et al.37 conducted a 
randomized controlled study on 98 pregnant 
women affected by atopy. These women 
were given either n-3 PUFAs (3.7g of n-3 
PUFA with 56% as docosahexaenoic acid and 
27.7% as eicosapentaenoic acid) or placebo, 
from the 20th week of gestation to delivery. 
The results showed decreased neonatal cyto-
kine response that included both Th2 and Th1 
mediators (IL-5, IL-13, IL-10 and IFN-γ),
thus suggesting that fi sh oil supplementation 
can have a wider immunoregulatory effect that 
is not limited to the Th1-Th2 polarity. Despite 
all this new and interesting information, the 
number of intervention studies using PUFA is 

small, and there is insuffi cient overall evidence 
to support a strong recommendation for their 
use as dietary supplements. 

A study by Kankaanpää et al. showed that 
the low maternal consumption of foodstuffs 
rich in n-3 PUFA was associated with a higher 
n-6/n-3 PUFA ratio in milk, regardless of 
whether the mothers were atopic.38

Another active frontier in dietary interven-
tion concerns the use of antioxidants, which 
are abundant in fresh fruits and vegetables, 
and accordingly lower in diets lacking these 
two components. Antioxidants include vita-
min E, vitamin C, vitamin A, selenium and 
fl avonoids, which are found in fresh fruit, such 
as apples. One of the mechanisms through 
which a scarcity of antioxidants in food can 
lead to damage is increased susceptibility of the 
airways to oxidative stress, thereby leading to 
airway infl ammation and asthma.35 Decreased 
consumption of vitamin E, selenium, fl avo-
noids and fruits by mothers during gestation, 
as well as by small children, may predispose 
to asthma. This may affect the development 
of the airways both through reduced anti-
oxidant protection and through additional 
mechanisms such as defective modulation of 
Th1 cytokine production.35

Some studies have focused on the role of 
vitamin C. Soutar et al. conducted a popula-
tion study that compared individuals pre-
senting bronchopulmonary hyperreactivity, 
which is a hallmark of propensity to asthmatic 
crises, with controls. The lowest percentile of 
vitamin C consumption was associated with 
a sevenfold increase in the risk of presenting 
bronchopulmonary hyperreactivity.39 In an-
other study, Bodner et al. conducted follow-up 
on individuals who developed wheezing in 
adulthood, in comparison with controls. The 
risk of developing wheezing was twice as high 
among those within the lowest percentile of 
vitamin C consumption, and fi ve times as high 
for those in the lowest percentile of vitamin E 
consumption.40 Romieu et al.41 conducted a 
study that suggested that vitamin C (250 mg/
day) and vitamin E (50 mg/day) supplementa-
tion above the minimum dietary requirements 
among asthmatic children with low vitamin E 
intake provided some protection against the 
acute effects of ozone in their lungs.

On the other hand, selenium is an essential 
component of glutathione peroxidase, an en-
zyme that is important in oxidative metabolism. 
Recent studies in the UK have shown that the 
consumption of selenium has greatly decreased, 
and led to the emergence of subclinical sele-
nium defi ciency.42 Other studies have shown 
effects at the other extreme of the consumption 

scale: the highest percentile of vitamin E con-
sumption was associated with the lowest risk of 
atopic sensitization.43 Another study44 showed 
that the allergen-specifi c proliferative response 
in cord blood mononuclear cells was signifi -
cantly increased in subjects presenting a family 
history of atopic disease or of maternal tobacco 
consumption, but signifi cantly decreased by a 
maternal diet rich in vitamin E.

According to Devereaux and Seaton, the 
roles played by antioxidants and PUFA in asthma 
are probably related and complementary.45 

Vitamin A includes retinol, along with 
more than 600 carotenoid species, many 
of which with strong antioxidant activity.45

Two studies on children have shown negative 
associations between asthma and the serum 
levels of beta-carotene.46,47

A study by Harik-Khan et al. found that 
low levels of vitamin C and alpha-carotene 
were predictive of asthma.48 Another study49

also showed that mean serum vitamin A levels 
in children with asthma were signifi cantly 
lower than those in controls. Interestingly, 
Rubin et al.50 found out that this relation-
ship was infl uenced by exposure to cigarette 
smoke: in their study, a similar increase in 
serum beta-carotene levels was associated 
with a 10% reduction in asthma prevalence 
among nonsmokers, but with a 40% reduction 
in the same parameters among young people 
subjected to passive smoke exposure.

CONCLUDING REMARKS
Since 1989, several studies have sug-

gested that the fetal environment has an 
impact on the risk of noncommunicable 
diseases in adult life. This association was 
fi rst described for coronary artery disease. 
However, it has rapidly been extended to type 
2 diabetes mellitus, osteoporosis and other 
disturbances of metabolic and endocrine 
homeostasis. This has led to the paradigm of 
fetal origins for adult diseases, and prompted 
new studies that are aimed at evaluating the 
consequences of perinatal events on chronic 
diseases in adulthood.51

Some of the authors whose work was re-
viewed above have tried to defi ne the impact of 
environmental infl uences on the fetal-maternal 
relationship and on the intrauterine environ-
ment, and their long-term consequences for 
the development of allergic disease. Changes 
in lifestyle, especially in the eating habits of 
the entire population, have been prominent 
over recent decades, and are likely to have 
had an impact on the increased prevalence of 
allergic disease that is detectable throughout 
the Western world. The hectic schedules and 



302

hassles of modern life have promoted the 
replacement of healthy eating habits by more 
practical ones that surely are not as healthy. 
Some studies have indicated that the use of 
probiotics, antioxidants, n-3 PUFA and other 
dietary interventions have an important effect 
on modulating the allergic response. However, 
the results among adults have not been impres-
sive. This prompts us to focus on pregnancy, 
which can be seen as a period of maximum 
sensitivity, in which the development of tissues 
or systems can be permanently affected by a 
variety of causes, including malnutrition, hy-
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poxia or stress.52 As stated by Holt et al.,53 the 
immune system immediately following birth 
refi nes a series of key functions in the presence 
of direct environmental stimulation, and the 
response patterns acquired during this critical 
period may persist for the entire lifespan. It is 
possible that this fi ne tuning of the immune 
system may already begin inside the uterus, as 
suggested by the evidence that the fetus can 
mount an immune response and is accessible 
to antigens and allergens. 

The study by Smithells et al. using folic 
acid radically changed the approach towards 

preventing neural tube defects.54 Folic acid 
supplementation is now recommended even 
before conception. This shows the need 
for more wide-ranging intervention studies 
on dietary supplementation using putative 
immunomodulators of the various classes 
reviewed above, from at least the beginning of 
pregnancy to the fi rst years of life, since this 
is the period over which the immune system 
matures. Only through such a comprehensive 
approach is it likely that the real impact from 
these interventions for preventing the allergic 
phenotypes will be defi ned.
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Resumo

A infl uência da dieta sobre o microambiente imunológico do útero gravídico e sua relação com o desen-
volvimento pós-natal de doença alérgica – uma revisão da literatura recente

Progressos médicos reduziram a mortalidade por doenças infecciosas em muitos países, mas doenças 
alérgicas tornaram-se mais prevalentes no mundo inteiro, no mesmo período, especialmente nos países 
industrializados, levando alguns a postular que a vida moderna infl uencia as relações entre hereditariedade 
e meio ambiente de forma a favorecer o desenvolvimento de atopia quando a exposição a agentes infec-
ciosos diminui. O micro-ambiente fi siológico do útero gravídico favorece o desenvolvimento de linfócitos 
Th2. Contudo, a evidência sugere que um padrão persistente de imunidade Th2 direciona a resposta imune 
do organismo em desenvolvimento para um fenótipo atópico duradouro. Embora o resultado dependa de 
outros fatores, incluindo infecções, o estado funcional da microfl ora intestinal, e a exposição a alergenos 
ambientais em momentos críticos do desenvolvimento, o sistema imune no período perinatal permanece 
suscetível a intervenções que não têm efeito no adulto. Fizemos uma revisão da literatura acessível através 
da Medline para identifi car avanços recentes na prevenção de doenças alérgicas por meio de interven-
ção na relação materno-fetal. A dieta parece ter um impacto signifi cativo sobre o perfi l imunológico do 
útero gravídico, assim como sobre o desenvolvimento pós-natal de doença alérgica, como sugerido pelos 
efeitos de bactérias probióticas e pela manipulação do conteúdo de ácidos graxos poli-insaturados e de 
antioxidantes na dieta. Isso reforça a necessidade de estudos mais amplos para determinar o melhor tipo 
de intervenção, o momento mais adequado e os indivíduos que mais serão benefi ciados.

PALAVRAS CHAVES: Alergia. Gravidez. Dieta. Imunologia. Criança.

43.  Fogarty A, Lewis S, Weiss S, Britton J. Dietary vitamin E, IgE 

concentrations, and atopy. Lancet. 2000;356(9241):1573-4. 

44.  Devereux G, Barker RN, Seaton A. Antenatal determinants 

of neonatal immune responses to allergens. Clin Exp Allergy. 

2002;32(1):43-50.

45.  Rubin RN, Navon L, Cassano PA. Relationship of serum 

antioxidants to asthma prevalence in youth. Am J Respir Crit 

Care Med. 2004;169(3):393-8.

46.  Harik-Khan RI, Muller DC, Wise RA. Serum vitamin 

levels and the risk of asthma in children. Am J Epidemiol. 

2004;159(4):351-7.

47.  Seaton A, Devereux G. Diet, infection and wheezy illness: 

lessons from adults. Pediatr Allergy Immunol. 2000;11(Sup-

pl 13):37-40.

48.  Harik-Khan RI, Muller DC, Wise RA. Serum vitamin levels and the 

risk of asthma in children. Am J Epidemiol. 2004;159(4):351-7.

49.  Arora P, Kumar V, Batra S. Vitamin A status in children with 

asthma. Pediatr Allergy Immunol. 2002;13(3):223-6.

50.  Rubin RN, Navon L, Cassano PA. Relationship of serum 

antioxidants to asthma prevalence in youth. Am J Respir Crit 

Care Med. 2004;169(3):393-8.

51.  Hanson M, Gluckman P, Bier D, et al. Report on the 2nd World 

Congress on Fetal Origins of Adult Disease, Brighton, U.K., 

June 7-10, 2003. Pediatr Res. 2004;55(5):894-7.

52.  Barker DJ. Developmental origins of adult health and disease. 

J Epidemiol Community Health. 2004;58(2):114-5.

53.  Holt PG, Jones CA. The development of the immune system 

during pregnancy and early life. Allergy. 2000;55(8):688-97.

54.  Botto LD, Lisi A, Robert-Gnansia E, et al. International retro-

spective cohort study of neural tube defects in relation to folic 

acid recommendations: are the recommendations working? 

BMJ. 2005;330(7491):571.

Source of funding: Conselho Nacional de Desenvolvimento 
Científi co e Tecnológico (CNPq) research fellowship (Nos. 
306751/2004-6 and 306767/2004-0) and Coordenação 
de Aperfeiçoamento de Pessoal de Nível Supeiror (Capes) 
PhD fellowship No. 310100165005D-6.
Confl ict of interest: None
Date of fi rst submission: September 27, 2005
Last received: September 26, 2006
Accepted: September 26, 2006


