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Abstract For 20 years, the hygiene hypothesis has domi-
nated attempts to explain the increasing prevalence of
allergic disease. A causal link between maternal innate
immune response during pregnancy and disease protection
in the offspring was recently demonstrated. Central to this
was a systemically diffused signal that downregulated Toll-
like receptor expression in placental tissues. Herein we
develop the hypothesis that maternal systemic regulatory
mechanisms operational during pregnancy could impact
allergic disease risk of the offspring, depending on the type
of inflammatory response from which they originate.
Classic microbial-derived, mild, subacute inflammation
provides a protective signal, whereas allergic inflammation
provides a negative one. Mild, subacute inflammation of
pregnant women leads to systemically diffused signals
manifest in the gestation-associated tissues and by the fetus
and newborn as a dampened inflammatory response. The
converse is true if the mother has allergic inflammation
during pregnancy. In both cases, these impact on develop-
ment of the airways and of balanced immune function at
birth and in early postnatal life. Thus, we seem to be at the
dawn of a new incarnation of the hygiene hypothesis in
which the pregnant woman’s inflammatory response is
crucial to determining the child’s likelihood of developing
allergic disease.
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Introduction

A large of body of epidemiologic data highlights the
detrimental effects of maternal allergy on allergy and
allergic disease development in the offspring. The
mechanisms underlying this association are not well-
understood but must operate during pregnancy and the
immediate postpartum period. More recently, the pros-
pect that the maternal immune response during pregnan-
cy might also confer protection against disease
development has been suggested [lee, 2]. The positive
or negative impact of the maternal inflammatory response,
be it classic microbial-driven inflammation or allergic
inflammation, respectively, likely reflects systemically
acting mediators released from inflamed maternal tissues
that exert their effect at the materno-fetal interface.
Understanding the relationship between the maternal
immune response to various inflammatory stimuli, the
gestation-associated cell and cytokine microenvironment,
and development of the fetal immune system therefore is
critical.

The Innate Immune Response

Much of the interest in the contribution of innate immunity
to the initiation and even maintenance of allergy and
allergic disease stems from the hygiene hypothesis (dis-
cussed in more detail below). The innate immune response
is the first line of host defense against infection and other
signals of danger. The pattern-recognition strategy of the
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receptors that contribute to innate immunity is based on the
detection of a limited set of conserved molecular patterns
that are unique to the microbial world. The targets of
pattern recognition, called pathogen-associated molecular
patterns, signal to the host the presence of infection [3].
Pattern-recognition receptors form a number of families,
including the well-known Toll-like receptor (TLR) family.
TLRs signal inflammatory responses to lipopolysaccharide,
lipoprotein, flagellin, and other bacterial and viral products.
Lesser-known families include retinoic acid—inducible
gene-1-like receptors, which signal responses to RNA
viruses; NOD-like receptors, which are cytoplasmic recep-
tors for bacterial products; and C-type lectin receptors,
which are responsive to fungal products such as (3-glucan
[4¢]. Pattern-recognition receptors are expressed by cells
involved in innate immunity and enable recognition of
invading microbes and initiation of antimicrobial activity
characterized by production of pro- and anti-inflammatory
mediators. The innate immune system does not operate in
isolation, and recent years have been witness to a growing
appreciation of the interaction between the innate and
adaptive immune response.

Brief History of the Hygiene Hypothesis

More than 20 years have passed since the inverse
association between family size and birth order and the
risk of developing allergy and allergic disease was first
highlighted [5]. This observation led to the formulation of
the hygiene hypothesis, which has remained a prominent
candidate to explain the increasing prevalence of allergic
diseases such as eczema, food allergy, hay fever, and
asthma. Although the basic tenet has remained much the
same—that the host response to foreign antigens has
changed as a consequence of alterations in the nature,
timing, or dose of microbial signals received postnatally or
even prenatally—our understanding of the mechanism(s)
that might underlie this association have changed in pace
with developments in the wider field of immunology.
Initially, the immunologic mechanism postulated to un-
derpin the hygiene hypothesis was the downregulation of
development of T-helper type 2 (Th2)-skewed immuno-
logic memory against allergens as a consequence of the
ability of infectious organisms to favor Thl reactivity.
The current incarnation of the hypothesis relates to the
role of the innate immune response in controlling
immunoregulatory mechanisms and suggests that
microbial signals of noninfectious origin regulate the
induction and expression of immune responsiveness in
early life. As a consequence, deficiencies in this signal-
ling underlie the increasing prevalence of allergic (and
other) diseases.

The hygiene hypothesis has at its foundation the so-
called sibling effect—that the prevalence of allergic disease
is lower in children from larger families. Notably, although
the effect of family size was seen for both the number of
older and younger siblings, the protective effect was
stronger for older siblings [5]. This highlights a shortcom-
ing of the birth order and allergic outcomes literature:
authors variably relate their outcome measures to birth
order, number of siblings, family size, number of older
siblings, number of younger siblings, number of brothers,
and even just having an older brother. However, family size
may be an indirect measure of some as-yet-undetermined
biologically relevant factor(s) that increases with family
size and in other environments associated with a low
prevalence of allergic disease [6].

Initially, the focus of epidemiologic and laboratory-
based studies related to the hygiene hypothesis was the
postnatal period. This was based on the postulate that older
siblings transmit infections to younger siblings earlier in
life, providing protection against the development of
allergic disease. This progressed into consideration of a
broad range of environmental sources that provide or
modify patterns of microbial exposure in infancy, particu-
larly those that might have changed during the second half
of the 20th century. This list includes the use of day care,
vaccinations, and antibiotics. Transitions in the ongoing
evolution of the hygiene hypothesis are summarized in
Table 1. Most attention has been on the child, especially in
the first 2 years of life. However, other more pregnancy/
maternally focused formulations of the hygiene hypothesis
have to a much lesser extent also been considered: 1) the
maternal microbial burden changes with each pregnancy
that results in a live birth (with each successive child
increasing this burden) [7]; 2) hormonal and other changes
in each pregnancy differentially affect the mother’s own
allergic disease [8]; 3) maternal reactivity against paternal
HLA antigens increases with each pregnancy and impacts
on the responses of her immune system to each successive
offspring, assuming the father, and therefore the HLA to
which the mother responds, remains the same; and 4)
pregnancy has a long-term effect on general immune
function of women. Any associated changes in maternal
immune function during pregnancy are postulated to impact
on the developing fetal immune system, with downstream
consequences for the development of allergic disease. There
is, however, a paucity of studies that consider these
alternative, non—mutually exclusive mechanisms. The need
for a better understanding of the pregnant woman’s
interaction with nonpathogenic inflammatory stimuli has
been highlighted by a recently published study exploring
the mechanism whereby maternal prenatal exposure to a
farming environment confers protection against develop-
ment of allergy and allergic disease [1°°, 2].
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Table 1 The four major transitions in the ongoing evolutionary process of the hygiene hypothesis since its inception in 1989

HH generation Data

Interpretation

Key references

HH Mark 1 Children with multiple older siblings display
reduced risk of allergic disease

Slow postnatal Thl maturation elevates
Th2-dependent atopy risk

Gut microbiota drives normal maturation of
Thl competence

Gut colonization patterns in early infancy
modulate atopy risk

Severe respiratory infections in infancy
increase atopic asthma risk

Prevalence of autoimmune disease starts
to show comparable increases

Prenatal maternal microbial exposures also
attenuate disease risk in offspring

HH Mark 2

HH Mark 3

HH Mark 4

The problem involves overall immunoregulation,

The “trajectory” of postnatal immune function

Shared infections among children within large [5]

families attenuate atopy risk

Signals from gut bacterial commensals protect [59]

against atopic disease by controlling Th1/Th2
balance; severe respiratory viral infections [60]
promote development of atopic asthma

[60-62]

[63, 64]

[65, 66]
T-regulatory and/or dendritic cell malfunction?

[1ee, 23, 67, 68]
development is partially set in utero

HH hygiene hypothesis; Th T-helper cell

The Farming Environment

The benefits of an early childhood spent on a farm have
been demonstrated in many countries and include a
reduction in atopic sensitization/skin prick test reactivity,
hay fever, asthma, and wheeze but less often eczema in
children [9—-12]. The benefits of farming seem to relate to
the presence of livestock, especially barns and stables, and
the consumption of unpasteurized milk or farm butter. Full-
time farming offers the greatest protection, with lifelong
exposure conferring protection into adulthood [12, 13]. The
reproducibility of the protective effect of farming has led to
attempts to define the critical component in this environ-
ment. Elevated levels of bacterial endotoxins and other
microbial products such as mold glucans and fungal
extracellular polysaccharides are a feature of farming
households, barns, and stables [14, 15]. During feeding in
the winter months, pollen levels inside barns exceed those
typically measured outdoors during the pollen season [16].
Several studies have identified farm-derived bacterial
species with potential allergy protective effects. Micro-
organisms identified to date include Bacillus licheniformis
(spores), Acinetobacter Iwoffi, and Lactococcus lactis. All
these have been shown to favor Thl responses in human
adult peripheral blood mononuclear cells in vitro and to
alleviate the symptoms of allergic airways disease such as
eosinophilia and goblet cell hyperplasia in animal models
[17-19].

The observation that prenatal exposure of the mother to
the farm environment is crucial to the protective effect has
led to studies of the impact of such exposure on immune
function of the newborn. These studies used umbilical cord
blood to reveal increased number and function of natural
regulatory T cells in newborns of farm-exposed mothers
[20¢] and increased mitogen-stimulated interferon (IFN)-y
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and tumor necrosis factor (TNF)-«, but not interleukin (IL)-
5, IL-10, and IL-12, by cord blood mononuclear cells from
newborns of farm-exposed mothers [21¢]. In the latter
study, maternal contact with different animal species and
barns and the consumption of farm-produced butter during
pregnancy enhanced IFN-y and TNF-« production at birth.
Longer-term impact on the immune function of the child is
suggested by the observation that the children of farmers
have elevated gene expression of key receptors involved in
innate immune signalling, such as CD14, TLR2, and TLR4,
compared with children of nonfarmers [22]. As each
additional farm species to which the mother was exposed
during pregnancy increased the expression of these recep-
tors by the child, it is probable that these expression
patterns are programmed during fetal development [23].
Given the emerging importance of maternal prenatal
exposures from both epidemiologic and experimental
studies, a murine model was established to identify possible
mechanisms underlying this [le¢]. Maternal intranasal
exposure to A. Iwoffi protected the offspring against the
development of experimental allergic asthma, with reduced
eosinophils, goblet cells, and mucin but no change in
specific IgE. There was evidence of local airways and
systemic inflammation in the mothers, including rapid
elevation of IL-6 in the circulation and increased expression
of various TLRs and proinflammatory cytokines in the
lungs. In contrast, TLR expression in placental tissues was
downregulated, an effect that could be mimicked by
exposing in vitro placental cell cultures to IL-6. If the
mother’s ability to mount an inflammatory response was
abrogated by knocking out multiple TLRs (TLR2, TLR3,
TLR4, TLR7, and TLRY in this case), the asthma protective
effect in the progeny was lost. This study is the first to
establish a causal link between maternal prenatal exposure,
the maternal innate immune response, and disease protec-
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tion in the offspring; further studies are required in similar
models as well as in humans.

The systemic diffusion of maternally derived signals that
exert tissue-specific effects within the uteroplacental unit
warrants further investigation. As most pregnant women do
not have the good fortune of living and working on a farm,
the impact of other microbial exposures such as endotoxins
and mold glucans that are present in many homes should be
considered. However, this phenomenon provides a potential
common pathway for exerting a negative or positive effect
on disease risk in the offspring in association with maternal
health status.

Allergy as a Systemic Disease

Most of the data from ex vivo analysis of tissue biopsies
after natural allergen exposure or in vivo allergen challenge,
as well as peripheral blood and animal studies support a
common systemic pathway linking the affected tissue site
to the bone marrow via the blood. Nasal and lung biopsies
from those with allergic airways disease contain more
dendritic cells (DCs) than biopsies from those without
disease, and seasonal fluctuations have been documented
[24, 25]. This increase in DC numbers in affected tissues is
matched by a decrease in blood DCs within 3 h of inhaled
allergen challenge, which is sustained for at least 24 h [26].
During acute, severe atopic asthma exacerbations, the
numbers of bone marrow—derived myeloid cells (mono-
cytes and DCs) bearing the high-affinity IgE receptor
(FceRI) increase 10- tol2-fold [27]. Moreover, expression
of FceRI on Langerhans cells in the uninvolved skin of not
only those with active atopic dermatitis but also those with
active asthma or active rhinitis provides further support for
systemic regulatory mechanisms operative during active
allergic disease [28]. Similarly, both upper and lower allergic
airways disease are characterized by eosinophilic and
basophilic inflammation, reflecting a systemically active
process whereby progenitor cells are recruited from the bone
marrow to allergically inflamed tissue via the blood [29].
Maternal systemic regulatory mechanisms related to
mild subclinical inflammation or active allergic disease
during pregnancy could have two potential effects: 1)
systemically released mediators could cross the placenta
and impact on fetal bone marrow; and 2) cells, especially
myeloid cells (eg, monocytes and DCs), released into the
maternal circulation from the maternal bone marrow in
response to systemically acting mediators could populate
the maternally derived tissues, namely the decidua, at the
materno-fetal interface. In support of the first possibility, a
correlation between maternal and fetal eotaxin has been
observed [30], and cord blood eotaxin is significantly

elevated in pregnancies complicated by asthma [31]. The
ability of eotaxin and other mediators to traverse the
placenta should be explored. Secondary to this, several
studies highlight that differences in the relative abundance
and/or phenotype of eosinophil/basophil progenitors or DC
subsets at birth (umbilical cord blood) can be related to
maternal atopic status or to disease in childhood [32-34].
Surprisingly little is known about how maternal tissue—
specific and/or systemic inflammation impacts on the
gestation-associated tissues or the fetus. As the systemically
diffused signals of interest originate from the mother, any
attempt to study the maternal inflammatory cascade during
pregnancy must take into account the changes in immune
function that characterize normal pregnancy.

Maternal Immune Response During Pregnancy

Although there are examples of impaired responses to
infectious agents in pregnant women, the concept of
immune suppression during pregnancy has been superseded
by one of active maternal immunologic tolerance of fetal
cells. Many immunologic mechanisms to explain this have
been postulated and reviewed extensively elsewhere. In the
context of the above discussion, consideration of changes in
the innate immune response and inflammation are of
greatest importance (although this does not preclude other
pathways). It is also worth noting that a number of discrete
but interacting compartments need to be considered: the
embryonically derived placenta, the embryonically derived
amnion and chorion that form the placental/fetal mem-
branes, the maternally derived decidua (lining of uterus/
endometrium of pregnancy), amniotic fluid, the fetus itself,
and systemic maternal immune function. Mammary gland
development and breast milk could also fit under this
umbrella. Temporal differences in activity within these
different compartments also need to be taken into account
(eg, implantation vs parturition). However, for the purposes
of this overview, the site of contact between maternal and
fetal cells is of particular importance, with two main sites of
interaction to consider: that between maternal decidua and
trophoblast in the nonplacental bed and that between
syncytiotrophoblast on the surface of placental villi and
cells in the maternal circulation (Table 2) [35].

Table 2 Two pathways by which maternally derived, systemically
diffused inflammatory signature might impact on the fetus

1. Systemically released mediators cross the placenta and impact on
the fetal bone marrow.

2. Cells that efflux from the maternal bone marrow in response to
systemically released mediators take up residence in the
decidua or occupy the intervillous blood space.
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Well-controlled inflammation has a physiologic role in
implantation, the maintenance of pregnancy, and parturi-
tion, and aberrantly regulated inflammation contributes to
adverse outcomes in fertility as well as pregnancy. The
systemic inflammatory response is heightened in preg-
nant women [36, 37]; this includes increased white blood
cell count and increased levels of C-reactive protein and
other acute-phase proteins [38], and these tend to increase
during gestation. The enhanced systemic inflammatory
response during pregnancy is postulated to be driven by
placenta-derived particulate debris and/or soluble products
that enter the maternal circulation [35]. These placenta-
derived microparticles can be found attached to circulating
monocytes and free in the circulation from the second and
increasing into the third trimester. Placental microparticles
isolated in vitro from the placenta can induce an
inflammatory response in nonpregnant women [36]. Given
the increasing interest in endogenous danger-associated
molecular patterns [39], it is feasible that additional
stimuli of the low-grade systemic inflammation that
characterizes healthy pregnancy will be revealed. Howev-
er, whereas the human placenta expresses TLR1 through
TLR10 [40], little is known about how the expression and/
or function of TLRs and other pattern-recognition recep-
tors either systemically or within gestation-associated
tissues might be modulated by maternal inflammatory
activity during pregnancy.

Those who study allergy and allergic disease are
familiar with the notion of Thl and Th2 and the
prototypic patterns of cytokine production that define
these phenotypes. Despite the lack of convincing data
from humans and the observation that mice lacking
expression of the main Th2 cytokines IL-4, IL-5, IL-9,
and IL-13 (ie, quadruple knockouts) do not have fertility
problems, even during allogeneic pregnancy [41], the
concept that a Th2-biased immune response prevails
during pregnancy has dominated the immunology litera-
ture for many years. Initial investigations of the Th1/Th2
balance in pregnancy focused on T cells themselves, but
the materno-fetal interface itself is relatively devoid of T
cells, and the paradigm evolved to encompass type 1 and
type 2 cytokines irrespective of their cell source. These
can include natural killer cells and the gestation-associated
tissues themselves [35, 42]. However, an appreciation of
the temporal and spatial variation in the balance between
type 1 and type 2 responses depending on the tissue site
and stage of pregnancy has emerged. Other T-cell subsets,
namely regulatory T cells and Th17 cells, are also of
interest, and it has been suggested that homeostasis
between regulatory and proinflammatory CD4" T-cell
subsets may be pivotal for maternal immune tolerance to
fetal antigen [43].
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Impact of Maternal Allergy on Immune Function
During Pregnancy

Despite the well-known relationship between maternal
allergy and increased allergic disease risk in the offspring,
little is known about how pregnancy impacts on the
maternal allergic response. The possibility that active
allergic disease during pregnancy impacts on the phenotype
and function of maternal cells that reside at the materno-
fetal interface has not been studied extensively. Under-
standing how the allergic response might change during
pregnancy is critical if we are to elucidate how maternal
disease impacts on fetal immune system development. A
Th2-biased response to allergen seems to be retained in
pregnancy: 1) pollen allergic women with detectable
pollen-specific IgE have a Th2-skewed response to pollen
allergens (Timothy grass/birch) [44]; and 2) allergen-
specific and mitogen-induced IFN-y decreases during
pregnancy in atopic and nonatopic women, whereas
allergen-specific IL-13 declines in nonatopic women only
[45]. The relative blood eosinophilia that characterizes
allergy also occurs in asthmatic pregnant women despite an
apparent decline in eosinophil numbers during pregnancy
[46]. Maternal allergy modifies alloresponses by the
mother, which may impact on the cytokine milieu at the
materno-fetal interface and thereby fetal immune develop-
ment [47, 48]. Pregnancy is well-documented to affect the
course of maternal asthma, and maternal asthma in turn
increases the risk of adverse pregnancy outcomes and
affects fetal growth and survival. There is a great deal of
interest in how pregnancy-derived factors might impact on
epithelial cells in the mother’s own airways.

The downstream implications of the above observations
are unclear but do highlight that a different maternal
environment is provided by allergic and/or asthmatic
women compared with nonallergic/nonasthmatic women.
Few studies have directly examined the materno-fetal
interface in relation to maternal allergy/allergic disease.
Decidual cytokine (IL-4, IL-5, IL-10, IL-13, or IFN-y)
production does not differ in allergic versus nonallergic
women. However, a significant positive correlation between
IFN-y production by decidual mononuclear cells and that
by umbilical cord blood mononuclear cells was found [49].
Notably, reduced IFN-y production at birth has been
repeatedly, although not always, associated with maternal/
family history of allergic disease and/or allergic disease
outcomes in infancy. Maternal moderate or severe asthma
has been associated with changes in placental vascular
function and placental histomorphology as early as 18 weeks
of gestation and in placental cytokine gene expression at term
[50, 51]. These changes were postulated to affect inflamma-
tory and thereby angiogenic pathways in the placenta.
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Positive and Negative Impact of Maternal Inflammatory
Response During Pregnancy

From the above observations, the hypothesis that maternal
systemic regulatory mechanisms operational during pregnancy
could have a positive or negative impact on allergic disease risk
in the offspring emerges. Central to this are maternal myeloid
cells released from the bone marrow in response to systemically
distributed activation signals emanating from site(s) of mater-
nal inflammation, similar to the mechanism described in viral-
induced asthma exacerbations [27]. In addition to trafficking
to the inflamed tissue from which the signal is transmitted,
these cells might traffic to the materno-fetal interface [2]. The
decidua is the main site of maternal cells that are in intimate
contact with fetally derived cells. Macrophages and DCs are
scattered throughout the decidua. In contrast, the healthy
decidua is relatively devoid of other myeloid populations,
namely granulocytes, and lymphoid cells. Decidual macro-
phages and DCs are postulated to have a role in tissue
remodelling and angiogenesis during placental invasion and
an immunoregulatory role in the pregnant uterus.

Macrophages make up about 30% of decidual leukocytes in
the first and second trimester, and although numbers decline in
the third trimester, macrophages still make up about 20% of
decidual cells [52]. First trimester decidual macrophages have
a gene expression profile reminiscent of alternatively activat-
ed macrophages, suggesting an immunosuppressive pheno-
type [43]. Chemokines produced by the gestation-associated
tissues have been postulated to have a role in recruiting
monocytes to the decidua, where local environmental factors
drive polarization to alternatively activated macrophages. 1L-
4 and IL-13 favor the development of alternatively activated
macrophages [53], although in the one study that attempted to
identify the uteroplacental environment that might drive the
development of decidual macrophages, IL-4 and/or IL-13
were not considered [54]. Decidual cells secrete a host of
cytokines, including IL-1, IL-4, IL-5, IL-10, IL-13, IFN-y,
TNF-«, and transforming growth factor-3 [42, 49], and are
also responsive to IL-4 [42].

Gestation-associated tissues

During the first trimester, the abundance of myeloid DCs
is greater than in peripheral blood, whereas the abundance
of plasmacytoid DCs is less than in peripheral blood [55].
Decidual DCs can stimulate a mixed lymphocyte reaction,
but this is reduced compared with blood DCs [56], and
there are fewer IL-12p70—producing DCs in the decidual
than in the blood DC population [55]. Furthermore, co-
culture of decidual myeloid DCs with naive T cells favors
Th2 responses, which are abolished by addition of
endogenous IL-12 [57]. In a murine model, DCs at the
materno-fetal interface are prevented from migrating to the
draining lymph nodes for at least the first half of pregnancy
[58]. This is postulated to minimize exposure of maternal
immunogenic T cells to fetal/placental antigen; the mech-
anism of this defect is unknown but might include anti-
inflammatory cytokines produced at this site.

In the above, the focus has been on maternal myeloid
cells in the decidua. However, the other site of contact
between maternal and fetal cells is that between the mother’s
circulating leukocytes and trophoblast—either intact tropho-
blast as the surface of chorionic villi, or systemically with
placental trophoblast debris [35]. There are practical chal-
lenges to studying the maternal leukocytes in the intervillous
space, but such studies would be worthwhile to pursue.

Conclusions

In Fig. 1, we have attempted to provide a scheme that
draws together the potential effects of persistent, mild,
subclinical inflammation versus allergic inflammation in
the mother on the tissues at the materno-fetal interface itself
as well as the fetus, and subsequently the newborn. In the
scheme shown, we posit that a persistent state of mild
subclinical inflammation during pregnancy that lacks a
dominant Th2 signature, which from an evolutionary
perspective was probably the norm in climatically temper-
ate environments, triggers a maternally derived “protective”
response. This response takes the form of a dampening of

Risk

MFI Fetus

pro-inflammatory

Anti- >

ey g
) Negative
matory response |

Mother
Airways Systemic
Mild subacute Signature
inflammation A
Allergic Signature
inflammation g

Pro- > )
B anti-inflammatory -

Fig. 1 The systemically distributed inflammatory signature of
pregnancy differs with classical versus allergic airways inflammation.
This imparts a message at the materno-fetal interface (MFI) that alters

the pro- versus anti-inflammatory balance at this site, modifying fetal
immune development, and thereby allergy and allergic disease risk
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mechanisms/pathways operative in tissues at the materno-fetal
interface that may lead to excessive local inflammation in that
sensitive microenvironment. Excessive inflammation at the
materno-fetal interface would be detrimental to the develop-
ment of fetal tissues, including the airways, and may also have
a negative impact on the maturation of balanced immune
function within the fetus. The mother’s own low-grade
systemic inflammatory response typical of healthy pregnancy
would also prime her for a rapid response to any danger
signals, such as microbial stimuli, but also paternally derived
HLA. An overzealous response to such stimuli would
potentially lead to premature delivery of the baby and the
associated morbidity and mortality of preterm birth. We
propose that this risk is counterbalanced by the dampening of
inflammatory mechanisms at the materno-fetal interface,
which would serve to attenuate any such responses by the
gestation-associated tissues themselves or by the fetus. Such a
mechanism would, as a consequence, also help set the “tonus”
of immune function within the immune system of the offspring
at the time of birth, and hence contribute to the subsequent
trajectory of postnatal maturation of immune competence.
The contrasting pattern in Fig. 1, in which the mother
experiences ongoing allergic inflammation during pregnancy,
might instead mimic (in an evolutionary sense) the tropical
environment in which parasitic infestation poses a major
threat to the mother, fetus, and newborn alike. In such a
situation, it seems logical that selective enhancement or
priming of parasite-antagonistic Th2 immunity during
immune development in the offspring would carry a survival
advantage. However, translocating the latter to a parasite-free
environment might “open the allergy floodgates” as the
relatively Th2-polarized immune system of such offspring
mistakenly turns its attention toward nonparasitic antigens.
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