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Abstract

Placental immune response and its tropism for specific viruses and pathogens affect the outcome
of the pregnant woman’s susceptibility to and severity of certain infectious diseases. The
generalization of pregnancy as a condition of immune suppression or increased risk is misleading
and prevents the determination of adequate guidelines for treating pregnant women during

pandemics. There is a need to evaluate the interaction of each specific pathogen with the fetal/
placental unit and its responses to design the adequate prophylaxis or therapy. The complexity of
the immunology of pregnancy and the focus, for many years, on the concept of immunology of

pregnancy as an organ transplantation have complicated the field and delayed the development of

new guidelines with clinical implications that could help to answer these and other relevant
questions. Our challenge as scientists and clinicians interested in the field of reproductive

immunology is to evaluate many of the “classical concepts’ to define new approaches for a better
understanding of the immunology of pregnancy that will benefit mothers and fetuses in different
clinical scenarios.
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Introduction

Viral or bacterial pandemics threaten the general population; however, there are special

populations, such as children and pregnant women, which may be at a higher risk and more

susceptible to or more severely affected by infectious diseases. Pregnant women are

considered to be a special population group due to their specific susceptibility to some
infectious diseases because of the unique ‘immunological’ condition caused by pregnancy.
Therefore, pregnancy presents many challenges for making decisions on how to approach,

prevent and treat infectious diseases. The most challenging questions include the following:
(1) are pregnant women more susceptible to infectious disease threats?, (2) how does a viral

infection affect the fetus and the pregnancy outcome?, (3) are prophylaxis and treatment
appropriate and beneficial for pregnant women?

The complexity of the immunology of pregnhancy and the focus, for many years, on the

concept of immunology of pregnancy as an organ transplantation have complicated the field
and delayed the development of new guidelines with clinical implications that could help to

answer these and other relevant questions.
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Our challenge as scientists and clinicians interested in the field of reproductive immunology
is to evaluate many of the “classical concepts’ to define new approaches for a better
understanding of the immunology of pregnancy that will benefit mothers and fetuses in
different clinical scenarios.

Are Pregnant Women More Susceptible to Infectious Disease Threats?

The concept that pregnancy is associated with immune suppression has created a myth of
pregnancy as a state of immunological weakness and therefore of increased susceptibility to
infectious diseases. To discuss this question we will first review some fundamental concepts
associated with the immune system and pregnancy.

A fundamental feature of the immune system is to protect the host from pathogens. This
function depends upon the innate immune system’s capacity to coordinate cell migration for
surveillance and to recognize and respond to invading microorganisms. During normal
pregnancy, the human decidua contains a high number of immune cells, such as
macrophages, natural killer (NK) cells and regulatory T cells (Treg).1=3 Seventy percent of
decidual leukocytes are NK cells, 20-25% are macrophages and 1.7% are dendritic cells.
2'4'5 From the adaptive immune system, B cells are absent, but T lymphocytes constitute
about 3-10% of the decidual immune cells.6 During the first trimester, NK cells, dendritic
cells and macrophages infiltrate the decidua and accumulate around the invading trophoblast
cells.7-8 Deletion of either macrophages, NK cells or dendritic cells (DC) has deleterious
effects.®~14 Elegant studies have shown that in the absence of NK cells, trophoblast cells
are not able to reach the endometrial vascularity leading to termination of the pregnancy.12
These studies suggest that uNK cells are critical for trophoblast invasion in the uterus.
Similarly, depletion of DCs prevented blastocyst implantation and decidual formation.15
Indeed, this study suggests that uDC are necessary for decidual formation and may affect the
angiogenic response by inhibiting blood vessel maturation.1®

More recently, Collins et al. demonstrate that uDC association with T cell responses to the
fetal “allograft’ starkly contrast with their prominent role in organ transplant rejection.18
These data further support the idea that the fetal-maternal immune interaction is more
complex than the comparison to transplant allograft.

Consequently, the presence of immune cells at the implantation site is not associated with a
response to the “foreign’ fetus but to facilitate and protect the pregnancy. Therefore, the
immune system at the implantation site is not suppressed, on the contrary it is active,
functional and is carefully controlled.

Is the systemic immunity of the mother suppressed? Although we can find numerous studies
describing the factors inducing immune suppression (including progesterone, defined as the
natural immune suppressor), medical and evolutionary aspects are against the concept of
immune suppression. Pregnancy represents the most important period for the conservation
of the species, therefore it is fundamental to strengthen all the means to protect the mother
and the offspring. The immune system is one of the most important systems protecting the
mother against the environment and preventing damage to the fetus. It is during pregnancy
when the maternal immune system is characterized by a reinforced network of recognition,
communication, trafficking and repair; it is able to raise the alarm, if necessary, to maintain
the well-being of the mother and the fetus. On the other side is the fetus that, without any
doubt, provides a developing active immune system that will modify the way the mother
responds to the environment, providing the uniqueness of the immune system during
pregnancy. Therefore, it is appropriate to refer to pregnancy as a unique immune condition
that is modulated, but not suppressed.

Am J Reprod Immunol. Author manuscript; available in PMC 2011 January 24.
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This unique behavior explains why pregnant women respond differently to the presence of
microorganisms or its products. Therefore, pregnancy should not imply more susceptibility
to infectious diseases, instead there is a modulation of the immune system which leads to
differential responses depending not only on the microorganisms, but on the stages of the
pregnancy.

The Allograft Paradigm: Transplantation Versus Implantation

Over 50 years ago, Sir Peter Medawar proposed the paradigm of why the fetus, as a semi-
allograft, is not rejected by the maternal immune system7:18 and the presence of the
maternal immune system at the implantation site was used as evidence to support this.19 As
a result, investigators pursued the mechanisms by which the fetus might escape maternal
immune surveillance and varied hypotheses have been proposed.2 Medawar’s observation
was based on the assumption that the placenta is an allograft expressing paternal proteins
and, therefore, under normal immunological conditions, should be rejected. However, as our
knowledge of placental biology has significantly increased over the last 50 years, we can
appreciate that the placenta is more than a transplanted organ. Based on the data discussed
here and elsewhere, we suggest that, while there may be an active mechanism preventing a
maternal immune response against paternal antigens, the trophoblast and the maternal
immune system have evolved and established a cooperative status, helping each other for the
success of the pregnancy.21:22 This cooperative work involves many tasks, some of which
we are just starting to unveil.

We propose a new paradigm in terms of the immunological response of the mother to
microorganisms which will be determined and influenced by the presence and responses
from the fetal/placental unit. In other words, the immunology of pregnancy is the result of
the combination of signals and responses originated from the maternal immune system and
the fetal-placental immune system. The signals originated in the placenta will modulate the
way the maternal immune system will behave in the presence of potential dangerous signals
(Fig. 1a,b).

Cytokine Shift

The definition of pregnancy as a ‘Th-2’ or anti-inflammatory state was enthusiastically
embraced, and numerous studies attempted to prove and support this hypothesis. This theory
postulates that pregnancy is an anti-inflammatory condition23=25 and a shift in the type of
cytokines produced would lead to abortion or pregnancy complications. While many studies
confirmed this hypothesis, a similar number of studies argued against this notion.1® The
reason for these contradictory results may be owing to oversimplification of disparate
observations made during pregnancy. In the aforementioned studies, pregnancy was
evaluated as a single event, when in reality it has three distinct immunological phases that
are characterized by distinct biological processes and can be symbolized by how the
pregnant woman feels.22:26

Implantation, placentation and the first and early second trimester of pregnancy resemble ‘an
open wound’ that requires a strong inflammatory response. During this first stage, the
blastocyst has to break through the epithelial lining of the uterus to implant, damage the
endometrial tissue to invade; followed by the trophoblast replacement of the endothelium
and vascular smooth muscle of the maternal blood vessels to secure an adequate placental—
fetal blood supply.2” All these activities create a veritable ‘battleground’ of invading cells,
dying cells and repairing cells. An inflammatory environment is required to secure the
adequate repair of the uterine epithelium and the removal of cellular debris. Mean-while, the
mother’s well-being is clinically affected: she feels sick because her whole body is
struggling to adapt to the presence of the fetus (in addition to hormonal changes and other
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factors, this inflammatory response is responsible for ‘morning sickness’). Thus, the first
trimester of pregnancy is a proinflammatory phase.28

The second immunological phase of pregnancy is, in many ways, the optimal time for the
mother. This is a period of rapid fetal growth and development. The mother, placenta and
fetus are symbiotic, and the predominant immunological feature is induction of an anti-
inflammatory state. The woman no longer suffers from nausea and fever as she did in the
first stage, in part because the immune response is no longer the predominant endocrine
feature.

Finally, during the last immunological phase of pregnancy, the fetus has completed its
development; all the organs are functional and prepared for the external world. Now the
mother needs to deliver the baby; this is achieved through renewed inflammation. Parturition
is characterized by an influx of immune cells into the myometrium to promote
recrudescence of an inflammatory process.2%:30 This pro-inflammatory environment
promotes the contraction of the uterus, expulsion of the baby and rejection of the placenta.

In conclusion, pregnancy is a pro-inflammatory and anti-inflammatory condition, depending
upon the stage of gestation.31:32

These differences in cytokines may also reflect the sensitivity to infectious diseases.
Pregnant women in malaria-endemic regions are more susceptible to malaria infection
during the first half of the pregnancy and this risk gradually declines during the second half.
33 |_assa fever, caused by infection with a arenavirus, showed a higher rate of case-fatality in
pregnant women particularly in the third trimester.3* However, those are not the rule and
may even be the exception; in general, pregnant women are resistant to viral infections
including HIV.

Thus, the obvious question is why pregnant women are more susceptible to some viruses or
to some specific microorganisms than non-pregnant women? Is the presence of the placenta
affecting the sensitivity to specific infections?

Active Protection of the Trophoblast Against Viral Infection

The trophoblast, the cellular unit of the placenta, not only recognizes microorganisms and
initiates an immune response as previously described, it may also produce anti-microbial
peptides and, therefore, actively protect itself against pathogens. Studies have demonstrated
the expression of the antimicrobial human beta defensins 1 and 3 by trophoblast cells.35:36
Secretory leukocyte protease inhibitor (SLPI), which is a potent inhibitor of HIV infection37
and inducer of bacterial lysis,38 has also been found in trophoblast cells.35 The expression
of TLR-3, TLR-7, TLR-8 and TLR-9 by trophoblast cells may explain how the placenta
regulates the expression of these anti-microbial factors. Stimulation of first trimester
trophoblast cells through TLR-3 with Poly (1:C) promotes the production and secretion of
SLPI and IFN-B, two important anti-viral factors. These factors provide the first line of
defense against viral infections and have the potential to activate multiple intracellular
pathways.39 IFN-B and SLPI production by trophoblast cells, in response to a viral infection
at the maternal-fetal interface, may represent a potential mechanism by which the placenta
prevents transmission of viral infection (e.g. HIV) to the fetus during pregnancy. These data
suggest that the placenta represents an active immunological organ, (innate immune system),
capable of recognizing and responding to pathogens. However, it also indicates that the
placenta is prone to infections from microorganisms, which in its absence (non-pregnant)
would never take place.

Am J Reprod Immunol. Author manuscript; available in PMC 2011 January 24.
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How a Viral Infection Affects the Fetus and the Pregnancy Outcome

Pregnant women are exposed to many infectious agents that are potentially harmful not only
to the mother but also to the fetus. Risk evaluation has been focused on whether there is a
maternal viremia or fetal transmission. Viral infections which are able to reach the fetus by
crossing the placenta might have a detrimental effect on the pregnancy. It is well accepted
that in those cases infection will lead to embryonic and fetal death, induce miscarriage or
induce major congenital anomalies.*0 However, even in the absence of placental
transmission, the fetus could be adversely affected by the maternal response to the infection.

Epidemiological studies have demonstrated an association between viral infections and
preterm labor, and fetal congenital anomalies of the central nervous system and the
cardiovascular system.41743 Although some viral infections during pregnancy may be
asymptomatic, approximately half of all preterm deliveries are associated with histologic
evidence of inflammation of the placenta, termed acute chorioamnionitis (ACA)*4 or
chronic chorioamnionitis. Despite the high incidence of ACA, only a fraction of fetuses have
demonstrable infection. Most viral infections affecting the mother do not cause congenital
fetal infection, suggesting that the placenta may play an important role as a potent immune-
regulatory interface protecting the fetus from systemic infection.21:44

Recent observations indicate that the placenta functions as a regulator of the trafficking
between the fetus and the mother rather than as a barrier.32 Fetal and maternal cells move in
the two directions;*>+46 similarly, some viruses and bacteria can reach the fetus by
transplacental passage with adverse consequences. Although viral infections are common
during pregnancy, transplacental passage and fetal infection appear to be the exception
rather than the rule.

There is a paucity of evidence that viral infections lead to preterm labor; however, there are
several areas of controversy and open questions. For example, what effects do subclinical
viral infections of the decidua and/or placenta during early pregnancy have in response to
other microorganisms such as bacteria? and what is the effect of a subclinical viral infection
of the placenta on the fetus?

Studies from our laboratory suggest that the type of response initiated in the placenta may
determine the immunological response of the mother and consequently, the pregnancy
outcome. A placental infection that is able to elicit the production of inflammatory
cytokines, such as TNFa, INFy, IL-12 and high levels of IL-6, will activate the maternal
immune system and lead to placental damage and abortion or preterm labor.4” On the other
hand, a viral infection in the placenta that triggers a mild inflammatory response will not
terminate the pregnancy but might be able to activate the immune system, not only from the
mother but also from the fetus as well. This activation may have several consequences: (1)
sensitize the mother to other microorganisms, and therefore increase the apparent risk of
pregnant women to infection; (2) promote an inflammatory response in the fetus, even
though there is no viral transmission.

Therefore it is critical to take into consideration that during pregnancy it is not only the
maternal immune system responding, but also the fetal/placental unit. In the past, we have
considered the placenta and fetus as non-active immunological organs which depend only on
the action of the maternal immune system. Our data suggest the contrary. The placenta and
the fetus represent an additional immunological organ which affects the global response of
the mother to microbial infections. This is relevant for making decisions associated with
treatment and prevention during pandemics.

Am J Reprod Immunol. Author manuscript; available in PMC 2011 January 24.
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Mother—Placenta—Fetus: A Complex Response to Infection

Fetal inflammatory response syndrome (FIRS) is a condition where, despite an absence of
cultivable microorganisms, neonates with placental infections have very high circulating
levels of inflammatory cytokines, such as IL-1, IL-6, IL-8 and TNF-0.48-50 Studies in our
laboratory using an animal model have shown that viral infection of the placenta triggers a
fetal inflammatory response similar to the one observed in FIRS, even though the virus is
not able to reach the fetus.51 In the case of human FIRS, these cytokines have been shown
to affect the CNS and the circulatory system.50:52 Interestingly, we found fetal morphologic
abnormalities in the animals, including ventriculomegaly and hemorrhages, which may be
caused by fetal pro-inflammatory cytokines such as Il-1, TNFa, MCP-1, MIP1-B and INF-y.
Beyond morphological effects on the fetal brain, the presence of FIRS increases the future
risk for autism, schizophrenia, neurosensorial deficits and psychosis induced in the neonatal
period.5355 Moreover, there is evidence that the fetal immune response may predispose to
diseases in adulthood.*9 Because of this, we propose that an inflammatory response in the
placenta, which alters the cytokine balance in the fetus, may affect the normal development
of the fetal immune system leading to anomalous responses during childhood or later in life
(Fig. 2). One example of this is the differential responses in children to vaccination or the
development of allergies. Antenatal infections can have a significant impact on later vaccine
responses. We can observe this type of outcome in other conditions associated with
placental infection, such as malaria. A few studies suggest that surviving infants with
placental malaria may suffer adverse neurodevelopmental sequelae and may have abnormal
responses to a later parasitic infection.®8 In all these cases the parasite did not reach the
placenta, but the inflammatory process in the placenta affected the normal fetal
development.>’

Are Prophylaxis and Treatment Appropriate and Beneficial for Pregnant

Women?

The number of infectious diseases has increased during the past two decades and will
continue to increase as result of the changes in the behavior of the human population.®® As
travel to and from different regions of the world increases, the appearance of new pathogens
will also increase. The challenge to determine whether each new pathogen represents a
major risk for pregnancy will become more and more difficult if our understanding of the
immunology of pregnancy does not evolve from where it is today. In addition, when
evaluating the maternal responses to the pathogen, it is important to know the placental
response to the pathogen; because, as indicated earlier, some microorganisms may not
directly affect the pregnancy but could “sensitize’ the mother and the fetus to additional
pathogens. In those cases, prophylaxis is required, and the earlier the better. The mantra is
first do no harm. Therefore, the risk-benefit of vaccination during all stages of pregnancy
should be carefully evaluated.

Conclusion

Placental immune response and its tropism for specific viruses and pathogens affect the
pregnant woman’s susceptibility to and severity of certain infectious diseases. The
generalization of pregnancy as a condition of general immune suppression or increased risk
is misleading and prevents the determination of adequate guidelines for treating pregnant
women during pandemics. There is a need to evaluate the interaction of each specific
pathogen with the fetal/placental unit and its responses to design the adequate prophylaxis or
therapy.

Am J Reprod Immunol. Author manuscript; available in PMC 2011 January 24.
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In addition, it is essential to evaluate the presence of maternal viral infections prenatally to
prevent long-term adverse outcomes for the child and the mother. Future studies are needed
to develop useful biomarkers for viral infections during pregnancy even in a subclinical state
as a strategy of early detection and prevention of fetal damage and maternal mortality.
Furthermore, it is extremely important to take into consideration the possibility of placental
infection when determining a response to emerging infectious disease threats.
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Fig. 1.

Integrational view of the immune system during pregnancy. a) The old model conceives the
maternal immune system as the major player in response to the fetus and microorganisms.
Fetal responses (fetus and placenta) are considered limited. b) New integrational model
where the fetal-placental immune response and the maternal immune system are integrated.
(see text for detail).
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Fig. 2.

Role of the placenta as a modulator of fetal and maternal responses. Inflammation at the
placenta has a bi-directional effect: Activates the maternal immune system as well as the
fetus by creating an inflammatory environment. FIRS, Fetal inflammatory response
syndrome.
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