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Abstract

Aim: to examine the biological consequences of intraamniotic infection in pregnancy
in the context of the maternal-fetal conflict relationship.

Materials and methods: review of the literature including the frequency of microbial
invasion of the amniotic cavity, intraamniotic inflammation, fetal systemic
inflammation, neonatal outcome, and the physiological adaptations of the immune
system during pregnancy.

Results: 1) intraamniotic infection is causally linked to the onset of preterm labor
and preterm premature rupture of membranes; 2) diagnosis of intraamniotic infection
requires at this time amniocentesis for studies of amniotic fluid, and the use of cultivation
and molecular techniques to identify microorganisms and tailor therapy; 3) micro-
organisms may invade the human fetus and cause a systemic inflammatory response
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syndrome which may cause damage to multiple organ systems, including the brain;
4) treatment of intraamniotic infection may require induction of labor which can create
the conditions for maternal-fetal conflict of interest; 5) treatment with antibiotic
administration is possible, and has been reported in a selected group of patients.

Conclusions: we propose that the onset of preterm labor in the context of
intraamniotic infection has survival value for the mother. However, when this occurs
close to term, the onset of labor may benefit both hosts. Balancing the interests of both
mother and fetus in early gestations is challenging because this condition represents a
diagnostic and therapeutic challenge.

Keywords: preterm labor, intraamniotic infection, survival value, evolution,
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INTRODUCTION

Microorganisms have been the most powerful force shaping the
immune system throughout evolution. Defense against infection is an
essential function of most living matter. It can be argued that the
primary function of the immune system is protection of the host against
micro- and macroparasites. The functioning of this system is easy to
envision in a simple organism such as an amoeba. The emergence of
viviparity imposed a major challenge to the immune system over that
of oviparous species.

Viviparity requires the tolerance of the semi-allograft. The
mechanisms responsible for the tolerogenic state of pregnancy have
been subject of investigation for decades. In general terms, it is
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proposed that this is accomplished by down regulating the adaptive or
specific immune response to tolerate the allograft [1], and activation of
the innate immune response to protect the host against infection.
Indeed, there is strong evidence for the activation of the cellular and
soluble components of the innate immune system. For example, there
is evidence of activation of granulocytes and monocytes in the
peripheral blood of pregnant women [2, 3]. They also have high
concentrations of acute phase reactant proteins [4-6], such as
fibrinogen, C-reactive protein, etc. This activation is proposed to
protect the mother against invading microorganisms.

This physiologic adaptation of pregnancy may have adverse
consequences when the activation evolves into a cytokine storm. This
has been the explanation for the increased death of pregnant women
in response to viral and bacterial infections. This was originally
observed in the influenza pandemic of 1918 and recently was witnessed
in the H1N1 epidemic of 2009 [7, 8]. Pregnant women also are more
prone to develop adult respiratory distress syndrome during the course
of systemic infections such as pyelonephritis [9], when compared to
non-pregnant women. Experimental evidence that confirms this is that
the Shwartzman reaction requires two injections of endotoxin in non-
pregnant animals [a sensitizing injection and a triggering one], while
pregnant animals develop the Shwartzman reaction after only one dose
of endotoxin [10]. This has been attributed to the baseline state of
activation of the innate immune system and the molecular mechanisms
proposed to be responsible involved increased production of
interleukin 12 [IL-12] which can prime the innate immune system [1].

The fetal immune system has a complex developmental stage.
Ontogeny recapitulates phylogeny and the innate immune system
develops before the adaptive system. As pregnancy progresses, there is
an intensive dialogue occurring between the immune systems of the
mother and fetus and bidirectional exchange of cellular and soluble
components. This includes cell-free DNA and RNA. Microchimerism
has been implicated in the genesis of delay autoimmune disorders (e.g.
systemic sclerosis) [11].

Despite the intimacy of contact between mother and fetus in
eutherian mammals, and especially those with a hemochorial
placentation, maternal anti-fetal rejection is a relatively rare
phenomenon. This has been observed in cases of late preterm birth
[12] (lesions of chronic chorioamnionitis and chronic villitis), and fetal
death [13].

Although the maternal-fetal conflict theory has been invoked to
explain imprinting [14] and the development of some disorders such as
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preeclampsia [15, 16], we believe that the success of pregnancy is due
to a cooperative relationship between fetus and mother, despite their
different genetic makeup. Yet, insults may disrupt this cooperative
relationship and create conditions for conflict. Intrauterine infection is
an interesting model in which to explore the maternal-fetal conflict that
can arise and how such infections are handled to maintain reproductive
fitness.

I. INTRAAMNIOTIC INFECTION

The conventional paradigm is that the amniotic cavity is sterile for
bacteria. There is abundant evidence derived from cultivation [17, 18],
as well as molecular microbiologic techniques [19, 20], that most
pregnancies do not have bacteria in the amniotic cavity. The case for
viruses has been less adequately studied, but the advent of next
generation sequencing [21, 22] should resolve the question of whether
viruses are normally present in the amniotic cavity. The current tenet
is that the neonate acquires its microbiome during the course of
parturition and under physiologic conditions by passage through the
birth canal [23, 24].

Intraamniotic infection has been identified in cases of preterm
labor with intact membranes [25], preterm premature rupture of
membranes [26], a short cervix [27-29], placenta previa [30], fetal death
[31-34], and other conditions. These infections are causally linked to
the onset of preterm labor and premature rupture of membranes.
Microorganisms present in the amniotic cavity can elicit an
intraamniotic inflammatory response and if this is not enough to signal
the onset of labor, fetal invasion may occur with the development of a
fetal inflammatory response syndrome (FIRS) [35-37] and multi-organ
involvement [38-42], ranging from a dermatitis [43] to neuro-
inflammation [44-46] which may predispose to cerebral palsy [47-49].

Microbial invasion of the amniotic cavity (MIAC) poses a
challenge to the fetal immune system. Antimicrobial peptides normally
present in the amniotic cavity (e.g. defensins, lactoferrin, calprotectin,
etc.) [50] may control the proliferation of bacteria. However, a cellular
immune response primarily composed of neutrophils can participate in
the control of infection. Yet, this inflammatory process may signal the
onset of labor. Inflammation at the level of the maternal-fetal interface
can activate the decidua, myometrium and induce cervical ripening.
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II. MATERNAL-FETAL CONFLICT AND PRETERM
PARTURITION

Parturition can be considered a unique mechanism of host defense
which is capable of ridding the mother of invading microorganisms and
infected tissue. Yet, resorting to this mechanism sets the stage for
maternal-fetal conflict.

When intraamniotic infections occur at term, or when the fetus has
attained maturity, the onset of parturition has survival value for the
host, mother, and fetus. On the other hand, when the intraamniotic
infection occurs early in pregnancy (e.g. 24 weeks of gestation),
resorting to the onset of preterm parturition is a condition that would
be lethal to the fetus before the development of modern neonatal
intensive care units. It can be argued that the onset of preterm labor in
the context of infection has primarily survival value for the mother, as
she is capable of dramatically minimizing the burden of infection (by
expelling the membranes, placenta, and amniotic fluid) and
maintaining her reproductive capacity (reproductive fitness).

When intraamniotic infection occurs before term, but when the
fetus has achieved near maturity (i.e. 34 weeks of gestation), the onset
of labor may have survival value for both mother and fetus. There is
evidence that inflammatory mediators, such as interleukin 1 (IL-1) can
induce the production of surfactant [51-53], and this phenomenon has
been invoked to explain the lower rate of respiratory distress syndrome
in some cases of histologic chorioamnionitis [54].

This adaptive interpretation of the onset of preterm labor in the
context of infection is buttressed by the observation that the molecular
machinery responsible for the onset of preterm labor in infection is the
same one used by non-pregnant hosts to deal with infection. There is
compelling evidence that pro-inflammatory cytokines, such as IL-1
[55], tumor necrosis factor alpha [56], and other mediators generated
during the course of acute inflammation [e.g. prostaglandins [57, 58]
can induce the onset of labor in pregnant animals. The evidence is
strong for the participation of the same systems in the onset of preterm
labor in mammalian species, including the human.

There is evidence that the fetus plays a role in the onset of
parturition in the sheep, and a similar role has been attributed to the
human fetus in preterm labor [59, 60]. Indeed, among fetuses with
preterm premature rupture of membranes, those with FIRS are more
likely to go into labor than those who do not have fetal inflammation
[35]. The relative benefits of preterm parturition for mother and fetus
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are a function of gestational age and the degree to which fetal systemic
inflammation may have caused organ damage to the conceptus. In
extreme circumstances, an intraamniotic and fetal systemic
inflammatory response would lead to the onset of premature labor at a
very early gestation (i.e. 22 weeks). Under these circumstances, preterm
labor could be interpreted as a unique response in nature in which one
host (the fetus) risks survival and thus maintaining reproductive fitness
for the mother. This would be a novel application of kin selection
theory during pregnancy.

The optimal management of intraamniotic infection during
pregnancy requires diagnosis. It is now clear that maternal symptoms
and signs are insensitive indicators of MIAC and therefore,
amniocentesis is (for now) required to diagnose this condition. When
infection is diagnosed close to term, induction of labor has been
recommended to maximize a favorable outcome for both patients. In
preterm gestations, the options range from antibiotic administration to
eradicate intraamniotic infection (followed by careful monitoring) to
induction of labor. Gestational age and the presence of fetal lung
maturity are critical parameters in determining when induction should
be undertaken.

CONCLUSION

We propose that the onset of preterm labor in the context of
intraamniotic infection has survival value for the mother. However,
when this occurs close to term, the onset of labor may benefit both
hosts. Balancing the interests of both mother and fetus in early
gestations is challenging because this condition represents a diagnostic
and therapeutic challenge.
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