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Abstract

Background: Normal and abnormal processes of pregnancy and childbirth are poorly understood. This second
article in a global report explains what is known about the etiologies of preterm births and stillbirths and identifies
critical gaps in knowledge. Two important concepts emerge: the continuum of pregnancy, beginning at implantation
and ending with uterine involution following birth; and the multifactorial etiologies of preterm birth and stillbirth.
Improved tools and data will enable discovery scientists to identify causal pathways and cost-effective interventions.

Pregnancy and parturition continuum: The biological process of pregnancy and childbirth begins with
implantation and, after birth, ends with the return of the uterus to its previous state. The majority of pregnancy is
characterized by rapid uterine and fetal growth without contractions. Yet most research has addressed only uterine
stimulation (labor) that accounts for <0.5% of pregnancy.

Etiologies: The etiologies of preterm birth and stillbirth differ by gestational age, genetics, and environmental factors.
Approximately 30% of all preterm births are indicated for either maternal or fetal complications, such as maternal
illness or fetal growth restriction. Commonly recognized pathways leading to preterm birth occur most often during
the gestational ages indicated: (1) inflammation caused by infection (22-32 weeks); (2) decidual hemorrhage caused
by uteroplacental thrombosis (early or late preterm birth); (3) stress (32-36 weeks); and (4) uterine overdistention,
often caused by multiple fetuses (32-36 weeks). Other contributors include cervical insufficiency, smoking, and
systemic infections. Many stillbirths have similar causes and mechanisms. About two-thirds of late fetal deaths occur
during the antepartum period; the other third occur during childbirth. Intrapartum asphyxia is a leading cause of
stillbirths in low- and middle-income countries.

Recommendations: Utilizing new systems biology tools, opportunities now exist for researchers to investigate
various pathways important to normal and abnormal pregnancies. Improved access to quality data and biological
specimens are critical to advancing discovery science. Phenotypes, standardized definitions, and uniform criteria for
assessing preterm birth and stillbirth outcomes are other immediate research needs.

Conclusion: Preterm birth and stillbirth have multifactorial etiologies. More resources must be directed toward
accelerating our understanding of these complex processes, and identifying upstream and cost-effective solutions
that will improve these pregnancy outcomes.

Background

As succinctly stated by Romero et al., “Few biological
processes as central to the survival of a species as partu-
rition are so incompletely understood” [1]. This is especially
relevant for understanding mechanisms associated with
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preterm birth and stillbirth. Unfortunately, this lack of

knowledge about the process of giving birth has led to

largely empirical and ineffective interventions.

Two compelling principles emerge from the current
understanding of pregnancy and parturition. First, labor
represents a natural continuum of processes that begin at
implantation and culminate with the return of the uterus
to its non-pregnant state [2, 3]. Parturition proceeds
through well-defined phases (Figure 1):

« Implantation of the blastocyst within the endometrium
and characterized by embryonic trophoblast invasion
of maternal spiral arteries, allowing establishment of
placentation
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Figure 1. Phases of parturition as a continuum of pregnancy
o Uterine quiescence, during which embryogenesis and  prematurity and of stillbirth [6], while uterine

fetal growth occur and the uterus increases drama-

tically in size through hypertrophy
o Activation of the myometrium, during which cellular

and biochemical events occur that promote uterine
contractility
o Stimulation, or the onset of regular uterine contrac-
tions characteristic of labor and birth
 Involution, during which the uterus reduces in size and
returns to its non-pregnant state—abnormalities in
uterine involution are associated with maternal
postpartum hemorrhage, a leading cause of maternal
mortality globally
The overwhelming majority of pregnancy is spent in
uterine quiescence or in activation. Less than 0.5% of
pregnancy is spent in active labor, yet most interventions
and research have focused on treatment of preterm labor
or other intrapartum events. As noted below, it is likely
that research directed at understanding the mechanisms
maintaining uterine quiescence and the mechanisms of
activation that allow the uterus to contract will have
significant impact upon the development of rational and
efficacious prevention strategies.

The second compelling principle is that preterm birth
and stillbirth are complex outcomes with multifactorial
etiologies. Preterm birth and stillbirth represent final
common outcomes from a wide variety of causes, each
with distinct biologic pathways [4, 5]. Unfortunately, all
preterm births or stillbirths have usually been defined as
a single endpoint, regardless of etiology, for epidemio-
logical purposes. This has led to uniform and largely
unsuccessful treatments or interventions. In fact, the
etiologies of preterm births and stillbirths differ accord-
ing to gestational age, ethnicity, and characteristics unique
to each population. For example, intrauterine infection
and decidual hemorrhage are important causes of extreme

overdistension associated with multiple gestations and
maternal or fetal stress are important causes of preterm
birth from 32 to 36 weeks of gestation.

Regardless of initiating factors, these pathways ulti-
mately lead to activation of the fetal membranes and
maternal decidua, resulting in common mediators such
as prostaglandins and metalloproteinases that stimulate
contractility and rupture of the fetal membranes. The
finding that heterogeneous origins result in common
downstream biological pathways and outcomes provides
the opportunity to develop rational treatment strategies
that target the unique upstream initiating event and the
common downstream effectors [4].

Finally, disparities exist in medically-indicated preterm
birth secondary to maternal illness or fetal compromise.
In high-income countries, the greatest increases in
preterm birth rates have occurred among late preterm
births from 34 to 37 weeks of gestation, which now
account for 60%-70% of all preterm births [7]. Much of
the increase in late preterm births has been attributed to
the increased prevalence of multiple gestations associated
with assisted reproductive technologies and with
medically-indicated preterm birth. Medically-indicated
preterm birth is the most rapidly increasing cause of
preterm birth in high-income countries, responsible for
30% of all preterm births [7]. In the United States,
medically indicated preterm birth increased by 55% from
1989 through 2000 [8]. However, in resource-poor low-
and middle-income countries where fetal and maternal
well-being assessment technology is not available,
medically-indicated preterm birth accounts for less than
10% of preterm births. One consequence of this disparity
has been a reduction in stillbirths and perinatal mortality,
but a paradoxical increase in preterm births among high-
income countries.
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Events characterizing both spontaneous parturition
and preterm parturition, and critical gaps in the under-
standing of these processes are described in the following
sections.

Spontaneous term parturition
Understanding events surrounding normal parturition at
term is necessary for an informed discussion of
pathologic mechanisms leading to preterm parturition.
Following implantation, the process of normal
spontaneous parturition can be divided into the phases
described below in Figure 1(modified from [3, 9]).
Pregnancy proceeds through a series of orderly phases,
beginning with implantation of the early blastocyst and
culminating with delivery and return of the uterus to the
non-pregnant state. Perturbations in any of these steps
may cause adverse pregnancy outcomes.

Implantation

Implantation is characterized by embryonic cytotropho-
blast invasion of the endometrium and maternal spiral
arteries and is necessary to establish normal placentation.
This process is facilitated by maternal immunologic
processes that involve uterine natural killer monocytes
(NK cells) and a shift from a pro-inflammatory to an anti-
inflammatory intrauterine milieu. Perturbations in implan-
tation have been associated with habitual abortions,
stillbirths, and with preeclampsia, which is an important
cause of medically-indicated preterm birth [10].

Phase 0: Quiescence

Throughout the majority of pregnancy the uterus remains
relaxed and quiescent. Myometrial activity is inhibited by
a variety of biologic compounds including progesterone,
nitric oxide, and relaxin. Rare uterine contractions during
the quiescent phase are of low frequency and amplitude
and are poorly coordinated throughout the uterus; these
are commonly referred to as Braxton-Hicks contractions
in women. The poor coordination of these contractions is
due to an absence of gap junctions and contractile-
associated proteins that otherwise allow direct cell-to-
cell coupling of electrical signaling [11].

Phase 1: activation

Myometrial activation occurs in Phase 1 and is charac-
terized by increased expression of myometrial
contractile-associated proteins and cellular receptors for
oxytocin and prostaglandins, both of which stimulate
uterine contractility [12]. The signals for myometrial
activation come from uterine stretch (which induces
contractile-associated protein and oxytocin gene
expression) and from maturation of the fetal hypo-
thalamic-pituitary-adrenal (HPA) axis, as characterized
below.
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Phase 2: stimulation

Phase 2 is a progressive cascade of events leading to a
common pathway of parturition involving high ampli-
tude, regular uterine contractions, cervical ripening, and
activation of the decidua and fetal membranes. Estrogens,
produced by the placenta play a central role in the
coordination of these events. Estrogens increase the
expression of many contraction-associated proteins,
including connexin 43, and of oxytocin and prostaglandin
receptors; estrogens also promote prostaglandin produc-
tion and increases myosin light-chain kinase (MLCK,
which stimulates myometrial contractions) [3]. These
changes promote myometrial contractility. Additionally,
there is a shift in progesterone receptor (PR) isoforms
from the normally dominant PR-B to a truncated,
inactive PR-A, leading to a state of functional proges-
terone withdrawal that promotes myometrial contract-
ility. Placental estrogen production is dependent upon
precursor fetal adrenal androgens that are aromatized by
placental steroid aromatase into estrogens. Thus, the
events of Phase 2 are characterized by maturation and
activation of the fetal HPA axis. The events leading to
fetal HPA activation are incompletely understood but it is
thought that placental corticotrophin-releasing hormone
(CRH) plays a central role [13]. CRH, a neuropeptide of
predominantly hypothalamic origin, is also expressed in
the human placenta and membranes and released in
exponentially increasing amounts over the course of
gestation into maternal and fetal compartments. The
trajectory of CRH rise has been associated with the
length of gestation [14]. These findings have led some
researchers to suggest that placental CRH may act as a
“placental clock” and regulate the length of gestation [14].
Placental CRH synthesis is stimulated by adrenal
glucocorticoids. Placental CRH, in turn, promotes fetal
cortisol and androgen production, and this positive
feedback loop is progressively amplified, thereby driving
the process forward from fetal HPA activation to
estrogen biosynthesis and parturition.

Cervical softening and decidual and fetal membrane
activation also occur during Phase 2. Cervical ripening is
characterized by a decrease in total collagen content, an
increase in collagen solubility, and an increase in
collagenolytic activity that results in the remodeling of
the extracellular matrix of the cervix [15]. Prostaglandins,
estrogens, progesterones, and inflammatory cytokines all
promote extracellular matrix metabolism and cervical
ripening. Decidual and fetal membrane activation refers
to a complex set of anatomical and biochemical events
eventually resulting in the rupture of membranes. The
precise mechanism of the decidual and fetal membrane
activation is not yet known, but extracellular matrix-
degrading enzymes such as matrix metalloproteinase 1
(MMP-1), interstitial collagenase, MMP-8 (neutrophil
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collagenase), MMP-9 (gelatinase-B), neutrophil elastase,
and plasmin have been implicated. These enzymes
degrade extracellular matrix proteins (e.g., collagens and
fibronectins), thereby weakening the membranes and
eventually leading to the rupture of membranes.

Phase 3: involution

Phase 3 begins with the third stage of labor and involves
placental separation and uterine contraction. Placental
separation occurs by cleavage along the plane of the
decidua basalis. Uterine contraction is essential to
prevent bleeding from large venous sinuses that are
exposed after delivery of the placenta, and is primarily
affected by oxytocin. Postpartum hemorrhage, an
abnormality of Phase 3, is a leading cause of maternal
mortality worldwide.

Summary of spontaneous term parturition

Parturition involves a progressive cascade of events
initiated by HPA activation and increased placental CRH
expression, leading to a functional progesterone with-
drawal and estrogen activation, which results in the
expression and activation of contraction-associated proteins
(CAPs), including oxytocin, and prostaglandin receptors.
This biological cascade eventually leads to a common
pathway involving cervical ripening, uterine contractility,
decidual and fetal membrane activation, and, in the
second stage, increases in maternal oxytocin. It has been
hypothesized that both preterm and term labor share this
common pathway and that pathological stimuli of
parturition, as described in the following sections, may
act in concert with the normal physiological preparation
for labor, especially after 32 weeks of gestation. Prior to
32 weeks of gestation, a greater degree of pathological
stimulus may be required to initiate labor.

One fundamental difference between the spontaneous
parturition at term and preterm labor is that term labor
results from physiological activation of components of
the common pathway, while preterm labor arises from
pathological processes that activate one or more of the
components of the common pathway of parturition.
However, further research is necessary to answer
fundamental questions, including: 1. What are the
mechanisms that maintain uterine quiescence for greater
than 95% of the total length of gestation? 2. What is the
basis for the disparities in gestational length and risks of
preterm birth between ethnic and socioeconomic
groups? 3. Do they have a biologic basis, or can they be
accounted for by environmental factors?

Pathways to spontaneous preterm birth

Preterm birth may result from preterm labor with intact
fetal membranes, preterm rupture of the fetal mem-
branes, or from iatrogenic preterm delivery for maternal
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or fetal indications. In high-income countries, approxi-
mately 40-45% of preterm births follow preterm labor,
25-40% follow preterm premature rupture of the fetal
membranes, and 30-35% are indicated deliveries [7]. In
contrast, studies from countries in Latin America have
shown that almost 70% are spontaneous preterm births,
16-21% involve rupture of membranes, and 11-15% have
medically induced causes [16, 17].

Until recently, a tendency has existed among obste-
tricians and epidemiologists to combine, for statistical
purposes, all preterm births occurring between 22 and
37 weeks of gestation. The traditional empirical approach
to preterm labor presupposed a single pathologic process
for which treatment could be uniform. It is now clear the
causes of preterm labor are multifactorial and vary
according to gestational age, genetic, and environmental
factors. A useful paradigm for pathologic pathways
contributing to preterm birth has been provided by
Lockwood and Kuczynski [18]. These pathways include
systemic and intrauterine infection, uteroplacental
thrombosis and intrauterine vascular lesions or decidual
hemorrhage, stress, and uterine overdistension (Table 1).
While each of these may cause preterm birth at any point
in gestation, infection/inflammation predominates as a
cause of early preterm birth (24-32 weeks gestation), and
stress and uterine overdistension are associated mostly
with late preterm birth (32-37 weeks).

Additionally, each pathway may be influenced by gene-
environment interactions and by genetic variability in
single nucleotide polymorphisms, described below.
Commonly occurring pathways of preterm parturition
are described below.

Infection/inflammation

Infections are strongly related to preterm birth [19].
Infectious sources linked to preterm birth include intra-
uterine infections, lower genital tract infections, and
systemic maternal infections.

Intrauterine infection is recognized as one of the most
important and potentially preventable causes of early
preterm birth. These infections are thought to be
responsible for up to 50% of extreme preterm births of
less than 28 weeks of gestation, where both neonatal
mortality and morbidity are high. The prevalence of
microbial invasion of the chorioamnion is 73% in women
with a spontaneous preterm birth prior to 30 weeks of
gestation, and only 16% among women with indicated
preterm delivery without labor [20]. One sentinel study
found the frequency of intrauterine infection with
recovery of micro-organisms from amniotic fluid to be
45% at 23-26 weeks of gestation, 16% at 27-30 weeks, and
11% at 31-34 weeks [21]. Intrauterine infection as a cause
of preterm birth is rare beyond 34 weeks of gestation. It is
likely that recent microbiology techniques such polymerase
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Table 1. Commonly recognized etiologies and pathways leading to spontaneous preterm birth

Pathway Examples Mechanistic Effectors Gestational Age When Predominant
Infection or Inflammation Intrauterine Pro-inflammatory cytokine/ Early preterm birth (24-32 weeks)
Lower genital tract prostaglandin cascade
Systemic Matrix metalloproteinases

Decidual Hemorrhage Thrombophilias,
Placental abruption

Autoantibody syndromes

Maternal/Fetal HPA
Activation

Stress

Thrombin
Matrix metalloproteinases

Maternal/Fetal HPA activation
Placental CRH
Estrogens

Early or late preterm birth

Late preterm birth (32-36 weeks)

Immune modulation

Pathologic Uterine
Overdistension

Multifetal gestation
Polyhydramnios

Expression of gap junctions proteins
Prostaglandins

Late preterm birth

Oxytocin receptors

chain reaction identification of fastidious micro-
organisms will lead to even greater estimates of infection
as a cause of preterm birth.

Furthermore, a high proportion of women in preterm
labor with evidence of microbial invasion of the amniotic
fluid are refractory to standard tocolytic therapy and
experience rapid preterm delivery (62% versus 13% of
women with sterile amniotic fluid) [22]. This suggests the
pathophysiology of infection-associated preterm labor
differs from that of idiopathic preterm labor. There is
now considerable evidence to suggest the pro-inflam-
matory cytokine/prostaglandin cascade plays a central
role in the pathogenesis of infection-associated preterm
birth [23]. These inflammatory mediators are produced
by macrophages, decidual cells, and fetal membranes in
response to bacteria or bacterial products. A role for
selected cytokines in preterm labor is based upon the
following observations: elevated amniotic fluid concen-
trations of cytokines and prostaglandins are found in
patients with intra-amniotic infection and preterm labor;
in-vitro, bacterial products stimulate production of pro-
inflammatory cytokines by human decidua; these cyto-
kines, in turn, stimulate production of prostaglandins by
amnion and decidua; administration of interleukin-1 to
pregnant mice or non-human primates induces preterm
labor which can be prevented by administration of Il-1
receptor antagonist protein.

There is also evidence that lower genital tract infec-
tions, especially bacterial vaginosis, or maternal systemic
infections such as periodontitis, malaria, and syphilis
contribute to preterm birth (see article 3 on interven-
tions), as briefly reviewed below relevant to pathophysiology.

Bacterial vaginosis and periodontitis

Observational studies show increased risks of intra-
amniotic infection, preterm delivery delivery, low birth
weight, and endomyometritis in the presence of bacterial
vaginosis (BV) [24, 25]. Generally, the presence of BV
increases the risk of preterm birth by 50%. However,

most women with BV do not have a preterm birth and
randomized clinical trials assessing treatment of BV for
the prevention of preterm delivery have been dis-
appointing, although treatment of women prior to
20 weeks may be beneficial [26]]. These are reviewed in
article 3.

Similarly, observational studies have suggested an
association between preterm birth or other adverse
pregnancy outcomes and periodontal disease [27].
However, a recent meta-analysis of 44 studies, including
five controlled trials, found no association between
periodontal disease and preterm birth although low-
income countries had higher trends towards association
[28]. Heterogeneity between studies was noted, such as
inconsistent disease and outcome definitions, inadequate
control for confounders and insufficient sample size,
making firm conclusions difficult to make [28].

The associations between BV or periodontal disease
and preterm birth, and the reasons for discrepancy in
treatment trials are important to understand, since both
BV and periodontal disease occur commonly in preg-
nancy. Bacterial vaginosis is seen in up to 30% of pregnant
women [24]. In high-income countries it is estimated that
about 15% of adults between 21-50 years have severe
periodontitis [29]. The proportion may be even higher in
low-income-countries. Explanations for these discrepan-
cies may include (1) gestational age at diagnosis/
enrollment; (2) past reproductive history; and (3) choice
of treatment. Recent research indicates that both BV and
periodontitis are complex microbiological processes,
involving a wide variety of both cultivable and fastidious
microorganisms not previously identified that may be a
part of the normal microflora [30, 31]. Further, both BV
and periodontal are associated with perturbations in the
host inflammatory response, characterized by a pro-
inflammatory state. These differences have led some to
hypothesize that only a subgroup of women harboring
certain microbes associated with BV or periodontal
disease, or with genetic differences in inflammatory
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responsiveness may be at risk for preterm birth. These
women may have an abnormal inflammatory response to
changes in the vaginal ecosystem (either hypo- or hyper-
responsive) predisposing them to preterm delivery . In
support of this concept, Macones, et al, recently reported
that women with the polymorphism coding for TNFa-
308 allele that leads to up-regulation of TNF-a are at
increased risk of preterm delivery associated with BV [32].
An understanding of the relationships among the human
microbiome, host inflammatory responsiveness and
pregnancy outcome represents a critical research need.

Malaria

Observational studies have demonstrated an association
between malaria and risk of preterm birth with odds
ratios ranging between 2 and 3 [33-36], although most
randomized trials of malaria prevention or treatment do
not report specifically on preterm births. However, the
evidence of impact on low birth weight is strong, as
reviewed in article 3. The magnitude of effect on preterm
delivery appears to be based on a number of factors,
including timing of infection [33, 37], underlying parity
[38], severity of infection [33], increasing placental para-
sitemia [39], and local transmission rates [35]. Placental
malaria is also significantly associated with a higher risk
for stillbirth (see article 3 on interventions).

Erythrocytes infected with P falciparum differ in
important ways from non-pregnant individuals. Placental
sequestration occurs in the intervillous space. Placental
infection generates an immune response that is
characterized by monocytic infiltrates in the placental
intervillous space and a change in cytokine balance from
Th-2 to Th-1 (specifically increased levels of TNF-o, INF-y,
and IL-1B). Elevated levels of these cytokines, particularly
TNF-«, have been associated with low birth weight and
preterm delivery [40].

Syphilis

Syphilis, caused by Treponema pallidum, is a risk factor
for both stillbirth and preterm birth (see article 3 on
interventions). It is estimated to be responsible for
460,000 abortions or stillbirths per year with higher rates
in low-income countries [41]. The study of T. pallidum is
hindered by the fact that it cannot be cultivated for
sustained periods using artificial media. However, the
complete genome sequence of 7. pallidum has been
published within the past 10 years and provides oppor-
tunities for new insight into its pathogenesis. Little is
known about its mechanism of action or determinants of
virulence [42]. Treponema are able to cross the placenta
and cause infection in the fetus [43]. Primary and
secondary syphilis in pregnancy will lead to fetal infec-
tion in virtually all cases, with approximately 30-50% of
pregnancies resulting in stillbirth or death shortly after
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delivery [43]. In contrast, fetal infection is less common
with tertiary syphilis. The immune response to T. pallidum
in pregnancy has not been vigorously studied, but the
dampening of the intensity of the innate and cell-mediated
immune response to favor the maintenance of the fetus
may result in incomplete clearance and the development
of chronic infection and adverse pregnancy outcome [43].
However, the nature and role of the maternal-fetal immune
response, their interactions, and effect on pregnancy
outcome remains poorly understood [44].

Decidual hemorrhage/thrombosis

Decidual hemorrhage may cause either late or early
preterm birth. Vascular lesions of the placenta are
commonly associated with preterm birth and preterm
premature rupture of membranes (PPROM). Vascular
lesions of the placenta have been reported in 34% of
women with preterm delivery, 35% of women with
PPROM, and in 12% of term uncomplicated deliveries
[45]. These lesions may be characterized as failure of
physiologic transformation of the spiral arteries,
atherosis, and maternal or fetal arterial thrombosis. The
proposed mechanism linking vascular lesions to preterm
birth is related to utero-placental ischemia. Although the
pathophysiology remains unclear, thrombin is thought to
play a central role.

Independent of its critical role in coagulation, thrombin
is a multifunctional protease that elicits contractile activity
of vascular, intestinal, and myometrial smooth muscle.
Thrombin stimulates increases in basal tone and phasic
contractions in longitudinal myometrial smooth muscle in
vitro, in a dose-dependent manner [46]. Recently, these in
vitro observations have been confirmed with an in vivo
model utilizing thrombin and myometrial contractility
could be significantly reduced by the addition of heparin, a
known thrombin inhibitor. These in vitro and in vivo
experiments provide a possible mechanistic explanation
for increased uterine activity clinically observed in
abruption placentae and preterm birth following first or
second trimester bleeding.

A relationship between thrombin and PPROM may
also exist. Matrix metalloproteinases (MMPs) break down
the extracellular matrix of the fetal membranes and the
choriodecidua and contribute to PPROM, as discussed
below. In vitro, thrombin significantly increases MMP-1,
MMP-3, and MMP-9 protein expression in decidual cells
and fetal membranes collected from uncomplicated term
pregnancies [47-49]. Thrombin also elicits a dose-
dependent increase in decidual interleukin-8, a chemo-
attractant cytokine responsible for neutrophil recruit-
ment [50]. Overt placental abruption, an extreme example
of decidual hemorrhage, is also associated with a marked
decidual infiltration of neutrophils, a rich source of
proteases and matrix metalloproteinases [50]. This may
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provide a mechanism for premature rupture of the
membranes (PROM) in the setting of decidual hemorrhage.

Maternal or fetal HPA activation: stress
Stress results in preterm activation of the maternal or
fetal HPA axis and is increasingly recognized as an
important cause of late preterm birth. Stress may be
simply defined as any challenge, whether physical or
psychological, that threatens or is perceived to threaten
homeostasis of the patient. Several studies have found
50% to 100% increases in preterm birth rates associated
with maternal stress, usually defined as a composite of
life events, anxiety, depression, or perceived stress [51].
Neuroendocrine, immune, and behavioral processes
(such as depression) have been linked to stress-related
preterm birth. However, the most important processes
linking stress and preterm birth are neuroendocrine,
resulting in preterm activation of the HPA axis. These
processes are mediated by placental CRH (reviewed in
[52]). In vitro studies of human placental cells have shown
CRH is released from cultured human placental cells in a
dose-response manner to all major biological effectors of
stress, including cortisol, catecholamines, oxytocin,
angiotension II, and interleukin-1. In vivo studies have
also found significant correlations between maternal
psychosocial stress and maternal plasma levels of CRH,
ACTH, and cortisol. Several studies have related early
maternal plasma CRH to the timing of birth. Hobel and
colleagues [53] conducted serial assessments of CRH
over the course of gestation and found that compared
with women delivering at term, women delivering
preterm had significantly elevated CRH levels as well as a
significantly accelerated rate of CRH increase over the
course of their gestation. In addition, they found that
maternal psychosocial stress levels at mid-gestation
significantly predicted the magnitude of increase in
maternal CRH levels between mid-and later-gestation.
These data suggest the relationship between maternal
psychological stress and prematurity may be mediated by
prematurely increased expression of placental CRH. In
term parturition, placental CRH activation is driven largely
by the fetal HPA axis in a forward feedback loop upon fetal
maturation. In preterm parturition the maternal HPA axis
may drive placental CRH expression [52]. Maternal stress,
in the absence of other mediators of preterm birth such as
infection, results in increased levels of biological effectors
of stress including cortisol and epinephrine, which could
activate placental CRH gene expression. Placental CRH, in
turn, can stimulate fetal secretion of cortisol and DHEA-S
(via activation of fetal HPA axis) and placental synthesis of
estrogens and prostaglandins, thereby precipitating
preterm delivery (reviewed in [54]). Stress may contribute
to the increased rates of preterm birth observed among
African-Americans in the United States.
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Asphyxia may represent a common final outcome for a
variety of pathways that include stress, hemorrhage,
preeclampsia, and infection. Asphyxia plays an important
role in preterm birth, stillbirth, and adverse neonatal
developmental sequelae. Chronic asphyxia—associated
with insufficiency of the utero-placental circulation—
may occur in placental infection such as malaria, or
maternal illnesses (e.g., diabetes, preeclampsia, chronic
hypertension), and is characterized by activation of the
fetal HPA axis and subsequent preterm delivery.

Uterine overdistension

Uterine overdistension plays a key role in the onset of
preterm labor associated with multiple gestations,
polyhydramnios, and macrosomia. Multiple gestations,
frequently attributable to assisted reproduction tech-
nologies (ART) including ovulation induction and
in-vitro fertilization, are one of the most important
causes of late preterm birth in high-income countries
(HICs). In the United States, for example, ART accounts
for 1% of all live births, but 17% of all multiple births; 53%
of neonates conceived as a result of ART in 2003 were
multiples [4]. The mechanisms whereby uterine over-
distension might lead to preterm labor are incompletely
understood, and appropriate animal models are lacking.
Uterine stretch induces expression contraction-asso-
ciated proteins such as oxytocin receptors and
connexin-43 [55, 56]. In vitro stretch of myometrial strips
also increases prostaglandin H synthase 2 (PGHS-2) and
prostaglandin E [57]. Stretching the muscle of the lower
uterine segment has been shown to increase interleukin-8
(IL-8) and collagenase production, which in turn
facilitates cervical ripening [58, 59]. However, experi-
mental animal models for uterine overdistension do not
currently exist, and human studies have been entirely
observational in nature. This is a critical gap in our
understanding, given the increasing prevalence of
multiple gestations in HICs.

Cervical insufficiency

Cervical insufficiency has traditionally been associated
with second trimester pregnancy losses, but recent
evidence suggests that cervical disorders are associated
with a wide variety of adverse pregnancy outcomes,
including early preterm birth [60-62]. Cervical insuffi-
ciency has traditionally been identified among women
with a history of recurrent mid-trimester pregnancy
losses in the absence of recognized uterine contractions.
There are five recognized or possible causes: (1)
congenital disorders; (2) in-utero diethylstilbestrol expo-
sure (3) loss of cervical tissue following a surgical
procedure such as Loop Electrosurgical Excision Procedure
(LEEP) or conization; (4) traumatic damage; and (5)
infection.



Gravett et al. BMC Pregnancy and Childbirth 2010, 10(Suppl 1):52
http://www.biomedcentral.com/1471-2393/10/51/S2

Traditionally, women with a history of cervical insuf-
ficiency were offered cervical cerclage in early pregnancy.
However, it has been proposed, and it is most likely, that
most cases of cervical insufficiency represent a con-
tinuum of premature tissue remodeling and cervical
shortening from other pathological processes for which
cerclage may not always be appropriate and are better
predicted by cervical length determined by transvaginal
ultrasonography [60]. Cervical length measured by
transvaginal ultrasound is inversely correlated with risk
of preterm birth [61]; 50% of women with a cervical
length of 15 millimeters or less at 22-24 weeks deliver
prior to 32 weeks of gestation[63]. Further, there is a
correlation between the length of a previous gestation
resulting in preterm birth and cervical length in the next
pregnancy, but no correlation with an obstetrical history
of cervical insufficiency and cervical length in the next
pregnancy [60].

These data suggest that the true cervical insufficiency
occurs infrequently, and a short cervix more frequently
occurs as a consequence of premature cervical remodel-
ing as a result of a pathological process. Infection and
inflammation likely play a significant role in cervical
shortening and premature dilation. Fifty percent of
patients evaluated by amniocentesis for mid-trimester
asymptomatic cervical dilation and 9% of patients with a
cervical length of <25 millimeters but without cervical
dilation have evidence of intra-amniotic infection[64, 65].
These data suggest an important role for ascending
intrauterine infection, as outlined above, in the short
cervix and cervical insufficiency.

Preterm premature rupture of the fetal membranes
Regardless of the etiology or mechanistic pathway to
spontaneous preterm labor, preterm birth is usually
preceded by preterm premature rupture of the fetal
membranes. Preterm premature rupture of membranes
(PPROM) accounts for 25-40% of preterm births [7, 66]
and represents a final common pathway to preterm birth.
Thus, an understanding of the mechanistic pathways
leading to PPROM is important in understanding the
biologic basis of prematurity. Preterm pre-labor rupture
of membranes has been associated with intrauterine
infection, tobacco use, abruption, multiple gestations,
previous PPROM, previous cervical surgery or laceration,
a short cervix by ultrasound, genetic connective tissue
disorders, and vitamin C deficiency.

Collagen provides the major structural strength for the
fetal membranes. Loss of collagen and structural strength
leading to rupture of the membranes is mediated by
matrix metalloproteinases (MMPs), a large family of
enzymes that act to degrade collagen and remodel tissue.
Matrix metalloproteinase types 1 and 8 are collagenases
that act to degrade collagen types I, II, and III. The
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activity of MMPs is regulated at several levels, but most
importantly by tissue inhibitors of MMPs (TIMPs). A
balance between activators and tissue inhibitors of
metalloproteinases controls metalloprotease activity. An
increased ratio of MMP 9 to TIMP 1 is associated with
decrease tensile strength of fetal membranes (reviewed in
[67]. MMPs 1-3, 8, 9 and 14 are upregulated in the
amnion and chorion and their concentrations increased
in amniotic fluid in PPROM [67]. Amniotic fluid MMP 9
concentrations are increased in the amniotic fluid of
patients with PPROM, and to a lesser extent in preterm
birth [68]. Increased pro-MMP 9 is found overlying the
cervix in term gestation.

The activity of MMP’s is primarily upregulated by
decidual/fetal membrane activation during Phase 2 of
spontaneous parturition at term. However, in pathologic
conditions associated with preterm birth, MMP
production is stimulated by infection, inflammation, or
decidual hemorrhage. Bacteria or bacterial products
directly secrete collagenases or stimulate MMP production
[69]. Pro-inflammatory cytokines such as IL-1 and TNEF-
alpha also increase MMP production and decrease
TIMPs in cultured membranes [70]. Thrombin, generated
as a result of choriodecidual hemorrhage, also increases
MMP-9 production in amniochorion cultures [49].
Finally, stretching of the membranes by uterine over-
distension may result in PROM by increasing inter-
leukin-8 and MMP activity [58].

Genetics, environment and gene-environment
interactions
There is compelling evidence that a genetic predisposition
to preterm birth exists [71, 72]. The evidence for a genetic
or epigenetic contribution to preterm birth includes: 1.
twin studies that demonstrate heritability; 2. increased
recurrence risks for preterm birth among women with
prior preterm birth; 3. increased risks of having preterm
birth for women who were themselves born preterm; 4.
increased risks of preterm birth for sisters of women who
have had a preterm birth; and 5. racial disparities in
preterm birth that are independent of socioeconomic
factors (see [71] for a review). Twin studies have indicated
a heritability of 25-40% for preterm birth [73].
Genome-wide association studies, however, have failed
to identify consistent candidate genes for preterm birth.
This is likely due to genetic heterogeneity. Preterm birth
is a complex phenotype, with many etiologic and patho-
physiological pathways that likely cannot be explained by
genetic variation alone. An alternative approach has been
selective candidate gene studies that have focused upon
single nucleotide polymorphisms (SNPs) within selected
genes. It is well established that the activity of many
genes may be modified by SNPs that normally occur with
varied frequencies across populations. It is estimated that
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10 million SNPs may regularly occur within the human
genome and constitute 90% of the variation in a
population. The most common patterns of these poly-
morphisms are currently being assessed in the Inter-
national HapMap Project [74]. More than 30 SNPs have
been associated with increased or decreased risks of
preterm birth or preterm premature rupture of the
membranes [75,76]. Single nucleotide polymorphisms
associated with preterm birth have predominately been
in inflammatory and tissue remodeling pathways.
Important ethnic differences in SNP frequencies may
help explain racial disparities in preterm birth [77].

The role of genetic variation in stillbirth has not been
explored.

Various environmental exposures have also been linked
to poor pregnancy outcomes. The harmful effects of
smoking during pregnancy are well established and it has
been causally associated with preterm delivery and
stillbirth (see article 3 on interventions).

Maternal serum and umbilical cord blood levels of
pesticides such as dichlorodiphenyl trichloroethane
(DDT) are associated in some, but not all, studies with
preterm delivery [78]. Other organophosphate pesticide
metabolites are associated with preterm birth at
increasing exposure levels in the later part of pregnancy
[79]. Finally, air pollution (particulate matter, carbon
monoxide, lead, ozone, nitrogen dioxide, and sulfur
dioxide) is associated with a variety of poor birth
outcomes, including preterm birth [79]. Particulate
matter is associated with small increases in preterm birth
risk in studies from a number of countries such as China
and the United States. Evidence is insufficient to infer
causality between preterm birth and other air pollutants,
but available data justifies further studies [80].

Investigation of interactions between genetics and
environmental exposures are increasing, but is still
limited. One recent example is the interaction between
tobacco smoke exposure and preterm delivery [81, 82]
Smoking is an important risk factor for preterm birth,
but not all women exposed to the same level of smoke
deliver preterm. Gene polymorphisms in cytochrome
P-450 1A1 (CYP1A1) and glutathione S-transferase theta
1 (GSTT1) have been demonstrated to increase the risk
of low birth weight and preterm birth among smokers,
but not among non-smokers [81,82]. These genes encode
for enzymes involved in metabolism and detoxification of
polycyclic aromatic hydrocarbon, an important carcino-
gen in tobacco smoke [82]. Women who smoke are also
at increased risk of preterm delivery if they have certain
factor V gene variants [83]. These women are hypothe-
sized to be more prone to the procoagulant effects of
tobacco smoke. Others have examined the interaction
between air pollution and maternal genetics. Exposure to
high levels of particulate matter during the third
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trimester in the presence of specific GSTTI polymor-
phisms has been associated with a significantly increased
risk of preterm delivery [84].

Similarly, gene polymorphisms for a variety of different
inflammatory cytokines (e.g., tumor necrosis factor-a,
interleukins-1, -6, -10, and their receptors and antago-
nists) have been associated with increased risks of
preterm birth [76,85] that may interact with environ-
mental or infectious exposure. As noted above, Macones
et al. noted an increased risk of preterm birth among
women with bacterial vaginosis who also had a TNFa-
308A allele polymorphism [32].

It is likely that many more examples of gene or
environmental risk factors exist. Links between adverse
pregnancy outcomes and a variety of environmental
exposures have been discovered with a variable degree of
strength. The data available are insufficient for many
more potential exposure elements—due to limited
exposure, limited human health effects, or both. There is
a general lack of understanding of the dynamics of
exposure during pregnancy; at what points in pregnancy
is the mother/fetus most vulnerable, for example. A
greater understanding is needed of the basic biological
mechanisms of environmental influences on pregnancy
and how they may interact with factors such as maternal
genetics. Animal models may provide insight, but are
limited by differences in critical periods of fetal develop-
ment, genetics, and species-specific differences in
susceptibility to environmental exposures. Large-scale,
well-designed and controlled human studies are neces-
sary to establish the impact of environmental exposures
on pregnancy outcomes.

Pathways to stillbirth

Stillbirth is a major contributor to perinatal mortality,
with greater than 3 million stillbirths occurring annually
worldwide (see article 1 [86]). Unfortunately, despite its
global impact, research into etiologic mechanisms
responsible for stillbirth has been hampered by the lack
of standardized definitions and reporting [6]. At least 32
classification systems of stillbirth have been described
[87]. Many of these have been developed for a specific
purpose, and therefore differ in classifying causes, risk
factors, and co-morbid conditions. Finally, the rate of
“unexplained  stillbirth” differs among settings
depending upon available resources and interest. The
etiology of stillbirths in low- and middle-income
countries are frequently more difficult to ascertain. The
cause of stillbirth is attributed by verbal autopsy and
classified as macerated (antepartum) or fresh (intra-
partum) [88] (see article 1 [86]). The rate of stillbirth is
five-fold greater in low-income countries, where
resources to evaluate stillbirths—such as trained birth
attendants—are scarce.
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Figure 2. Representative causes of stillbirth in high-income countries. Source: Modified from [90]. Reprinted from Acta Obstetricia et
Gynecologica Scandinavica, 87, Varli H, Petersson K, Bottinga R, Bremme K, Hofsjo A, Holste C, Kublickas M, Norman M, Pilo C et al, The Stockholm
classification of stillbirth, 10, 2008, with permission from Acta Obstet Gynecol Scand.
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It is likely that mechanisms responsible for preterm
birth are also associated, in extremis, with stillbirth in
many cases. In meticulous studies from Sweden, most
stillbirths could be attributed to an etiology [89]. In that
study, intrauterine infections, uteroplacental insufficiency,
congenital malformations, placental abruption, and
umbilical cord complications accounted for more than
50% of stillbirths (Figure 2). These are also important
causes of preterm birth. Fewer than 20% of stillbirths
could not be attributed to a specific etiology.

In contrast, up to one-third of stillbirths in low- and
middle-income countries are attributed to intrapartum
asphyxia, and over 50% are “unexplained” The etiology of
stillbirth also varies according to gestational age [90].
One study from Canada found that between 24 and 27
weeks of gestation the most common causes of stillbirth
were infection (19%), placental abruption (14%), and fetal
anomalies (14%). These are also important factors for
preterm birth. Beyond 28 weeks of gestation, the most
frequent causes of stillbirth in this study were related to
placental abruption, fetal growth restriction, and
maternal illnesses [91]. However, the contribution of
these pathways to stillbirth in low- and middle-income
countries is largely unknown. Clearly, further research in
this very important area will depend upon a uniform
classification and reporting system and Dbetter
ascertainment in low- and middle-income countries.

New tools for reproductive research

One important limitation in understanding preterm

births or stillbirths is the application of traditional bio-

logical methodologies to the complex process of par-

turition. Traditional biology attempts to explain complex

phenomena by the functional properties of individual

components of a complex system, a method described as

“naive reductionism” [92]. Recent advances in high-

dimensional systems biology allow the characterization

of complex processes through the global description of

the components of a system and their interactions. New

tools for systems biology research now exist:

» computational design (or computer assisted in-silico
modeling) [93]

« genomics (characterization of genetic potential)

+ transcriptomics (characterization of gene expression)

+ proteomics (characterization of the protein output of
gene transcription and translation)

« metabolomics (characterization of the metabolic
consequences of gene expression)

Collectively, these techniques have revolutionized biologic

research in the last decade. A PubMed search reveals that

over 39,000 articles have been published from 1998

through 2008 utilizing these techniques (search terms

“functional genomics, transcriptome, proteomics, meta-

bolomics). These techniques, however, have been only

infrequently applied to pregnancy, with approximately
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Figure 3. A compilation of systems biology publications and
proportion relating to pregnancy, semi-logarithmic scale. Data
source: Data abstracted from PubMed, 1997-2008. Key abstracting
words “functional genomics, transcriptomics, proteomics. .. alone or
+ pregnancy”

1,000 relevant articles published in the same time period
(search term “+ pregnancy”). This disparity in utilization
of these powerful research tools is increasing (Figure 3)
and represents a critical gap in the understanding of
parturition and stillbirths.

Nonetheless, gene expression studies of the pregnant
uterus have contributed to the understanding of
parturition [94-99] (Table 2). The assessment of gene
expression is typically measured by detection of mRNA
copies produced by each gene in what are known as
microarray assays. These studies differed in design, gene
expression platforms, and the number of genes studied. Yet
collectively, these studies demonstrate that labor is a highly
complex biological process, potentially involving hundreds
of genes. The number of differentially expressed genes
discovered, in fact, usually depends directly upon the
number sought (Table 2). The most recent study, for
example, using an Affymetrix platform to ascertain activity
of over 12,000 genes found 110 genes that were
up-regulated, and 29 that were down-regulated in
association with labor [99]. Regardless of technique, micro-
array analysis has led to a new understanding of labor as
inherently an inflammatory process, even in the absence of
infection [97, 99]. Approximately 25-30% of genes—with
up-regulated expression in labor—code for inflammatory
proteins including chemokines, cytokines, extracellular
remodeling proteins, and apoptosis. Thus, these studies
have contributed to the preliminary understanding of
events governing myometrial activation prior to labor.

In addition to functional genomics, it is well established
that the activity of many genes may be modified by SNPs
that normally occur with varied frequencies across
populations. More than 30 SNPs have been associated
with increased or decreased risk of preterm birth or
preterm premature rupture of membranes [75]. Consis-
tent with microarray data, the majority of the SNPs
associated with preterm birth are in inflammatory, apop-
totic, and tissue remodeling genes [75,76] Thus, the
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application of systems biology, including functional
genomics, transcriptomics, and SNP analysis, has contri-
buted to a new paradigm: myometrial activation and the
onset of myometrial stimulation is a highly complex
genetically-controlled inflammatory process.

Proteomics has also made contributions in the under-
standing of abnormal parturition. Proteomics, a mass
spectrometry-based technology, refers to a description of
the protein complement of a system. Only 1-1.5% of the
human genome codes for mRNA, and thus, leads to
protein synthesis. These proteins, in turn, mediate cell-
to-cell interactions in both health and disease. The major
advantage of proteomics is that it most directly describes
the functional output of a cell in both health and disease.
Proteomics primarily aids biomarker discovery in the
diagnosis of abnormal conditions of pregnancy that may
contribute to prematurity. As noted by the March of
Dimes, such diagnostic tools are urgently needed to
facilitate timely intervention [100]. Proteomic analysis of
amniotic fluid and cervical-vaginal secretions has been
utilized to discover novel biomarkers for intra-amniotic
infection [101,102], spontaneous preterm birth [75,103],
and preterm premature rupture of the membranes [104].
Proteomic analysis of maternal urine has also identified
several specific biomarkers for preeclampsia, an impor-
tant cause of indicated preterm birth [75]. Additionally,
comprehensive proteomic analysis has been utilized to
fully characterize the protein complement of amniotic
fluid and of cervical-vaginal fluid. Michaels, et al,
utilizing LS/LS-MS/MS, identified 219 proteins in
amniotic fluid, including 96 that were unique to amniotic
fluid [105]. Similarly, Dasari, et al. identified a total of 150
unique proteins within cervical-vaginal fluid in pregnant
women. Metabolism (32%) and immune response-related
(22%) proteins were the major functional categories of
proteins represented in the CVF proteome. A comparison
of the CVF, serum, and amniotic fluid proteomes showed
that 77 proteins are unique to CVF, while 56 and 17 CVF
proteins also occur in serum and amniotic fluid,
respectively [106]. The differential expression of proteins
identified by these and other studies will likely provide
the basis for diagnostic tests for many adverse pregnancy
conditions including preterm birth.

Unfortunately, none of these news tools for systems
biology has been applied to stillbirth. It is likely that
application of these techniques in a systems biological
approach will lead to significant contributions in the
understanding of preterm birth and stillbirth. Because of
the ability to study many processes simultaneously,
however, systems biology depends upon carefully defined
clinical phenotypes to avoid errors of misclassification
and upon carefully prepared samples to avoid technical
errors. Defining and correctly classifying differing
phenotypes, or etiologies, of preterm birth or
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Table 2. Compilation of studies comparing differential gene expression in human myometrium associated with labor

Differentially Expressed Genes Detected

Differentially Expressed Genes Detected

Number of Genes
Author & Reference Platform Sought on Platform Up-Regulated Down- Regulated
Aguan et al, 2000 [94] cDNA Blot 500 12 9
Chan etal, 2002 [95] Suppressive subtraction hybridization Not Stated 14 16
Esplin et al.,, 2005 [96] cDNA microarray 6,912 22 30
Havelock et al., 2006 [97] UniGEM-V 9,182 42 N.S.
Bukowski et al., 2006 [98] Affymetrix 12,626 500 genes (70% Down-Regulated)
Bollapragada et al., 2009 [99] Affymetrix 12,626 110 29

stillbirth—and appropriate collection and storage of
biologic samples—are therefore critical needs and unmet
gaps in systems biology and in understanding parturition.

Identification of critical gaps in discovery sciences
In addition to these general observations of gaps and
research needs, several specific gaps are noted and
outlined below. In contrast to epidemiological research
where elegant matrixes have been proposed to prioritize
research needs and the efficacy of interventions [107,108],
no such matrixes exist to assess potential benefits and risks
of basic or translational science in reproductive biology.
We therefore suggest an independent assessment tool to
assess research gaps in basic and translational science to
be applied prospectively in assessing basic and
translational research needs (see Figure 4 and Additional
File 1). This grading matrix, similar to CHNRI and GRADE
is based upon the quality of evidence and the importance
of outcomes (see Articles 1 and 3). Quality of evidence
criteria include study design, soundness of methodology,
consistency among or between studies, and biological
rationale. A greater weight is given to human observations,
consistency across species in animal models, and an
established biologically plausible pathway. The importance
of outcomes is based upon the ability to translate findings
into clinically relevant trials, the strength of the effect, and
the size of the population that may benefit. The final
strength of the recommendation is therefore based upon
the strength of the evidence of contribution to preterm
birth or stillbirth, and the potential likelihood to yield
significant benefits.

Specific gaps in basic science knowledge exist in all
phases of parturition. Gaps that likely contribute to
prematurity and stillbirth in which research is likely to
yield significant benefit at each phase of parturition are
summarized below.

Implantation
Perturbations in implantation have been associated with
habitual abortions, stillbirths, and with preeclampsia,

which is an important cause of medically-indicated pre-
term birth [10]. There is a critical need for a better under-
standing of the immunologic regulation of trophoblast
invasion, and how environmental factors including chronic
intrauterine infection, or exposure to environmental
toxicants (e.g., cigarette smoke and insecticides) or other
xenobiotic agents that may influence implantation.

Quiescence

Progesterone is thought to be critical in maintaining
uterine quiescence, and pharmacologic progesterone
withdrawal is associated with increased uterine contract-
ility. However, the influence of pollutants, xenobiotics,
maternal intrauterine or systemic infections, or altera-
tions in immune function upon progesterone (or other
steroid hormone) synthesis and metabolism have not
been well described, and would likely contribute to our
understanding of preterm birth.

Activation and stimulation

Activation is a complex process characterized by increas-
ing placental production of corticotrophin releasing
hormone, activation of the fetal hypothalamic-pituitary-
adrenal axis, progesterone withdrawal, and increasing
estrogen and prostaglandin biosynthesis. This is a
complex process—microarray studies of myometrium
have demonstrated differential expression of more than
100 genes in the process of activation and stimulation
[99]. Many factors can stimulate or usurp the normal
mechanisms of activation, including stress, infection,
hemorrhage, endocrine or immunologic abnormalities,
and uterine overdistension. While the role and patho-
physiology of infection-induced preterm labor or preterm
labor associated with hemorrhage have been well-
characterized, the pathophysiology of other initiating
factors has not. Specifically, there are limited or no
animal models for stress or distension in preterm birth,
and this represents a critical research gap. In the setting
of intrauterine infection, both the fetal genotype and the
maternal genotype contribute to preterm birth. However,
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Score
Grading Criteria Limited | Fair2 | Good 3 Excellent 4
1 point | points | points points
Quality of evidence
Study Design in-vitro in-vivo ?:gg:ll human
Study Quality inadequate methods acceptable methods
Consistency (reproducibility) corgfslilj:lttisng Ssltrlg; ZEZIE s mu'ggfuls;?;rigs or
Biologic Plausibility little basis | plausible rationale :;zttﬁe\li:;ed
Importance of outcomes
Translational Feasibility limited fair good excellent
Strength of Effect none little moderate large
Population at Risk limited general

Strength of recommendation/based upon potential risk and benefit

>25 points

Sufficient evidence of contribution to
stillbirth/preterm birth with research likely
to lead to significant benefit

®

>20 points

Unknown contribution to stillbirth/preterm
birth with research likely to lead to
significant benefit

>10 points

No evidence of contribution to
stillbirth/preterm birth with unknown
potential for benefit

<10 points

Any estimate of importance or effect is
uncertain

Figure 4. Grading criteria for evaluation of discovery science needs in preterm birth and stillbirth

the role of fetal versus maternal contributions to preterm
birth is largely unexplored in preterm birth that is not
associated with infection. Finally, the role and
pathophysiology of preterm birth and especially stillbirth
in the setting of systemic maternal infection is not under-
stood. This is especially relevant given that 50 million
pregnant women suffer from malaria annually, and
malaria represents an important cause of stillbirth and
low birth weight in low- and middle-income countries.

Conclusion
Parturition is a continuous process beginning with
implantation and ending with involution of the uterus
following birth. Active labor constitutes <0.5% of parturi-
tion. Preterm labor and stillbirth are common endpoints
with multifactorial etiologies that perturb, usurp, or
activate the normal processes of parturition. The
physiologies of both normal and abnormal parturition
remain poorly understood.

The following list includes critical gaps and needs in
improving our understanding of these processes that are
so important to survival:

« Factors regulating implantation, and the potential impact
of infection or xenobiotics in normal and abnormal
placentation

« Factors regulating uterine quiescence, and the role of
progesterone in preventing preterm birth

o Mechanisms responsible for activation of the
myometrium from a state of quiescence to a state of
contractility

+ Appropriate animal models to replicate pathway-
specific etiologies of preterm birth or stillbirth that will
contribute to rational and efficacious interventions

+ The role of environmental exposure and xenobiotics in
activation and stimulation of contractions

+ The contributions of both the fetal and the maternal
genotype in determining the clinical outcome (i.e., the
phenotype) of preterm labor and stillbirth

+ The role of gene:environment interactions in preterm
birth and stillbirth

+ The pathophysiology of common systemic infections
like malaria in preterm birth and stillbirth

+ The application of systems biology to better under-
stand the complexity of parturition
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In all of these critical needs, it is important to recognize
that preterm birth and stillbirth are complex syndromes
with many etiologies and pathways. In the past, research
has been hampered by failure to recognize this hetero-
geneity and has led to conflicting findings. The greatest
immediate needs to facilitate advances in the above gaps
in knowledge include the following: carefully defined
phenotypes associated with preterm birth and stillbirth;
standardized definitions; uniform criteria for assessing
outcomes; and the collection of biological specimens.

The next articles in this report address existing inter-
ventions [109], scale-up [110], advocacy [111], and ethics
[112]. The final article presents a Global Action Agenda
developed by nearly 200 global stakeholders [113]. It
includes specific objectives related to normal and
abnormal gestational biology, genetics, and the environ-
ment. Each is set to a specific short-, intermediate, or
long-term timeline.

Acknowledgements

This report was supported by the Global Alliance to Prevent Prematurity
and Stillbirth, an initiative of Seattle Children’s, through a grant from the
Bill & Melinda Gates Foundation. We also thank Catherine Waszak for her
outstanding administrative support.

This article has been published as part of BMC Pregnancy and Childbirth
Volume 10 Supplement 1, 2010. The full contents of this report are available
online at http://www.biomedcentral.com/1471-2393/10%issue=S1. We thank
all members of the GAPPS Review Group for their contributions and review

of the seven articles in this report, and list them here in alphabetical order:
Fernando C Barros, Maneesh Batra, Zulfigar Ahmed Bhutta, Anne-Véronique
Fajon, Michael G Gravett, Thomas N Hansen, Maureen Kelley, Joy E Lawn, Toni
M Nunes, Craig E Rubens, Megan Sather, Cynthia Stanton, Cesar G Victora, and
Rachel Zaentz.

Additional File
Additional file 1 shows evaluation of discovery science needs in preterm birth
and stillbirth. Also see grading criteria in the narrative.

Author details

'Department of Obstetrics and Gynecology, University of Washington School
of Medicine, Seattle, WA, USA

“Global Alliance to Prevent Prematurity and Stillbirth, an initiative of Seattle
Children’s, Seattle, WA, USA

*Department of Pediatrics at University of Washington School of Medicine,
Seattle, Washington, USA

Authors’ contributions

The article was written by MGG. CER helped conceive of this article as part of
a global report on preterm birth and stillbirth, and participated in its design,
coordination, and review. TMN also helped with the coordination and review,
and edited the article.

Competing interests
The authors declare they have no competing interests.

Published: 23 February 2010

References

1. Romero R, Kuivaniemi H, Tromp G: Functional genomics and proteomics in
term and preterm parturition. J Clin Endocrinol Metab 2002, 87(6):2431-2434.

2. Challis JRG: Mechanism of parturition and preterm labor. Obstet Gynecol
Surv 2000, 55(10):650-660.

3. Challis JRG, Matthews SG, Gibb W, Lye SJ: Endocrine and paracrine
regulation of birth at term and preterm. Endocr Rev 2000, 21(5):514-550.

4. Behrman RE, Butler AS, Institute of Medicine, Committee on Understanding

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

Page 14 of 16

Premature Birth and Assuring Healthy Outcomes: Preterm Birth: Causes,
Consequences, and Prevention. The National Academies Press 2007

Romero R, Espinoza J, Kusanovic JP, Gotsch F, Hassan S, Erez O,
Chaiworapongsa T, Mazor M: The preterm parturition syndrome. 8JOG 2006,
113 Suppl 3:17-42.

Smith GC, Fretts RC: Stillbirth. Lancet 2007, 370(9600):1715-1725.
Goldenberg RL, Culhane JF, lams JD, Romero R: Epidemiology and causes of
preterm birth. Lancet 2008, 371(9606):75-84.

Ananth CV, Joseph KS, Oyelese Y, Demissie K, Vintzileos AM: Trends in
preterm birth and perinatal mortality among singletons: United States,
1989 through 2000. Obstet Gynecol 2005, 105:1084-1091.

MacDonald PC, Casey ML: Preterm birth. Sci Am Sci Med 1996, 3:42-51.
Eastabrook G, Hu Y, von Dadelszen P: The role of decidual natural killer cells
in normal placentation and in the pathogenesis of preeclampsia. J Obstet
Gynaecol Can 2008, 30(6):467-476.

Garfield R, C. J. McNellis D, MacDonald PC, Nathanielsz PW, Roberts JM:
Structural and functional studies of the control of myometrial contractility
and labour. The Onset of Labour: Cellular and Integrative Mechansims.
Perinatology Press 1988:55-80.

Lye SJ, Ou CW, Teoh TG et al.: The molecular basis of labour and tocolysis.
Fetal Maternal Med Rev: 1998:121-136.

Smith R, Mesiano S, McGrath S: Hormone trajectories leading to human
birth. Regul Pept 2002, 108(2-3):159-164.

McLean M, Smith R: Corticotropin-releasing Hormone in Human Pregnancy
and Parturition. Trends Endocrinol Metab 1999, 10(5):174-178.

Word RA, Li XH, Hnat M, Carrick K: Dynamics of cervical remodeling during
pregnancy and parturition: mechanisms and current concepts. Semin
Reprod Med 2007, 25:69-79.

Villar J, Abalos E, Carroli G, Giordano D, Wojdyla D, Piaggio G, Campodonico L,
Gulmezoglu M, Lumbiganon P, Bergsjo P et al: Heterogeneity of perinatal
outcomes in the preterm delivery syndrome. Obstet Gynecol 2004,
104(1):78-87.

Barros FC, Velez Mdel P: Temporal trends of preterm birth subtypes and
neonatal outcomes. Obstet Gynecol 2006, 107(5):1035-1041.

Lockwood CJ, Kuczynski E: Risk stratification and pathological mechanisms
in preterm delivery. Paediatr Perinat Epidemiol 2001, 15 Suppl 2:78-89.
Goldenberg RL, Hauth JC, Andrews WW: Intrauterine infection and preterm
delivery. N Engl J Med 2000, 342(20):1500-1507.

Hauth JC, Andrews WW and Goldenberg RL.: Infection-related risk factors
predictive of spontaneous preterm birth. Prenat Neonat Med 1998, 3:86-90.
Watts DH, Krohn MA, Hillier SL, Eschenbach DA: The association of occult
amniotic fluid infection with gestational age and neonatal outcome
among women in preterm labor. Obstet Gynecol 1992, 79(3):351-357.
Romero R, Avila C, Brekus CA, Morotti R: The role of systemic and
intrauterine infection in preterm parturition. Ann N Y Acad Sci 1991,
622:355-375.

Romero R, Erez O, Espinoza J: Intrauterine infection, preterm labor, and
cytokines. J Soc Gynecol Investig 2005, 12(7):463-465.

Kimberlin DF, Andrews WW: Bacterial vaginosis: association with adverse
pregnancy outcome. Semin Perinatol 1998, 22(4):242-250.

Donati L, DiVico A, Nucci M, Quagliozzi L, Spagnuolo T, Labianca A, Bracaglia
M, lanniello F, Caruso A, Paradisi G: Vaginal microbial flora and outcome of
pregnancy. Arch Gynecol Obstet 2009.

McDonald HM, Brocklehurst P, Gordon A: Antibiotics for treating bacterial
vaginosis in pregnancy. Cochrane Database Syst Rev 2007(1):CD000262.
Offenbacher S, Katz V, Fertik G, Collins J, Boyd D, Maynor G, McKaig R, Beck J:
Periodontal infection as a possible risk factor for preterm low birth weight.
J Periodontol 1996, 67(10 Suppl):1103-1113.

Xiong X, Buekens P, Vastardis S, Yu SM: Periodontal disease and pregnancy
outcomes: state-of-the-science. Obstet Gynecol Surv 2007, 62(9):605-615.
Shub A, Swain JR, Newnham JP: Periodontal disease and adverse
pregnancy outcomes. J Matern Fetal Neonatal Med 2006, 19(9):521-528.
Socransky SS, Haffajee AD: Periodontal microbial ecology. Periodontol 2000
2005, 38:135-187.

Fredricks DN, Fiedler TL, Marrazzo JM: Molecular identification of bacteria
associated with bacterial vaginosis. N Engl J Med 2005, 353(18):1899-1911.
Macones GA, Parry S, Elkousy M, Clothier B, Ural SH, Strauss JF, 3rd: A
polymorphism in the promoter region of TNF and bacterial vaginosis:
preliminary evidence of gene-environment interaction in the etiology of
spontaneous preterm birth. Am J Obstet Gynecol 2004, 190(6):1504-1508;
discussion 1503A.



Gravett et al. BMC Pregnancy and Childbirth 2010, 10(Suppl 1):52
http://www.biomedcentral.com/1471-2393/10/51/S2

33. Sullivan AD, Nyirenda T, Cullinan T, Taylor T, Harlow SD, James SA, Meshnick
SR: Malaria infection during pregnancy: intrauterine growth retardation
and preterm delivery in Malawi. J Infect Dis 1999, 179(6):1580-1583.

34.  Watson-Jones D, Weiss HA, Changalucha JM, Todd J, Gumodoka B, Bulmer J,
Balira R, Ross D, Mugeye K, Hayes R et al: Adverse birth outcomes in United
Republic of Tanzania--impact and prevention of maternal risk factors. Bull
World Health Organ 2007, 85(1):9-18.

35. Newman RD, Hailemariam A, Jimma D, Degifie A, Kebede D, Rietveld AE,
Nahlen BL, Barnwell JW, Steketee RW, Parise ME: Burden of malaria during
pregnancy in areas of stable and unstable transmission in Ethiopia during
a nonepidemic year. J Infect Dis 2003, 187(11):1765-1772.

36. Osman NB, Challis K, Cotiro M, Nordahl G, Bergstrom S: Perinatal outcome in
an obstetric cohort of Mozambican women. J Trop Pediatr 2001, 47(1):30-38.

37.  Luxemburger C, McGready R, Kham A, Morison L, Cho T, Chongsuphajaisiddhi
T, White NJ, Nosten F: Effects of malaria during pregnancy on infant
mortality in an area of low malaria transmission. Am J Epidemiol 2001,
154(5):459-465.

38. Allen S, Raiko A, O'Donnell A, et al.: Causes of preterm delivery and
intrauterine growth retardation in a malaria endemic region of Papua new
Guinea. Archives of Diseases in Childhood 1998, 79:135-140.

39. Brabin BJ, Romagosa C, Abdelgalil S, Menendez C, Verhoeff FH, McGready R,
Fletcher KA, Owens S, D'Alessandro U, Nosten F et al: The sick placenta-the
role of malaria. Placenta 2004, 25(5):359-378.

40.  Rogerson SJ, Hviid L, Duffy PE, Leke RF, Taylor DW: Malaria in pregnancy:
pathogenesis and immunity. Lancet Infect Dis 2007, 7(2):105-117.

41, Finelli L, Berman SM, Koumans EH, Levine WC: Congenital syphilis. Bull World
Health Organ 1998, 76 (Suppl 2):126-128.

42. Berman SM: Maternal syphilis: pathophysiology and treatment. Bull World
Health Organ 2004, 82(6):433-438.

43, Peeling RW, Hook EW, 3rd: The pathogenesis of syphilis: the Great
Mimicker, revisited. J Pathol 2006, 208(2):224-232.

44.  WicherV, Wicher K: Pathogenesis of maternal-fetal syphilis revisited. Clin
Infect Dis 2001, 33(3):354-363.

45, Arias F, Rodriguez L, Rayne SC, Krauss FT: Maternal placental vasculopathy
and infection: two distinct subgroups among patients with preterm labor
and preterm ruptured membranes. Am J Obstet Gynecol 1993,
168(2):585-591.

46. Elovitz MA, Ascher-Landsberg J, Saunders T, Phillippe M: The mechanisms
underlying the stimulatory effects of thrombin on myometrial smooth
muscle. Am J Obstet Gynecol 2000, 183(3):674-681.

47. Mackenzie AP, Schatz F, Krikun G, Funai EF, Kadner S, Lockwood CJ:
Mechanisms of abruption-induced premature rupture of the fetal
membranes: Thrombin enhanced decidual matrix metalloproteinase-3
(stromelysin-1) expression. Am J Obstet Gynecol 2004, 191(6):1996-2001.

48. RosenT, Schatz F, Kuczynski E, Lam H, Koo AB, Lockwood CJ: Thrombin-
enhanced matrix metalloproteinase-1 expression: a mechanism linking
placental abruption with premature rupture of the membranes. J Matern
Fetal Neonatal Med 2002, 11(1):11-17.

49.  Stephenson CD, Lockwood CJ, Ma Y, Guller S: Thrombin-dependent
regulation of matrix metalloproteinase (MMP)-9 levels in human fetal
membranes. J Matern Fetal Neonatal Med 2005, 18(1):17-22.

50. Lockwood CJ, Toti P, Arcuri F, Paidas M, Buchwalder L, Krikun G, Schatz F:
Mechanisms of abruption-induced premature rupture of the fetal
membranes: thrombin-enhanced interleukin-8 expression in term
decidua. Am J Pathol 2005, 167(5):1443-1449.

51, Austin MP, Leader L: Maternal stress and obstetric and infant outcomes:
epidemiological findings and neuroendocrine mechanisms. Aust N.ZJ
Obstet Gynaecol 2000, 40(3):331-337.

52. Wadhwa PD, Culhane JF, Rauh V, Barve SS: Stress and preterm birth:
neuroendocrine, immune/inflammatory, and vascular mechanisms.
Matern Child Health J 2001, 5(2):119-125.

53. Hobel CJ, Dunkel-Schetter C, Roesch SC, Castro LC, Arora CP: Maternal
plasma corticotropin-releasing hormone associated with stress at 20
weeks' gestation in pregnancies ending in preterm delivery. Am J Obstet
Gynecol 1999, 180(1 Pt 3):5257-263.

54. Hobel CJ, Dunkel-Schetter C, Roesch S.: Maternal stress as a signal to the
fetus. . Prenatal and Neonatal Medicine 1998, 3(116-120).

55. OuCW, Orsino A, Lye SJ: Expression of connexin-43 and connexin-26 in the
rat myometrium during pregnancy and labor is differentially regulated by
mechanical and hormonal signals. Endocrinology 1997, 138(12):5398-5407.

56. TerzidouV, Sooranna SR, Kim LU, Thornton S, Bennett PR, Johnson MR:

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

Page 150f 16

Mechanical stretch up-regulates the human oxytocin receptor in primary
human uterine myocytes. J Clin Endocrinol Metab 2005, 90(1):237-246.
Sooranna SR, Lee Y, Kim LU, Mohan AR, Bennett PR, Johnson MR: Mechanical
stretch activates type 2 cyclooxygenase via activator protein-1
transcription factor in human myometrial cells. Mol Hum Reprod 2004,
10(2):109-113.

Maradny EE, Kanayama N, Halim A, Maehara K, Terao T: Stretching of fetal
membranes increases the concentration of interleukin-8 and collagenase
activity. Am J Obstet Gynecol 1996, 174(3):843-849.

Loudon JA, Sooranna SR, Bennett PR, Johnson MR: Mechanical stretch of
human uterine smooth muscle cells increases IL-8 mRNA expression and
peptide synthesis. Mol Hum Reprod 2004, 10(12):895-899.

lams JD, Johnson FF, Sonek J, Sachs L, Gebauer C, Samuels P: Cervical
competence as a continuum: a study of ultrasonographic cervical length
and obstetric performance. Am J Obstet Gynecol 1995, 172(4 Pt 1):1097-1103;
discussion 1104-1096.

lams JD, Goldenberg RL, Meis PJ, Mercer BM, Moawad A, Das A, Thom E,
McNellis D, Copper RL, Johnson F et al: The length of the cervix and the risk
of spontaneous premature delivery. National Institute of Child Health and
Human Development Maternal Fetal Medicine Unit Network. N £ngl J Med
1996, 334(9):567-572.

Romero R, Espinoza J, Erez O, Hassan S: The role of cervical cerclage in
obstetric practice: can the patient who could benefit from this procedure
be identified? Am J Obstet Gynecol 2006, 194(1):1-9.

Hassan SS, Romero R, Berry SM, Dang K, Blackwell SC, Treadwell MC, Wolfe
HM: Patients with an ultrasonographic cervical length < or =15 mm have
nearly a 50% risk of early spontaneous preterm delivery. Am J Obstet
Gynecol 2000, 182(6):1458-1467.

Romero R, Gonzalez R, Sepulveda W, Brandt F, Ramirez M, Sorokin Y, Mazor M,
Treadwell MC, Cotton DB: Infection and labor. VIII. Microbial invasion of the
amniotic cavity in patients with suspected cervical incompetence:
prevalence and clinical significance. Am J Obstet Gynecol 1992, 167(4 Pt
1):1086-1091.

Hassan S, Romero R, Hendler |, Gomez R, Khalek N, Espinoza J, Nien JK, Berry
SM, Bujold E, Camacho N et al: A sonographic short cervix as the only
clinical manifestation of intra-amniotic infection. J Perinat Med 2006,
34(1):13-19.

Shubert PJ, Diss E, lams JD: Etiology of preterm premature rupture of
membranes. Obstet Gynecol Clin North Am 1992, 19(2):251-263.

Menon R, Fortunato SJ: The role of matrix degrading enzymes and
apoptosis in rupture of membranes. J Soc Gynecol Investig 2004,
11(7):427-437.

Fortunato SJ, Menon R, Bryant C, Lombardi SJ: Programmed cell death
(apoptosis) as a possible pathway to metalloproteinase activation and
fetal membrane degradation in premature rupture of membranes. Am J
Obstet Gynecol 2000, 182(6):1468-1476.

Vadillo-Ortega F, Sadowsky DW, Haluska GJ, Hernandez-Guerrero C, Guevara-
Silva R, Gravett MG, Novy MJ: Identification of matrix metalloproteinase-9
in amniotic fluid and amniochorion in spontaneous labor and after
experimental intrauterine infection or interleukin-1 beta infusion in
pregnant rhesus monkeys. Am J Obstet Gynecol 2002, 186(1):128-138.

SoT: [The role of matrix metalloproteinases for premature rupture of the
membranes]. Nippon Sanka Fujinka Gakkai Zasshi 1993, 45(3):227-233.
Menon R: Spontaneous preterm birth, a clinical dilemma: etiologic,
pathophysiologic and genetic heterogeneities and racial disparity. Acta
Obstet Gynecol Scand 2008, 87(6):590-600.

Pennell CE, Jacobsson B, Williams SM, Buus RM, Muglia LJ, Dolan SM, Morken
NH, Ozcelik H, Lye SJ, Relton C: Genetic epidemiologic studies of preterm
birth: guidelines for research. Am J Obstet Gynecol 2007, 196(2):107-118.
Clausson B, Lichtenstein P, Cnattingius S: Genetic influence on birthweight
and gestational length determined by studies in offspring of twins. BJOG
2000, 107(3):375-381.

Consortium TIH: The international HapMap project. Nature 2003,
426:789-796.

Buhimschi CS, Rosenberg VA, Dulay AT, Thung S, Sfakianaki AK, Bahtiyar MO,
Buhimschi IA: Multidimensional system biology: genetic markers and
proteomic biomarkers of adverse pregnancy outcome in preterm birth.
Am J Perinatol 2008, 25(3):175-187.

Crider KS, Whitehead N, Buus RM: Genetic variation associated with preterm
birth: a HUGE review. Genet Med 2005, 7(9):593-604.

Menon R, Pearce B, Velez DR, Merialdi M, Williams SM, Fortunato SJ, Thorsen P:



Gravett et al. BMC Pregnancy and Childbirth 2010, 10(Suppl 1):52
http://www.biomedcentral.com/1471-2393/10/51/S2

If Racial disparity in pathophysiologic pathways of preterm birth based on
genetic variants. Reprod Biol Endocrinol 2009, 7:62.

78. Windham G, Fenster L: Environmental contaminants and pregnancy
outcomes. Fertil Steril 2008, 89(2 Suppl):e111-116; discussion e117.

79.  Stillerman KP. Mattison DR, Giudice LC, Woodruff TJ: Environmental
exposures and adverse pregnancy outcomes: a review of the science.
Reprod Sci 2008, 15(7):631-650.

80. Stram RJ, Binkova B, Dejmek J, Bobak M: Ambient air pollution and prenancy
outcomes: a review of the literature. Environ Health Perspect 2005,
133(4):375-382.

81.  Wang X, Zuckerman B, Pearson C, Kaufman G, Chen C, Wang G, Niu T, Wise
PH, Bauchner H, Xu X: Maternal cigarette smoking, metabolic gene
polymorphism, and infant birth weight. JAMA 2002, 287(2):195-202.

82. Tsai HJ, Liu X, Mestan K, Yu, Zhang S, Fang Y, Pearson C, Ortiz K, Zuckerman
B, Bauchner Het al: Maternal cigarette smoking, metabolic gene
polymorphisms, and preterm delivery: new insights on GxE interactions
and pathogenic pathways. Hum Genet 2008, 123(4):359-369.

83. YuY,Tsai HJ, Liu X, Mestan K, Zhang S, Pearson C, Ortiz K, Xu X, Zuckerman B,
Wang X: The joint association between F5 gene polymorphisms and
maternal smoking during pregnancy on preterm delivery. Hum Genet 2009,
124(6):659-668.

84. SuhYJ,Ha EH, Park H, Kim YJ, Kim H, Hong YC: GSTM1 polymorphism along
with PM10 exposure contributes to the risk of preterm delivery. Mutat Res
2008, 656(1-2):62-67.

85.  Anum EA, Springel EH, Shriver MD, Strauss JF Il: Genetic contributions to
disparities in preterm birth. . Pediatr Res 2009, 65:1-9.

86. Lawn JE, Gravett MG, Nunes TM, Rubens CE, Stanton C, and GAPPS Review
Group: Global report on preterm birth and stillbirth (1 of 7): Definitions,
description of the burden and opportunities to improve data. BMC
Pregnancy and Childbirth 2010, 10 (Suppl 1):51.

87. Reddy UM, Goldenberg R, Silver R, Smith GC, Pauli RM, Wapner RJ, Gardosi J,
Pinar H, Grafe M, Kupferminc M et af: Stillbirth classification--developing an
international consensus for research: executive summary of a National
Institute of Child Health and Human Development workshop. Obstet
Gynecol 2009, 114(4):901-914.

88.  Lawn JE, Yakoob MY, Haws RA, Soomro T, Darmstadt GL, Bhutta ZA: 3.2
million stillbirths: epidemiology and overview of the evidence review.
BMC Pregnancy Childbirth 2009, 9 (Suppl 1):52.

89. Petersson K, Bremme K, Bottinga R, Hofsjo A, Hulthen-Varli |, Kublickas M,
Norman M, Papadogiannakis N, Wanggren K, Wolff K: Diagnostic evaluation
of intrauterine fetal deaths in Stockholm 1998-99. Acta Obstet Gynecol
Scand 2002, 81(4):284-292.

90. VarliIH, Petersson K, Bottinga R, Bremme K, Hofsjo A, Holm M, Holste C,
Kublickas M, Norman M, Pilo C et al- The Stockholm classification of
stillbirth. Acta Obstet Gynecol Scand 2008, 87(11):1202-1212.

91. Fretts RC: Etiology and prevention of stillbirth. Am J Obstet Gynecol 2005,
193(6):1923-1935.

92.  Bloom F: What does it all mean to you? J Neurosci 2001, 21(21):8304-8305.

93. Klauschen F, Angermann BR, Meier-Schellersheim M: Understanding
diseases by mouse click: the promise and potential of computational
approaches in Systems Biology. Clin Exp Immunol 2007, 149(3):424-429.

94.  Aguan K CJ, Thompson LP, et al. : Applications of a functional genomics
approach to identify differentially expressed genes in human
myometrium during pregnancy and labour. . Mol Hum Reprod 2000,
6:1141-1145.

95. Chan EC, Fraser S,Yin S, Yeo G, Kwek K, Fairclough RJ, Smith R: Human
myometrial genes are differentially expressed in labor: a suppression
subtractive hybridization study. J Clin Endocrinol Metab 2002,
87(6):2435-2441.

96. Esplin MS, Fausett MB, Peltier MR, Hamblin S, Silver RM, Branch DW, Adashi EY,
Whiting D: The use of cDNA microarray to identify differentially expressed
labor-associated genes within the human myometrium during labor. Am J
Obstet Gynecol 2005, 193(2):404-413.

97. Havelock JC, Keller P, Muleba N, Mayhew BA, Casey BM, Rainey WE, Word RA:
Human myometrial gene expression before and during parturition. Bio/
Reprod 2005, 72(3):707-719.

98.

99.

100.

o

102.

103.

105.

106.

107.

108.

110.

112

w

Page 16 of 16

Bukowski R, Hankins GD, Saade GR, Anderson GD, Thornton S: Labor-
associated gene expression in the human uterine fundus, lower segment,
and cervix. PLoS Med 2006, 3(6):e169.

Bollapragada S, Youssef R, Jordan F, Greer I, Norman J, Nelson S: Term labor is
associated with a core inflammatory response in human fetal membranes,
myometrium, and cervix. Am J Obstet Gynecol 2009, 200(1):104 e101-111.
Green NS, Damus K, Simpson JL, lams J, Reece EA, Hobel CJ, Merkatz IR,
Greene MF, Schwarz RH: Research agenda for preterm birth:
recommendations from the March of Dimes. Am J Obstet Gynecol 2005,
193(3 Pt 1):626-635.

. Gravett MG, Novy MJ, Rosenfeld RG, Reddy AP, Jacob T, Turner M, McCormack

A, Lapidus JA, Hitti J, Eschenbach DA et al: Diagnosis of intra-amniotic
infection by proteomic profiling and identification of novel biomarkers.
JAMA 2004, 292(4):462-469.

Gravett MG, Thomas A, Schneider KA, Reddy AP, Dasari S, Jacob T, Lu X,
Rodland M, Pereira L, Sadowsky DW et al: Proteomic analysis of cervical-
vaginal fluid: identification of novel biomarkers for detection of intra-
amniotic infection. J Proteome Res 2007, 6(1):89-96.

Pereira L, Reddy AP, Jacob T, Thomas A, Schneider KA, Dasari S, Lapidus JA, Lu
X, Rodland M, Roberts CT, Jr. et al: Identification of novel protein biomarkers
of preterm birth in human cervical-vaginal fluid. J Proteome Res 2007,
6(4):1269-1276.

. Vuadens F, Benay C, Crettaz D, Gallot D, Sapin V, Schneider P, Bienvenut WV,

Lemery D, Quadroni M, Dastugue B et al: Identification of biologic markers
of the premature rupture of fetal membranes: proteomic approach.
Proteomics 2003, 3(8):1521-1525.

Michaels JE, Dasari S, Pereira L, Reddy AP, Lapidus JA, Lu X, Jacob T, Thomas A,
Rodland M, Roberts CT, Jr. et al: Comprehensive proteomic analysis of the
human amniotic fluid proteome: gestational age-dependent changes.

J Proteome Res 2007, 6(4):1277-1285.

Dasari S, Pereira L, Reddy AP, Michaels JE, Lu X, Jacob T, Thomas A, Rodland M,
Roberts CT, Jr, Gravett MG et al: Comprehensive proteomic analysis of
human cervical-vaginal fluid. J Proteome Res 2007, 6(4):1258-1268.

Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt GH,
Harbour RT, Haugh MC, Henry D et al: Grading quality of evidence and
strength of recommendations. BM.J 2004, 328(7454):1490.

Rudan |, Gibson JL, Ameratunga S, El Arifeen S, Bhutta ZA, Black M, Black RE,
Brown KH, Campbell H, Carneiro | et al: Setting priorities in global child
health research investments: guidelines for implementation of CHNRI
method. Croat Med J 2008, 49(6):720-733.

. Barros FC, Bhutta ZA, Batra M, Hansen TN, Victora CG, Rubens CE, and GAPPS

Review Group: Global report on preterm birth and stillbirth (3 of 7):
evidence for effectiveness of interventions BMC Pregnancy and Childbirth
2010, 10 (Suppl 1):S3.

Victora CG, Rubens CE, and the GAPPS Review Group: Global report on
preterm birth and stillbirth (4 of 7): delivery of interventions. BMC
Pregnancy and Childbirth 2010, 10 (Suppl 1):54.

. Sather M, Fajon AV, Zaentz R, Rubens CE, and the GAPPS Review Group:

Global report on preterm birth and stillbirth (5 of 7): advocacy barriers
and opportunities. BMC Pregnancy and Childbirth 2010, 10 (Suppl 1):S5.
Kelley MK, Rubens CE, and the GAPPS Review Group: Global report on
preterm birth and stillbirth (6 of 7): ethical considerations BMC Pregnancy
and Childbirth 2010, 10 (Suppl 1):S6.

. Rubens CE, Gravett MG, Victora CG, Nunes TM, and the GAPPS Review Group:

Global report on preterm birth and stillbirth (7 of 7): mobilizing resources
to accelerate innovative interventions BMC Pregnancy and Childbirth 2010,
10 (Suppl 1):S7.

doi:10.1186/1471-2393-51-S2

Cite this article as: Gravett MG, et al.: Global report on preterm birth and
stillbirth (2 of 7): discovery science. BMC Pregnancy and Childbirth 2010,
10(Suppl 1):S2.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgfaRotisSansSerif
    /AgfaRotisSansSerif-Bold
    /AgfaRotisSansSerifExtraBold
    /AgfaRotisSansSerif-Italic
    /AgfaRotisSansSerifLight
    /AgfaRotisSansSerifLight-Italic
    /Aharoni-Bold
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AllegroBT-Regular
    /AmerTypewriterITCbyBT-Medium
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ATNebraska
    /ATNebraskaBold
    /ATNebraskaBoldItalic
    /ATNebraskaItalic
    /ATToronto
    /ATTorontoBold
    /ATTorontoBoldItalic
    /ATTorontoItalic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BalticSans
    /BankGothicBT-Medium
    /Barmeno-ExtraBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Batang
    /BatangChe
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /Bembo
    /Bembo-Bold
    /Bembo-BoldItalic
    /Bembo-Italic
    /BenguiatITCbyBT-Bold
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /BremenBT-Bold
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptStd
    /Bulgarian-Ariel
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /CaslonFiveForty-Italic
    /CaslonFiveForty-Roman
    /CaslonThree-Roman
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ComicSansMS
    /ComicSansMS-Bold
    /CommonBullets
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DaunPenh
    /DauphinPlain
    /David
    /David-Bold
    /Dax-Regular
    /Dax-RegularExpert
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /English111VivaceBT-Regular
    /EngraversMT
    /EngraversMT-Bold
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EurostileBold
    /EurostileRegular
    /FangSong
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldItalic
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-LightOblique
    /FuturaLtCnBTItalic
    /FuturaMdCnBTItalic
    /FuturaTEE-BoldCond
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /Gautami
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /GiddyupStd
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Giovanni-Black
    /Giovanni-BlackItalic
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-BoldSC
    /Giovanni-Book
    /Giovanni-BookItalic
    /Giovanni-BookSC
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HoboStd
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KaiTi
    /Kalinga
    /Kartika
    /KidsPlain
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-DemiBold
    /MaiandraGD-Italic
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Map-Symbols
    /Marlett
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatisseITC-Regular
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftSansSerif
    /MicrosoftUighur
    /MicrosoftYaHei
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Minion
    /MinionBlack
    /MinionBold
    /MinionBoldItalic
    /MinionItalic
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MinionSemibold
    /MinionSemiboldItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /MongolianBaiti
    /MonotypeSorts
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /Narkisim
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskerville-Roman
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /NuptialScript
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldOblique
    /Optima-Oblique
    /OratorStd
    /OratorStd-Slanted
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /PMingLiU
    /PMingLiU-ExtB
    /PoplarStd
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PosterBodoniBT-Roman
    /PrestigeEliteStd-Bd
    /Pronto
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /RockwellBoldCondensed
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /RockwellExtraBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RockwellLight
    /Rod
    /RosewoodStd-Regular
    /ScriptMTBold
    /ScriptMT-Bold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Shruti
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StencilStd
    /StoneSans
    /StoneSansItalic
    /StoneSerif
    /StoneSerif-Bold
    /StoneSerif-BoldItalic
    /StoneSerif-Italic
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /SyntaxBlack
    /SyntaxBold
    /SyntaxItalic
    /SyntaxRoman
    /SyntaxUltraBlack
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-BoldCond
    /TimesNewRomanMT-Cond
    /TimesNewRomanMT-CondItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Medium
    /TwCenMT-MediumItalic
    /TypoUprightBT-Regular
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vivaldii
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoodtypeOrnaments-One
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
    /AriosoBold
    /AriosoNormal
    /ChevaraNormal
    /ChevaraOutlineNormal
    /ChillerLetPlain
    /CongaBold
    /CongaNormal
    /ErasContourITC-Normal
    /HelmetBold
    /HelmetBoldItalic
    /HelmetCondensedBold
    /HelmetCondensedBoldItalic
    /HelmetCondensedItalic
    /HelmetCondensedNormal
    /HelmetItalic
    /HelmetNormal
    /LucidaSans-DemiOblique
    /LucidaSans-Oblique
    /StarBats
    /StarMath
    /TimesNewRomanMT-ExtraBold
    /TimmonsBold
    /TimmonsBoldItalic
    /TimmonsItalic
    /TimmonsNormal
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


