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Abstract
Chorioamnionitis, the main single cause of preterm delivery, which occurs in 10 to 13% of deliveries
annually worldwide, can be subdivided into clinical and subclinical forms. The latter is more common and
includes intra-amniotic infection (IAI), inflammation, and histologic chorioamnionitis (HCA). Diagnosing
subclinical chorioamnionitis is necessary for optimal timing of delivery. Amniotic fluid (AF) biomarkers
allow gathering of information on the inflammatory status of the uterine cavity.
The aim of the study was to evaluate AF biomarkers in the diagnosis of intra-amniotic infection.
The study was conducted at the University Hospital of Helsinki, Finland, Department of Obstetrics and
Gynecology, between March 2012 and October 2015. The study population comprised 155 cases with a
suspicion of IAI or preterm prelabor rupture of the membranes (PPROM) and 46 controls. Amniocentesis
was performed in 105 cases between 22+0 and 36+5 weeks of gestation and in 46 controls. AF was
obtained vaginally from 53 cases. In such AF samples, AF-lactate dehydrogenase (AF-LD) and AF-Glucose
concentrations were determined. Determination in amniocentesis samples was of AF-LD, AF-Glucose, AFmatrix metalloproteinase (MMP)-8, AF-cathelicidin, AF-MMP-9, AF-myeloperoxidase, AF-interleukin-6, AFneutrophil elastase (HNE), AF-elafin, AF-MMP-2, AF- tissue inhibitor of matrix metalloproteinases -1 (TIMP1), AF-MMP-8/TIMP-1 molar ratio, and AF-C-reactive protein (CRP) levels. AF-MMP-8 measurement was by
an immunoenzymometric assay, AF-LD and AF-Glucose by immunochemiluminometric assays, and others
by commercial ELISA. Microbiological analyses were based on molecular microbiology and culture
techniques. An experienced pathologist performed placental histopathologic examination. Data on
pregnancies came from the hospital database.
The most optimal cut-off value based on the ROC-curve for AF-LD in vaginally obtained AF against HCA was
1029 IU/L with a sensitivity of 65% and specificity of 69%. In such samples, glucose concentrations did not
differ between women with or without HCA. In amniocentesis samples, AF-LD and AF-Glucose correlated
with HCA and MIAC, and the most optimal cut-off values for both end-points were a respective 429 IU/L
and 0.7 mmol/L. When AF-LD and AF-Gluc concentrations were adjusted by gestational age at
amniocentesis, the association disappeared. The concomitant use of AF-LD and AF-Glucose provided no
additional value. AF-MMP-8, AF-cathelicidin, AF-MMP-9, AF-MPO, AF-IL-6, AF-Elafin, AF-HNE, and AF-TIMP1 were associated with MIAC, but AF-MMP-2 and AF-CRP were not. The results were similar also when
adjusted by gestational age at amniocentesis. Neutrophil-produced biomarkers were associated with IAI.
MIAC occurred equally often in pregnancies with PPROM and with intact membranes. Infection and
inflammation were more common at lower gestational ages.
In conclusion, the accuracies of AF-LD and AF-Glucose were quite poor, meaning that better biomarkers for
IAI diagnostics are essential. None of the other biomarkers studied out-performed others, and larger
studies are needed to confirm and further extend our results. However, IAI seemed to be associated with
neutrophil activation. The usefulness of each biomarker for clinical purposes depends more on local
circumstances, laboratory method availability, and the clinicians´ familiarity with each biomarker than on
exact differences in accuracy.
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Introduction
Intra-amniotic infection or inflammation, one form of chorioamnionitis, is the main etiologic factor in
preterm delivery (Goldenberg et al. 2008). This association was first described in 1974 (Buhimschi et al.
2013). Chorioamnionitis may appear in both clinical and subclinical forms. Clinical chorioamnionitis with
maternal fever as one of the essential signs occurs in 5 to 10% (Edwards 2005) of all preterm deliveries, but
still represents only the tip of the iceberg. Subclinical chorioamnionitis, occurring more frequently (Wu et
al. 2009, Galinsky et al. 2013), can be subdivided into histologic chorioamnionitis (HCA), intra-amniotic
infection (IAI), and intra-amniotic inflammation. IAI is usually defined as intra-amniotic inflammation in the
presence of microbial invasion of the amniotic cavity (MIAC). However, in the current literature,
overlapping and incoherence occurs in the definitions and criteria of chorioamnionitis and IAI.
Chorioamnionitis plays a key role in neonatal morbidity and mortality both in pregnancies complicated by
preterm prelabor rupture of the membranes (PPROM) and in those with intact fetal membranes (Yoon et
al. 2001, Kacerovsky et al. 2014, Liu et al. 2014, Roescher et al. 2014, Kim et al. 2015b). IAI causes adverse
neonatal outcomes similar to those of sterile inflammation (Combs et al. 2014). One of the most significant
risk factors for chorioamnionitis is PPROM and the following prolonged latency, i.e. time interval between
the PPROM and the labor (Fishman, Gelber 2012). Although routine prophylactic antibiotics after PPROM
have reduced the incidence of chorioamnionitis and neonatal infections (Tita, Andrews 2010, Kenyon et al.
2013), attempts at prevention of adverse outcomes in pregnancies with clinical chorioamnionitis may be
ineffective (Yoon et al. 2001, Kim et al. 2015b).
Among the main challenges in modern obstetric practice are early diagnosis of subclinical chorioamnionitis
and appropriate timing of delivery (weighing the benefits of pregnancy prolongation against risk of fetal
infection).
Traditionally, a general inflammation marker in the chorioamnionitis diagnosis has been maternal plasma Creactive protein (CRP), although it has proven a poor marker for HCA, MIAC (Stepan et al. 2016), and clinical
chorioamnionitis (Trochez-Martinez et al. 2007). Due to a lack of exact cut-off levels and a wide range of
confidence intervals, this marker exhibits very limited clinical usefulness (Buhimschi et al. 2013, Dulay et al.
2015). No other biomarkers from maternal serum samples are in clinical use.
A plethora of studies cover AF biomarkers obtained by amniocentesis (AC) in the diagnosis of IAI, but only
few have undergone clinical validation. Currently in wide use in intra-amniotic infection (IAI) diagnostics are
AF lactate dehydrogenase (LD) (Garry et al. 1996), glucose (Gluc) (Romero et al. 1990, Greig et al. 1994),
interleukin-6 , (Romero et al. 1993a, 1993c), and matrix metalloproteinase-8 (Maymon et al. 2000b, Park et
al. 2013a), but their low accuracy, particularly of AF-LD and AF-Gluc, has limited their clinical use.
Studies concerning AF biomarkers obtained non-invasively from vaginal samples are few. They have
revealed an association of AF-LD and AF-Gluc with MIAC, but sample size has been limited (Magloire et al.
2006b, Buhimschi et al. 2006). Pregnancies with preterm prelabor rupture of membranes (PPROM) are
frequently associated with oligohydramnion, making AC technically difficult or impossible. In these cases,
AF sampling vaginally from leaking AF would be of great value.
Taking into consideration the fact that in pregnancies with preterm labor and intact fetal membranes IAI
and subclinical chorioamnionitis are frequent (Romero et al. 2014c), we wanted to explore the value of
11

traditional and novel biomarkers in the diagnosis of these entities both in pregnancies with PPROM and
with intact fetal membranes. The inconsistent and limited results from the biomarkers obtained vaginally in
PPROM pregnancies led us to investigate them further.
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Review of the literature
Preterm birth
Preterm delivery is defined by the World Health Organization (WHO) as delivery at less than 37 weeks of
gestation (Goldenberg et al. 2008, Harrison, Goldenberg 2016), without any limit for neonatal weight. The
lower limit for delivery varies between countries, but in Finland it is set at 22+0 weeks of gestation or
weight of the neonate over 500 g (THL 2016).
Worldwide, the rate of preterm birth is about 11% (Harrison, Goldenberg 2016), and 15 million preterm
births occur annually (Galinsky et al. 2013). The rate has stayed almost stable during recent decades
(Norman, Shennan 2013), or has even risen (Galinsky et al. 2013). In Finland, the rate of preterm birth is
5.3% (THL 2016), similar to other European countries’ (Cappelletti et al. 2016), and it has remained quite
stable over 15 years (THL 2016).
Preterm birth can be classified as spontaneous or induced preterm birth. The former can be further
subdivided into preterm birth with intact membranes, and preterm birth starting with preterm prelabor
rupture of the membranes (PPROM). Preterm delivery starting with PPROM comprises 30 to 40% of all
preterm deliveries, while the number of term deliveries with PPROM is only 2 to 3.5% (Henderson et al.
2012, Erdemir et al. 2013). Most PPROM cases occur between 34 and 37 weeks of pregnancy (Kacerovsky
et al. 2014).
Infection or inflammation is the main single cause of preterm birth, and is responsible for approximately
25% of all preterm births (Goldenberg et al. 2008, Cappelletti et al. 2016). Infections can be subdivided into
intrauterine and extrauterine infections, the latter including malaria, pyelonephritis, pneumonia, and
periodontitis (Parthiban, Mahendra 2015). Moreover, chronic inflammatory conditions in the mother, like
obesity, autoimmune diseases such as systemic lupus erythematosus, multiple sclerosis, and type 1
diabetes (Cappelletti et al. 2016), are associated with increased risk for preterm birth. Furthermore, an
altered maternal microbiome in the oral cavity or placenta can also cause an increased risk for preterm
birth (Jain, Gyamfi-Bannerman 2016, Vinturache et al. 2016). Microbe-associated infection is not a
necessary cause of increased risk for preterm birth, because sterile intra-amniotic inflammation also
elevates the risk for preterm labor at <34 weeks of gestation (Romero et al. 2014b). The most important
risk factor for preterm birth is, however, a maternal history of preterm birth, especially in the early weeks
of gestation (Vinturache et al. 2016).
Preterm birth is the leading cause of neonatal mortality (Slattery, Morrison 2002), and it causes
approximately 35% of neonatal deaths during the first four weeks of life (Norman, Shennan 2013, Harrison,
Goldenberg 2016), and altogether 75% of total perinatal mortality (Slattery, Morrison 2002, Goldenberg et
al. 2008). Improvement in neonatal outcome has occurred since antenatal corticosteroids and magnesium
neuroprophylaxis have been incorporated into clinical management. Antenatal corticosteroid
administration between 24 and 34 weeks of gestation in the setting of threatening preterm labor has
reduced the risk for respiratory distress syndrome (RDS) for over 20 years in high-income countries. In lowincome countries, accessibility of antenatal corticosteroids is less frequent (Harrison, Goldenberg 2016).
Administration of magnesium sulfate to the mother with threatening preterm delivery <32 weeks of
13

gestation has shown beneficial effects on the newborn´s neurodevelopmental outcome, mainly by reducing
the incidence of cerebral palsy (CP) (Kamyar et al. 2016). The number needed to treat to prevent one case
of CP is 63 (95% CI 43-155) (Doyle et al. 2009). However, in one recent study, magnesium neuroprophylaxis
had no favorable effect on neonatal outcome in neonates born at <32 weeks of gestation in the setting of
chorioamnionitis (Kamyar et al. 2016).

Economic consequences of preterm birth
One approximation of annual costs of prematurity in the USA, in 2007, was 26.2 billion dollars (Behrman,
Butler 2007). Costs of prematurity are not only due to hospitalization in the neonatal period, but also due
to a lifelong need of special help for those with handicaps, along with increased need for healthcare and
social services (Saigal, Doyle 2008, Platt 2014). In PPROM pregnancies, between 34 and 37 weeks of
gestation, induction of labor costs more than does expectant management (Vijgen et al. 2014). Delayed
labor from 34 weeks to 35 weeks can achieve a 42% decrease in neonatal costs. Moreover, delay of one
more week yields a 38% extra decrease in neonatal costs (Loftin et al. 2010). The incremental costs of
prematurity over those of full-term infants from birth to age 18 years have been approximated to be for
preterm (<37 weeks of gestation) infants 1.5 times as high, for very preterm (28-32 weeks) infants 2.5 times
as high, and for extremely preterm (<28 weeks) infants 3.2 times as high (Mangham et al. 2009).

Chorioamnionitis
Chorioamnionitis refers to the inflammatory changes of the chorion-plate, amniotic membranes, or both
(Higgins et al. 2016). Inflammation may be subsequent to microbial invasion of the amniotic cavity (MIAC),
or it may occur without proven microbiologic etiology (Romero et al. 2014c). Microbes leading to
chorioamnionitis, according to current knowledge, consist of bacteria, viruses, and yeasts (Ramos Bde et al.
2015). Those microbes may reach the amniotic cavity by the following routes: 1) ascent from the vagina, 2)
hematogenous spread, 3) iatrogenic spread during an invasive procedure, such as amniocentesis (AC) or
chorion villus sampling, and 4) retrograde invasion through the fallopian tubes (Figure 1) (Kim et al. 2015a).
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Figure 1. Routes of microbes to reach the amniotic cavity; from. L. Rahkonen thesis 2010 with the kind
permission of the author.

Intra-uterine infection may exist in amniotic fluid (AF) (amnionitis), in the fetal membranes
(chorioamnionitis), between maternal and fetal tissues (choriodeciduitis), in the placenta, in the umbilical
cord (funisitis), or in the fetus (Figure 2) (Goldenberg et al. 2000).

Figure 2. Sites of infection in the uterus. At bottom, from
L. Rahkonen thesis 2010, reprinted with permission of
the author. At top, drawn by the author.
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The mechanism behind infection and preterm labor consists of microbes releasing endotoxins and
exotoxins which are recognized by a maternal host response, i.e. Toll-like receptors existing on the surface
of leukocytes, and epithelial and trophoblast cells. This leads to production of pro-inflammatory cytokines,
such as interleukin-6 (IL-6), and chemokines in the decidua and fetal membranes. Cytokines then activate
an inflammatory cascade, in which prostaglandins are produced, and acute-phase reactants like C-reactive
protein (CRP) are released into the circulation, and neutrophils are activated. Neutrophils migrating to the
infectious site release proteases such as matrix metalloproteinases (MMPs) and their regulators, like tissue
inhibitors of metalloproteinase -1 (TIMP-1) (Alfakry et al. 2016). Prostaglandins stimulate uterine
contractions, and metalloproteinases stimulate collagen degradation, leading to cervical softening and
preterm labor or rupture of the amniotic membranes (Galinsky et al. 2013, Fox, Eichelberger 2015) (Figure
3).
The mechanism behind sterile inflammation is, instead, considered to involve stimuli leading to release of
endogenous molecules, called alarmins, which evoke a host response through Toll-like receptors, leading to
an inflammatory process and causing sterile HCA (Kacerovsky et al. 2014, Romero et al. 2014c).

Figure 3. Inflammation cascade. Modified from Alfakry 2016, with the kind permission of SAGE Publishing.
MPO, myeloperoxidase; H2O2-chloride, hypochlorus-acid; MMP-8, matrix metalloproteinase-8, TIMP-1, tissue
inhibitor of metalloproteinases-1; MMP-9, matrix metalloproteinase-9; PPROM, preterm prelabor rupture of the
membranes.

Several mechanical and functional barriers protect the amniotic cavity from an external microbial load (King
et al. 2007b). This is crucial in maintaining pregnancy continuation. The placenta and amniotic membranes
form a mechanical barrier (Tita, Andrews 2010) including syncytiotrophoblasts surrounding the villi (Redline
2004). Amnion epithelium and trophoblasts also act as a functional barrier by producing antimicrobial
16

peptides (King et al. 2007a, 2007b, Stock et al. 2007). The mucus plug in the closed cervical canal is also
both an anatomical and functional barrier to microbial invasion from the vagina (Kim et al. 2015a).
Functional barriers also include vaginal lactobacilli flora affecting the virulence of micro-organisms (Tita,
Andrews 2010), and cervical epithelial cells´ microbicidal products (cathelicidin, calgranulins, and defensins
like elafin) participating in blocking ascending infections (Hein et al. 2002, Stock et al. 2009, Buhimschi et al.
2013, Frew et al. 2014), and endometrial glandular cells producing antibacterial proteins (Redline 2004).
In the chorioamniotic unit, neutrophils and decidua originate from maternal side, but the villus tree and
chorioamniotic membranes from the fetal side (Kim et al. 2015a). In a normal, non-infectious situation
neutrophils are absent from the chorioamniotic membranes (Kim et al. 2015a), but the number of maternal
neutrophils increases shortly before upcoming labor in the decidua and myometrium (Keski-Nisula et al.
2000, 2003, Gomez-Lopez et al. 2014). Inflammation in such tissues is physiological phenomena occurring
during normal labor.

Definition and classification
Although the term “chorioamnionitis” in clinical practice often refers to several signs and symptoms, for
example to uterine tenderness, infectious discharge from the uterine cervix, or increased infection
parameters along with maternal fever, chorioamnionitis can be subdivided into two distinctive subgroups:
clinical and subclinical. The latter consists of HCA and intra-amniotic inflammation with or without
microbiologic etiology (Figure 4).

Figure 4. Schematic diagram of chorioamnionitis types. Subclinical chorioamnionitis can be subdivided into
histologic chorioamnionitis (HCA), intra-amniotic infection (IAI), and intra-amniotic inflammation. IAI means
intra-amniotic inflammation in the presence of microbial invasion of the amniotic cavity (MIAC). Drawn by
the author.
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Clinical chorioamnionitis
Clinical chorioamnionitis has been traditionally defined by Gibbs criteria since the 1970s (Gibbs 1977, Sung
et al. 2016). It includes maternal fever ≥ 38 ºC with at least one or two of the following criteria: uterine
tenderness, maternal or fetal tachycardia, foul-smelling or infectious discharge from the uterine cervix, or
total maternal white blood cell (WBC) count > 20 x 109/L (Fishman, Gelber 2012, Romero et al. 2015).

Intra-amniotic infection and inflammation
Intra-amniotic infection (IAI) is defined as elevated concentration of inflammatory markers, such as IL-6,
and matrix metalloproteinase -8 (MMP-8) in AF in the presence of MIAC. The microbial colonization, per se,
is not considered consistent with infection; an inflammatory component is necessary (Combs et al. 2014).
Intra-amniotic inflammation in the absence of MIAC results from activation of endogenous mediators which
evoke a host response and lead to progression of an inflammatory process.

Histologic chorioamnionitis
The placenta consists of three parts: the chorionic plate, the chorioamniotic membranes, and the umbilical
cord. The term HCA refers to inflammatory changes, i.e. neutrophil infiltration, mainly polymorphonuclear
leukocytes, in any of these parts.
HCA can be subdivided according to inflammatory changes in the villus tree (villitis), vessels (vasculitis), or
umbilical cord (funisitis). Funisitis is defined as a neutrophil infiltration into the vessel walls of the umbilical
cord or into Wharton´s jelly (Park et al. 2016). It is considered a more severe stage of HCA, since it reflects
the spread of inflammation to the umbilical cord, and is the fetal counterpart to the maternal infection
(Tita, Andrews 2010).
HCA covers two subtypes of chorioamnionitis: with MIAC (infectious) and without MIAC (sterile) (Romero et
al. 2014c). Inflammatory changes in the latter are thought to be caused by the host immune response
(Redline 2004) or by meconium (Menon et al. 2010). Manifestation of the infection depends on the
virulence of microbes in the chorioamniotic space: subsequent clinical chorioamnionitis follows infection by
highly virulent microbes, whereas subclinical HCA usually occurs in the presence of low virulence microbes
(Galinsky et al. 2013).

Risk factors for chorioamnionitis
PPROM and the latency time between membrane rupture and delivery are among the most important risk
factors for chorioamnionitis (Tita, Andrews 2010, Fishman, Gelber 2012) (Table 1).
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Table 1. Risk factors for chorioamnionitis.

Nulliparity

Digital examinations during delivery

Prolonged PPROM

Meconium-stained amniotic fluid

Bacterial vaginosis

Prolonged duration of delivery

Sexually transmitted genital infections

Intrauterine monitoring (CTG, IUP)

Alcohol- or drug abuse

Epidural use
GBS colonization in maternal vagina or
perineum

Tobacco smoking
Immunosuppression
African-American ethnicity
Altered placental or vaginal microbiome

Based on data from Tita 2010, Fishman 2012, Johnson 2014, Prince 2014
CTG, cardiotocography; GBS, Group B Streptococcus; IUP, intrauterine pressure;
PPROM, preterm prelabor rupture of the membranes

Microbiome
Women with preterm labor have a diminished amount of protective Lactobacillus spp. in their vaginal flora
and a predominance of Gardnerella or Ureaplasma species (DiGiulio et al. 2015). Moreover, pre-existing
viral load may induce inflammation or preterm birth (Ramos Bde et al. 2015).
Formerly, the genital tract beyond the cervix was presumed to be sterile, but the placenta harbors its own
microbiome, which is more related to an oral microbiome than to a vaginal microbiome (Aagaard et al.
2014, Mysorekar, Cao 2014, Prince et al. 2014, Fox, Eichelberger 2015, Prince et al. 2016). The placental
microbiome differs between women with preterm labor or a history of antenatal infection and those
achieving full-term pregnancies (Prince et al. 2016) (Table 2). The most common bacterium of the placenta
is E.coli (Aagaard et al. 2014). Placental microbes are usually not pathogenic. However, the altered immune
system during pregnancy may lead to hematogenous colonization, changes in the community of placental
microbes, and thereafter to dysbiosis, which can evoke an inflammatory response leading to preterm labor
or PPROM (Prince et al. 2014).
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Table 2. Maternal microbiome by pregnancy outcome.
Preterm labor,
intact membranes

Preterm labor,
PPROM

Oral:

Term labor with
chorioamnionitis

Oral, Non-pregnant:

Fusobacterium
Bergeyella spp.

Term labor
without chorioamnionitis

Firmicutes
NA

Streptococcus spp.

Actinobacteria

NA

Bacteroidetes
Proteobacteria
Fusobacterium

Amniotic fluid:

Amniotic fluid:

Amniotic fluid:

Amniotic fluid:

Ureaplasma spp.

Ureaplasma spp.

Ureaplasma spp.

Ureaplasma spp.

Mycoplasma spp.

Mycoplasma spp.

Mycoplasma

Mycoplasma

Fusobacterium

Fusobacterium

Coagulase negative Staphylococcus

Fusobacterium

Sneathia

Sneathia

Streptococcus agalactiae

Sneathia

Bacteroides

Bacteroides

Lactobacillus spp.

Bacteroides

Prevotella

Prevotella

Acinetobacter spp.

Leptotrichia

Leptotrichia

Lactobacillus spp.

Peptostreptococcus

Enterococcus

Enterococcus

Escherichia coli

Hemophilus

Gardnerella

Gardnerella

Streptococcus

Streptococcus

Bacillus

Staphylococcus

Escherichia coli

Placenta:

Placenta:

Placenta:

Placenta:

Ureaplasma spp.↑

Ureaplasma spp.↑

Enterobacter

Enterobacter

Acinetobacter↓

Acinetobacter↓

Acinetobacter

Acinetobacter

E.coli

E.coli

E.coli

E.coli

Enterobacter

Enterobacter

Lactobacillus spp.

Lactobacillus spp.

Fusobacterium ↑

Fusobacterium ↑

Lactobacillus crispatus ↓

Lactobacillus crispatus ↓

Vagina:

Vagina:

Lactobacillus crispatus

Lactobacillus spp.

↑ increased microbe level compared to that of term pregnancy without chorioamnionitis
↓decreased microbe level compared to that of term pregnancy without chorioamnionitis
NA, not available
Data modified from Prince 2014, DiGiulio 2012, Keski-Nisula 1997, Kim 2015, Aagaard 2016, Prince 2016
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Incidence
Clinical chorioamnionitis occurs in 1 to 4% of all pregnancies in developed countries (Johnson et al. 2014).
Data of developing countries are lacking. The rate is higher in preterm pregnancies (5-15%) than in term
pregnancies (1-2%) (Edwards 2005). Chorioamnionitis cannot develop until the amnion and chorion are
fused (on average 11 weeks of gestation), and it occurs rarely before fusion of the placental membranes
with the uterine cavity (on average at 19 weeks of gestation) (Redline 2012). In pregnancies complicated
with PPROM clinical chorioamnionitis occurs in up to 26% (van de Laar et al. 2009). Of women with clinical
chorioamnionitis, 62% have HCA, and 60% have funisitis (Tita, Andrews 2010). Subclinical chorioamnionitis
is more common than clinical chorioamnionitis, which occurs in only 18% of pregnancies with intraamniotic inflammation (Buhimschi et al. 2013).
IAI (57% vs 42%) and intra-amniotic inflammation (29% vs 21%) occur more frequently in PPROM
pregnancies than in preterm pregnancies with intact membranes (Park et al. 2013d) (Table 3).

Table 3. The rate of chorioamnionitis
Study

n

Setting

Term/
Preterm

Outcome

Prevalence %
26
11

Romero et al 2014

135

Intact membranes

Preterm

Sterile inflammation
IAI

Musilova et al 2015

166

PPROM

Preterm

Sterile inflammation
IAI

4
21

Romero et al 2014

100

PPROM and
intact membranes

Term and
preterm

MIAC
Inflammation

34
40

Sterile inflammation
IAI
HCA among those without
inflammation
HCA among those with IAI

29
29
38

Inflammation
IAI
HCA without inflammation
HCA among those with
inflammation
HCA among those with IAI

10.4
2.2
46.9
41.7

MIAC with CC at term
MIAC with preterm labor and
intact membrans
MIAC with PPROM without
labor

61
8.7-34

Romero et al 2015

Romero et al 2014

59

231

Kim et al 2015

PPROM

Intact membranes
cx<25 mm
without symptoms

Preterm

Preterm
<30 GW

Review

Term and
preterm

93.3

100

17-57.7

Horvath et al 2014

4237

Intact membranes;
retrospective analysis

Term
Preterm

HCA

5.1
30

Lahra et al 2004

3928

Cohort of 24-34 GW

20-24 GW
34 GW

HCA

66
16

Erdemir et al 2013

43

PPROM and intact
membranes

<35 GW

HCA
CC

23.2
8.3

Kim et al 2016

146

PPROM

20-33 GW

HCA
CC
MIAC

50.7
8.9
34.9
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Kim SM et al 2014

412

Intact membranes

24-35 GW

HCA
Inflammation
HCA among those with
inflammation
HCA without inflammation
HCA among those with MIAC

44.4
42.0
72.7
20.9
31.1

Roberts et al 2012

195

Intact membranes;
low-risk women

Term

HCA

34

Ovalle et al 1998

71

PPROM

24-34 GW

HCA
HCA with MIAC

58
51

Odibo et al 1999

88

Intact membranes

22-36GW

HCA
MIAC

60.2
17

Seong et al 2008

884

Intact membranes

Term

MIAC not in labor
MIAC in active labor

1
13

Cobo et al 2012

66

PPROM

22-33+6 GW

MIAC

20

Romero et al 2014

142

Intact membranes

20-35 GW

MIAC By PCR/ESI-MS
MIAC by culture
HCA in culture+, PCR+
HCA in PCR+
HCA in culture-, PCR-

12
7
100
70
35

GW, gestational weeks; HCA, histologic chorioamnionitis; MIAC, microbial invasion of the amniotic cavity; IAI, intra-amniotic
infection; CC, clinical chorioamnionitis; PPROM, preterm prelabor rupture of the membranes; PCR, polymerase chain
reaction; ESI-MS, electrospray ionization time-of-flight mass spectrometry

The prevalence of MIAC in preterm labor or in PPROM varies greatly among studies. The discovery of
bacteria in AF was first reported in 1927 (DiGiulio 2012). In PPROM cases, MIAC occurs in 20 to 50%, while
in preterm labor with intact membranes, MIAC is detectable in 6 to 20% (Yoon et al. 1998, Ovalle et al.
2006, DiGiulio et al. 2010, Lisonkova et al. 2014, Romero et al. 2014c). The occurrence of preterm
contractions in the latter situation increases the prevalence of MIAC to as high as 50% (Genc, Ford 2010).
MIAC also occurs in 7 to 22% of women having a short cervix (Gomez et al. 2005, Hassan et al. 2006,
Kusanovic et al. 2007). Furthermore, bacteria and viruses may be detectable in AF also in uneventful
pregnancies (Ramos Bde et al. 2015). Microbes are reported in AF in only about 1% of women at term
pregnancy before parturition without any signs of infection (Seong et al. 2008).
The rate of polymicrobial MIAC cases shows a wide variability between 9 and 67% (Tita, Andrews 2010,
DiGiulio 2012, Romero et al. 2014a, Kim et al. 2015a). The most common microbe found in AF is
Ureaplasma urealyticum /parvum, a typical microbe of the lower genital tract (Combs et al. 2014, Murtha,
Edwards 2014). The spectrum of microbes differs between women with preterm labor with intact
membranes and PPROM (DiGiulio 2012).
The role of viruses in the field of IAI is not yet fully understood, though their presence in the AF is more
frequent than previously thought. (Baschat et al. 2003). Viruses isolated from AF include parvovirus B19,
human herpesvirus-6, cytomegalovirus, Epstein-Barr virus, enterovirus, adenovirus, syncytial virus, and zika
virus (Ramos Bde et al. 2015, Calvet et al. 2016), though no proven association exists between AF viruses
and adverse outcomes or pregnancy loss (Miller et al. 2009, Bopegamage et al. 2013, Ramos Bde et al.
2015). However, adenovirus has been detected in 40% of preterm placentas, and HCA also occurs more
frequently in placentas containing adenovirus (Tsekoura et al. 2010).
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Candida albicans is the most common of the Candida species detected from AF (DiGiulio 2012). The rate of
Candida in AF is quite low, but robust neonatal infections have been reported, often related to early
gestational age (DiGiulio 2012).
Archaea also have the pathogenic potential to promote MIAC (DiGiulio 2012), but with no IAI cases
reported. Protozoa, like Toxoplasma gondii and Trypanosoma cruzi, have also been detected in the AF
(DiGiulio 2012), but studies concerning Plasmodium malariae in AF are lacking, although placental malaria
is, however, quite common (DiGiulio 2012). No IAI resulting from these zoonoses has been reported.
The lower the gestational age, the higher the frequency of HCA (Lahra, Jeffery 2004). Variation in HCA
frequency is great from 94% at a lower gestational age to 5% at full term (Horvath et al. 2014, Kim et al.
2015a). However, the absolute number of HCA cases in term pregnancies is high (Roberts et al. 2012).
Racial variability has also been reported in the frequency of HCA (Nadeau et al. 2016). The rate of HCA
varies markedly, from 24 to 80% with PPROM (Menon et al. 2010, Lee et al. 2013a, Xie et al. 2015), and up
to 88% in women with intact membranes and preterm labor (Greig et al. 1994, Menon et al. 2010). In term
pregnancies, HCA is mainly non-infectious, instead is just an inflammatory phenomenon (Roberts et al.
2012). Labor itself is an inflammatory process (Keski-Nisula et al. 2000), which is evident in term
pregnancies as a higher rate of HCA in women in labor than prior to labor (Keski-Nisula et al. 2000, Kim et
al. 2015a). Sterile HCA is more common than MIAC-related HCA in preterm pregnancies with intact
membranes, and it occurs more frequently at a lower gestational age, as does microbe-related HCA
(Romero et al. 2014c). In PPROM pregnancies, the rate of sterile HCA has been reported at 44% (75/167
cases) (Vajrychova 2016).
Funisitis occurring in 60% of pregnancies with HCA (Tita, Andrews 2010) is present in about 1% of term
pregnancies with intact membranes without clinical signs of chorioamnionitis and in 7% with prelabor
rupture of the membranes before parturition (Lee et al. 2006). During labor, funisitis occurs in 3% if
membranes are intact and in 4% if membranes are ruptured (Lee et al. 2006). In preterm pregnancies,
funisitis occurs in 31% in PPROM pregnancies with HCA, but in pregnancies with intact membranes it does
not occur without IAI, even in the presence of HCA (Park et al. 2016).

Diagnosis
Clinical chorioamnionitis
The use of maternal fever as an obligatory criterion for the diagnosis of clinical chorioamnionitis originally
described by Gibbs in 1977 is puzzling. Recent evidence show that the removal of fever as an essential
criterion for chorioamnionitis enhances the sensitivity of prediction of neonatal sepsis in all preterm
pregnancies between 24 and 34 weeks of gestation (Sung et al. 2016). The symptoms and signs of
chorioamnionitis can also result from physiological reactions to delivery, making, however, the clinical
criteria of chorioamnionitis neither sensitive nor specific. In the diagnosis of IAI, it is unacceptable to use
such method with a maximal accuracy of only 57% (Romero et al. 2016b).
Maternal fever as an isolated finding occurs in about 15% of term deliveries (Evers et al. 2012). Other
common conditions causing fever during labor include epidural anesthesia, dehydration, extrauterine
infections, hyperthyreosis, and prostaglandins used for labor induction (Greenwell et al. 2012, Curtin et al.
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2015, Higgins et al. 2016, Sultan et al. 2016). After clinical protocol to administrate antibiotic prophylaxis to
all women positive for Group B Streptococcus and to women with PPROM, the role of fever as a sign of
chorioamnionitis in the presence of other symptoms of chorioamnionitis has become disputed (Sung et al.
2016). However, intrapartum fever, per se, can cause changes in fetal immune response (Mazaki-Tovi,
Vaisbuch 2016), and is recommended to commence clinical interventions (Avila et al. 2015).
The role of maternal CRP in the diagnosis of chorioamnionitis is controversial. Maternal plasma CRP value
≥20 mg/L and WBC value ≥15 x 109/L have served as diagnostic markers for chorioamnionitis (Keski-Nisula
et al. 1995), but 10 to 12 hours pass before the inflammatory response is evident in CRP (Hofer et al. 2012).
Furthermore, maternal CRP and WBC may be elevated during normal labor (Keski-Nisula et al. 1995), and
CRP increases also in uneventful pregnancy when compared to the non-pregnant stage (Anderson et al.
2013). Close to delivery, the levels of CRP and WBC may show a wide range of variability, making a
prediction of chorioamnionitis based on those values unreliable (Le Ray et al. 2015). Furthermore, CRP and
WBC have shown poor diagnostic performance for HCA (Sereepapong et al. 2001), for clinical
chorioamnionitis (van de Laar et al. 2009), or at least their clinical value is limited (Le Ray et al. 2015). In
one study, however, CRP was a better predictor for HCA in cases without IAI than was AF MMP-9 or IL-6
(Oh et al. 2011).
Studies of CRP and chorioamnionitis in pregnancies with intact membranes are few (Cammu et al. 1989,
Park et al. 2013b). In one such study, CRP in preterm pregnancies was associated with IAI (Park et al.
2013c). In systematic reviews of PPROM pregnancies, no clear consensus exists as to use of CRP in diagnosis
of chorioamnionitis (Trochez-Martinez et al. 2007, van de Laar et al. 2009).
Nor is fetal cardiotocography a particularly sensitive tool in chorioamnionitis diagnostics, since only 16 to
38% of neonates having an infection had tachycardia during the delivery (Evers et al. 2012). Studies
concerning fetal tachycardia prior to delivery in cases of chorioamnionitis are lacking, but one case report
concerns identified tachycardia (Kelly et al. 2014).

Intra-amniotic infection / inflammation
Intra-amniotic infection / inflammation can be diagnosed through AF biomarkers obtained by AC or
vaginally, through maternal serum biomarkers, through vaginal or cervical fluid biomarkers, or by means of
risk-based systems.

Amniocentesis
Amniocentesis (AC) has been performed since 1877 (Woo 2006). It has been in use mostly for genetic
karyotyping since 1956 (Fuchs, Riis 1956), and has served, though less frequently, for diagnosis of intraamniotic infection since 1979 (Garite et al. 1979). Other common indications for this invasive procedure
include testing for fetal lung maturation or chronic fetal hypoxia (erythropoietin).
Neonatal outcome was indeed improved when AC was incorporated into the protocol of management of
PPROM pregnancies (Hitti et al. 2001, Porreco et al. 2008, Maki et al. 2015, Archabald et al. 2016) (Table 4).
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Table 4. Amniocentesis and neonatal outcome.

Study
Year

Porreco

Hitti

Maki

Archabald

n

AC 147,
No AC
146.
2008 Neonates
AC 154,
No AC
167

2001 151

AC 35,
2015
No AC 33

2016

Amniotic
Gestational fluid
age (weeks) markers
at AC
studied

Setting

Outcome

24+0 - 35+6

Gram
Stain,
microbial
culture,
White
cell
count,
glucose

PPROM pregnancies,
compared retrospectively
neonatal outcome in groups
AC vs No AC. Also twins
included.

Composite neonatal morbidity was
increased in No-AC group OR 2.94
(95%CI 1.68-5.15);
No difference in PVL, IVH, death,
NEC, ROP.
Neonatal sepsis in No-AC group
similar to AC group with positive
culture.

<34

Microbial
culture,
IL-6,
TNF-α

Intact membranes, threatened
preterm labor.
Association of biomarkers /
culture with adverse neonatal
outcome, adjusted for
gestational age.

AF infection and/or elevated TNF-α
was
associated with RDS aOR 1.7;
Gr 3-4 IVH aOR 2.2;
NEC aOR 1.8;
Multiple organ dysfunction aOR 3.0

22-28

Gram
Stain,
microbial
culture,
White
cell
count,
glucose

Intact membranes,
threatened preterm labor.
Comparison of neonatal
outcome in AC vs No AC
groups.

EONS n=5 vs n=13, p<0.03
Short-term outcome n=8 vs n=20,
p<0.05
Long-term outcome n=7 vs n=21,
p<0.01

Glucose,
LD, WBC
count,
Gram
stain,
microbial
culture

185 women with a pregnancy
complicated with PPROM. AC
for 123 women. Neonatal cord
blood biomarkers and short
term neonatal outcome was
compared in the groups: AC+,
proven infection, AC+, no
infection, and no AC.

Antenatal exposion to IAI elevates
risk for adverse neonatal outcome
OR 3.0 (95% CI 1.15-7.59); higher
gestational age and AC reduced risk
for adverse neonatal outcome OR
0.61 (95%CI 0.52-0.7) and OR 0.37
(95% CI 0.14-0.95), respectively.

Total 185,
24.8 - 33.1
AC 123

AC, amniocentesis; PPROM, preterm prelabor rupture of the membranes; OR, Odds ratio; aOR adjusted Odds Ratio; GW, gestational
weeks; IL-6, interleukin-6; LD, lactate dehydrogenase; TNF-α, Tumor necrosis factor-α; RDS, respiratory distress syndrome; IVH,
intraventricular hemorrhage; PVL, periventricular leucomalacia; ROP, retinopathy of prematurity; NEC, necrotizing enterocolitis;
EONS, early-onset neonatal sepsis
Short-term outcome, presence of variables: IVH gradus 3-4, periventricular leucomalacia, hydrocephalus and brain atrophy.
Long-term outcome, presence of variables: death, cerebral palsy, epilepsy, mental retardation at age 1-2 years.

AC is usually performed transabdominally with ultrasound guidance and an aseptic technique. It is an
invasive but a relatively safe procedure (Yeast et al. 1984, Gordon et al. 2002, Akolekar et al. 2015). The
most common complications afterwards are miscarriage before 24 weeks of gestation (0.4-0.81%)
(Enzensberger et al. 2012, Akolekar et al. 2015), or rupture of the amniotic membrane (0.9-4.2%) (Zalud,
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Janas 2008, Lee et al. 2013b), as well as intra-amniotic infection (0.1-0.4%), and septic shock as a rare
consequence (0.03-0.19%) (Wurster et al. 1982). The risk for any complication following AC that requires
delivery is 0.7% (Stark et al. 2000). Notably, intra-amniotic inflammation / infection is the only variable
associated with membrane rupture after AC (Lee et al. 2013b).

Amniotic fluid biomarkers:

AF WBC count, which is increased in inflammatory conditions, has for many years been the gold standard
indicating AF inflammation (Buhimschi et al. 2013, Park et al. 2013a). WBC lysis in the presence of bacteria
may yield an artificially lower result, and contamination with blood may yield false positive results. For the
role of selected biomarkers in normal pregnancies as well as their sites of production, see Table 5.
Several other biomarkers studied in the diagnosis of IAI are not in clinical use. One of those is CA12-5,
which has shown an association with intra-amniotic inflammation and preterm labor (Seong 2016). During
recent years, biomarkers related to oxidative stress and inflammation as well as AF proteomics have been
under investigation (Cobo et al. 2013, Chafer-Pericas et al. 2015).

Increased concentration of AF-LD reflects inflammation or neutrophil activation in the amniotic cavity.
Lactate dehydrogenase (LD) is an enzyme which catalyzes the reversible conversation of lactate to pyruvate
at the end of the glycolytic pathway. Leukocytes and macrophages at the site of inflammation are the major
source of aerobic glycolysis and therefore of LD (Magloire et al. 2006a). In body fluids, for example in
ascites fluid, LD acts as an inflammation marker (el-Touny et al. 1989, Kidokoro et al. 2006). The accuracies
of AF-LD and other biomarkers for inflammation and infection in the setting of preterm labor with and
without PPROM are presented in Table 6. One possible source of bias concerning AF-LD is the blood in AF
producing falsely high AF-LD levels.
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Table 5. Characteristics of amniotic fluid inflammatory biomarkers investigated.

Biomarker Site of production

Effect
Effect of of
infection PPROM

Role in normal
pregnancy

References

LD

Neutrophils

Catalyzes oxidation of
lactate to puryvate.

Raises

?

Garry et al 1996,
Kidokoro et al 2006,
Miura et al 2011

Glucose

Maternal liver
and muscles

Reflects maternal serum
glucose concentration.

Reduces

?

Hussey et al 1998,
Rinala et al 2009

MMP-8

Neutrophils

Degrades extracellular matrix
at parturition.

Raises

No effect

Maymon et al 2000,
Romero et al 2014

Cathelicidin

Neutrophils and
epithelial cells

Modulates adaptive immunity and
takes part in innate immunity.

Raises

?

Tambor et al 2012

Fetal membranes

Cleave denatured collagen and
basement membrane
components. Major modulator of
fetal membrane integrity
throughout gestation.

Reduces*

Reduces

Maymon et al 2000,
Locksmith et al 2001,
Vincent et al 2015

MMP-9

Fetal membranes

Cleave denatured collagen and
basement membrane
components. Modulator of fetal
membrane strength. Plays an
important role in the activation of
term labor.

Raises

Raises

Maymon et al 2000,
Locksmith et al 2001,
Weiss 2007,
Vincent et al 2015

Timp-1

Fetal membranes

Regulates the concentration
of matrix metalloproteinases.

Raises

Reduces

Vadillo-Ortega et al
1996,
Locksmith et al 2001

IL-6

Amnion,
choriodecidua,
fetus

Pro- and anti-inflammatory
role. Down-regulation of
expression of pro-inflammatory
cytokines.

Raises

Reduces

Lee SY et al 2011,
Romero et al 2014

Neutrophils

Produces oxidative radicals,
activates endothelial cells to
produce cytokines,
extra- and intracellular
hypochlorus acid production.

Raises

?

Odobasic 2016

Neutrophils

Hydrolyzes connective tissue
components outside cells, such as
elastin and collagen types I-IV.
Plays a role in the pathogenesis of
membrane rupture.

Raises

Raises

Kidokoro et al 2006,
Miura et al 2011,
Czajka 2009

Elafin

Amnion, chorion,
decidua, placental
syncytiotrophoblast

Prevents uterine infection.
Regulation of inflammation.
Inhibitory effect on neutrophil
elastase.
Chemotactic activity on
neutrophils and macrophages.

Raises

Reduces

King et al 2007a,
King et al 2007b,
Stock 2007

CRP

Fetal liver

Not fully clarified

Raises

?

Malek et al 2006

MMP-2

MPO

Elastase

*Only in PPROM pregnancies
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Table 6. Test performances of selected amniotic fluid biomarkers for infection and inflammation.

Membrane
status

Outcome

Biomarkers

cut-off

Sensit Specif PPV NPV

1990 168 na

Intact

MIAC

Glucose

14 mg/dL

86.9

91.7

62.5 97.8

Garry et al

1996 131 23-35

Intact

MIAC

LD
Glucose

419 IU/L
17 mg/dL*

75.0
81.0

90.0
93.0

50.0 96.0
62.0 97.0

Odibo et al

1999 88

Intact

HCA

Glucose

15 mg/dL** 28.3

94.6

88.2 47.9

Maymon et al

22.42001 371
33.2

Intact

MIAC

MMP-8
IL-6

30 ng/mL
17 ng/mL

78.0
90.0

36.0 97.7
30.5 94.3

Edwards et al

2001 44

22-35

Intact

MIAC

Glucose
MMP-9
IL-6

15 mg/dL** 83
351 ng/mL 83
83
8.9 ng/mL

87
92
89

56
63
56

97
97
97

Harirah et al

2002 84

na

Intact
and PPROM

MIAC

IL-6
MMP-9
IL-6+MMP-9

11.4 ng/mL
13.6 ng/mL

73
77
80

79
100
100

61
100
100

86
90
92

Kidokoro et al

2006 60

16-35

Intact
and PPROM

HCA

LD
HNE
Glucose

250 IU/L
0.15ug/mL
30 mg/dL

84.1
88.9
82.2

66.7
73.3
66.7

88.1 58.8
90.9 68.8
88.1 55.6

Buhimschi et al

2007 169

17 36.1

Intact
and PPROM

MIAC

LD
Glucose
IL-6
MMP-8

419 IU/L
15 mg/dL**
11.4 ng/dL
23.0 ng/dL

60.6
70.5
45.2
90.7

88.5
80.6
61.9
65.0

62.5
56.4
70.4
47.6

Miura et al

2011 56

15-35

Intact
and PPROM

HCA

HNE
IL-6

3563 ng/mL 72.0
11.3 pg/mL 95.7

90.3
54.8

85.7 80.0
63.0 94.1

Oh et al

2011 99

21-35

Intact
and PPROM

HCA

IL-6
MMP-9

2.6ng/mL
15 ng/mL

68.2
65.9

81.8
80.0

75.0 76.3
72.5 74.6

Oh et al

2011 99

21-35

Intact
and PPROM

IAI

IL-6
MMP-9

2.6ng/mL
15 ng/mL

89.3
96.4

78.9
81.7

62.5 94.9
67.5 98.3

Tambor et al

2012 72

24 34+5

PPROM

MIAC
and HCA

Cathelicidin

4 ng/mL

47.0

95.0

na

Cobo et al

2012 47

22 33+6

PPROM

MIAC

IL-6

na

69.0

81.0

47.0 91.0

Romero et al

2014 100

22.333.4

Intact
and PPROM

IA infl

IL-6
MMP-8

11.4 ng/mL
23ng/mL

95.0
97.5

91.7
70.0

na

na

Romero et al

2014 100

22.333.4

Intact
and PPROM

MIAC

IL-6
MMP-8

11.4 ng/mL
23ng/mL

85.3
94.1

78.8
62.1

na

na

Chaemsaithong
et al

2016 136 27-32.4

Intact

MIAC
HCA or FS
FS

IL-6

2.6 ng/mL

81.8
93.6
95.2

63.2
52.2
39.4

30.0 94.7
72.5 85.7
50.0 92.9

Study

Year N

Romero et al

GA at
testing

22-36

82.4
62

87.6
88.5
36.1
95.2

na

*17mg/dL = 0.94 mmol/L
**15mg/dl = 0.84 mmol/L
GA, gestational age; Sensit, sensitivity; Specif, specificity; PPV, positive predictive value; NPV, negative predictive value;
PPROM, preterm prelabor rupture of the membranes; LD, lactate dehydrogenase, MMP-8, matrix metalloproteinase-8, IL-6,
interleukin-6; HNE, neutrophil elastase; MMP-9, matrix metalloproteinase-9; HCA, histologic chorioamnionitis; IAI, intraamniotic infection; FS, funisitis; IA infl, intra-amniotic inflammation
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AF-glucose determination is a standard method for detecting IAI. AF-glucose levels show a negative
correlation with AF inflammatory biomarkers, for example with LD (Garry et al. 1996). At the time of IAI,
the pentose phosphate pathway of microbes fed by glucose is activated, leading to decreased
concentrations of AF-glucose (Prince et al. 2016). AF-glucose concentrations are associated in high-risk
pregnancies with maternal serum glucose concentrations (Rinala et al. 2009).

The family of matrix metalloproteinases (MMPs), consisting of 23 zinc- and calcium-dependent peptidases,
represents genetically distinct but structurally related proteases with a potent ability to degrade almost all
extracellular matrix components and modify immune responses by modulating cytokines and chemokines
(Sorsa et al. 2006, Van Lint, Libert 2006, Alfakry et al. 2016). This action is necessary for recruitment of
inflammatory cells to the inflammatory site (Alfakry et al. 2016). The main components of such extracellular
matrix in the amnion-chorion are collagens (Vadillo-Ortega et al. 1996). MMPs, which can activate each
other and form immunological cascades together with their counterparts (Alfakry et al. 2016), are
produced by activated decidual neutrophils of maternal origin (Gomez-Lopez et al. 2014), and these
degranulate MMPs and other proteolytic enzymes, e.g. neutrophil elastase (NE), as a response to
inflammation and neoplasms (Weiss et al. 2007).
Structural similarities of MMPs indicate that they probably come from the same ancestor (Sorsa et al.
2006). They are subdivided based on their structure into collagenases (MMP-1, -8, -13), gelatinases (MMP2, -9), stromelysins (MMP-3, -10, -11), matrilysins (MMP-7, -26), membrane-type MMPs (MMP-14, -15-17, 24, -25), and others (MMP-12, -19-21, -23, -27, -28).
During uncomplicated pregnancy MMP-1, -2, -3, -7, and -9 exist in AF and in the membranes, although
during pregnancy until labor the amount of MMP-9 is low (Weiss et al. 2007).

MMP-8 (collagenase -2, neutrophil collagenase) is the most impressive initiator of destruction of the major
collagen (collagen type-1) of the fetal membranes, the one providing their strength (Maymon et al. 2000b,
Sorsa et al. 2011). MMP-8 is synthesized and stored mainly in polymorphonuclear neutrophils (PMNs) in
secondary granules as a latent enzyme (Alfakry et al. 2016), and upon stimulation is released as a mature
MMP-8. Several MMP-8 isoforms exist (Hanemaaijer et al. 1997). Notably, during inflammation, MMP-8 is
expressed in other cell types as well, such as monocytes/macrophages, plasma cells, and epithelial cells and
it participates in leucocyte recruitment.
MMP-8 levels are increased in preterm labor, in PPROM, and in IAI (Maymon et al. 2001a, 2001b), and
MMP-8 participates in the fetal inflammatory response to IAI (Park et al. 2009, Lee et al. 2015) and has
shown an association with neonatal morbidity with a cut-off of 30 ng/mL (Maymon et al. 2001a).

MMP-2 belongs to the gelatinases. It is expressed in endothelial cells and trophoblasts and is not produced
by neutrophils (Seval et al. 2004). It is activated from proMMP-2 that exists on the cell surface (Sorsa et al.
2006, Vincent et al. 2015). At labor, MMP-2 is the major MMP in the decidua (Weiss et al. 2007) and
responsible for its gelatinolytic activity. MMP-2, together with MMP-9, is responsible for the mechanism of
membrane rupture (Maymon et al. 2000a), although MMP-2 is present in the fetal membranes throughout
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the pregnancy; its concentration increases soon before oncoming labor (Vincent et al. 2015). In AF, MMP-2
levels are higher in midtrimester than at term, prior to labor (Maymon et al. 2000a). The effect of PPROM
on MMP-2 levels has been contradictory among studies: Fortunato et al. (1999) reported an increase in
MMP-2 levels, whereas Maymon et al. (2000a) reported a decrease in the PPROM setting. Levels of MMP-2
remain unchanged in preterm labor with intact membranes (Fortunato et al. 1999).

MMP-9 (gelatinase B) is produced mainly in neutrophils, but also in macrophages, eosinophils, and smooth
muscle cells, as well as in endothelial and epithelial cells. It is stored in the secondary granules of
neutrophils as a latent enzyme, as is MMP-8 (Alfakry et al. 2016). Unlike MMP-8, MMP-9 is released as an
inactive form and is activated locally.
MMP-9 levels are increased during inflammation and neoplasm, and its expression can be induced by
MMP-7 and by various cytokines (Sorsa et al. 2006, Alfakry et al. 2016). MMP-9 is not evident in fetal
membranes without infection or labor (Weiss et al. 2007), but in AF its level remains almost constant during
the pregnancy prior to labor (Maymon et al. 2000a).

Tissue inhibitor of metalloproteinases -1 (TIMP-1) is a glycosylated protein that can inhibit all MMPs
except MMP-19 and membrane-type MMPs (Sorsa et al. 2006). Four TIMPs exist, each having its own
targets (Visse, Nagase 2003). TIMPs are expressed in normal conditions as well as in inflammatory stages,
and are produced mainly by endothelial cells, smooth muscle cells, monocytes, and macrophages (Alfakry
et al. 2016); but in neutrophils it is scarce. Findings on TIMP-1 levels in cases of PPROM are contradictory.
Fortunato reported them to be slightly increased, whereas the latter two studies reported them to be
decreased in PPROM, reflecting the imbalance in MMP-8/TIMP-1 leading to rupture of the membranes
(Vadillo-Ortega et al. 1996, Fortunato et al. 1999, Weiss et al. 2007).
Cathelicidin is an antimicrobial peptide participating in the innate host defence system (Ramanathan et al.
2002). The only cathelicidin in humans is hCAP-18/LL-37 (Tambor et al. 2012). Its active form is expressed
mainly by neutrophils and epithelial cells including amnion epithelium (Tambor et al. 2012, Wang et al.
2014), but in a smaller amount it appears also in lymphocytes, monocytes, and mast cells (Williams et al.
2006). Cathelicidin has potent antimicrobial and anti-inflammatory activity (Wang et al. 2014), and also the
capability to stimulate cytokines like IL-6 (Lim et al. 2015). It is actively passaged transplacentally during late
pregnancy and delivery, but what is not fully clarified is whether AF cathelicidin is of maternal or fetal origin
or both (Yoshio et al. 2003, Wang et al. 2014). Levels of cathelicidin are enhanced by stress such as normal
labor (Mandic Havelka et al. 2010, Park et al. 2011).

Interleukin-6 (IL-6) is a pro-inflammatory cytokine (Burns et al. 2015) and also a potent activator of
neutrophils and acute phase responses. It has the capacity to modulate the immune response from innate
immunity to adaptive immunity (Buhimschi et al. 2009, Lee et al. 2011). One major function of IL-6 is
recruitment of neutrophils to the inflammation site (McGeough et al. 2012). Its concentration increases
along gestational age (Burns et al. 2015).
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Elafin belongs to a family of antileukoproteinases (Stock et al. 2007) and is synthesized and secreted locally
upon stimulation by cytokines (Williams et al. 2006). It is produced by neutrophils, chorion trophoblasts,
decidua, and epithelial cells (Williams et al. 2006, King et al. 2007a, 2007b), for example in amnion
epithelium (Stock et al. 2007). Among these sites, the chorion plays a massive role in elafin production
(Stock et al. 2007). Elafin is a peptide with natural antimicrobial and anti-inflammatory properties as well as
the capacity to modify immune responses (King et al. 2007b); it is an antiprotease of HNE (King et al.
2007b), protecting tissues from damage mediated by HNE (Williams et al. 2006). Its expression in amnion
epithelium cells is reduced in cases of PPROM (King et al. 2007b).

Neutrophil elastase (HNE), a serine protease which fragments proteins ingested by leukocytes, is expressed
and stored in the primary granules of activated neutrophils. It participates in a host response against
bacteria (Alfakry et al. 2016), and can degrade many extracellular matrix components (Kidokoro et al. 2006)
through MMP cascade activation (Alfakry et al. 2016). Elastase can affect the activation of MMPs and
cytokines and the inactivation of TIMP-1 (Alfakry et al. 2016). In PPROM pregnancies, its expression is
increased (Helmig et al. 2002).

Myeloperoxidase (MPO) is a cationic heme protein, which is stored in PMN, released mainly by neutrophils
and monocytes, and upregulated with inflammation (Kindzelskii et al. 2006, Leppilahti et al. 2014, Alfakry et
al. 2016). It has two kinds of properties: first, it degrades foreign particles oxidatively, and second, it
suppresses the inflammatory reaction (Klebanoff et al. 2013). An important feature of MPO is its ability to
generate oxidants like hypochlorus acid (HOCl), which can activate latent MMPs (Saari et al. 1992, Alfakry
et al. 2016) and inactivate TIMP oxidatively. Another important feature is its capability of regulating
neutrophil immigration to the site of inflammation (Alfakry et al. 2016). In sum: MPO can create an
environment favorable for necrosis and for abscess formation (Klebanoff et al. 2013). Furthermore, MPO
also has antimicrobial properties, and HOCl has microbicidal properties (Kindzelskii et al. 2006, Klebanoff et
al. 2013).

CRP, an acute-phase reactant, is produced in the liver upon stimuli of pro-inflammatory cytokines (Genc,
Ford 2010). AF CRP, of fetal origin (Malek et al. 2006), is a large-sized protein, incapable of crossing the
placental barrier (Gutteberg et al. 1986).

Microbial invasion of the amniotic cavity

Microbial invasion of the amniotic cavity is determined as a positive microbial finding in the AF, detected
either by 16S rRNA (PCR), bacterial culture, or Gram stain.
PCR is a molecular microbiologic technique used since 1983 (Mullis, Faloona 1987), and is based on cycles
of heating and cooling DNA strips in order to melt and replicate DNA enzymatically. Primers, i.e. specific
DNA fragments which are complementary to the target, will attach to the DNA strand. A cycle will be
repeated many times. As the process continues, the generated DNA can serve as a template so the amount
of DNA can be amplified.
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PCR has allowed identification of more microbes than with cultivation techniques, and the rate of identified
MIAC cases has increased 30 to 50% (DiGiulio 2012). PCR recognizes not only live microbes but also the
footprints of pre-existing, non-viable microbes (DiGiulio 2012). PCR has also improved the detection of
Ureaplasma, the most common microbe in AF (DiGiulio 2012). Furthermore, the method is quicker than the
traditional cultivation technique.
Cultivation is a traditional method for identifying microbes. Because bacterial culture and PCR do not
always identify the same microbes, the spectrum of microbes found has widened when both methods are
used simultaneously (DiGiulio et al. 2010). With common cultivation techniques, Candida species can also
be recognized. A negative culture result does not necessarily mean the absence of bacteria, but the
impossibility of cultivating such a bacteria, because only 1% of bacteria are cultivable (Romero et al. 2006,
DiGiulio 2012).
Gram stain is a rapid and cheap method for identifying MIAC. Its basis is to stain bacteria according to their
cell structure. Gram-positive cells stain as purple and gram-negative as red. For a positive culture, Gram
stain has a sensitivity of 60% and specificity of 99% (Romero et al. 1993b).

Vaginally obtained samples
After rupture of the fetal membranes, AF can be visible in the vagina during a speculum examination. In
such situations, AC can be difficult or impossible to perform due the resulting oligohydramnion or
anhydramnion. Investigation has therefore focused on the possibility of using vaginally obtained AF
samples.
Increased AF-LD concentration, measured from vaginally obtained AF samples with a cut-off value of 1000
IU/L, has shown an association with MIAC detected by AC (Magloire et al. 2006b). Another study linked an
AF-LD cut-off of 25 IU/L to HCA (Hendsch et al. 2001).
One study showed that vaginally obtained AF-Gluc correlates with glucose concentrations retrieved by
transabdominal AC and is also associated with MIAC (Buhimschi et al. 2006). Vaginally obtained AF-Gluc
concentrations less than 0.28 mmol/L predicted IAI (determined as low glucose concentration at AC with
MIAC) in that same study with sensitivity of 47% and specificity of 100%.
IL-6 has failed to prove useful in vaginally obtained AF samples (Hendsch et al. 2001). However, a recent
publication demonstrated its value in the diagnosis of MIAC, intra-amniotic inflammation, and IAI. It
showed a strong correlation with IL-6 levels in AC samples, rs=0.68, p<0.0001 (Musilova et al. 2016).
Recently, a new transcervical device has been introduced for AF collection after PPROM (Lee et al. 2015).
This may help in sampling and in avoiding contamination with vaginal discharge.
Cervicovaginal fluid samples containing various biomarkers are under extensive study to discover the most
suitable predictive biomarker for MIAC and inflammation. The most popular biomarker under investigation
has been IL-6. An association of IL-6 and tumor necrosis factor –α (TNF- α) with fetal inflammatory response
syndrome (FIRS) (determined as increased IL-6 in cord plasma) and funisitis has been reported in samples
obtained by squeezing vaginal discharge from sanitary napkins (Kunze et al. 2016). IL-6 and IL-8 in cervical
fluid samples have also shown an association with intra-amniotic infection /inflammation (Holst et al. 2005,
Park et al. 2013b) and with MIAC and HCA (Kacerovsky et al. 2015a). Moreover, cervicovaginal fluid IL-6 has
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also shown an association with MIAC in pregnancies with intact membranes (Combs et al. 2015), as has
vaginal fluid IL-6 in pregnancies with PPROM (Kacerovsky et al. 2015b). One study combined gestational age
with IL-6 values and found this to be best the predictor for IAI in PPROM pregnancies (Ryu et al. 2013).
A rapid point-of care test, based on IL-6 levels in vaginal secretions and developed for PPROM situations,
has a positive predictive value (PPV) of 50% and a negative predictive value (NPV) of 97.4%, suggesting use
of this test in inflammation exclusion.

Maternal serum samples
In pregnancies complicated with IAI, maternal serum IL-6 levels are increased (Dulay et al. 2015). Pregnancy
itself does not raise IL-6 levels in uneventful pregnancy if levels are compared to those at the non-pregnant
stage (Anderson et al. 2013). In fact, many conditions cause IL-6 overexpression. For instance, IL-6 is the
only cytokine associated with MIAC in maternal serum samples in pregnancies with intact membranes,
whereas in PPROM pregnancies, IL-18, monocyte chemoattractant protein -1, and IL-1β levels are slightly
increased with MIAC. Moreover, the maternal serum response to MIAC is visible only at <32 weeks of
gestation (Cobo et al. 2013). Other maternal serum markers have been investigated as well, but have not
achieved the accuracy required for clinical use (Evers et al. 2012).

Others
IL-6, CRP, and procalcitonin tests of maternal urine to learn whether IAI can be diagnosed from urine
samples have failed. Unfortunately, urine is not a useful biological product in the diagnosis of IAI with these
biomarkers (Dulay et al. 2015).
Risk-based methods have also been developed. One such involves gestational age, cervical length, and
maternal blood WBC count. This method predicts IAI, AUC 0.724 (Jung et al. 2011).

Histologic chorioamnionitis
HCA diagnosis is based on placental histopathologic examination after delivery. Several systems staging
HCA severity exist. Currently, the most popular is the system of Redline (Redline et al. 2003, 2005). The
definition and staging of acute HCA and funisitis according to the Amniotic Fluid Infection Nosology
Committee of the Perinatal Section of the Society of Pediatric Pathology (Redline et al. 2003) are:
x “Stage 1 (acute subchorionitis/acute chorionitis): presence of neutrophils in the subchorionic zone
or in the extraplacental membranes´ chorionic trophoblast layer.
x Stage 2 (acute chorioamnionitis): more than a few neutrophils accumulated in the chorionic plate
and connective tissues or in the amniotic membrane.
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x

Stage 3 (necrotizing chorioamnionitis): robust neutrophilic infiltration with visible degenerating
neutrophils, thickened amniotic basement membrane, and focal epithelial necrosis of the amniotic
membranes.”
Salafia and Blanc have also created classification systems (Blanc 1981, Salafia et al. 1989).
Maternal clinical symptoms and signs and infectious markers do not reliably predict HCA (Edwards 2005,
Erdemir et al. 2013). However, maternal fever >38ºC, spontaneous onset of labor, and duration of labor
>12 h are the best predictive factors among the symptoms and clinical signs (Roberts et al. 2012). Maternal
CRP before delivery has been associated with funisitis (Lee et al. 2012), but according to one review and a
recent study it has no relevant association with HCA in PPROM pregnancies (van de Laar et al. 2009, Stepan
et al. 2016). On the other hand, in such pregnancies, HCA has been associated with oligohydramnios on
admission, elevated maternal CRP level just before delivery, but not at admission, small gestational age at
PPROM, and latency after PPROM (Wu et al. 2009, Xie et al. 2015), though controversial results also exist
concerning the latency time (Kim et al. 2016).
Maternal serum IL-6 and IL-8 levels are increased in patients with HCA, but concerning IL-6 this can be seen
only in PPROM pregnancies, and in term pregnancies with or without PROM (Murtha et al. 1996, Saji et al.
2000, Roberts et al. 2012).

Ultrasound
Reports state that in AF microbes can form biofilms (Romero et al. 2007). If such a biofilm exists near the
internal os of the cervix, it can be visible during ultrasound as sludge (Figure 5) (Espinoza et al. 2005,
Kusanovic et al. 2007, Kim et al. 2015a). Sludge occurs in 23% of preterm pregnancies with intact
membranes, but in only 1% in term labors (Espinoza et al. 2005).

Figure 5. Sludge at ultrasound examination,
an arrow indicating the location.
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Ultrasound approaches to predicting fetal systemic inflammatory response (SIRS) do exist. For example,
possible changes in the fetal spleen can be evaluated in response to HCA, and small size of the fetal thymus
has been linked to IAI, HCA, and funisitis (Musilova et al. 2013, Mastrolia et al. 2016). Unfortunately, low
specificity makes thymus size unusable as a non-invasive tool in the diagnosis of subclinical
chorioamnionitis (Musilova et al. 2013). However, pulsation of the splenic vein can serve as such a tool, and
it is linked to HCA and funisitis in PPROM pregnancies by the same investigators (Musilova et al. 2012).
Incorporation of these ultrasound markers is not easily available, however, since they require expensive
equipment and high expertise in fetal ultrasound.
A recent review on the utility of fetal ultrasonography in prediction of SIRS has summarized all relevant
studies, with the conclusion that, currently, only invasive methods can be reliably useful for gathering
information on fetal well-being in women with threatening preterm delivery (Mastrolia et al. 2016). The
same authors, however, encourage the use of ultrasound in such pregnancies, to help identify those who
may require invasive procedures.

Prevention and management
Prophylaxis
The major risk factor for developing clinical chorioamnionitis is expectant management after PPROM (Tita,
Andrews 2010). Chorioamnionitis occurs in up to 70% of those developing contractions in such a situation,
though antibiotic prophylaxis reduces the incidence (Tita, Andrews 2010). In a systematic Cochrane review
by Kenyon et al. (2013), prophylactic antibiotics had no effect on the rates of respiratory distress syndrome
(RDS), intraventricular hemorrhage (IVH), necrotizing enterocolitis (NEC), or perinatal death. Prophylactic
antibiotics were, however, associated with prolongation of pregnancy after PPROM, reduced numbers with
neonatal infection, reduced need for surfactant, and reduced consumption of oxygen (Kenyon et al. 2013).
The recommendation of induction of labor after 34 weeks of gestation in cases of PPROM (Tita, Andrews
2010) is still followed in modern obstetric practice worldwide, but recent studies have shown it
unnecessary in the absence of intra-amniotic inflammation or infection (Kacerovsky et al. 2014, Morris et
al. 2016). Two recently conducted randomized controlled trials have shown that in pregnancies
complicated with PPROM between 34+0 and 36+6 weeks of gestation, induction of labor does not improve
pregnancy outcomes more than does expectant management (van der Ham et al. 2012). Moreover,
expectant management improves neonatal outcome without any increase in early-onset neonatal sepsis
(EONS) (Morris et al. 2016). AC was not incorporated into the management of the patients in those 2014
and 2016 trials.
In pregnancies with intact membranes and the threat of preterm labor, antibiotic prophylaxis is not
recommended in the absence of signs and symptoms of chorioamnionitis because of its possible further
harm to the neonate (Flenady et al. 2013).
The antibiotic regimens and duration of prophylaxis vary among studies. In the 2010 review by Cousens et
al. the most common prophylactic antibiotics were ampicillin and erythromycin. Clarithromycin has shown
a better protective effect on progression of funisitis (Kwak et al. 2013). Co-amoxiclav, conversely, is
associated with increased risk for NEC and the advice is therefore to avoid it (Kenyon et al. 2013).
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Treatment
Treatment with broad-spectrum antibiotics immediately after diagnosis of chorioamnionitis reduces the
rate of EONS cases (Fishman, Gelber 2012). Concerning maternal and neonatal complications associated
with chorioamnionitis, according to a recent Cochrane review, no suggestions for antimicrobial regimens,
for continuation of antibiotic use during the postpartum period, or for the length of antibiotic treatment
are possible, due to limited evidence (Chapman et al. 2014).
The antibiotics chosen should be effective against the most common microbes causing neonatal sepsis:
Group B Streptococcus and E.coli. With cesarean section, anaerobic coverage, for example with
metronidazole, is the recommendation (Fishman, Gelber 2012). Antibiotic specimens vary among hospitals.
In the Cochrane database, antibiotics for trials were ampicillin, ampicillin/sulbactam, gentamicin,
clindamycin, and cefotetan (Chapman et al. 2014). No clear consensus exists as to whether antibiotic
treatment for a mother with MIAC can eradicate microbes from the amniotic cavity and chorioamniotic
space (Redline 2004, Gomez et al. 2007, Kim et al. 2015a, Lee et al. 2015). Ceftriaxone, clindamycin, and
erythromycin have shown no ability to eradicate IAI (Gomez et al. 2007). However, eradication rates are
better with ceftriaxone, clarithromycin, and metronidazole (Lee et al. 2015). Evidence of successful
eradication of Ureaplasma exists in a primate model, but for humans, multiple doses of azithromycin
allowing accumulation in AF may eradicate Ureaplasma (Acosta et al. 2014). Macrolides have a limited
mean transplacental transfer, only 2.6 to 4.3%, thus affecting eradication results (Heikkinen et al. 2000). Of
the macrolides, clarithromycin has the best mean transplacental transfer, of 6.1% (Witt et al. 2003).
Antipyretics can be administered for maternal fever (Higgins et al. 2016).
In cases of maternal chorioamnionitis, delivery should be completed. Any prolonged time-interval between
diagnosis and delivery causes an increased risk for maternal sepsis (Johnson et al. 2014). Cesarean section
should be performed only for obstetrical reasons, not only because of chorioamnionitis (Fishman, Gelber
2012). In pregnancies <33 weeks, administration of antenatal corticosteroids has been safe without
negative effects on chorioamnionitis progression (Fishman, Gelber 2012).

Health consequences of chorioamnionitis for the mother
The main adverse outcome of clinical chorioamnionitis is increased risk for preterm delivery (Tita 2010).
Other consequences to the mother during pregnancy and delivery include labor dystocia and cesarean
section. Postpartum problems include increased blood loss, pelvic or uterine infection, uterine atony, and
sepsis / septic shock (Tita, Andrews 2010, Fishman, Gelber 2012, Chapman et al. 2014).

Health consequences of chorioamnionitis for the fetus and newborn
Chorioamnionitis plays a key role in neonatal morbidity and mortality (Hitti et al. 2001, Yoon et al. 2001,
Garcia-Munoz Rodrigo et al. 2014, Kacerovsky et al. 2014, Liu et al. 2014, Roescher et al. 2014, Kim et al.
2015a, Xie et al. 2015). Following clear symptoms of chorioamnionitis, prevention of adverse neonatal
outcomes is difficult or impossible (Yoon et al. 2001, Kim et al. 2015b). Furthermore, intra-amniotic
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inflammation causes similar adverse neonatal outcomes whether or not MIAC is present (Shim et al. 2004,
Combs et al. 2014, Romero et al. 2014c). In fact, severity of inflammation is the variable correlating best
with neonatal outcome (Combs et al. 2014, Lu et al. 2016). Notably, in PPROM pregnancies between 34 and
37 weeks of gestation in the absence of clinical chorioamnionitis, expectant management does not cause
an increased rate of EONS (Vijgen et al. 2014, Morris et al. 2016, Ofman et al. 2016), but it does so in very
low birth-weight infants (Klinger et al. 2009). Both risk for RDS and need for mechanical-ventilator support
instead rise if labor is induced immediately (van der Ham et al. 2012, Morris et al. 2016). The risk for RDS
and IVH in pregnancies of less than 34 weeks’ of gestation can be reduced with administration of antenatal
corticosteroids; this seems to be a safe procedure even if the mother has chorioamnionitis (Amiya et al.
2016).
The key element is whether a fetus develops FIRS, which is associated with short-term and long-term
neonatal morbidity and mortality even after adjustment for gestational age (Mastrolia et al. 2016). FIRS is
determined as elevation of circulating cytokines (IL-6) in the fetal circulation capable of causing damage to
multiple fetal organs and threatening onset of preterm delivery (Redline 2004, Romero et al. 2014d). Fetal
organs affected by FIRS include the skin, heart, lungs, kidneys, brain, intestine, thymus, adrenal gland, and
blood cells (Gotsch et al. 2007). The fetal response is more severe in preterm pregnancies with intact
membranes than in those with PPROM (Park et al. 2013d); FIRS is, however, more common in PPROM
pregnancies (50%) compared to pregnancies with intact membranes (39%) (Mastrolia et al. 2016).
Histologic indicators of FIRS include funisitis and vasculitis in the chorion, and funisitis is, by itself,
associated with adverse neonatal outcomes (Romero et al. 2006).
If bacteria invade the uterine cavity, half the fetuses will be colonized by maternal microbes (RomanoKeeler, Weitkamp 2015), since microbes can reach the fetus by various routes, for example through the
skin, ear, or gastrointestinal tract (Maxwell et al. 2006). Fetuses exposed to both MIAC and HCA in PPROM
pregnancies develop more severe FIRS than do those fetuses exposed to either MIAC or HCA (Kacerovsky et
al. 2014) (Table 7).

Table 7. Association of chorioamnionitis with neonatal outcome.

Inclusion
criteria

n

Outcome

2013 HCA vs
neurodevelopmental outcome

<29 GW

384

CP ↑

2009 HCA vs
neurodevelopmental outcome

<32 GW

104

speech delay, hearing loss↑

Rovira

HCA vs
2011
neurodevelopmental outcome

<32 GW or
<1500 g

177

HCA: any grade motor abnormalities ↑
Funicitis: CP, moderate to severe
neurological disability ↑
CC: disability of any grade,
speech abnormalities ↑

Polam

2005

22-29GW

177

Horvath

2012 HCA vs cerebral palsy

<1500 g

141

Study

Year

Soraisham
Suppiej

Setting

HCA vs
neurodevelopmental outcome

37

IVH, ROP ↑
CP ↔
Mental and psychomotor index ↔
CP ↑

Lu

2016 HCA and FIRS vs brain injury
in PPROM pregnancies

<34 GW

103

IVH gr 3-4 , PVL↑

Gisslen

2016 HCA

32-36 GW

477

mechanical ventilation↑

Park

2015 HCA vs RDS

24.5-34 GW

378

mild to moderate HCA: RDS↓

Zanardo

2009 HCA
vs respiratory outcome

<33 GW

287

Chronic lung disease ↑
Protection from RDS ↔

Plakkal

2009 HCA vs BPD

<29 GW

529

BPD ↓

Huetz

2016 HCA
vs neonatal outcome

24 - 33+6

626

Early onset sepsis ↑
CP, death ↔

Lee

2013

HCA vs adverse neonatal
outcome in PPROM pregnancies

34+0-36+6

244

Sepsis↑
RDS, ventilator, 5 min Apg score ↔

Hendson

2011

HCA vs adverse neonatal
outcome

<32 GW and
<1250 g

628

Early sepsis, BPD, ROP, mental delay ↑
RDS, CP ↔
After adjustment: any adverse outcome ↔

Xie

Reprospective study; HCA vs
2015 adverse neonatal outcomes in
PPROM pregnancies

PPROM <34
GW

371

Pneumonia, sepsis, BPD, mortality,
abnormal us findings ↑

Lee JY

2016 CC and HCA vs NEC

<32 GW

354

NEC ↔

Pappas

HCA and CC vs
2014 neurodevelopmental outcome
at 18-22 months of age

<27 GW

2390

sepsis, IVH ↑
after adjustment for GA
cognitive impairment ↑ if HCA and CC

Musilova

Infection, inflammation, MIAC
2015 or negative in PPROM
pregnancies

24+0-36+6 GW 166

No difference
between the groups

Aziz

2009

24-34 GW

1153

low Apgar scores at 5 min of age ↑
RDS, NEC, IVH, pneumonia ↑

Ballard

2016 Chorioamnionitis vs BPD

<32 GW

1687

BPD ↔

Alexander

1999

neonatal
weight
>2500 g

101 170

Ylijoki

Chorioamnionitis vs neurological
2016
outcome at 2 and 5 years of age

CC vs no chorioamnionitis in
PPROM pregnancies

Retrospective study;
CC in term pregnancies

Mu

2007 Chorioamnionitis vs
neonatal outcome

Wu

2000 Meta-analysis; CC and HCA vs CP

Shatrov

2010

Meta-analysis; chorioamnionitis
vs CP

very low birthweight
and very low
gestational
age
infants

intubation↑
pneumonia↑
sepsis↑

197

CC: neurodevelopmental problems ↔
HCA: cognitive outcome at 5 year of age↓

<1500 g

95

BPD ↑
Mental and psychomotor index ↔

preterm and
full term

26
studies

Preterm: both HCA and CC CP, cPVL↑
Term:CC CP↑

preterm and
full term

15
studies

HCA: CP ↑
CC: CP↑

ACS, antenatal corticosteroids; BPD, broncopulmonary dysplasia; CC clinical chorioamnionitis; CP, cerebral palsy; cPVL, cystic
periventricular leucomalacia; FIRS, fetal inflammatory response syndrome; GA, gestational age; HCA, histologic chorioamnionitis;
IVH, intraventricular haemorrhage; MIAC, microbial invasion of the amniotic cavity; NEC, necrotizing enterocolitis; PPROM, preterm
prelabor rupture of the membranes; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; US, ultrasound
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Clinical chorioamnionitis raises risk for EONS OR 5.84 (95% CI 3.03-11.25) and for grade 3-4 IVH OR 1.60
(95% CI 1.16-2.21) when adjusted for birth weight and gestational age (Soraisham et al. 2009). In preterm
pregnancies, risk for neonatal morbidity and mortality is the higher the smaller are gestational age and
birth weight (Fishman, Gelber 2012). The rate of meningitis is 3%, NEC 4.5%, pneumonia 10-21%, sepsis 728%, IVH 22-24%, and RDS 62-63% in preterm pregnancies (Fishman, Gelber 2012). HCA and FIRS are more
common in fetal survivors, suggesting that progression of fetal response may promote early survival (Lahra,
Jeffery 2004). Although some studies question the profound impact of HCA on long-term
neurodevelopmental outcome (Ylijoki et al. 2016), the majority of studies demonstrate this association
(Rovira et al. 2011, Fishman, Gelber 2012); this was evident particularly in the increased incidence of CP
(Tita, Andrews 2010, Kamyar et al. 2016).
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Aims of the study
The present study was carried out to evaluate whether vaginally obtained AF biomarkers could prove
clinically valuable in the diagnosis of HCA, and to find the association of selected AF biomarkers obtained by
AC in women with suspected IAI with MIAC, HCA, and neonatal outcome.

The detailed aims were to study:
1. Whether vaginally obtained AF can serve for IAI diagnostics based on AF-LD and AF-Glucose
measurements and to evaluate their association with HCA.

2. The association of AF-LD and AF-Glucose in AC samples with MIAC and HCA and to determine cutoff values for clinical purposes.

3. The association of the novel AF biomarker cathelicidin and AF-MMP-8 in AC samples with MIAC,
and to determine cut-off values for clinical purposes.

4. The difference in selected novel biomarkers between IAI-suspected cases and controls without IAI
suspicion, and among IAI-suspected cases to study their association with MIAC.
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Subjects and methods
Subjects
A description of the women enrolled in the studies (I-IV) is presented in Table 8.
Table 8. Patients and methods in Studies I-IV.
Study I

Study II
PPROM and no
PPROM
patients with
suspected
IAI GW 22+0-h36+6

Study III
PPROM and no
PPROM
patients with
suspected IAI GW
22+0-h35+0

Study IV

Study Group

PPROM
patients
GW 22+0h36+6

Design

prospective,
observational

prospective,
observational

prospective,
observational

prospective,
case-control

LD and glucose
vs HCA

LD and glucose vs
MIAC and HCA

MMP-8 and
cathelicidin vs MIAC

new biomarkers in cases
and controls; within cases
new biomarkers vs MIAC

Methods

vaginally
obtained
AF samples

AC samples of AF

AC samples of AF

AC samples of AF

Outcome

HCA

MIAC and HCA

MIAC

MIAC and adverse
neonatal outcome

Main outcome

Number of
patients

53

70

3 from Study I
67 new patients
Controls

-

-

54
3 from Study I
27 from Study II
(includes 3 from
Study I)
27 new patients
-

patients with intact
membranes
and IAI suspicion GW
22+0-32+0

27
8 from Study II
19 from Study III
(includes 8 from Study II)
8 new patients
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PPROM= preterm prelabor rupture of membranes; GW, gestational weeks; LD= lactate dehydrogenase; HCA= histologic
chorioamnionitis; MIAC, microbial invasion of the amniotic cavity; AC, amniocentesis; AF, amniotic fluid

A total of 232 women with suspected IAI or PPROM were recruited as cases and 80 women as controls in
the period between March 2012 and October 2015. AC was performed in 139 cases with suspected IAI and
in the 80 controls. Vaginal AF samples were from 96 women with PPROM. After exclusions, the final study
group comprised 155 women and the control group 46 women, for whom AC was performed in 105 cases
and in 46 controls (Figure 6).
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Figure 6. Enrolled women and exclusion criteria.

All studies were conducted at the University Hospital of Helsinki, Finland, Department of Obstetrics and
Gynecology. PPROM was diagnosed by clinical examination or by a positive vaginal point-of-care test
(ActimProm®, Medix Biochemica, Espoo, Finland). Determination of gestational age was based on the firsttrimester (12+0 - 13+6 weeks of gestation) ultrasound screening. IAI suspicion was evoked by at least one of
the following criteria of chorioamnionitis: uterine tenderness, maternal fever, fetal tachycardia, infectious
discharge from uterine cervix, increased maternal plasma CRP >10 mg/L, total maternal plasma WBC count
> 20 x 109/L, or sludge visible at ultrasound examination (Table 9).

Table 9. Signs and symptoms of intra-amniotic infection (IAI) in IAI
suspected cases.
PPROM No PPROM

p-value

n

100

55

Uterine contractions n (%)

55 (55)

40 (73)

0.03

Uterine tenderness n (%)

11 (11)

25 (45)

<0.001

Maternal fever >38°C n (%)

5 (5)

2 (4)

1.0

Malodorous discharge n (%)

13 (13)

11 (20)

0.25

Maternal CRP >10 mg/L n (%)

71 (71)

50 (91)

0.004

Maternal WBC count >20 x 109 /L n (%)

18 (18)

5 (9)

0.129

Sludge n (%)

13 (13)

11 (20)

0.25

CRP, C-reactive protein; WBC, white blood cell; PPROM, preterm prelabor rupture of
the membranes
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Prophylactic intravenous antibiotics (azithromycin 500 mg daily and cefuroxime 1.5 g three times daily) for
three consecutive days after PPROM and two subsequent doses of intramuscular betamethasone for fetal
lung maturation (12 mg twice 24 h apart) were administered to all women with PPROM. Antenatal
corticosteroids, but not routine antibiotics, were administered also to women with intact fetal membranes
and imminent preterm labor before 35 weeks of gestation. Tocolysis was administered to women by
decision of the obstetrician in charge if no signs of clinical chorioamnionitis were present. If possible, the
women with PPROM were managed expectantly until 34 weeks of gestation, when labor was induced or
caesarean section was performed. Immediate delivery was performed earlier if symptoms and signs
consistent with clinical chorioamnionitis occurred or at any sign of maternal and fetal compromise. The
results of AF-LD, AF-Gluc, AF PCR, and AF microbial culture were available to obstetricians during the study
period. If AF-LD was less than 419 IU/L and AF-Gluc more than 0.7 mmol/L without MIAC at AC, pregnancy
was considered normal and could continue with follow-ups.

Study I
The study population comprised 96 pregnant women with PPROM. This prospective study was conducted
between March 2012 and March 2015. Gestational age on admission was between the 22+0 and 36+6 weeks.
All had vaginally collected AF samples on admission and then repeated samples every third day if possible if
undelivered. The placental histopathologic result after delivery was recorded. The main outcome
measurement was association of AF-LD and AF-Gluc with HCA in vaginally collected AF samples. We
excluded the 19 women without placental histopathology and eight lacking an AF-LD value, those 12 with
their last examination–to-delivery-interval beyond 72 hours, the one with gestational age less than 22
weeks at examination, and three with multiple pregnancies. Thus, the final study group comprised 53
women.
No microbial analysis of vaginally obtained AF samples took place. Classical criteria were those that
determined clinical chorioamnionitis (Fishman 2012), but this occurred in no women upon admission.

Study II
The study population comprised 104 women with singleton pregnancies between 22+0 and 36+6 weeks of
gestation with or without PPROM. The study was conducted between March 2012 and March 2015. AC was
performed for any suspected IAI. The 34 women with an AC-to-delivery interval of over 7 days were
excluded. The final study group comprised 70 women. The main outcome measures were the association of
AF-LD and AF-Gluc with MIAC and HCA.
The following laboratory tests were performed: AF-LD and AF-Gluc concentrations, AF PCR and AF microbial
culture. Microbial results were available for 62 cases. The results of bacterial culture were available for 46
and of AF-PCR for 59, while results for both were available in 43 cases.
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Study III
The study population comprised 57 women with singleton pregnancies between 22+0 and 35+0 weeks of
gestation and suspected IAI with or without PPROM. The study was conducted between June 2012 and
March 2015. Exclusion criteria for recruitment were multiple gestations, pregnancies with structural fetal
anomaly, proven or suspected fetal aneuploidy. Those pregnancies lacking any microbial analysis were
excluded from the final analysis, which comprised 54 women. The main outcome measures were the
association of AF-MMP-8 and AF-cathelicidin with MIAC and with HCA.
The following laboratory tests were performed: AF-MMP-8 and AF-cathelicidin concentrations, AF microbial
culture, and AF PCR.
Controls were 32 healthy women with singleton pregnancy between 15+0 and 36+6 weeks of gestation and
uneventful pregnancy outcome who underwent measurements of AF-MMP-8 and AF-cathelicidin
concentrations. Indications for AC in these pregnancies were karyotyping in 24 or evaluation of fetal lung
maturity in eight.

Study IV
This cohort included 73 women with a singleton pregnancy and intact fetal membranes. The study group
comprised 27 women with suspected IAI who were recruited in the study group and 80 women with AC
performed for other indication than IAI who were recruited as controls. We excluded the 24 controls with
gestational age less than 17 weeks, eight with diabetes mellitus type I, and two with twin pregnancies. The
final study group, comprising 27 cases and 46 controls, was gathered between June 2013 and October
2015. Membranes were considered intact in the absence of any clinical signs of membrane rupture.
The cases underwent AC between 22+0 and 32+0 weeks of gestation and the controls between 17+0 and 37+5
weeks of gestation. Indications for AC in controls were mid-trimester chromosomal analysis in 28,
determination of fetal lung maturity in one, and evaluation of fetal chronic hypoxia by erythropoietin
measurement in 17. Of controls, five had pre-eclampsia, and four had insulin-treated gestational diabetes.
Fetal growth restriction (fetal growth below -2 standard deviation) was noticeable in four pregnancies.
Exclusion criteria were fetal structural anomaly, proven or suspected fetal aneuploidy, and diabetes type I.
The selected biomarkers were AF-MMP-8, AF-MMP-9, AF-MPO, AF-IL-6, AF-HNE, AF-Elafin, AF-MMP-2, AFTIMP-1, AF- MMP-8/TIMP-1 molar ratio, and AF-CRP. AF microbial culture and AF PCR, AF-LD, and AF-Gluc
concentrations were also determined.
The main outcome measures were the difference in selected AF biomarkers between cases and controls,
and the association of those biomarkers with MIAC in cases. Neonatal short-term outcome was also
recorded.
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Methods
Collection of the clinical data
Data for the study population such as maternal age, body mass index (kg/m2), parity, smoking, gestational
diabetes, delivery mode, and neonatal outcome came from the hospital database and laboratory results
from analyses performed for clinical purposes, not for the study.

Samples and assays
Vaginally obtained amniotic fluid samples (I)
AF samples were obtained either during a speculum examination for 19 with a syringe in cases of AF
pooling in the vagina, or by self-collection by 34 in a favorable situation with a plastic cup if no AF was
visible during clinical examination. AF samples were collected on admission and afterwards on every third
day if possible.
AF-LD and AF-Gluc were analyzed in HUSLAB by the Modular P System (Roche Diagnostics, Penzberg,
Germany) and according to International Federation of Clinical Chemistry (IFCC) recommendations. AF-LD
measurement was by a quantitative assay for total enzymatic activity of lactate dehydrogenase (including
the activity of all LD-isoenzymes, LD1-LD5), according to IFCC recommendations. This method was
generated for automated clinical chemistry analyzers of Roche. The intra-assay coefficient of variation (CV)
for AF-LD was < 2.3%, and the detection limit was 5 IU/L (I, II). The detection limit of AF-Gluc during the
study period was 0.50 mmol/L (I, II). In the low concentration levels (under 4 mmol/L), the intra-assay CV
was 4.7%, while at higher concentration levels (up to 42 mmol/L), the intra-assay CV was 1.9%. Values of
AF-Gluc < 0.5 mmol/L were recorded as 0 in statistics.

Amniotic fluid samples by amniocentesis (II-IV)
AF samples were obtained by transabdominal AC under ultrasound guidance and an aseptic technique from
women with suspected IAI and from healthy controls undergoing AC for chromosomal analysis or
evaluation of fetal lung maturity.
AF-LD and AF-Gluc were analyzed in HUSLAB by the methods described under “Vaginally obtained amniotic
fluid samples”.
AF samples were divided into aliquots, frozen, and stored at -20 °C until analyzed in a single laboratory
(Medix Biochemica, Espoo, Finland).
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Immunoenzymometric assay (IEMA) of MMP-8 (III, IV)
MMP-8 IEMA is a quantitative enzyme immunoassay for the determination of human MMP-8. This
sandwich assay uses two monoclonal antibodies against human MMP-8 (Medix Biochemica, Espoo,
Finland). By that method, microplate wells were coated with one monoclonal antibody against MMP-8. To
run the assay, 80 μl of Assay Buffer and 20 μl of standards, controls and samples were added to the
microplate wells. Next, the plate was left for incubation for one hour at room temperature on a shaker. At
that time, MMP-8 was bound to the microplate wells. Thereafter, unbound substances were washed out. In
the next step, 100 μl of the enzyme conjugate was added to each well. The plate was then incubated again,
100 μl of enzyme substrate was added, and the plate was shaken again for 15 minutes. The reaction was
stopped by addition of 50 μl of an acidic stopping solution. The absorbance of the solutions in the wells was
measured at 414 nm with a microplate reader (Multiskan, Thermo Fisher Scientific, Vantaa, Finland). The
concentrations of controls and samples were obtained from the standard curve created.

Other biomarkers (III, IV)
Commercial enzyme-linked immunosorbent assays (ELISA) allowed analysis of other biomarkers according
to the manufacturer´s instructions: AF-cathelicidin [Human LL-37 [HK321] ELISA kit, Hycult biotech, PB
Uden, The Netherlands], AF-CRP [Human C-Reactive Protein (CRP) ELISA kit, R&D Systems, Minneapolis,
MN, USA], AF-Elafin [Human Trappin-2 (Elafin) ELISA kit, RayBiotech, Norcross, GA, USA], AF-HNE
[Polymorphonuclear (Human PMN Elastase) Sandwich ELISA kit, eBioscience, Vienna, Austria], AF-IL-6
[Interleukin-6 (IL-6) ELISA kit, R&D Systems], AF-MMP-2 [Matrix Metalloproteinase 2 (MMP-2) ELISA kit,
R&D Systems], AF-MMP-9 [Matrix Metalloproteinase 9 (MMP-9) ELISA kit, R&D Systems], AF-MPO
[Myeloperoxidase (MPO) ELISA kit, Immunodiagnostik AG, Bensheim, Hesse, Germany], and AF-TIMP-1
[Tissue inhibitor of metalloproteinases 1 (TIMP-1) ELISA kit, GE Healthcare, Buckinghamshire, UK].

Microbiological analyses (II-IV)
MIAC was determined as either positive AF microbial culture or positive microbial PCR. Cultivation of AF
samples for aerobic and anaerobic bacteria was performed on chocolate blood agar in 5% CO2 and on
Fastidious Anaerobe Agar, enriched with a thioglycolate broth, in anaerobic conditions at 35±1 °C. The
cultivation took seven days, and the specimens were inspected after one, two, and seven days. Detection of
common Candida spp. and Mycoplasma hominis, but not Ureaplasma spp. was achievable.
For molecular microbiologic technique analyses, a minimum of 500 μL of AF was subjected to ceramic beadbeating cell lysis (Precellys®24 tissue homogenizer, Bertin Technologies, Montigny-le-Bretonneux, France)
and then to a magnetic-bead-based DNA extraction method (NucliSENS kit with easyMAG automatic nucleic
acid purification platform, bioMérieux, Marcy l'Etoile, France) according to the manufacturer´s instructions.
The extracted DNA was extended in duplicates by PCR using the following primers: 5´- TTG GAG AGT TTG
ATC MTG GCT C -3´ (forward) and 5´- GTA TTA CCG CGG CTG CTG -3´ (reverse). Inhibition control in the PCR
reaction was based on DNA of λ-phage. Gel-electrophoresis served for verification of a positive PCR
product, 5 μl of the PCR product was sequenced in a core facility, and the sequence acquired was compared
to a NCBI BLAST sequence database (www.ncbi.nlm.nih.gov/blast). The Ripseq mixed analysis tool
(https://www.ripseq.com/) served for mixed sequences analyses, when appropriate.
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Placental samples (I, II)
A pathologist examined all placentas histopathologically, one with experience in perinatal pathology. Gross
examination of the placenta, fetal membranes, and umbilical cord preceded accompanied recording of
placental weight. Sampling sites were cord insertion, placental margin, chorionic plate, cord, and
extraplacental membranes. Sections of tissue blocks were stained by standard hematoxylin and eosin
techniques. HCA was defined as a visible diffuse infiltration of polymorphonuclear leukocytes - which are
not normally present in the chorioamniotic membranes - in any sample associated with edema and
congestion of the vessels. Inflammation of the umbilical cord (funisitis) was separately recorded, but not
analyzed as an independent variable in this study. HCA was categorized as present or absent.

Maternal and neonatal blood samples (I, IV)
Maternal and neonatal plasma CRP was measured by an immunoturbidometric method ( Modular System,
Roche Diagnostics). Maternal and neonatal blood samples were obtained according to standard clinical
protocol and analyzed for clinical purposes by HUSLAB (HUSLAB, Helsinki, Finland).

Statistical analyses
Comparisons of categorical variables of baseline clinical data were analyzed by Chi-square test and by the
Fisher exact test if the number of cases was under five. Data with continuous variables were analyzed by Ttest when the data followed a normal distribution (I). Data with continuous variables not following a
normal distribution were analyzed by Mann-Whitney U-test (I-IV). Comparisons of continuous variables in
three groups were calculated by Kruskall-Wallis test (unpublished data). Non-parametric correlations were
calculated by Spearman´s rank correlation coefficient test (III-IV). Bivariate correlation analysis served to
test the association of biomarkers with neonatal outcome (IV). AF biomarker concentration values were
regressed on gestational age at sampling and on gestational age at delivery, and the residual served as a
dependent variable for computing adjusted p-values (I-IV). Receiver operating characteristic (ROC) curves
were derived to evaluate the diagnostic performances of AF biomarkers in prediction of MIAC or HCA and
area under the curve (AUC), with 95% confidence interval (95% CI) determined (I, II, III). The sensitivity,
specificity, PPV, and NPV were calculated (I, II, III). All tests were two-sided and processed by the Microsoft
Statistical Package for the Social Sciences (SPSS) for Windows (Chicago, IL, USA), version 21.0 (I), and
version 22.0 (II, III, and IV) software. P-values < 0.05 were considered statistically significant.
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Ethics
Each patient signed a written informed consent. The study was approved by the Helsinki University Hospital
Ethics Committee for gynecology and obstetrics, pediatrics, and psychiatry (75/13/03/03/2013). Patients
were advised that the risk for any undesirable consequences requiring immediate delivery after AC (fetal
injury, placental abruption, large fetal-vessel laceration, or PPROM in cases of intact membranes) is
approximately 0.7% (Stark et al. 2000) and that the data obtained by analyzing samples might provide more
information on the intrauterine status. All women were counselled by a specialist in perinatal medicine and
a neonatologist.
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Results
Of all the women, 87 (43%) were primiparous, and 49 had a body mass index (BMI) >30 (BMI missing for 3)
and were considered obese. All AC samples in cases were obtained between 22+0 and 36+5 weeks of
gestation. Selected variables of demographic data of the study population are in Table 10.

Table 10. Demographic data of the study population.
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Vaginally obtained amniotic fluid samples (I)
HCA occurred in 37 (70%) women. Mean (SD) gestational age at PPROM was 28.5 (±3.9) weeks of gestation.
PPROM occurred earlier in women with HCA than in those without HCA (p=0.04). The median
concentrations of AF-LD were higher in patients with HCA than in those without HCA (Table 11), but this
difference disappeared when the concentrations were adjusted for gestational age at sampling
(unpublished data). AF-Gluc concentrations between women with or without HCA did not differ.
Table 11. Median concentrations of AF-LD and AF-Gluc in women with and without histologic
chorioamnionitis (HCA).
HCA
n=37

No HCA
n=16

p-value

LD IU/L median (range)
1400 (128-23000) 784.5 (135-3542) 0.005
Gluc mmol/L median (range)
0.0 (0.0-3.5)
0.65 (0.0-3.0)
0.20
LD, lactate dehydrogenase; Gluc, Glucose
*Adjusted for gestational age at sampling; unpublished data

Adjusted
p-value*
0.59
0.41

The cut-off value of AF-LD based on the ROC curve was 1029 IU/L (AUC 0.74; 95% CI 0.61-0.88) for HCA. AFLD concentration 1029 IU/L predicted HCA with a sensitivity of 65%, specificity 69%, PPV 83%, and NPV
46%. Positive likelihood ratio (LR+) was 2.1 for HCA. A total of 30 (57%) women had AF-Gluc concentration
below 0.5 mmol/L. When AF-LD and AF-Gluc were used in a combination with cut-off values for AF-LD 1029
IU/L and for AF-Gluc 0.5 mmol/L, they showed a performance for HCA with a sensitivity of 53%, specificity
81%, PPV 86%, and NPV 43%.
The examination-to delivery interval for vaginally collected amniotic fluid samples before delivery was less
than 72 hours. Furthermore, nine women had three repeatedly obtained AF-LD samples during a 10-day
period. Eight (89%) of those women had HCA. AF-LD showed marked fluctuation in repeatedly obtained
samples (Figure 7). No difference in AF-LD (p=0.15) or in AF-Gluc (p=0.42) concentrations occurred based
on sampling method, self-sampling or speculum samples.

Figure 7. Fluctuation of AF-LD in vaginally
collected samples in nine cases during a
10-day period. Sample 3 (the last) was
obtained <72 h before delivery. All except
case number 9 had HCA.
AF, amniotic fluid; LD, lactate dehydrogenase;
HCA, histologic chorioamnionitis.
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Amniotic fluid samples obtained with amniocentesis (II-IV)
Association of biomarkers with MIAC (II, III, IV)
MIAC was detectable in 30 (48%) women in Study II, in 18 (33%) women in Study III, and in 7 (26%) IAIsuspected cases in Study IV. All biomarkers except AF-MMP-2 and AF-CRP were associated with MIAC, and
the association with MIAC concerning biomarkers of Studies III and IV appeared also when biomarker
concentrations were adjusted by gestational age at sampling (unpublished data concerning Studies II and
III). AF-cathelicidin and AF-MMP-8 were associated with MIAC both in pregnancies with intact membranes
and in pregnancies with PPROM. When biomarker concentrations were adjusted by gestational age at AC,
AF-cathelicidin, AF-MMP-8, AF-MMP-9, AF-MPO, AF-IL-6, AF-HNE, AF-Elafin, AF-TIMP-1, and AF-MMP8/TIMP-1 molar ratio were associated with MIAC (Table 12).

Table 12. Association of biomarkers studied with MIAC in Studies II to IV.
MIAC
n

Study II

30

Adjusted
p-value*

32

1514.5 (91-9698)

694 (62-3882)

0.012

0.317

Gluc mmol/L

0.05 (0.0-3.4)

1.1 (0.0-6.0)

0.002

0.063

18

36

MMP-8 ng/mL

4907.5 (45-13292)

13.5 (3-6591)

<0.001

<0.001

cathelicidin ng/mL

25.6 (3.2-42.9)

1.3 (0.5-28.1)

<0.001

<0.001

n

Study IV

p-value

LD IU/L
n

Study III

No MIAC

7

20

MMP-8 ng/mL

3019 (69-5431)

7.5 (3-2372)

<0.001

<0.001

MMP-9 ng/mL

2981 (84-9678)

3.4 (0.7-730)

<0.001

<0.001

MPO ng/mL

4866 (267-79095)

299 (75.6-55185)

0.002

0.001

IL-6 ng/mL

94.9 (5.6-540)

0.6 (0.03-1021)

<0.001

0.002

HNE ng/mL

11280 (315-16380)

12.3 (2.8-9862)

<0.001

<0.001

Elafin ng/mL

1533 (58-10491)

191 (7-4642)

0.031

0.016

MMP-2 ng/mL

311 (266-938)

231.5 (153-696)

0.081

0.055

TIMP-1 ng/mL

3958 (1456-9752)

1178 (633-9317)

0.001

0.001

MMP-8 /TIMP-1 molar ratio

0.167 (0.011-0.973)

0.004 (0.001-0.155)

<0.001

<0.001

CRP ng/mL

133 (23-1783)

42.5 (5-985)

0.092

0.092

median (range)
MIAC, microbial invasion of the amniotic cavity
MMP-8, matrix metalloproteinase -8; MMP-9, matrix metalloproteinase -9; MPO, myeloperoxidase; IL-6,
interleukin -6; HNE, neutrophil elastase; MMP-2, matrix metalloproteinase -2; TIMP-1, Tissue inhibitor of
matrix metalloproteinase -1; CRP, C-reactive protein; LD, lactate dehydrogenase; Gluc, glucose
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The most optimal cut-off values based on the ROC curve for MIAC was determined for both AF-LD and AFGlucose (Study II), and for AF-MMP-8 and AF-cathelicidin (Study III). The performances and accuracies of
these biomarkers in relation to MIAC are in Table 13. Concomitant use of AF-LD together with AF-Gluc
(Study II) or AF-MMP-8 with AF-cathelicidin (Study III) did not improve the accuracies.

Table 13. Cut-off values based on ROC curve and accuracies of amniotic fluid biomarkers in
amniocentesis samples.
Biomarker

n Outcome Prevalence % Cut-off

AUC (95% CI)

Sensitivity Specificity PPV NPV LR+

LD IU/L

62

MIAC

48

429

0.69 (0.55-0.82)

87

38

57

75 1.4

Glucose mmol/L

62

MIAC

48

0.7

0.72 (0.59-0.85)

67

66

65

66 2.0

LD and Glucose

62

MIAC

48

67

66

65

66 2.0

MMP-8 ng/mL

54

MIAC

33

41.5 0.90 (0.82-0.98)

100

69

62 100 3.2

cathelicidin ng/mL

54

MIAC

33

11.6 0.90 (0.82-0.98)

89

81

70

94 4.7

MMP-8 and cathelicidin

54

MIAC

33

89

81

70

94 4.7

LD, lactate dehydrogenase; MMP-8, matrix metalloproteinase-8; MIAC, microbial invasion of the amniotic cavity; HCA,
histologic chorioamnionitis
The most optimal cut-off values are based on ROC curve.

MIAC in pregnancies with PPROM and intact membranes (II, III)
Of all 97 women in Studies II to III, PPROM occurred in 50 (52%). In Study II, PPROM occurred in 41 (59%)
cases and in Study III in 25 (46%), but 16 of the women served in both studies. Microbial results were
available in 90 women of Studies II and III, and MIAC occurred in a total of 35 (39%) of those; 13 women
with microbial result served in both studies. MIAC occurred equally often in women with PPROM and in
those with intact fetal membranes (Figure 8).

Figure 8. The frequency of MIAC in pregnancies
with or without PPROM. In the No PPROM 4/43
were missing microbial analysis results and in
the PPROM 3/47.
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Microbial findings (II-IV)
Table 14. Microbiologic findings in amniocentesis samples, Studies II to IV.
Case no PPROM +/-

Microbe in PCR
Streptococcus viridans
Streptococcus pneumoniae
Fusobacterium nucleatum
Hemophilus influenzae
Peptostreptococcus anaerobius
Peptostreptococcus anaerobius
Streptococcus agalactiae
Ureaplasma urealyticum / parvum
Bacteroides ureolyticus
Ureaplasma urealyticum / parvum

Microbe in culture
PCR+ and Culture+
Streptococcus viridans
Streptococcus pneumoniae
Candida
Hemophilus influenzae
Peptostreptococcus anaerobius
Peptostreptococcus anaerobius
Streptococcus agalactiae

1
2
3
4
5
6
7

+
+
-

8

+

9

+

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

+
+
+
+
+
+
+
+
+
+
-

28

-

29
30
31
32
33
34

+
+
+
-

Candida
PCR+ and Culture Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Neg
Ureaplasma urealyticum / parvum
Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Ureaplasma urealyticum / parvum
Neg
Bacteroides ureolyticus
Neg
Ureaplasma urealyticum / parvum
Neg
Fusobacterium nucleatum
Neg
Mycoplasma hominis
Neg
Ureaplasma urealyticum / parvum
Neg
Bacteroides ureolyticus
Neg
Streptococcus viridans
NA
Ureaplasma urealyticum / parvum
Neg
Mycoplasma hominis
Neg
Fusobacterium nucleatum
Neg
Bacteroides ureolyticus
PCR- and Culture+
Neg
Coagulase negative Staphylococcus
Neg
Gardnerella vaginalis
Neg
Candida
Neg
Gardnerella vaginalis
Neg
Candida
Neg
Gardnerella vaginalis

35

+

Neg

Candida

Candida

PPROM, preterm prelabor rupture of the membranes; PCR, polymerase chain reaction, implemented for 16Sr
RNA detection; NA, not available
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Microbial results were available for 97 cases, of which 35 (36%) had MIAC (Table 14). The most common
microorganism was Ureaplasma species (n=14) followed by Candida species (n=6). Of MIAC cases, 4 (11%)
were polymicrobial. Only by PCR were 19 (54%) cases detectable and 7 (20%) only by bacterial culture
(Figure 9). Of the MIAC cases in the whole study population, 18 (51%) occurred in PPROM pregnancies.

Culture result was available in 74 (missing n=23) and PCR result in 92 women (missing n=5).

Figure 9. Distribution of microbiology results according to method.

Infection and inflammation (III)
Infection and inflammation were more common at a lower gestational age when either AF-MMP-8 or AFcathelicidin was a marker of inflammation and infection was determined as an increased value of
inflammation marker in the presence of MIAC (Figures 10 and 11). Membrane status had no an effect on
infection rate. Rate of colonization was affected neither by gestational age nor by membrane status.
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Figure 10. Number of patients
at amniocentesis with
infection (microbial invasion
of the amniotic cavity+
(MIAC+), MMP-8 >41.5
ng/mL), inflammation (MIAC-,
MMP-8 >41.5 ng/mL),
colonization (MIAC+, MMP-8
<41.5 ng/mL), and negative
(MIAC-, MMP-8 <41.5 ng/mL)
in AF by MMP-8. None had
colonization (MIAC+, MMP-8
<41.5 ng/mL). GW,
gestational weeks.

Figure 11. Number of
patients at amniocentesis
with infection (microbial
invasion of the amniotic
cavity+ (MIAC+), cathelicidin
>11.6 ng/mL), inflammation
(MIAC-, cathelicidin >11.6
ng/mL), colonization (MIAC+,
cathelicidin <11.6 ng/mL),
and negative (MIAC-,
cathelicidin <11.6 ng/mL) in
AF by cathelicidin. GW,
gestational weeks.
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Association of biomarkers with HCA (II, and unpublished data)
In Study II, HCA occurred in 53 (76%) of the women, and funisitis in 19 (36%). The most optimal cut-off
values based on the ROC curve for HCA were for AF-LD and AF-Glucose. The performances and accuracies
of these biomarkers in relation to HCA are in Table 15.

Table 15. Cut-offs of AF-LD and AF-Glucose for the prediction of HCA.
Biomarker

n

Outcome

Prevalence
%

Cutoff

AUC (95% CI)

PPV

NPV

LR+

LD IU/L

70

HCA

76 %

429

0.76 (0.62-0.90)

83

65

88

55

2.4

Glucose mmol/L

70

HCA

76 %

0.7

0.70 (0.58-0.83)

56

82

91

38

3.1

Sensitivity Specificity

AF, amniotic fluid; LD, lactate dehydrogenase; HCA, histologic chorioamnionitis

PPROM was diagnosed in 41 (59%) women. No difference appeared either in rate of HCA between
pregnancies with PPROM and with intact membranes (Figure 12), or in rate of symptoms and signs of IAI
except for uterine tenderness, which occurred more frequently in pregnancies with intact membranes.

Figure 12. Frequency of HCAcases in pregnancies with and
without PPROM.
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Association of MMP-8 with HCA with or without MIAC (unpublished data)
The study population comprised 34 women, of whom 18 (53%) had PPROM. MIAC occurred in 18 (53%). In
comparing AF-MMP-8 concentrations between groups with both HCA and MIAC (n=18), HCA without MIAC
(n=8), and with neither HCA nor MIAC (n=8), AF-MMP-8 had the highest median concentration in cases with
both HCA and MIAC [4219.5 ng/mL (45-13292)], followed by those with HCA but no MIAC [1550.5 ng/mL
(90-6145)], while the lowest concentrations were in those with neither HCA nor MIAC [53.5 ng/mL (36591); p=0.021 between the three groups] (Myntti et al., unpublished data).

Neonatal outcome (IV)
Neonatal short-term outcome was evaluated of 27 neonates, of whom, 11 (41%) were born before 32
weeks of gestation. All nine cases of adverse neonatal outcome occurred among neonates born before 29
weeks of gestation. Six (67%) of them were born from a pregnancy complicated with MIAC. EONS occurred
in two (7%) neonates. Table 16 demonstrates that inflammation and MIAC are more common in neonates
born <32 weeks of gestation than in those born ≥ 32 weeks.

Table 16. Inflammation and MIAC by gestational age at delivery.
<32+0 GW
>32 GW
p-value
n
11
16
GW at AC
29 (27-31)
30 (22-31)
0.8
AF Inflammation, n (%)
8 (73%)
1 (6%)
0.031
AF MIAC, n (%)
6 (55%)
1 (6%)
0.10
median (range)
Inflammation, MMP-8 >41.5ng/mL
MIAC, microbial invasion of the amniotic cavity; GW, gestational weeks;
AF, amniotic fluid; AC, amniocentesis; MMP-8, matrix metalloproteinase-8

57

Discussion
Preterm delivery is the major cause of neonatal death and an important causative factor of neonatal
morbidity (Slattery, Morrison 2002, Rovira et al. 2011). Intra-amniotic infection or inflammation should be
diagnosed appropriately for optimal timing of delivery, steroid administration, and magnesium
neuroprophylaxis, as well as for the decisions regarding tocolysis or antibiotics therapy. However, regarding
massive cytokine release in AF as a consequence of MIAC or endogenous mediators, preterm birth or
PPROM in many cases can no longer be prevented (Kim et al. 2015a). Unfortunately, no accurate method
exists to diagnose IAI with reliability noninvasively (Buhimschi et al. 2013, Dulay et al. 2015), which we also
noticed in our study of vaginally obtained amniotic fluid samples.
Romero et al. (2016a) have reported on increased levels of pyrogenic cytokines in maternal plasma in term
pregnancies with symptoms of clinical chorioamnionitis despite intra-amniotic infection or inflammation.
These results reflect the fact that pyrogenic cytokines are produced separately from IAI or clinical
chorioamnionitis, which fact makes fever an unreliable sign for chorioamnionitis. In our studies, fever was
rarely present despite the more frequent presence of IAI. Furthermore, these results of the Romero group
confirm that symptoms and signs of clinical chorioamnionitis are only nonsensitive and nonspecific
subjective findings.

Vaginally obtained amniotic fluid samples (I)
We demonstrated that in vaginally obtained AF samples, AF-Gluc was useless as a biomarker for HCA
prediction. The cut-off for AF-Gluc in vaginal samples in the Buhimschi study was 0.28 mmol/L (Buhimschi
et al. 2006), but during the study period our laboratory could not determine any exact values below 0.5
mmol/L. Over half of the AF-Gluc results were below our detection limit, without any difference exerted by
either the presence or the absence of HCA. One reason for this finding may be the difficulty of obtaining AF
vaginally without contamination by vaginal discharge, leading to possible bias in the analysis of results;
vaginal discharge and serum have almost identical glucose concentrations (Ehrstrom et al. 2006).
In our study, AF-LD was associated with histologic chorioamnionitis, although that association disappeared
with data adjustment by gestational age. Small sample size may affect the results after adjustment.
Although the PPV was quite high, this marker is insufficiently accurate for use in clinical practice due to
fluctuation of its concentration in samples repeatedly obtained. Our cut-off value for AF-LD based on the
ROC curve in relation to HCA was in line with others’ findings, where vaginally obtained AF-LD
concentration was associated with MIAC determined by AC sample (Magloire et al. 2006b). We found no
difference between AF-LD and AF-Gluc concentrations in self-sampling and speculum samples, indicating
that no special device for AF collection vaginally is necessary, at least concerning these biomarkers,
although Lee et al. (2015) have introduced a new transcervical device for AF collection in order to obtain
samples uncontaminated with vaginal discharge. Their study, however, reports only the correlation of
biomarker concentrations in vaginally obtained samples with AC samples, not their association with MIAC
or HCA.
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Association of biomarkers with MIAC (II-IV)
The benefits of AF-Gluc and AF-LD determination in IAI diagnostics are these markers’ wide availability,
rapidity, and low costs. The Romero group in 1990 was first to observe an association between AF-Gluc and
MIAC with a cut-off of 0.8 mmol/L, which was in line with our study findings, though our method for MIAC
detection differs from theirs. Although, in several reports, decreased glucose levels are associated with
MIAC (Romero et al. 1990, Garry et al. 1996, Edwards et al. 2001, Ford, Genc 2011), no such association
exists with sterile inflammation (Romero et al. 2014). This may be explained by the fact that glucose
metabolism is not altered in the absence of microbes. Thus, AF-Gluc is not a marker of inflammation, but
instead, a marker of MIAC.
AF-LD has also shown an association with MIAC, as first described almost 40 years ago (Bobitt, Ledger
1978). They had a cut-off level of 400 IU/L, although their samples were collected during delivery. Garry
was the first, in 1996, to describe an AF-LD cut-off 419 IU/L for MIAC, which was later clinically evaluated by
other authors (Buhimschi et al. 2007a, 2007b, Dulay et al. 2009). Although the NPV of AF-LD in the Garry
study was high, its PPV was markedly low (Garry et al. 1996). The results of our research are also in line
with these, and our cut-off for the presence of MIAC is close to theirs, although the methods of detecting
MIAC differed. Our association of AF-LD and AF-Gluc with MIAC was lost after adjustment for gestational
age, which may, at least in part, be explained by our small study population. Moreover, and importantly,
the earlier studies did not adjust their concentrations of AF-LD and AF-Gluc for gestational age.
It is of importance that contrary to many earlier studies of AF-LD and AF-Gluc, we used both AF cultures
and a molecular microbiology technique for the determination of MIAC, which enabled us to find more
MIAC cases than by AF culture only.
Interestingly, although our cut-off value for AF-LD in relation to MIAC was almost identical to that
determined by Garry et al. in 1996, Buhimschi et al. in 2007b, and Dulay et al. in 2009, our cut-off value for
AF-MMP-8 concentration was set at 41.5 ng/mL, higher than the cut-off chosen in the previous studies
(Park et al. 2001, Shim et al. 2004, Lee et al. 2007, Park et al. 2013a, Lee et al. 2015a). Importantly, we
determined MMP-8 concentrations by the IEMA method, whereas they used Amersham ELISA or ELISA by
R&D Systems (Buhimschi et al. 2007b, Lee et al. 2016). MMP-8 antibodies vary in their affinities to different
MMP-8 isoforms, which leads to divergence in MMP-8 levels measured. Studies show that due to the
higher affinity for the active form of MMP-8 of antibodies that they used, as well as in our study, higher
overall levels of MMP-8 will result (Hanemaaijer et al. 1997, Sorsa et al. 2010, Buduneli et al. 2011). A
correlation of MMP-8 measurement by immunofluorometric assay (IFMA) with measurement by
Amersham ELISA exists (Sorsa et al. 2010), as well as a strong correlation between the IEMA and IFMA
methods of Medix Biochemica (Sorsa T., unpublished data). Taken these into account, comparison of MMP8 levels between studies becomes irrelevant if the antibodies used differ.
MMP-8 has been associated with inflammation (Nien et al. 2006, Lee et al. 2010, Kim et al. 2016), and with
MIAC in pregnancies with or without PPROM (Maymon et al. 2000b). A rapid MMP-8 bedside test does
exist for prediction of intra-amniotic infection and inflammation (Nien et al. 2006) and of MIAC (Lee et al.
2008). It has been able to predict MIAC and IAI in pregnancies with or without PPROM with high NPV,
making it a valuable additional tool in ruling out IAI (Nien et al. 2006, Kim et al. 2007, Park et al. 2008, Lee
et al. 2008). Interestingly, test performances for IAI and MIAC were almost similar in the study of Nien et al.
(2006) to those of Lee et al. (2008), although in the study of Nien 2006, MIAC was determined only with
cultivation, and Lee in 2008 also used PCR, as did we.
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Cathelicidin is expressed mostly in fetal membranes and on other epithelial surfaces –ones that are
naturally in contact with environmental microbes (Tambor et al. 2012). Because spontaneous delivery is an
inflammatory process, it is unsurprising that after normal delivery cathelicidin is expressed in myometrium
(Lim et al. 2015). Cathelicidin is also produced by fetal vernix caseosa (Yoshio et al. 2003), which may be an
additional source of AF-cathelicidin. The association of AF-cathelicidin with MIAC has been evident in
PPROM pregnancies (Tambor et al. 2012). However, studies evaluating the association of AF-cathelicidin
with MIAC in pregnancies with intact membranes were lacking, until we first demonstrated that AFcathelicidin levels are higher in MIAC cases despite the membrane status. This observation reflects the
potential up-regulation of cathelicidin expression in MIAC and furthermore the antimicrobial properties
concerning the host defence system described earlier (Ramanathan et al. 2002, Yoshio et al. 2003, Lim et al.
2015).
It is of importance that both MMP-8 and cathelicidin retained their association with MIAC also when the
data was adjusted by gestational age at AC. That strengthens the value of these biomarkers in the diagnosis
of IAI.
On study showed AF-MMP-2 levels to be decreased in MIAC, but this is visible only in PPROM pregnancies,
where AF-MMP-2 overall levels are lower than in pregnancies with intact membranes (Maymon et al.
2000a). In our study of pregnancies with intact membranes, AF-MMP-2 levels did not differ by MIAC. AFMMP-9 levels, instead, are increased in the presence of MIAC regardless of fetal membrane status
(Fortunato et al. 1997, Maymon et al. 2000a) and also during labor (Vadillo-Ortega et al. 1996, Weiss et al.
2007). We studied only pregnancies with intact membranes, where we could confirm the association of AFMMP-9 with MIAC. The difference between the present study and that of Maymon is that we used a
molecular microbiology technique and cultivation for our determination of MIAC instead of Maymon´s
cultivation only.
AF-TIMP-1 has also been linked to MIAC in pregnancies with intact fetal membranes, but unlike ours, only
bacterial cultivation has been used to determine MIAC (Athayde et al. 1998).
Several studies have shown the association of AF-IL-6 with MIAC (Greig et al. 1993, Romero et al. 1993a,
1993b, 1993c, 2014d, Cobo et al. 2013, Dulay et al. 2015), which we could confirm, although our
determination of MIAC differed from that in studies that used cultivation and Gram stain. When compared
to AF-Gluc, WBC count, and Gram stain, AF IL-6 has been a superior predictor of MIAC in pregnancies with
preterm labor or PPROM, though the levels of IL-6 were lower in women with PPROM and IAI than in
women with intact membranes and IAI (Lee et al. 2011). Our study population was too small to allow
comparison of the accuracies of various biomarkers, and furthermore, we studied only pregnancies with
intact membranes. Contrary to earlier results, Cobo et al. (2011) found AF-IL-6 to be only a weak marker for
inflammation in PPROM pregnancies, though these studies used similar methods for MIAC determination.
One report states that AF-elafin levels are increased in chorioamnionitis, and AF-HNE levels are increased in
MIAC regardless of membrane status (Rivero-Marcotegui et al. 1997, Helmig et al. 2002, King et al. 2007a).
Contrary to our findings, these studies determined MIAC with only cultivation. We also demonstrated
increased AF-Elafin and AF-HNE concentrations in pregnancies with MIAC, although we studied only
preterm pregnancies with intact membranes.
Studies concerning AF-MPO and AF-CRP regarding IAI are few. Kacerovsky et al. (2013) have reported an
association of AF-MPO with MIAC and HCA in PPROM pregnancies. We could extend that association also to
preterm pregnancies with intact fetal membranes.
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AF-CRP levels have been higher in women with MIAC than in those without MIAC (Dulay et al. 2015),
although AF-CRP concentrations have not been associated with maternal serum CRP concentrations (Malek
et al. 2006). The Dulay study, unlike ours, included pregnancies with PPROM and with intact membranes.
We observed that AF-CRP levels did not differ based on the presence or absence of MIAC. The Dulay group
determined MIAC by cultivation, Gram stain, and mass-spectrometry score, as we did not. Their sample size
was larger than ours, which may affect results; however, they published no exact AF-CRP values, but
observed some overlapping between groups.
AF-CRP is produced in the fetal liver (Malek et al. 2006), and its concentration is not supposed to rise until
the fetus is infected and CRP production has begun. Furthermore, as a large protein, CRP probably is
incapable in a substantial amount of transference through the fetal kidneys into urine and AF, at least no
longer in later pregnancy, though it has been detectable in fetal urine at the time of genetic AC (Raio et al.
2003). CRP´s large molecular size makes it also incapable of crossing the placenta, a fact that can explain
the lack of association between AF and maternal serum CRP levels (Gutteberg et al. 1986).
Overall, we found that, in MIAC cases, AF biomarkers reflecting neutrophil activation and degranulation
showed increased concentrations. In contrast, biomarkers that are not neutrophil-based, i.e. AF-MMP-2
and AF-CRP, did not react with MIAC.

Microbial findings (II-IV)
The rate of MIAC ranges in preterm pregnancies with intact membranes between 8.7% and 34% and in
PPROM pregnancies between 17% and 57.7% (Review by Kim et al. 2015a). Our rate of MIAC was in line
with those values. Ureaplasma spp. and Mycoplasma spp. are reported to comprise about half the
microbes detectable in AF (Keelan et al. 2016). We discovered Ureaplasma spp. in 40% of our MIAC cases.
Other microbes commonly found in AF in IAI cases are Fusobacterium nucleatum, Mycoplasma hominis,
Gardnerella vaginalis, Streptococcus species, Bacteroides spp., and Escherichia coli (Mysorekar, Cao 2014,
Fox, Eichelberger 2015, Kim et al. 2015a). Less frequent is Listeria monocytogens (Buhimschi et al. 2013),
and a gastrointestinal bacteria Coprobacillus spp., first described by DiGiulio et al. 2010. We observed
similarities in diversity of AF microbes, as in previous studies. In our study, Candida was the second most
prevalent microbe, in one-fifth of the cases, though in the literature it has been a markedly less frequent AF
microbe (DiGiulio et al. 2010). MIAC has been polymicrobial in the recent literature in 11% to 22% of
pregnancies with PPROM (Musilova et al. 2015, Stepan et al. 2016) and, when PCR or PRC and cultivation
methods are used in the detection of MIAC, in 9% of pregnancies with intact membranes (Romero et al.
2014a). Our rate of polymicrobial MIAC was in line with rates in those studies. With only cultivation used,
one could speculate whether antibiotic treatment before AC had wiped out some MIAC cases, but we
detected MIAC by PCR, which can also recognize the footprints of pre-existent microbes.
The role of Ureaplasma spp. as a pathogen of the upper genital tract has been under discussion (Dando et
al. 2012). Modern microbiologic techniques provide the possibility to detect Ureaplasmas more often than
with earlier cultivation techniques. Ureaplasma can also be cultivated by special methods, but not in media
suitable for cultivation of common bacterial species. We detected Ureaplasma spp. exclusively by reliable
PCR techniques. Most studies have used no molecular microbiology techniques (Park et al. 2013a, Combs et
al. 2014), or PCR has been done only for Ureaplasma and Mycoplasma detection (Tambor et al. 2012). Our
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AF samples have been analyzed by both broad spectrum 16S rRNA and general bacteria cultivation in order
to achieve the maximum MIAC detection. Oyarzun et al. 1998 demonstrated an increase in detection rate
by adding PCR as a diagnostic tool to identify MIAC, observing a threefold increase.
The theory had been that ascending infection is the most common route for bacteria to reach the amniotic
cavity and the amnio-choriotic membranes, which leads to higher prevalence of MIAC in pregnancies with
PPROM than in pregnancies with intact membranes (Soto et al. 2007). However, microbes can indeed pass
the intact amniotic membranes; therefore MIAC also occurs in pregnancies with intact membranes (Galask
et al. 1984, Ramos Bde et al. 2015). We observed that the MIAC prevalence was similar in the presence or
absence of PPROM. This finding differs from ones of Soto et al. 2007, where prevalence of MIAC in PPROM
pregnancies was over twofold that in pregnancies with intact membranes. One explanation may be the
differing methods of MIAC detection between studies.
During recent years, some have demonstrated that the taxonomic profile of the placental microbiome
resembles that of the oral flora more than of vaginal or fecal flora (Fox, Eichelberger 2015, Vinturache et al.
2016), which favors hematogenous spread as being one of the crucial pathways of microbial invasion.
Increased vascular permeability in the gingival tissue during pregnancy concomitantly with periodontal
disease allows recurrent bacteremia moving towards the placenta (Redline 2012, Madianos et al. 2013,
Parthiban, Mahendra 2015). We found in AF samples the typical oral microbes Fusobacterium nucleatum
and Streptococcus viridans. Fusobacterium plays the role of a door-opener for other bacteria species. That
property may explain the common polymicrobial nature of MIAC (Buhimschi et al. 2013); in our study,
Fusobacterium was present in half the polymicrobial cases.
Microbes tend to form biofilms, termed “sludge”. If such is observed, eradication by antibiotics is more
unlikely than in pregnancies with free-floating AF microbes. Microbes from sludge are also more difficult to
cultivate (Stewart, Costerton 2001, Donlan, Costerton 2002). This may result in the poor success rate of
attempts to eradicate IAI, and, at least in part, explain sterile intra-amniotic infection. Overall, because only
1% of bacteria are cultivable (Romero et al. 2006, DiGiulio 2012), sterile intra-amniotic inflammation may
reflect only the low sensitivity of detection methods or rapid and effective elimination of microbes by the
host response (Redline 2012). However, by PCR, microbes eliminated by the host response should be
recognizable, because PCR does not need living organisms for detection.

Infection and inflammation (III)
The rate of intra-amniotic infection and inflammation is higher at lower gestational ages (Hitti et al. 2001,
Yoon et al. 2001, Combs et al. 2014), in line with our observations. In addition, our observation that rate of
AF colonization remained stable across gestational ages support views in other publications (Combs et al.
2014).
Evoking of the host defence mechanism is the crucial factor affecting some microbes in some women
causing chorioamnionitis and sometimes just existing as harmless colonization. The intensity of the
inflammatory reaction depends on gestational age at the time of the exposure, the virulence factor of a
microbe, the amount of invading microbes (Kacerovsky et al. 2011, 2012), and the individual properties of
the host defence system (Genc, Ford 2010). Unfortunately, our analyses did not include quantitative PCR.
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Controversial reports exist as to the origin of the AF neutrophils: fetal (Sampson et al. 1997, Redline 2012,
Park et al. 2016) or maternal (Kim et al. 2015a). If they are considered as of maternal origin, they reflect the
maternal inflammatory response to endogenous mediators or MIAC. The maternal host response is crucial
in continuation of pregnancy, and on the other hand in limiting the infectious site in the uterus. The uterine
inflammatory process in its first stage is usually circumscribed, is limited to a certain place until the host
defence mechanisms fail, yielding to more general infection. In the first stage of infection, inflammatory
changes are visible only at the site of infection, and only later in a more generalized stage in other places. In
clinical work, we remain unaware of the current stage of the infection, which clarifies why sampling of
maternal serum, urine, or of cervical secretions is unreliable in clinical use.
Antibiotics have anti-inflammatory properties and have the capacity to modify the immune system, in
addition to their ability to eradicate microbes, and the (Bode et al. 2015). The effect on the immune system
is transmitted by Toll-like receptors and cytokines, and the spectrum and amplitude of effects on the
lymphocytes and neutrophils varies among antibiotics (Bode et al. 2014). Doxycycline and macrolides, for
example azithromycin (Culic et al. 2001), seem effective in immune modulation (Bode et al. 2014). On the
basis of the available literature (Lee et al. 2016), Ureaplasma as a common pathogen in IAI (Keelan et al.
2016), and in the preliminary results of our study, we have already modified our antibiotics policy in
everyday clinical practice by adding azithromycin in addition to the cephalosporines in the management of
PPROM pregnancies. Macrolides have been included in the antibiotic protocol in another study, as well,
although they found clarithromycin to be the drug of choice (Lee et al. 2016). One advantage favoring
azithromycin is its oral administration.
A new macrolide antibiotic, solithromycin, seems to be valuable in prevention and management of intraamniotic infections due to its broad microbial spectrum, high tissue uptake, easy oral administration, antiinflammatory properties, and effective placental transfer (Keelan et al. 2016). Antenatal corticosteroids
also have anti-inflammatory properties, which can be seen in reductions in maternal serum IL-6 and CRP
levels (Nayeri et al. 2014). Non-steroidal anti-inflammatory drugs do pose a risk for narrowing or closing the
fetal ductus arteriosus (Bermas 2014), and, more specifically, the use of indomethacin poses a risk for
adverse neonatal outcome (Hammers et al. 2015); these limit their use in pregnancy. Some reports,
however, demonstrate that NSAID use during pregnancy does not affect infant survival, neonatal
complications, or congenital malformations (Nezvalova-Henriksen et al. 2013, Damase-Michel, HuraultDelarue 2014).
In an ovine model, Ireland et al. (2015) demonstrated that intra-amniotic inflammation can be suppressed
by administration of a cytokine-suppressive anti-inflammatory drug intra-amnially as a single bolus. In
another animal model, the rate of murine preterm labor and fetal demise was reduced if intra-amniotic
inflammation induced with lipopolysaccharide was treated with N-acethylcysteine (an agent with both
antioxidant and anti-inflammatory properties) (Buhimschi et al. 2003, Paintlia et al. 2008). Importantly, a
recent randomized controlled trial on human newborns exposed to chorioamnionitis shows that treatment
with N-acethylcysteine is safe (Jenkins et al. 2016). Finally, Buhimschi et al. in 2003 demonstrated in a
murine model that release of free radicals and a shift in oxidative balance as a consequence of
inflammation can be normalized with administration of N-acetylcysteine, and the rate of preterm birth
thereby reduced. Oxidative stress in a human intra-amniotic infection is clearly established, as well (ChaferPericas et al. 2015). However, the applicability of such anti-inflammatory drugs for treatment of intraamniotic infection and inflammation in humans needs further investigation of optimal dosage, duration,
and the route of administration. Moreover, safety of the treatment for the mother should be ensured.
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Association of biomarkers with histologic chorioamnionitis (II)
AF-Gluc has been associated with HCA with cut-off values of 1.1 mmol/L, though the accuracies in our study
were reported for a cut-off value of 0.8 mmol/L. AF-Gluc predicted HCA with a sensitivity of 28% and a
specificity of 95% (Odibo et al. 1999). In another study concerning AF-Gluc levels and HCA in pregnancies
with intact membranes, different cut-offs for AF-Gluc (0.3 mmol/L- 0.9 mmol/L) were calculated, yielding
sensitivities of 41% to 55% and specificities of 94% to 100% (Greig et al. 1994, Odibo et al. 1999). AF-LD has
also shown an association with HCA (Kidokoro et al. 2006). We could confirm the association of AF-Gluc and
AF-LD with HCA. Our cut-off value for AF-Gluc based on its ROC curve was in line with those in other
studies. Additionally, we found the same cut-off value to be suitable for both MIAC and HCA. Another
difference between these studies and ours is the method of MIAC determination, which in those studies
was based on cultivation.
Our cut-off value for AF-LD based on the ROC curve was higher than the value in a study of the Kidokoro
group, 250 IU/L. Its setting differed from ours, since that group, reporting in 2006, accepted women
between 16 and 35 weeks of gestation eligible for the study. AF-LD has also shown increased levels in cases
of funisitis (Buhimschi et al. 2007a), which rarely is observed without HCA, because it is considered an
advanced HCA stage. Their median concentration of AF-LD in funisitis cases was, however, only 414.5 IU/L,
which was lower than our cut-off level for HCA.
AF-MMP-8 in our study was higher in women with HCA than in those without, which is in line with previous
findings (Park et al. 2013a, Kim et al. 2015b). Our AF-MMP-8 levels were increased also in cases with sterile
HCA, i.e. HCA without MIAC, which have been also demonstrated earlier (Park et al. 2013a), though in that
study, MIAC was determined with cultivation only, unlike our procedures. We demonstrated additionally
that AF-MMP-8 concentrations rose more in cases with concomitant HCA and MIAC than in pregnancies
with one of these alone; this supports use of invasive procedures for diagnosing MIAC, which often leads to
HCA.
HCA exists in over half of the cases with MIAC (Romero et al. 2014c, Vajrychova et al. 2016) and in about
half the cases with sterile inflammation (Romero et al. 2014c), indicating that placental pathology does not
always correlate with IAI (Pettker et al. 2007). We observed a similar rate of sterile HCA, although we had
pregnancies both with intact membranes and with PPROM included, but the Romero group studied only
pregnancies with intact membranes.

Neonatal outcome (IV)
Intra-amniotic inflammation has reportedly caused a more severe fetal response in preterm labor with
intact membranes than in PPROM pregnancies (Park et al. 2013d). Additionally, the intra-amniotic
inflammation may cause an adverse neonatal outcome regardless of the presence or absence of MIAC
(Shim et al. 2004, Combs et al. 2014, Romero et al. 2014c). These findings should warrant a more serious
view and acute awareness of the complex issue of subclinical chorioamnionitis in pregnancies with or
without PPROM; in such cases the inflammation, even in the absence of MIAC, can cause an adverse
neonatal outcomes.
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The single most important risk factor for neurological disabilities is preterm birth (Salmeen et al. 2014). We
observed that all neonatal adverse-outcome cases occurred in neonates born at <29 weeks of gestation,
one-third of them without exposure to MIAC. Preterm birth, per se, even late preterm birth occurring at
34+0 to 36+6 weeks of gestation, carries a lifelong risk for some neurocognitive disorder, a risk which may
be slightly alleviated by a high level of education (Heinonen et al. 2015). However, gestational age at
delivery plays a crucial role in short-term neonatal outcome, one more important than the presence or
absence of MIAC, sterile inflammation, or IAI (Musilova et al. 2015).

Principal findings on new biomarkers and IAI (IV)
We demonstrated that neutrophil-based proinflammatory cascades are present in AF similar to those in
periodontal tissues (Alfakry et al. 2016). Concentrations of the neutrophil-based biomarkers AF-MMP-8, AFMMP-9, AF-MPO, AF-IL-6, and AF-HNE in IAI and MIAC cases were increased. MMP-8 is a potent protease
capable of degrading extracellular matrix in many human tissues. The process causing a tooth to detach is
similar to the process leading to membrane rupture or cervical shortening and opening. IL-6 is a locally, and
upon-stimuli-secreted, multifunctional cytokine, being an inducer of the neutrophil-based inflammatory
cascade and causing PMN extravasation at the sites of inflammation (McGeough et al. 2012). Infection and
inflammation can induce IL-6 and the degranulation of proteases, i.e. MMP-8, MMP-9, HNE, and MPO, from
activated neutrophils. IL-6, by itself, can act as a PMNs irritating chemoattractant and induce the
degranulation of MMP-8, MMP-9, and MPO, which form a PMN-derived proteolytic and proinflammatory
cascade. Furthermore, MPO is an oxidative activator of MMP-8 and MMP-9 as well as an oxidative
inactivator of TIMP-1 by producing hypochlorus acid (HOCl) (Alfakry et al. 2016). Additionally, HNE and
MPO, individually or together, can proteolytically and oxidatively inactivate TIMP-1, which leads to
reduction in the anti-proteolytic shield in the AF.
HNE can act as a proteolytic activator of MMP-9 but not of MMP-8; thus HNE and MMP-9 form another
PMN-derived proteolytic cascade, with which elafin associates while being an antiprotease of HNE. That
role of elafin can explain the increased elafin concentrations in IAI and MIAC cases, though it is only in part
produced by PMNs and also in epithelial cells. MMP-2 and TIMP-1 are not produced by PMN, but instead by
resident epithelial cells. TIMP-1 concentrations were also increased in IAI and MIAC cases, thus reflecting
TIMP-1´s role as a coordinator of MMP-8 concentrations.
We found that the neutrophilic proinflammatory profile was associated with the general inflammatory
marker AF-CRP, suggesting activated neutrophils to be the major source of AF-MMP-8, AF-MMP-9, AFMPO, and AF-HNE. Our study demonstrates this by the association of these biomarkers with MIAC and IAI.
These biomarkers retained the association with MIAC also when the data were adjusted for gestational age
at AC, which strengthens the potential of these biomarkers in the diagnosis of IAI. In this regard, it is
important that no corresponding associations were detectable in AF-MMP-2 and AF-TIMP-1, which are not
produced by neutrophils and therefore do not react in neutrophil activation; this observation fortifies the
theory of neutrophil activation being behind IAI.
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Clinical implications and future prospects
Our results confirm the known association of IAI in patients with preterm labor both in PPROM pregnancies
and in those with intact fetal membranes. Unlike earlier publications, we used cultures together with
molecular microbiology techniques. According to the preliminary results of MIAC etiology here and in the
literature, we have modified our prophylactic antibiotic policy and decided to administer azithromycin to all
patients with PPROM.
Our forthcoming study regarding comparison of neonatal and maternal outcomes in pregnancies with
suspected IAI undergoing AC and those without AC is under way. Certainly, the only way to achieve an
answer concerning the impact of AC on long-term outcome is an adequately powered multicenter
randomized control trial.
We suggest that in daily clinical practice, AC should be a routine procedure in IAI diagnosis. The results of
the currently widely used biomarkers AF-LD and AF-Gluc are available to clinicians, but the delay in
receiving results of microbial analysis may be several days, resulting in anxiety. We have demonstrated,
however, that the current biomarkers AF-LD and AF-Gluc are unfortunately not very accurate in MIAC or
HCA prediction. We were, to our knowledge, the first to study the concomitant use of these biomarkers, so
that MIAC was detectable by PCR and microbial culture both.
In vaginally collected AF samples, we demonstrated that AF-LD and AF-Gluc are not useful biomarkers, even
if used concomitantly. Notably, we also demonstrated that sampling method had no effect on biomarker
concentrations. Based on these results, vaginal AF sampling has been abandoned thus far in our clinic, until
we can introduce for vaginal sampling a better biomarker.
In the present study, we determined cut-off values for the newer biomarkers AF-MMP-8 and AFcathelicidin and observed better accuracies than with AF-LD and AF-Gluc. This may help in clinical decisionmaking in pregnancies with suspected IAI. Our method to measure MMP-8 concentrations differs from the
method of earlier IAI studies, as it recognizes better the active form of MMP-8 and yields higher overall
concentrations of MMP-8. We seem to be the first to demonstrate the association of AF-cathelicidin with
MIAC in pregnancies with intact membranes.
A rapid bedside test with the novel markers would be of great value for clinicians, helping ease further
management decisions and the follow-up of such pregnancies (administration of antenatal corticosteroids,
magnesium-neuroprophylaxis, and tocolysis) and decisions on optimal delivery timing. Qualitative point-of
care tests of AF-MMP-8 and AF-IL-6 already exist (Kim et al. 2007, Chaemsaithong et al. 2016a, 2016b). IAI
exists, however, not just as present or absent; one must bear in mind that intensity of inflammation
correlates with neonatal outcome, so the magnitude of inflammation should also have an influence on
clinical decisions. A simple test of just a positive or negative result does not provide information on
inflammation severity, and therefore we hope to have a rapid test which shows biomarker concentrations.
Based on our results, in which MIAC was equally common in pregnancies with intact membranes as in
PPROM pregnancies, we must change our conception of pregnancies with intact membranes and mild
symptoms as being harmless to being seen instead as potential sites of inflammation. Administration of AC
as added to the clinical protocol would be of great value in IAI-suspicious cases (Figure 13), at least in
PPROM pregnancies, because the result of AC can influence our management of such pregnancies.
Furthermore, AC is justified regardless of gestational week in PPROM pregnancies, because IAI and adverse
neonatal outcomes are independent of gestational age at PPROM (Cobo et al. 2011).
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Figure 13. Flowchart of suggested protocol of treatment of IAI-suspected women (By author). IAI, intraamniotic infection; GW, gestational weeks; MIAC, microbial invasion of the amniotic cavity; AC,
amniocentesis; Mg, magnesium.

We found that IAI seems to be associated with activation and degranulation of PMN in the same manner as
in inflammatory conditions in other body systems. Based on that finding, we speculate that neutrophilbased biomarkers have the best accuracy in the diagnosis of IAI. In the future, neutrophil-based biomarker
investigation in a larger material and in different panels would be of interest in order to confirm and extend
further the existing findings.
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Strengths and limitations of the studies
Strengths
We studied a single tertiary center, which can be assumed to be both a strength and a limitation. Its
strength: every patient was treated in the same manner, and a single laboratory analyzed our samples, so
no interobserver variation occurred. Its limitations: the study population was relatively small in every study
(I-IV), and a multicenter setting could have yield a larger study population.
We used both PCR and cultivation for determination of MIAC, yielding a higher number of MIAC cases
identified.
Limitations
No multivariate analyses were made, but because the small study population, such analyses would have
been meaningless.
Power-analysis is lacking. While studying biomarkers as linear variables, it is difficult to specify a sufficient
difference between positive and negative results to calculate an adequate number for the study
population.
Some patients underwent antibiotic administration before AC, which may lead to some false-negative
microbial results. PCR, however, recognizes the fingerprints of microbes and requires no living microbes to
provide a positive result.
Some patients underwent administration of antenatal corticosteroids before AC, which may lead to some
misleadingly low biomarker concentrations.
Racial variabilities in biomarker concentrations were not taken into account. IL-6 concentrations are,
overall, higher in races of African origin, and there they also show a more robust stress-induced response
(Christian et al. 2013). Whether the same cut-offs are suitable for all races is unknown. In Finland it is
impossible to register ethnicity. Our study population consisted mostly of white individuals, which is not the
case in studies from, for example the United-States or Korea. Comparing such results may be misleading.
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Conclusions
On the basis of this study, the following conclusions can be drawn:
1. In vaginally obtained AF, the lack of association between AF-Gluc and HCA, and an existing
association, but marked fluctuation in AF-LD makes both of these unreliable for diagnosis of IAI.
These results indicate that better biomarkers for vaginal AF sampling are essential (I).

2. In AC samples, AF-LD and AF-Glucose are associated with MIAC and HCA, and the same cut-off
value is suitable for both MIAC and HCA, which do not necessarily coexist. Although the accuracies
of these biomarkers are not very high, they can serve as a directional, additive diagnostic tool in
diagnosis of IAI (II).

3. The novel biomarker AF-cathelicidin and the biomarker AF-MMP-8 are associated with MIAC in AC
samples both in pregnancies with intact membranes and in those with PPROM, reflecting the
capability of MIAC to upregulate concentrations of cathelicidin. Cut-off values were determined,
and the cut-off for AF-MMP-8 was higher than in earlier studies (III).

4. AF neutrophil-based biomarkers are associated with MIAC in preterm pregnancies with intact
membranes, and are capable of separating IAI cases from healthy controls. These findings suggest
that neutrophil-derived proinflammatory cascades are associated with IAI, as they are with other
inflammatory conditions in various body systems. The further extension of these results in PPROM
pregnancies remains to be studied, as well as the benefit of using several biomarkers as a panel
(IV).

69

Acknowledgements
This study was conducted at the Department of Obstetrics and Gynecology in Helsinki University Hospital
between 2012 and 2015. I thank the former and the current academic Heads of the Department Professors
Jorma Paavonen and Juha Tapanainen and the former and current administrative Heads of the Department
Adjunct Professor Jari Sjöberg and Professor Seppo Heinonen for providing me excellent working facilities.
I offer thanks to the chiefs of Naistenklinikka hospital: Adjunct Professor Mika Nuutila, Head of the Clinic,
and Adjunct Professor Veli-Matti Ulander, as well as to those at Kätilöopisto Hospital: Adjunct Professor
Aydin Tekay, Head of the Department, and Professor Oskari Heikinheimo for their flexibility, positive
attitude and encouragement towards scientific work.
My warmest gratitude goes to my supervisors Adjunct Professor Vedran Stefanovic and Dr Leena Rahkonen
for introducing me to this field of research, and for their important advice and encouragement throughout
this scientific journey. Vedran is a talented scientist who is always enthusiastic and full of new ideas of how
to proceed. I am privileged to have a supervisor who shared his extensive knowledge with his doctoral
students. Leena impressed me with her organizational and statistical skills. She has also guided me on all
practical matters during this work and had trust in my capability to go through this journey. She made me
work hard, improving my ability to be more tough and precise each day.
I thank Associate Professor Marian Kacerovsky and Adjunct Professor Pekka Taipale, the official reviewers
of this thesis, for their valuable comments and professional criticism, which have much improved the work.
I also thank Dr Carol Norris for her skillful language revision.

I warmly thank my co-authors:
x

x

x

Professor Jorma Paavonen and Adjunct Professor Minna Tikkanen for their collaboration. Jorma
gave his experienced perspective and professionalism as well as excellent language corrections; his
always calm attitude toward this work improved the study strongly. Minna, my previous tutor,
brought scientific attitude, encouragement, good spirit, and valuable advice to this work.
Timo Sorsa for strong competence in performing science and his always quick answers to my
questions, Juuso Juhila for laboratory knowledge, Anu Pätäri-Sampo for microbiological expertise,
Irmeli Nupponen, Sture Andersson, and Otto Helve for the neonatal aspects as well as for other cowork.
Eivor Svens and Armi Korvuo, Medix Biochemica, for their irreplaceable work in the laboratory.

I thank my thesis-committee members Professor Markku Heikinheimo and Adjunct Professor Leila UnkilaKallio for their encouragement and good advice in improving the work.
My warm thanks go to the nurses at Department 42, at the maternity policlinic and the Fetal Medical
Center for recruitment of the patients, secretary Marja from Department 42 for taking care of and
transporting the samples, research nurse Teija Karkkulainen for help with the samples and data
management, Esa Hämäläinen from HUSLAB for helping with the descriptions of LD and Glucose, Petri
70

Rahkonen for helping with adjustment, secretaries Maaria Puupponen, Pia Nevalainen, and Nina Nyholm
for their help with the practical and computer problems. I owe warm thanks to Google for helping with
statistical and computing problems. There exists no problem for which you do not have an answer.
I thank all the volunteer women participating in this study.
My special thanks goes to my colleagues, fellow researchers, and friends Laura, Päivi, and Marja, who have
shared all these moments with me and encouraged and supported me in those incredible moments. Beside
scientific conversations, we have had unforgettable congress trips and also many joyful happenings in social
life with Laura and Päivi over these years.
I thank all my colleagues and friends in all three premises of the Women´s Hospital, where I have worked
during this study period. Special thanks go to Outi Äyräs for helping me with the final steps in preparing this
thesis.
My friends Anna-Maija, Anu, Saara, Sinikka, and Eija have brought joy and laughter to my life and shared
the ups and downs of life with me for many years. It is always good to spend some time with you to clear
the mind.
I owe my deepest gratitude to my mom, Veera Myntti, for having faith in me and for supporting me during
my whole life. Without her help in child-care, this thesis would never have been finished, or even started.
Finally my heartfelt thanks go to my children, Saara and Hanna. I am blessed to have such children, my best
creations ever. In their company, it is easy to remember that life is here and now.
The study was financially supported by Helsinki University Hospital Research Grants, the Viipuri
Tuberculosis Foundation, The Finnish Medical Foundation, and by the SalWe Research Program ”Get it
Done” (Tekes- The Finnish Funding Agency for Technology and Innovation grant).

In Helsinki 3.1.2017 Tarja Myntti

71

References
AAGAARD, K., MA, J., ANTONY, K.M., GANU, R., PETROSINO, J. and VERSALOVIC, J., 2014. The placenta harbors a
unique microbiome. Sci Transl Med, 6(237), pp. 237ra65, doi: 10.1126/scitranslmed.3008599.
ACOSTA, E.P., GRIGSBY, P.L., LARSON, K.B., JAMES, A.M., LONG, M.C., DUFFY, L.B., WAITES, K.B. and NOVY, M.J., 2014.
Transplacental Transfer of Azithromycin and Its Use for Eradicating Intra-amniotic Ureaplasma Infection in a Primate
Model. J Infect Dis, 209(6), pp. 898-904.
AKOLEKAR, R., BETA, J., PICCIARELLI, G., OGILVIE, C. and D'ANTONIO, F., 2015. Procedure-related risk of miscarriage
following amniocentesis and chorionic villus sampling: a systematic review and meta-analysis. Ultrasound Obstet
Gynecol, 45(1), pp. 16-26.
ALFAKRY, H., MALLE, E., KOYANI, C.N., PUSSINEN, P.J. and SORSA, T., 2016. Neutrophil proteolytic activation cascades:
a possible mechanistic link between chronic periodontitis and coronary heart disease. Innate Immun, 22(1), pp. 85-99.
AMIYA, RM, MLUNDE, LB, OTA, E., SWA, T., OLADAPO, OT, MORI, R., 2016. Antenatal Corticosteroids for Reducing
Adverse Maternal and Child Outcomes in Special Populations of Women at Risk of Imminent Preterm Birth: A
Systematic Review and Meta-Analysis, PLoS One, 11 (2), e0147604
ANDERSON, B.L., MENDEZ-FIGUEROA, H., DAHLKE, J.D., RAKER, C., HILLIER, S.L. and CU-UVIN, S., 2013. Pregnancyinduced changes in immune protection of the genital tract: defining normal. Am J Obstet Gynecol, 208(4), pp. 321.e1321.e9.
ARCHABALD, K.L., BUHIMSCHI, I.A., BAHTIYAR, M.O., DULAY, A.T., ABDEL-RAZEQ, S.S., PETTKER, C.M., LIPKIND, H.S.,
HARDY, J.T., MCCARTHY M.E., ZHAO, G., BHANDARI, V., BUHIMSCHI, C.S., 2016. Limiting the Exposure of Select
Fetuses to Intrauterine Infection/Inflammation Improves Short-Term Neonatal Outcomes in Preterm Premature
Rupture of Membranes. Fetal Diagn Ther; Oct 29, DOI: 10.1159/000450997
ATHAYDE N, EDWIN SS, ROMERO R, GOMEZ R, MAYMON E, PACORA P, MENON R, 1998. A role for matrix
metalloproteinase-9 in spontaneous rupture of the fetal membranes. Am J Obstet Gynecol Nov; 179(5):1248-1253.
AVILA, C., WILLINS, J.L., JACKSON, M., MATHAI, J., JABSKY, M., KONG, A., CALLAGHAN, F., ISHKIN, S. and SHROYER, A.L.,
2015. Usefulness of two clinical chorioamnionitis definitions in predicting neonatal infectious outcomes: a systematic
review. Am J Perinatol, 32(11), pp. 1001-1009.
AZIZ, N., CHENG, YV, CAUGEY, AB. 2009. Neonatal outcomes in the setting of preterm premature rupture of
membranes complicated by chorioamnionitis. J Matern Fetal Neonatal Med, 22 (9), pp. 780-784.
BASCHAT, A.A., TOWBIN, J., BOWLES, N.E., HARMAN, C.R. and WEINER, C.P., 2003. Prevalence of viral DNA in amniotic
fluid of low-risk pregnancies in the second trimester. J Matern Fetal Neonatal Med, 13(6), pp. 381-384.
BEHRMAN, RE, BUTLER, A., 2007. Preterm birth: Causes, consequences, and prevention, National Academy of
Sciences, pp. 11. Available: http://www.nap.edu/catalog/11622.html
BERMAS, B.L., 2014. Non-steroidal anti inflammatory drugs, glucocorticoids and disease modifying anti-rheumatic
drugs for the management of rheumatoid arthritis before and during pregnancy. Curr Opin Rheumatol., 26(3), pp. 334340.
BLANC, W.A., 1981. Pathology of the placenta, membranes, and umbilical cord in bacterial, fungal, and viral infections
in man. Monogr pathol., (22)(22), pp. 67-132.
BOBITT, J.R. and LEDGER, W.J., 1978. Amniotic fluid analysis. Its role in maternal neonatal infection. Obstet Gynecol,
51(1), pp. 56-62.

72

BODE, C., DIEDRICH, B., MUENSTER, S., HENTSCHEL, V., WEISHEIT, C., ROMMELSHEIM, K., HOEFT, A., MEYER, R.,
BOEHM, O., KNUEFERMANN, P. and BAUMGARTEN, G., 2014. Antibiotics regulate the immune response in both
presence and absence of lipopolysaccharide through modulation of Toll-like receptors, cytokine production and
phagocytosis in vitro. Int Immunopharmacol, 18(1), pp. 27-34.
BODE, C., MUENSTER, S., DIEDRICH, B., JAHNERT, S., WEISHEIT, C., STEINHAGEN, F., BOEHM, O., HOEFT, A., MEYER, R.
and BAUMGARTEN, G., 2015. Linezolid, vancomycin and daptomycin modulate cytokine production, Toll-like receptors
and phagocytosis in a human in vitro model of sepsis. Journal Antibiot, 68(8), pp. 485-490.
BOPEGAMAGE, S., KACEROVSKY, M., TAMBOR, V., MUSILOVA, I., SARMIROVA, S., SNELDERS, E., DE JONG, A.S., VARI,
S.G., MELCHERS, W.J. and GALAMA, J.M., 2013. Preterm prelabor rupture of membranes (PPROM) is not associated
with presence of viral genomes in the amniotic fluid. J Clin Virol, 58(3), pp. 559-563.
BUDUNELI, E., MANTYLA, P., EMINGIL, G., TERVAHARTIALA, T., PUSSINEN, P., BARIS, N., AKILLI, A., ATILLA, G. and
SORSA, T., 2011. Acute myocardial infarction is reflected in salivary matrix metalloproteinase-8 activation level. J
Periodontol, 82(5), pp. 716-725.
BUHIMSCHI, C.S., BHANDARI, V., HAMAR, B.D., BAHTIYAR, M.O., ZHAO, G., SFAKIANAKI, A.K., PETTKER, C.M.,
MAGLOIRE, L., FUNAI, E., NORWITZ, E.R., PAIDAS, M., COPEL, J.A., WEINER, C.P., LOCKWOOD, C.J. and BUHIMSCHI,
I.A., 2007b. Proteomic profiling of the amniotic fluid to detect inflammation, infection, and neonatal sepsis. PLoS Med,
4(1), pp. e18.
BUHIMSCHI, C.S., BHANDARI, V., HAN, Y.W., DULAY, A.T., BAUMBUSCH, M.A., MADRI, J.A. and BUHIMSCHI, I.A., 2009.
Using proteomics in perinatal and neonatal sepsis: hopes and challenges for the future. Curr Opin Infect Dis, 22(3), pp.
235-243.
BUHIMSCHI, C.S., BUHIMSCHI, I.A., ABDEL-RAZEQ, S., ROSENBERG, V.A., THUNG, S.F., ZHAO, G., WANG, E. and
BHANDARI, V., 2007a. Proteomic biomarkers of intra-amniotic inflammation: relationship with funisitis and earlyonset sepsis in the premature neonate. Pediatr Res, 61(3), pp. 318-324.
BUHIMSCHI, C.S., SFAKIANAKI, A.K., HAMAR, B.G., PETTKER, C.M., BAHTIYAR, M.O., FUNAI, E., NORWITZ, E.R., COPEL,
J.A., LOCKWOOD, C.J. and BUHIMSCHI, I.A., 2006. A low vaginal "pool" amniotic fluid glucose measurement is a
predictive but not a sensitive marker for infection in women with preterm premature rupture of membranes. Am J
Obstet Gynecol, 194(2), pp. 309-316.
BUHIMSCHI, I.A., BUHIMSCHI, C.S. and WEINER, C.P., 2003. Protective effect of N-acetylcysteine against fetal death
and preterm labor induced by maternal inflammation. Am J Obstet Gynecol, 188(1), pp. 203-208.
BUHIMSCHI, I.A., NAYERI, U.A., LAKY, C.A., RAZEQ, S.A., DULAY, A.T. and BUHIMSCHI, C.S., 2013. Advances in medical
diagnosis of intra-amniotic infection. Expert Opin Med Diagn, 7(1), pp. 5-16.
BURNS, C., HALL, S.T., SMITH, R. and BLACKWELL, C., 2015. Cytokine Levels in Late Pregnancy: Are Female Infants
Better Protected Against Inflammation? Front Immunol, 6, pp. 318.
CALVET, G., AGUIAR, R.S., MELO, A.S., SAMPAIO, S.A., DE FILIPPIS, I., FABRI, A., ARAUJO, E.S., DE SEQUEIRA, P.C., DE
MENDONCA, M.C., DE OLIVEIRA, L., TSCHOEKE, D.A., SCHRAGO, C.G., THOMPSON, F.L., BRASIL, P., DOS SANTOS, F.B.,
NOGUEIRA, R.M., TANURI, A. and DE FILIPPIS, A.M., 2016. Detection and sequencing of Zika virus from amniotic fluid
of fetuses with microcephaly in Brazil: a case study. Lancet Infect Dis, 16(6), pp. 653-660.
CAMMU, H., GOOSSENS, A., DERDE, M.P., TEMMERMAN, M., FOULON, W. and AMY, J.J., 1989. C-reactive protein in
preterm labour: association with outcome of tocolysis and placental histology. BJOG, 96(3), pp. 314-319.
CAPPELLETTI, M., DELLA BELLA, S., FERRAZZI, E., MAVILIO, D. and DIVANOVIC, S., 2016. Inflammation and preterm
birth. J Leukoc Biol, 99(1), pp. 67-78.

73

CHAEMSAITHONG, P., ROMERO, R., KORZENIEWSKI, S.J., MARTINEZ-VAREA, A., DONG, Z., YOON, B.H., HASSAN, S.S.,
CHAIWORAPONGSA, T. and YEO, L., 2016a. A point of care test for interleukin-6 in amniotic fluid in preterm prelabor
rupture of membranes: a step toward the early treatment of acute intra-amniotic inflammation/infection. J Matern
Fetal Neonatal Med, 29(3), pp. 360-367.
CHAEMSAITHONG, P., ROMERO, R., KORZENIEWSKI, S.J., MARTINEZ-VAREA, A., DONG, Z., YOON, B.H., HASSAN, S.S.,
CHAIWORAPONGSA, T. and YEO, L., 2016b. A rapid interleukin-6 bedside test for the identification of intra-amniotic
inflammation in preterm labor with intact membranes. J Matern Fetal Neonatal Med, 29(3), pp. 349-359.
CHAFER-PERICAS, C., STEFANOVIC, V., SANCHEZ-ILLANA, A., ESCOBAR, J., CERNADA, M., CUBELLS, E., NUNEZ-RAMIRO,
A., ANDERSSON, S., VENTO, M. and KULIGOWSKI, J., 2015. Novel biomarkers in amniotic fluid for early assessment of
intraamniotic infection. Free Radic Biol Med, 89, pp. 734-740.
CHAPMAN, E., REVEIZ, L., ILLANES, E. and BONFILL COSP, X., 2014. Antibiotic regimens for management of intraamniotic infection.Cochrane database of syst rev, doi: 10.1002/14651858.CD010976.pub2.
CHRISTIAN, LM, GLASER, R., PORTER K., IAMS, JD, 2013. Stress-induced inflammatory responses in women: effects of
race and pregnancy. Psychosom Med, 75(7):658-69.
COBO, T., PALACIO, M., MARTINEZ-TERRON, M., NAVARRO-SASTRE, A., BOSCH, J., FILELLA, X. and GRATACOS, E., 2011.
Clinical and inflammatory markers in amniotic fluid as predictors of adverse outcomes in preterm premature rupture
of membranes. Am J Obstet Gynecol, 205(2), pp. 126.e1-126.e8.
COBO, T., TSIARTAS, P., KACEROVSKY, M., HOLST, R.M., HOUGAARD, D.M., SKOGSTRAND, K., WENNERHOLM, U.B.,
HAGBERG, H. and JACOBSSON, B., 2013. Maternal inflammatory response to microbial invasion of the amniotic cavity:
analyses of multiple proteins in the maternal serum. Acta Obstet Gynecol Scand, 92(1), pp. 61-68.
COMBS, C.A., GARITE, T.J., LAPIDUS, J.A., LAPOINTE, J.P., GRAVETT, M., RAEL, J., AMON, E., BAXTER, J.K., BRADY, K.,
CLEWELL, W., EDDLEMAN, K.A., FORTUNATO, S., FRANCO, A., HAAS, D.M., HEYBORNE, K., HICKOK, D.E., HOW, H.Y.,
LUTHY, D., MILLER, H., NAGEOTTE, M., PEREIRA, L., PORRECO, R., ROBILIO, P.A., SIMHAN, H., SULLIVAN, S.A.,
TROFATTER, K., WESTOVER, T. and OBSTETRIX COLLABORATIVE RESEARCH NETWORK, 2015. Detection of microbial
invasion of the amniotic cavity by analysis of cervicovaginal proteins in women with preterm labor and intact
membranes. Am J Obstet Gynecol, 212(4), pp. 482.e1-482.e12.
COMBS, C.A., GRAVETT, M., GARITE, T.J., HICKOK, D.E., LAPIDUS, J., PORRECO, R., RAEL, J., GROVE, T., MORGAN, T.K.,
CLEWELL, W., MILLER, H., LUTHY, D., PEREIRA, L., NAGEOTTE, M., ROBILIO, P.A., FORTUNATO, S., SIMHAN, H., BAXTER,
J.K., AMON, E., FRANCO, A., TROFATTER, K., HEYBORNE, K. and PROTEOGENIX/OBSTETRIX COLLABORATIVE RESEARCH
NETWORK, 2014. Amniotic fluid infection, inflammation, and colonization in preterm labor with intact membranes.
Am J Obstet Gynecol, 210(2), pp. 125.e1-125.e15.
COUSENS, S., BLENCOWE, H., GRAVETT, M. and LAWN, J.E., 2010. Antibiotics for pre-term pre-labour rupture of
membranes: prevention of neonatal deaths due to complications of pre-term birth and infection. Int J Epid, 39 Suppl
1, pp. 134-43.
CULIC, O., ERAKOVIC, V. and PARNHAM, M.J., 2001. Anti-inflammatory effects of macrolide antibiotics. Eur J
Pharmacol, 429(1-3), pp. 209-229.
CURTIN, W.M., KATZMAN, P.J., FLORESCUE, H., METLAY, L.A. and URAL, S.H., 2015. Intrapartum fever, epidural
analgesia and histologic chorioamnionitis. J Perinatol, 35(6), pp. 396-400.
CZAJKA, R., KWIATKOWSKI, S., CHLUBEK, D., DOLEGOWSKA, B., TORBE, A., RZEPKA, R., 2009. The assessment of
neutrophil elastase measurements usefulness in pregnant women with premature rupture of fetal membranes and
chorioamnionitis suspicion. Ginekol Pol, 80(1), 19-24.

74

DAMASE-MICHEL, C. and HURAULT-DELARUE, C., 2014. Ibuprofen does not seem to increase global malformation risk
but NSAID use in late pregnancy remains a concern. Evid Based Med, 19(2), pp. 74-2013-101495. Epub 2013 Oct 10.
DANDO, S.J., NITSOS, I., KALLAPUR, S.G., NEWNHAM, J.P., POLGLASE, G.R., PILLOW, J.J., JOBE, A.H., TIMMS, P. and
KNOX, C.L., 2012. The role of the multiple banded antigen of Ureaplasma parvum in intra-amniotic infection: major
virulence factor or decoy? PloS One, 7(1), pp. e29856.
DIGIULIO, D.B., CALLAHAN, B.J., MCMURDIE, P.J., COSTELLO, E.K., LYELL, D.J., ROBACZEWSKA, A., SUN, C.L.,
GOLTSMAN, D.S., WONG, R.J., SHAW, G., STEVENSON, D.K., HOLMES, S.P. and RELMAN, D.A., 2015. Temporal and
spatial variation of the human microbiota during pregnancy. Proc Natl Acad Sci USA, 112(35), pp. 11060-11065.
DIGIULIO, D.B., ROMERO, R., KUSANOVIC, J.P., GOMEZ, R., KIM, C.J., SEOK, K.S., GOTSCH, F., MAZAKI-TOVI, S.,
VAISBUCH, E., SANDERS, K., BIK, E.M., CHAIWORAPONGSA, T., OYARZUN, E. and RELMAN, D.A., 2010. Prevalence and
diversity of microbes in the amniotic fluid, the fetal inflammatory response, and pregnancy outcome in women with
preterm pre-labor rupture of membranes. Am J Reprod Immunol, 64(1), pp. 38-57.
DIGIULIO, D.B., 2012. Diversity of microbes in amniotic fluid. Semin Fetal Neonatal Med, 17(1), pp. 2-11.
DONLAN, R.M. and COSTERTON, J.W., 2002. Biofilms: survival mechanisms of clinically relevant microorganisms. Clin
Microbiol Rev, 15(2), pp. 167-193.
DOYLE, L.W., CROWTHER, C.A., MIDDLETON, P., MARRET, S. and ROUSE, D., 2009. Magnesium sulphate for women at
risk of preterm birth for neuroprotection of the fetus. Cochrane database of syst rev, doi(1):CD004661. .
DULAY, A.T., BUHIMSCHI, C.S., ZHAO, G., OLIVER, E.A., MBELE, A., JING, S. and BUHIMSCHI, I.A., 2009. Soluble TLR2 is
present in human amniotic fluid and modulates the intraamniotic inflammatory response to infection. J Immunol,
182(11), pp. 7244-7253.
DULAY, A.T., BUHIMSCHI, I.A., ZHAO, G., BAHTIYAR, M.O., THUNG, S.F., CACKOVIC, M. and BUHIMSCHI, C.S., 2015.
Compartmentalization of acute phase reactants Interleukin-6, C-Reactive Protein and Procalcitonin as biomarkers of
intra-amniotic infection and chorioamnionitis. Cytokine, 76, pp. 236–243.
EDWARDS, R.K., CLARK, P., LOCKSMITH GREGORY, J. and DUFF, P., 2001. Performance characteristics of putative tests
for subclinical chorioamnionitis. Infect dis Obstet Gynecol, 9(4), pp. 209-214.
EDWARDS, R.K., 2005. Chorioamnionitis and Labor. Obstet Gynecol clin North Am, 32(2), pp. 287-296.
EHRSTROM, S., YU, A. and RYLANDER, E., 2006. Glucose in vaginal secretions before and after oral glucose tolerance
testing in women with and without recurrent vulvovaginal candidiasis. Obstet Gynecol, 108(6), pp. 1432-1437.
EL-TOUNY, M., OSMAN, L., ABD-EL HAMID, T. and SABBOUR, M.S., 1989. Re-evaluation of the value of ascitic fluid pH
lactate dehydrogenase and total proteins in the diagnosis of spontaneous bacterial peritonitis (SBP). J Trop Med Hyg,
92(1), pp. 6-9.
ENZENSBERGER, C., PULVERMACHER, C., DEGENHARDT, J., KAWACKI, A., GERMER, U., GEMBRUCH, U., KRAPP, M.,
WEICHERT, J. and AXT-FLIEDNER, R., 2012. Fetal loss rate and associated risk factors after amniocentesis, chorionic
villus sampling and fetal blood sampling. Ultraschall Med , 33(7), pp. E75-9.
ERDEMIR, G., KULTURSAY, N., CALKAVUR, S., ZEKIOGLU, O., KOROGLU, O.A., CAKMAK, B., YALAZ, M., AKISU, M. and
SAGOL, S., 2013. Histological chorioamnionitis: effects on premature delivery and neonatal prognosis. Pediatr
neonatol, 54(4), pp. 267-274.
ESPINOZA, J., GONCALVES, L.F., ROMERO, R., NIEN, J.K., STITES, S., KIM, Y.M., HASSAN, S., GOMEZ, R., YOON, B.H.,
CHAIWORAPONGSA, T., LEE, W. and MAZOR, M., 2005. The prevalence and clinical significance of amniotic fluid
'sludge' in patients with preterm labor and intact membranes. Ultrasound Obstet Gynecol, 25(4), pp. 346-352.

75

EVERS, A.C., NIJHUIS, L., KOSTER, M.P., BONT, L.J. and VISSER, G.H., 2012. Intrapartum fever at term: diagnostic
markers to individualize the risk of fetal infection: a review. Obstet Gynecol Surv, 67(3), pp. 187-200.
FISHMAN, S.G. and GELBER, S.E., 2012. Evidence for the clinical management of chorioamnionitis. Sem Fetal Neonat
Med, 17(1), pp. 46-50.
FLENADY, V., HAWLEY, G., STOCK, O.M., KENYON, S. and BADAWI, N., 2013. Prophylactic antibiotics for inhibiting
preterm labour with intact membranes. Cochrane database of syst rev, (12):CD000246.
FORD, C. and GENC, M.R., 2011. Optimized amniotic fluid analysis in patients suspected of intrauterine
infection/inflammation. J Perinat Med, 40(1), pp. 33-37.
FORTUNATO, S.J., MENON, R. and LOMBARDI, S.J., 1999. MMP/TIMP imbalance in amniotic fluid during PROM: an
indirect support for endogenous pathway to membrane rupture. J Perinat Med, 27(5), pp. 362-368.
FORTUNATO, S.J., MENON, R. and LOMBARDI, S.J., 1997. Collagenolytic enzymes (gelatinases) and their inhibitors in
human amniochorionic membrane. Am J Obstet Gynecol, 177(4), pp. 731-741.
FOX, C. and EICHELBERGER, K., 2015. Maternal microbiome and pregnancy outcomes. Fertil Steril, 104(6), pp. 13581363.
FREW, L., MAKIEVA, S., MCKINLAY, A.T., MCHUGH, B.J., DOUST, A., NORMAN, J.E., DAVIDSON, D.J. and STOCK, S.J.,
2014. Human cathelicidin production by the cervix. PloS One, 9(8), pp. e103434.
FUCHS, F. and RIIS, P., 1956. Antenatal sex determination. Nature, 177(4503), pp. 330.
GALASK, R.P., VARNER, M.W., PETZOLD, C.R. and WILBUR, S.L., 1984. Bacterial attachment to the chorioamniotic
membranes. Am J Obstet Gynecol, 148(7), pp. 915-928.
GALINSKY, R., POLGLASE, G.R., HOOPER, S.B., BLACK, M.J. and MOSS, T.J., 2013. The consequences of
chorioamnionitis: preterm birth and effects on development. J Pregnancy, 2013, pp. 412831.
GARCIA-MUNOZ RODRIGO, F., GALAN HENRIQUEZ, G.M. and OSPINA, C.G., 2014. Morbidity and Mortality Among
Very-low-birth-weight Infants Born to Mothers with Clinical Chorioamnionitis. Pediatr Neonatol, 55(5), pp. 381-386.
GARITE, T.J., FREEMAN, R.K., LINZEY, E.M. and BRALY, P., 1979. The use of amniocentesis in patients with premature
rupture of membranes. Obstet Gynecol, 54(2), pp. 226-230.
GARRY, D., FIGUEROA, R., AGUERO-ROSENFELD, M., MARTINEZ, E., VISINTAINER, P. and TEJANI, N., 1996. A
comparison of rapid amniotic fluid markers in the prediction of microbial invasion of the uterine cavity and preterm
delivery. Am J Obstet Gynecol, 175(5), pp. 1336-1341.
GENC, M.R. and FORD, C.E., 2010. The clinical use of inflammatory markers during pregnancy. Curr opin obstet
gynecol, 22(2), pp. 116-121.
GIBBS, R.S., 1977. Diagnosis of intra-amniotic infection. Semin Perinatol Jan;1(1), pp. 71-7.
GISSLEN, T., ALVAREZ, M., WELLS,C., SOO,M-T., LAMBERS, D., KNOX, C.L., MEINZEN-DERR, J.K., CHOUGNET, C.A., JOBE,
A.H.,KALLAPUR, S.G., 2016. Fetal inflammation associated with minimal acute morbidity in moderate/late preterm
infants. Arch Dis Child Fetal Neonatal Ed, 0:F1–F7. doi:10.1136/archdischild-2015-308518.
GOLDENBERG, R.L., HAUTH, J.C. and ANDREWS, W.W., 2000. Intrauterine infection and preterm delivery. NEJM,
342(20), pp. 1500-1507.

76

GOLDENBERG, R.L., CULHANE, J.F., IAMS, J.D. and ROMERO, R., 2008. Epidemiology and causes of preterm birth.
Lancet, 371(9606), pp. 75-84.
GOMEZ, R., ROMERO, R., NIEN, J.K., CHAIWORAPONGSA, T., MEDINA, L., KIM, Y.M., YOON, B.H., CARSTENS, M.,
ESPINOZA, J., IAMS, J.D. and GONZALEZ, R., 2005. A short cervix in women with preterm labor and intact membranes:
a risk factor for microbial invasion of the amniotic cavity. Am J Obstet Gynecol, 192(3), pp. 678-689.
GOMEZ, R., ROMERO, R., NIEN, J.K., MEDINA, L., CARSTENS, M., KIM, Y.M., ESPINOZA, J., CHAIWORAPONGSA, T.,
GONZALEZ, R., IAMS, J.D. and ROJAS, I., 2007. Antibiotic administration to patients with preterm premature rupture of
membranes does not eradicate intra-amniotic infection. J Matern Fetal Neonatal Med, 20(2), pp. 167-173.
GOMEZ-LOPEZ, N., STLOUIS, D., LEHR, M.A., SANCHEZ-RODRIGUEZ, E.N. and ARENAS-HERNANDEZ, M., 2014. Immune
cells in term and preterm labor. Cell Molec Immunol, 11(6), pp. 571-581.
GORDON, M.C., NARULA, K., O'SHAUGHNESSY, R. and BARTH, W.H.,Jr, 2002. Complications of third-trimester
amniocentesis using continuous ultrasound guidance. Obstet Gynecol, 99(2), pp. 255-259.
GOTSCH, F., ROMERO, R., KUSANOVIC, J.P., MAZAKI-TOVI, S., PINELES, B.L., EREZ, O., ESPINOZA, J. and HASSAN, S.S.,
2007. The fetal inflammatory response syndrome. Clinical Obstet Gynecol, 50(3), pp. 652-683.
GREENWELL, E.A., WYSHAK, G., RINGER, S.A., JOHNSON, L.C., RIVKIN, M.J. and LIEBERMAN, E., 2012. Intrapartum
temperature elevation, epidural use, and adverse outcome in term infants. Pediatrics, 129(2), pp. e447-54.
GREIG, P.C., ERNEST, J.M. and TEOT, L., 1994. Low amniotic fluid glucose levels are a specific but not a sensitive
marker for subclinical intrauterine infections in patients in preterm labor with intact membranes. Am J Obstet
Gynecol, 171(2), pp. 365-70; discussion 370-1.
GREIG, P.C., ERNEST, J.M., TEOT, L., ERIKSON, M. and TALLEY, R., 1993. Amniotic fluid interleukin-6 levels correlate
with histologic chorioamnionitis and amniotic fluid cultures in patients in premature labor with intact membranes. Am
J Obstet Gynecol, 169(4), pp. 1035-1044.
GUTTEBERG, T.J., ASKVIK, K. and JORGENSEN, T., 1986. Serum lactoferrin and C-reactive protein in mother and
newborn after preterm rupture of membranes. Acta Obstet Gynecol Scand, 65(3), pp. 203-205.
HAMMERS, A.L., SANCHEZ-RAMOS, L. and KAUNITZ, A.M., 2015. Antenatal exposure to indomethacin increases the
risk of severe intraventricular hemorrhage, necrotizing enterocolitis, and periventricular leukomalacia: a systematic
review with metaanalysis. Am J Obstet Gynecol, 212(4), pp. 505.e1-505.13.
HANEMAAIJER, R., SORSA, T., KONTTINEN, Y.T., DING, Y., SUTINEN, M., VISSER, H., VAN HINSBERGH, V.W.,
HELAAKOSKI, T., KAINULAINEN, T., RONKA, H., TSCHESCHE, H. and SALO, T., 1997. Matrix metalloproteinase-8 is
expressed in rheumatoid synovial fibroblasts and endothelial cells. Regulation by tumor necrosis factor-alpha and
doxycycline. J Biol Chem, 272(50), pp. 31504-31509.
HARIRAH, H., DONIA, S.E., HSU, C.D. 2002. Amniotic fluid matrix metalloproteinase-9 and interleukin-6 in predicting
intra-amniotic infection. Obstet Gynecol, 99, 1, 80-84
HARRISON, M.S. and GOLDENBERG, R.L., 2016. Global burden of prematurity. Sem Fetal Neonat Med, 21(2), pp. 74-79.
HASSAN, S., ROMERO, R., HENDLER, I., GOMEZ, R., KHALEK, N., ESPINOZA, J., NIEN, J.K., BERRY, S.M., BUJOLD, E.,
CAMACHO, N. and SOROKIN, Y., 2006. A sonographic short cervix as the only clinical manifestation of intra-amniotic
infection. J Perinat med, 34(1), pp. 13-19.
HEIKKINEN, T., LAINE, K., NEUVONEN, P.J. and EKBLAD, U., 2000. The transplacental transfer of the macrolide
antibiotics erythromycin, roxithromycin and azithromycin. BJOG, 107(6), pp. 770-775.

77

HEIN, M., VALORE, E.V., HELMIG, R.B., ULDBJERG, N. and GANZ, T., 2002. Antimicrobial factors in the cervical mucus
plug. Am J Obstet Gynecol, 187(1), pp. 137-144.
HEINONEN, K., ERIKSSON, J.G., LAHTI, J., KAJANTIE, E., PESONEN, A.K., TUOVINEN, S., OSMOND, C. and RAIKKONEN, K.,
2015. Late preterm birth and neurocognitive performance in late adulthood: a birth cohort study. Pediatrics, 135(4),
pp. e818-25.
HELMIG, B.R., ROMERO, R., ESPINOZA, J., CHAIWORAPONGSA, T., BUJOLD, E., GOMEZ, R., OHLSSON, K. and ULDBJERG,
N., 2002. Neutrophil elastase and secretory leukocyte protease inhibitor in prelabor rupture of membranes,
parturition and intra-amniotic infection. J Matern Fetal Neonatal Med, 12(4), pp. 237-246.
HENDERSON, J.J., MCWILLIAM, O.A., NEWNHAM, J.P. and PENNELL, C.E., 2012. Preterm birth aetiology 2004-2008.
Maternal factors associated with three phenotypes: spontaneous preterm labour, preterm pre-labour rupture of
membranes and medically indicated preterm birth. J Matern Fetal Neonatal Med, 25(6), pp. 642-647.
HENDSCH, S.A., STEPHENS, L., MARKENSON, G. and BSAT, F., 2001. Prediction of pregnancy outcome in preterm
premature rupture of membranes using vaginal pool amniotic fluid markers. Obstet Gynecol, 97(4, Supplement 1), pp.
S5.
HENDSON, L., RUSSELL, L., ROBERTSON, CM., LIANG, Y., CHEN, Y.,ABDALLA, A., LACAZE-MASMONTEIL, T. 2011.
Neonatal and neurodevelopmental outcomes of very low birth weight infants with histologic chorioamnionitis. J
Pediatr, 158 (3), 397-402.
HIGGINS, R.D., SAADE, G., POLIN, R.A., GROBMAN, W.A., BUHIMSCHI, I.A., WATTERBERG, K., SILVER, R.M., RAJU, T.N.
and CHORIOAMNIONITIS WORKSHOP PARTICIPANTS, 2016. Evaluation and Management of Women and Newborns
With a Maternal Diagnosis of Chorioamnionitis: Summary of a Workshop. Obstet Gynecol, 127(3), pp. 426-436.
HITTI, J., TARCZY-HORNOCH, P., MURPHY, J., HILLIER, S.L., AURA, J. and ESCHENBACH, D.A., 2001. Amniotic fluid
infection, cytokines, and adverse outcome among infants at 34 weeks' gestation or less. Obstet Gynecol, 98(6), pp.
1080-1088.
HITTI, J., LAPIDUS, J.A., LU, X., REDDY, A.P., JACOB, T., DASARI, S., ESCHENBACH, D.A., GRAVETT, M.G. and NAGALLA,
S.R., 2010. Noninvasive diagnosis of intraamniotic infection: proteomic biomarkers in vaginal fluid. Am J Obstet
Gynecol, 203(1), pp. 32.e1-32.e8.
HOFER, N., ZACHARIAS, E., MULLER, W. and RESCH, B., 2012. An update on the use of C-reactive protein in early-onset
neonatal sepsis: current insights and new tasks. Neonatology, 102(1), pp. 25-36.
HOLST, R.M., MATTSBY-BALTZER, I., WENNERHOLM, U.B., HAGBERG, H. and JACOBSSON, B., 2005. Interleukin-6 and
interleukin-8 in cervical fluid in a population of Swedish women in preterm labor: relationship to microbial invasion of
the amniotic fluid, intra-amniotic inflammation, and preterm delivery. Acta Obstet Gynecol Scand, 84(6), pp. 551-557.
HORVATH, B., LAKATOS, F., TOTH, C., BODECS, T. and BODIS, J., 2014. Silent chorioamnionitis and associated
pregnancy outcomes: a review of clinical data gathered over a 16-year period. J Perinat med, 42(4), pp. 441-447.
HUETZ, N., TRIAU, S., LEBOUCHER, B., SENTILHES, L., HANF, M., NGUYEN, S., FLAMANT, C., ROZE, JC, GASCOIN, G.,
Association of severe placental inflammation with death prior to discharge and cerebral palsy in preterm infants.
BJOG, 123 (12), 1956-1963.
HUSSEY, M.J., LEVY, E.S., POMBAR, X., MEYER, P., STRASSNER, H.T., 1998. Evaluating rapid diagnostic tests of intraamniotic infection: Gram stain, amniotic fluid glucose level, and amniotic fluid to serum glucose level ratio. Am J
Obstet Gynecol 179(3) pp. 650-656.

78

IRELAND, D.J., KEMP, M.W., MIURA, Y., SAITO, M., NEWNHAM, J.P. and KEELAN, J.A., 2015. Intra-amniotic
pharmacological blockade of inflammatory signalling pathways in an ovine chorioamnionitis model. Mol Hum Reprod,
21(5), pp. 479-489.
JAIN, J. and GYAMFI-BANNERMAN, C., 2016. Future directions in preterm birth research. Sem Fetal Neonat Med, 21(2),
pp. 129-132.
JENKINS, D.D., WIEST, D.B., MULVIHILL, D.M., HLAVACEK, A.M., MAJSTORAVICH, S.J., BROWN, T.R., TAYLOR, J.J.,
BUCKLEY, J.R., TURNER, R.P., ROLLINS, L.G., BENTZLEY, J.P., HOPE, K.E., BARBOUR, A.B., LOWE, D.W., MARTIN, R.H. and
CHANG, E.Y., 2016. Fetal and Neonatal Effects of N-Acetylcysteine When Used for Neuroprotection in Maternal
Chorioamnionitis. J Pediatrics, 168, pp. 67-76.e6.
JOHNSON, C.T., FARZIN, A. and BURD, I., 2014. Current management and long-term outcomes following
chorioamnionitis. Obstet Gynecol clin of North Am, 41(4), pp. 649-669.
JUNG, H.J., PARK, K.H., KIM, S.N., HONG, J.S., OH, K.J., KIM, G. and KWON, J.Y., 2011. Non-invasive prediction of intraamniotic inflammation in women with preterm labor. Ultrasound Obstet Gynecol, 37(1), pp. 82-87.
KACEROVSKY, M., MUSILOVA, I., ANDRYS, C., HORNYCHOVA, H., PLISKOVA, L., KOSTAL, M. and JACOBSSON, B., 2014.
Prelabor rupture of membranes between 34 and 37 weeks: the intraamniotic inflammatory response and neonatal
outcomes. Am J Obstet Gynecol, 210(4), pp. 325.e1-325.e10.
KACEROVSKY, M., MUSILOVA, I., JACOBSSON, B., DRAHOSOVA, M., HORNYCHOVA, H., JANKU, P., PROCHAZKA, M.,
SIMETKA, O. and ANDRYS, C., 2015a. Cervical fluid IL-6 and IL-8 levels in pregnancies complicated by preterm prelabor
rupture of membranes. J Matern Fetal Neonatal Med, 28(2), pp. 134-140.
KACEROVSKY, M., MUSILOVA, I., JACOBSSON, B., DRAHOSOVA, M., HORNYCHOVA, H., JANKU, P., PROCHAZKA, M.,
SIMETKA, O. and ANDRYS, C., 2015b. Vaginal fluid IL-6 and IL-8 levels in pregnancies complicated by preterm prelabor
membrane ruptures. J Matern Fetal Neonatal Med, 28(4), pp. 392-398.
KACEROVSKY, M., PLISKOVA, L., BOLEHOVSKA, R., MUSILOVA, I., HORNYCHOVA, H., TAMBOR, V. and JACOBSSON, B.,
2011. The microbial load with genital mycoplasmas correlates with the degree of histologic chorioamnionitis in
preterm PROM. Am J Obstet Gynecol, 205(3), pp. 213.e1-213.e7.
KACEROVSKY, M., PLISKOVA, L., BOLEHOVSKA, R., SKOGSTRAND, K., HOUGAARD, D.M., TSIARTAS, P. and JACOBSSON,
B., 2012. The impact of the microbial load of genital mycoplasmas and gestational age on the intensity of
intraamniotic inflammation. Am J Obstet Gynecol, 206(4), pp. 342.e1-342.e8.
KACEROVSKY, M., TAMBOR, V., VAJRYCHOVA, M., LENCO, J., HORNYCHOVA, H., MUSILOVA, I. and MENON, R., 2013.
Amniotic fluid myeloperoxidase in pregnancies complicated by preterm prelabor rupture of membranes. J Matern
Fetal Neonatal Med, 26(5), pp. 463-468.
KAMYAR, M., MANUCK, T.A., STODDARD, G.J., VARNER, M.W. and CLARK, E., 2016. Magnesium sulfate,
chorioamnionitis, and neurodevelopment after preterm birth. BJOG, 123(7), pp. 1161-1166.
KEELAN, J.A., PAYNE, M.S., KEMP, M.W., IRELAND, D.J. and NEWNHAM, J.P., 2016. A New, Potent, and PlacentaPermeable Macrolide Antibiotic, Solithromycin, for the Prevention and Treatment of Bacterial Infections in Pregnancy.
Front immunol, 7, pp. 111.
KELLY, J.C., JIA, X., VINDENES, T. and URATO, A.C., 2014. Chorioamnionitis and sternoclavicular septic arthritis after
drainage of Bartholin gland abscess. Obstet Gynecol, 124(2 Pt 2 Suppl 1), pp. 436-438.
KENYON, S., BOULVAIN, M. and NEILSON, J.P., 2013. Antibiotics for preterm rupture of membranes. Cochrane
database of syst rev, (12):CD001058. doi(12), pp. CD001058.

79

KESKI-NISULA, L., AALTO, M.L., KATILA, M.L. and KIRKINEN, P., 2000. Intrauterine inflammation at term: a
histopathologic study. Hum Pathol, 31(7), pp. 841-846.
KESKI-NISULA, L., SUONIO, S., MAKKONEN, M., KATILA, M.L., PUHAKAINEN, E. and KURONEN, A., 1995. Infection
markers during labor at term. Acta Obstet Gynecol Scand, 74(1), pp. 33-39.
KESKI-NISULA, L.T., AALTO, M.L., KIRKINEN, P.P., KOSMA, V.M. and HEINONEN, S.T., 2003. Myometrial inflammation in
human delivery and its association with labor and infection. Am J Clin Pathol, 120(2), pp. 217-224.
KIDOKORO, K., FURUHASHI, M., KUNO, N. and ISHIKAWA, K., 2006. Amniotic fluid neutrophil elastase and lactate
dehydrogenase: association with histologic chorioamnionitis. Acta Obstet Gynecol Scand, 85(6), pp. 669-674.
KIM, C.J., ROMERO, R., CHAEMSAITHONG, P., CHAIYASIT, N., YOON, B.H. and KIM, Y.M., 2015a. Acute chorioamnionitis
and funisitis: definition, pathologic features, and clinical significance. Am J Obstet Gynecol, 213(4 Suppl), pp. S29-52.
KIM, K.W., ROMERO, R., PARK, H.S., PARK, C.W., SHIM, S.S., JUN, J.K. and YOON, B.H., 2007. A rapid matrix
metalloproteinase-8 bedside test for the detection of intraamniotic inflammation in women with preterm premature
rupture of membranes. Am J Obstet Gynecol, 197(3), pp. 292.e1-292.e5.
KIM, S.A., PARK, K.H. and LEE, S.M., 2016. Non-Invasive Prediction of Histologic Chorioamnionitis in Women with
Preterm Premature Rupture of Membranes. Yonsei med J, 57(2), pp. 461-468.
KIM, S.M., ROMERO, R., LEE, J., CHAEMSAITHONG, P., LEE, M.W., CHAIYASIT, N., LEE, H.J. and YOON, B.H., 2016. About
one-half of early spontaneous preterm deliveries can be identified by a rapid matrix metalloproteinase-8 (MMP-8)
bedside test at the time of mid-trimester genetic amniocentesis. J Matern Fetal Neonatal Med, 29(15), pp. 2414-2421.
KIM, S.M., ROMERO, R., PARK, J.W., OH, K.J., JUN, J.K. and YOON, B.H., 2015b. The relationship between the intensity
of intra-amniotic inflammation and the presence and severity of acute histologic chorioamnionitis in preterm
gestation. J Matern Fetal Neonatal Med, 28(13), pp. 1500-1509.
KINDZELSKII, A.L., CLARK, A.J., ESPINOZA, J., MAEDA, N., ARATANI, Y., ROMERO, R. and PETTY, H.R., 2006.
Myeloperoxidase accumulates at the neutrophil surface and enhances cell metabolism and oxidant release during
pregnancy. Eur J Immunol, 36(6), pp. 1619-1628.
KING, A.E., KELLY, R.W., SALLENAVE, J.M., BOCKING, A.D. and CHALLIS, J.R., 2007a. Innate immune defences in the
human uterus during pregnancy. Placenta, 28(11-12), pp. 1099-1106.
KING, A.E., PALTOO, A., KELLY, R.W., SALLENAVE, J.M., BOCKING, A.D. and CHALLIS, J.R., 2007b. Expression of natural
antimicrobials by human placenta and fetal membranes. Placenta, 28(2-3), pp. 161-169.
KLEBANOFF, S.J., KETTLE, A.J., ROSEN, H., WINTERBOURN, C.C. and NAUSEEF, W.M., 2013. Myeloperoxidase: a frontline defender against phagocytosed microorganisms. Journal of Leukoc Biol, 93(2), pp. 185-198.
KLINGER, G., LEVY, I., SIROTA, L., BOYKO, V., REICHMAN, B., LERNER-GEVA, L. and ISRAEL NEONATAL NETWORK, 2009.
Epidemiology and risk factors for early onset sepsis among very-low-birthweight infants. Am J Obstet Gynecol, 201(1),
pp. 38.e1-38.e6.
KUNZE, M., KLAR, M., MORFELD, C.A., THORNS, B., SCHILD, R.L., MARKFELD-EROL, F., RASENACK, R., PROEMPELER, H.,
HENTSCHEL, R. and SCHAEFER, W.R., 2016. Cytokines in noninvasively obtained amniotic fluid as predictors of fetal
inflammatory response syndrome. Am J Obstet Gynecol, 215(1), pp. 96.e1-96.e8.
KUSANOVIC, J.P., ESPINOZA, J., ROMERO, R., GONCALVES, L.F., NIEN, J.K., SOTO, E., KHALEK, N., CAMACHO, N.,
HENDLER, I., MITTAL, P., FRIEL, L.A., GOTSCH, F., EREZ, O., THAN, N.G., MAZAKI-TOVI, S., SCHOEN, M.L. and HASSAN,
S.S., 2007. Clinical significance of the presence of amniotic fluid 'sludge' in asymptomatic patients at high risk for
spontaneous preterm delivery. Ultrasound Obstet Gynecol, 30(5), pp. 706-714.

80

KWAK, H.M., SHIN, M.Y., CHA, H.H., CHOI, S.J., LEE, J.H., KIM, J.S., ROH, C.R., KIM, J.H. and OH, S.Y., 2013. The efficacy
of cefazolin plus macrolide (erythromycin or clarithromycin) versus cefazolin alone in neonatal morbidity and
placental inflammation for women with preterm premature rupture of membranes. Placenta, 34(4), pp. 346-352.
LAHRA, M.M. and JEFFERY, H.E., 2004. A fetal response to chorioamnionitis is associated with early survival after
preterm birth. Am J Obstet Gynecol, 190(1), pp. 147-151.
LE RAY, I., MACE, G., SEDIKI, M., LIRUSSI, F., RIETHMULLER, D., LENTZ, N., RAMANAH, R., HOYEK, T., SPAGNOLO, G.,
LAURENT, N., GOIRAND, F., SAGOT, P. and BARDOU, M., 2015. Changes in maternal blood inflammatory markers as a
predictor of chorioamnionitis: a prospective multicenter study. Am J Reprod Immunol, 73(1), pp. 79-90.
LEE, J., ROMERO, R., KIM, S.M., CHAEMSAITHONG, P., PARK, C.W., PARK, J.S., JUN, J.K. and YOON, B.H., 2015. A new
anti-microbial combination prolongs the latency period, reduces acute histologic chorioamnionitis as well as funisitis,
and improves neonatal outcomes in preterm PROM. J Matern Fetal Neonatal Med, 29(5), pp. 707-20.
LEE, J., ROMERO, R., KIM, S.M., CHAEMSAITHONG, P. and YOON, B.H., 2016. A new antibiotic regimen treats and
prevents intra-amniotic inflammation/infection in patients with preterm PROM. J Matern Fetal Neonatal Med, 29(17),
pp. 2727-2737.
LEE, S.E., ROMERO, R., JUNG, H., PARK, C.W., PARK, J.S. and YOON, B.H., 2007. The intensity of the fetal inflammatory
response in intraamniotic inflammation with and without microbial invasion of the amniotic cavity. Am J Obstet
Gynecol, 197(3), pp. 294.e1-294.e6.
LEE, S.E., ROMERO, R., KIM, C.J., SHIM, S.S. and YOON, B.H., 2006. Funisitis in term pregnancy is associated with
microbial invasion of the amniotic cavity and intra-amniotic inflammation. J Matern Fetal Neonatal Med, 19(11), pp.
693-697.
LEE, S.E., ROMERO, R., LEE, S.M. and YOON, B.H., 2010. Amniotic fluid volume in intra-amniotic inflammation with and
without culture-proven amniotic fluid infection in preterm premature rupture of membranes. J Perinat Med, 38(1), pp.
39-44.
LEE, S.J., WON, H.S., KIM, M.N., LEE, P.R., SHIM, J.Y. and KIM, A., 2008. Diagnostic value of the matrix
metalloproteinase-8 rapid test for detecting microbial invasion of the amniotic cavity. Eur J Clin Microbiol Infect Dis,
27(12), pp. 1257-1260.
LEE, S.M., PARK, J.W., KIM, B.J., PARK, C.W., PARK, J.S., JUN, J.K. and YOON, B.H., 2013a. Acute histologic
chorioamnionitis is a risk factor for adverse neonatal outcome in late preterm birth after preterm premature rupture
of membranes. PloS One, 8(12), pp. e79941.
LEE, S.M., ROMERO, R., PARK, J.S., CHAEMSAITHONG, P., JUN, J.K. and YOON, B.H., 2015. A transcervical amniotic fluid
collector: a new medical device for the assessment of amniotic fluid in patients with ruptured membranes. J Perinat
Med, 43(4), pp. 381-389.
LEE, S.Y., BUHIMSCHI, I.A., DULAY, A.T., ALI, U.A., ZHAO, G., ABDEL-RAZEQ, S.S., BAHTIYAR, M.O., THUNG, S.F., FUNAI,
E.F. and BUHIMSCHI, C.S., 2011. IL-6 trans-signaling system in intra-amniotic inflammation, preterm birth, and preterm
premature rupture of the membranes. J Immunol, 186(5), pp. 3226-3236.
LEE, S.Y., PARK, K.H., JEONG, E.H., OH, K.J., RYU, A. and KIM, A., 2013b. Intra-amniotic infection/inflammation as a risk
factor for subsequent ruptured membranes after clinically indicated amniocentesis in preterm labor. J Korean med sci,
28(8), pp. 1226-1232.
LEE, S.Y., PARK, KH, JEONG EH, OH, KJ, RYU, A., PARK, KU, 2012. Relationship between maternal serum C-reactive
protein, funisitis and early-onset neonatal sepsis. J Korean Med Sci, 27(6):674-80.

81

LEPPILAHTI, J.M., HERNANDEZ-RIOS, P.A., GAMONAL, J.A., TERVAHARTIALA, T., BRIGNARDELLO-PETERSEN, R.,
MANTYLA, P., SORSA, T. and HERNANDEZ, M., 2014. Matrix metalloproteinases and myeloperoxidase in gingival
crevicular fluid provide site-specific diagnostic value for chronic periodontitis. J Clin Periodontol, 41(4), pp. 348-356.
LIM, R., BARKER, G. and LAPPAS, M., 2015. Human cathelicidin antimicrobial protein 18 (hCAP18/LL-37) is increased in
foetal membranes and myometrium after spontaneous labour and delivery. J Reprod Immunol, 107, pp. 31-42.
LISONKOVA, S., SABR, Y. and JOSEPH, K.S., 2014. Diagnosis of subclinical amniotic fluid infection prior to rescue
cerclage using gram stain and glucose tests: an individual patient meta-analysis. J Obstet Gynaecol Can, 36(2), pp. 116122.
LIU, Z., TANG, Z., LI, J. and YANG, Y., 2014. Effects of placental inflammation on neonatal outcome in preterm infants.
Pediatr neonatol, 55(1), pp. 35-40.
LOCKSMITH, G.J., CLARK, P., DUFF, P., SAADE, G.R., SCHULTZ, G.S., 2001. Amniotic fluid concentrations of matrix
metalloproteinase 9 and tissue inhibitor of metalloproteinase 1 during pregnancy and labor. Am.J. Obstet Gynecol,
184, 2, 159-164.
LOFTIN, R.W., HABLI, M., SNYDER, C.C., CORMIER, C.M., LEWIS, D.F. and DEFRANCO, E.A., 2010. Late preterm birth.
Rev Obstets Gynecol, 3(1), pp. 10-19.
LU, H.Y., ZHANG, Q., WANG, Q.X. and LU, J.Y., 2016. Contribution of Histologic Chorioamnionitis and Fetal
Inflammatory Response Syndrome to Increased Risk of Brain Injury in Infants With Preterm Premature Rupture of
Membranes. Pediatr Neurol, 61, pp. 94-98.e1.
MADIANOS, P.N., BOBETSIS, Y.A. and OFFENBACHER, S., 2013. Adverse pregnancy outcomes (APOs) and periodontal
disease: pathogenic mechanisms. J Periodontol, 84(4 Suppl), pp. S170-80.
MAGLOIRE, L.K., BUHIMSCHI, C.S., PETTKER, C.M., SFAKIANAKI, A.K., HAMAR, B.D., BHANDARI, V. and BUHIMSCHI, I.A.,
2006a. Lactate dehydrogenase isoform activity mapping in patients with intra-amniotic infection. Am J Obstet Gynecol,
195(4), pp. 1045-1052.
MAGLOIRE, L.K., BUHIMSCHI, C.S., PETTKER, C.M., ABDEL-RAZEQ, S., ROSENBERG, V.A., CACKOVIC, M., BAHTIYAR,
M.O. and BUHIMSCHI, I.A., 2006b. Lactate dehydrogenase (LDH) isoform activity in the vaginal “pool” - a marker of
intra-amniotic infection in women with preterm premature rupture of membranes. Am J Obstet Gynecol, 195(6), pp.
S64.
MAKI, Y., FURUKAWA, S., KODAMA, Y., SAMESHIMA, H. and IKENOUE, T., 2015. Amniocentesis for threatened preterm
labor with intact membranes and the impact on adverse outcome in infants born at 22 to 28 weeks of gestation. Early
Hum Dev, 91(5), pp. 333-337.
MALEK, A., BERSINGER, N.A., DI SANTO, S., MUELLER, M.D., SAGER, R., SCHNEIDER, H., GHEZZI, F., KAROUSOU, E.,
PASSI, A., DE LUCA, G. and RAIO, L., 2006. C-reactive protein production in term human placental tissue. Placenta,
27(6-7), pp. 619-625.
MANDIC HAVELKA, A., YEKTAEI-KARIN, E., HULTENBY, K., SORENSEN, O.E., LUNDAHL, J., BERGGREN, V. and MARCHINI,
G., 2010. Maternal plasma level of antimicrobial peptide LL37 is a major determinant factor of neonatal plasma LL37
level. Acta Paediatrica, 99(6), pp. 836-841.
MANGHAM, L.J., PETROU, S., DOYLE, L.W., DRAPER, E.S. and MARLOW, N., 2009. The cost of preterm birth throughout
childhood in England and Wales. Pediatrics, 123(2), pp. e312-27.
MASTROLIA, S.A., EREZ, O., LOVERRO, G., DI NARO, E., WEINTRAUB, A.Y., TIROSH, D., BARON, J. and HERSHKOVITZ, R.,
2016. Ultrasonographic approach to diagnosis of fetal inflammatory response syndrome: a tool for at-risk fetuses? Am
J Obstet Gynecol, 215(1), pp. 9-20.

82

MAXWELL, N.C., DAVIES, P.L. and KOTECHA, S., 2006. Antenatal infection and inflammation: what's new? Curr opin
infect dis, 19(3), pp. 253-258.
MAYMON, E., ROMERO, R., CHAIWORAPONGSA, T., BERMAN, S., CONOSCENTI, G., GOMEZ, R. and EDWIN, S., 2001a.
Amniotic fluid matrix metalloproteinase-8 in preterm labor with intact membranes. Am J Obstet Gynecol, 185(5), pp.
1149-1155.
MAYMON, E., ROMERO, R., CHAIWORAPONGSA, T., KIM, J.C., BERMAN, S., GOMEZ, R. and EDWIN, S., 2001b. Value of
amniotic fluid neutrophil collagenase concentrations in preterm premature rupture of membranes. Am J Obstet
Gynecol, 185(5), pp. 1143-1148.
MAYMON, E., ROMERO, R., PACORA, P., GERVASI, M.T., GOMEZ, R., EDWIN, S.S. and YOON, B.H., 2000a. Evidence of in
vivo differential bioavailability of the active forms of matrix metalloproteinases 9 and 2 in parturition, spontaneous
rupture of membranes, and intra-amniotic infection. Am J Obstet Gynecol, 183(4), pp. 887-894.
MAYMON, E., ROMERO, R., PACORA, P., GOMEZ, R., ATHAYDE, N., EDWIN, S. and YOON, B.H., 2000b. Human
neutrophil collagenase (matrix metalloproteinase 8) in parturition, premature rupture of the membranes, and
intrauterine infection. Am J Obstet Gynecol, 183(1), pp. 94-99.
MAZAKI-TOVI, S. and VAISBUCH, E., 2016. Clinical chorioamnionitis--an ongoing obstetrical conundrum. J Perinat Med,
44(1), pp. 1-4.
MCGEOUGH, M.D., PENA, C.A., MUELLER, J.L., POCIASK, D.A., BRODERICK, L., HOFFMAN, H.M. and BRYDGES, S.D.,
2012. Cutting edge: IL-6 is a marker of inflammation with no direct role in inflammasome-mediated mouse models. J
Immunol, 189(6), pp. 2707-2711.
MENON, R., TAYLOR, R.N. and FORTUNATO, S.J., 2010. Chorioamnionitis – A complex pathophysiologic syndrome.
Placenta, 31(2), pp. 113-120.
MILLER, J.L., HARMAN, C., WEINER, C. and BASCHAT, A.A., 2009. Perinatal outcomes after second trimester detection
of amniotic fluid viral genome in asymptomatic patients. J Perinat Med, 37(2), pp. 140-143.
MORRIS, J.M., ROBERTS, C.L., BOWEN, J.R., PATTERSON, J.A., BOND, D.M., ALGERT, C.S., THORNTON, J.G., CROWTHER,
C.A. and PPROMT COLLABORATION, 2016. Immediate delivery compared with expectant management after preterm
pre-labour rupture of the membranes close to term (PPROMT trial): a randomised controlled trial. Lancet, 387(10017),
pp. 444-452.
MULLIS, K.B. and FALOONA, F.A., 1987. Specific synthesis of DNA in vitro via a polymerase-catalyzed chain reaction.
Methods Enzymol, 155, pp. 335-350.
MURTHA, A.P. and EDWARDS, J.M., 2014. The role of Mycoplasma and Ureaplasma in adverse pregnancy outcomes.
Obstet Gynecol clin North Am, 41(4), pp. 615-627.
MURTHA, A.P., GREIG, P.C., JIMMERSON, C.E., ROITMAN-JOHNSON, B., ALLEN, J. and HERBERT, W.N., 1996. Maternal
serum interleukin-6 concentrations in patients with preterm premature rupture of membranes and evidence of
infection. Am J Obstet Gynecol, 175(4 Pt 1), pp. 966-969.
MUSILOVA, I., BESTVINA, T., HUDECKOVA, M., MICHALEC, I., COBO, T., JACOBSSON, B. and KACEROVSKY, M., 2016.
Vaginal fluid interleukin-6 concentrations as a point-of-care test is of value in women with preterm prelabor rupture
of membranes. Am J Obstet Gynecol, doi: 10.1016/j.ajog.2016.07.005.
MUSILOVA, I., HORNYCHOVA, H., KOSTAL, M., JACOBSSON, B. and KACEROVSKY, M., 2013. Ultrasound measurement
of the transverse diameter of the fetal thymus in pregnancies complicated by the preterm prelabor rupture of
membranes. Journal of clinical ultrasound : JCU, 41(5), pp. 283-289.

83

MUSILOVA, I., KACEROVSKY, M., HORNYCHOVA, H., KOSTAL, M. and JACOBSSON, B., 2012. Pulsation of the fetal
splenic vein--a potential ultrasound marker of histological chorioamnionitis and funisitis in women with preterm
prelabor rupture of membranes. Acta Obstet Gynecol Scand, 91(9), pp. 1119-1123.
MUSILOVA, I., KUTOVA, R., PLISKOVA, L., STEPAN, M., MENON, R., JACOBSSON, B. and KACEROVSKY, M., 2015.
Intraamniotic Inflammation in Women with Preterm Prelabor Rupture of Membranes. PloS One, 10(7), doi: e0133929.
MYSOREKAR, I.U. and CAO, B., 2014. Microbiome in parturition and preterm birth. Sem Reprod Med, 32(1), pp. 50-55.
NADEAU, H.C., SUBRAMANIAM, A. and ANDREWS, W.W., 2016. Infection and preterm birth. Sem Fetal Neonat Med,
21(2), pp. 100-105.
NAYERI, U.A., BUHIMSCHI, I.A., LAKY, C.A., CROSS, S.N., DUZYJ, C.M., RAMMA, W., SIBAI, B.M., FUNAI, E.F., AHMED, A.
and BUHIMSCHI, C.S., 2014. Antenatal corticosteroids impact the inflammatory rather than the antiangiogenic profile
of women with preeclampsia. Hypertension, 63(6), pp. 1285-1292.
NEZVALOVA-HENRIKSEN, K., SPIGSET, O. and NORDENG, H., 2013. Effects of ibuprofen, diclofenac, naproxen, and
piroxicam on the course of pregnancy and pregnancy outcome: a prospective cohort study. BJOG, 120(8), pp. 948-959.
NIEN, J.K., YOON, B.H., ESPINOZA, J., KUSANOVIC, J.P., EREZ, O., SOTO, E., RICHANI, K., GOMEZ, R., HASSAN, S.,
MAZOR, M., EDWIN, S., BAHADO-SINGH, R. and ROMERO, R., 2006. A rapid MMP-8 bedside test for the detection of
intra-amniotic inflammation identifies patients at risk for imminent preterm delivery. Am J Obstet Gynecol, 195(4), pp.
1025-1030.
NORMAN, J.E. and SHENNAN, A.H., 2013. Prevention of preterm birth—why can't we do any better? Lancet,
381(9862), pp. 184-185.
ODIBO, A.O., RODIS, J.F., SANDERS, M.M., BORGIDA, A.F., WILSON, M., EGAN, J.F. and CAMPBELL, W.A., 1999.
Relationship of amniotic fluid markers of intra-amniotic infection with histopathology in cases of preterm labor with
intact membranes. J Perinatol, 19(6 Pt 1), pp. 407-412.
ODOBASIC, D., KITCHING, A.R., HOLDSWORTH, S.R., 2016. Neutrophil-Mediated Regulation of Innate and Adaptive
Immunity: The Role of Myeloperoxidase. J Immunol Res, 2016, doi:10.1155/2016/2349817.
OFMAN, G., VASCO, N. and CANTEY, J.B., 2016. Risk of Early-Onset Sepsis following Preterm, Prolonged Rupture of
Membranes with or without Chorioamnionitis. Am J Perinatol, 33(4), pp. 339-342.
OH, K.J., PARK, K.H., JEONG, E.H., LEE, S.Y., YOON, H.Y., 2011. Predictive value of intra-amniotic and serum markers for
inflammatory lesions of preterm placenta. Placenta, 32(10):732-6.
OVALLE, A., ROMERO, R., GOMEZ, R., MARTINEZ, M.A., NIEN, J.K., FERRAND, P., ASPILLAGA, C. and FIGUEROA, J., 2006.
Antibiotic administration to patients with preterm labor and intact membranes: is there a beneficial effect in patients
with endocervical inflammation? J Matern Fetal Neonatal Med, 19(8), pp. 453-464.
OYARZUN, E., YAMAMOTO, M., KATO, S., GOMEZ, R., LIZAMA, L. and MOENNE, A., 1998. Specific detection of 16
micro-organisms in amniotic fluid by polymerase chain reaction and its correlation with preterm delivery occurrence.
Am J Obstet Gynecol, 179(5), pp. 1115-1119.
PAINTLIA, M.K., PAINTLIA, A.S., SINGH, A.K. and SINGH, I., 2008. Attenuation of lipopolysaccharide-induced
inflammatory response and phospholipids metabolism at the feto-maternal interface by N-acetyl cysteine. Pediatr Res,
64(4), pp. 334-339.

84

PAPPAS, A., KENDRICK, DE, SHANKARAN, S., STOLL, BJ, BELL, EF, LAPTOOK, AR, WALSH, MC, DAS, A., HALE, EC,
NEWMAN, NS, HIGGINS, RD, 2014. Chorioamnionitis and early childhood outcomes among extremely low-gestationalage neonates. JAMA Pediatr. 168(2):137-47.
PARK, C.W., LEE, S.M., PARK, J.S., JUN, J.K., ROMERO, R. and YOON, B.H., 2008. The antenatal identification of funisitis
with a rapid MMP-8 bedside test. J Perinat Med, 36(6), pp. 497-502.
PARK, C.W., MOON, K.C., PARK, J.S., JUN, J.K., ROMERO, R. and YOON, B.H., 2009. The involvement of human amnion
in histologic chorioamnionitis is an indicator that a fetal and an intra-amniotic inflammatory response is more likely
and severe: clinical implications. Placenta, 30(1), pp. 56-61.
PARK, C.W., PARK, J.S., MOON, K.C., JUN, J.K. and YOON, B.H., 2016. Preterm labor and preterm premature rupture of
membranes have a different pattern in the involved compartments of acute histologoic chorioamnionitis and/or
funisitis: Patho-physiologic implication related to different clinical manifestations. Pathol Int, 66(6), pp. 325-332.
PARK, C.W., YOON, B.H., KIM, S.M., PARK, J.S. and JUN, J.K., 2013a. The frequency and clinical significance of intraamniotic inflammation defined as an elevated amniotic fluid matrix metalloproteinase-8 in patients with preterm
labor and low amniotic fluid white blood cell counts. Obstet Gynecol Sci, 56(3), pp. 167-175.
PARK, C.W., YOON, B.H., PARK, J.S. and JUN, J.K., 2013c. An elevated maternal serum C-reactive protein in the context
of intra-amniotic inflammation is an indicator that the development of amnionitis, an intense fetal and AF
inflammatory response are likely in patients with preterm labor: clinical implications. J Matern Fetal Neonatal Med,
26(9), pp. 847-853.
PARK, C.W., YOON, B.H., PARK, J.S. and JUN, J.K., 2013d. A fetal and an intra-amniotic inflammatory response is more
severe in preterm labor than in preterm PROM in the context of funisitis: unexpected observation in human
gestations. PloS One, 8(5), pp. e62521.
PARK, J.S., ROMERO, R., YOON, B.H., MOON, J.B., OH, S.Y., HAN, S.Y. and KO, E.M., 2001. The relationship between
amniotic fluid matrix metalloproteinase-8 and funisitis. Am J Obstet Gynecol, 185(5), pp. 1156-1161.
PARK, J.W., PARK, K.H. and LEE, S.Y., 2013b. Noninvasive prediction of intra-amniotic infection and/or inflammation in
women with preterm labor: various cytokines in cervicovaginal fluid. Reprod Sci, 20(3), pp. 262-268.
PARK, K., ELIAS, P.M., ODA, Y., MACKENZIE, D., MAURO, T., HOLLERAN, W.M. and UCHIDA, Y., 2011. Regulation of
cathelicidin antimicrobial peptide expression by an endoplasmic reticulum (ER) stress signaling, vitamin D receptorindependent pathway. J Biol Chem, 286(39), pp. 34121-34130.
PARTHIBAN, P. and MAHENDRA, J., 2015. Toll-Like Receptors: A Key Marker for Periodontal Disease and Preterm Birth
- A Contemporary Review. J Clin Diagn Res : JCDR, 9(9), pp. ZE14-7.
PETTKER, C.M., BUHIMSCHI, I.A., MAGLOIRE, L.K., SFAKIANAKI, A.K., HAMAR, B.D. and BUHIMSCHI, C.S., 2007. Value of
placental microbial evaluation in diagnosing intra-amniotic infection. Obstet Gynecol, 109(3), pp. 739-749.
PLAKKAL, N., SORAISHAM, AS., TREVENEN, C., FREIHEIT, EA., SAUVE, R., 2013. Histological chorioamnionitis and
bronchopulmonary dysplasia: a retrospective cohort study. J Perinatol, 33(6), pp. 441-5.
PLATT, M.J., 2014. Outcomes in preterm infants. Public health, 128(5), pp. 399-403.
POLAM, S., KOONS, A., ANWAR, M., SHEN-SCHWARZ, S., HEGYI, T. 2005. EFfect of chorioamnionitis on
neurodevelopmental outcome in preterm infants. Arch Pediatr Adol Med, 159, 11, 1032-1035.
PORRECO, R.P., HEYBORNE, K.D. and SHAPIRO, H., 2008. Amniocentesis in the management of preterm premature
rupture of the membranes: a retrospective cohort analysis. J Matern Fetal Neonatal Med, 21(8), pp. 573-579.

85

PRINCE, A.L., ANTONY, K.M., CHU, D.M. and AAGAARD, K.M., 2014. The microbiome, parturition, and timing of birth:
more questions than answers. J Reprod Immunol, 104-105, pp. 12-19.
PRINCE, A.L., MA, J., KANNAN, P.S., ALVAREZ, M., GISSLEN, T., HARRIS, R.A., SWEENEY, E.L., KNOX, C.L., LAMBERS, D.S.,
JOBE, A.H., CHOUGNET, C.A., KALLAPUR, S.G. and AAGAARD, K.M., 2016. The placental membrane microbiome is
altered among subjects with spontaneous preterm birth with and without chorioamnionitis. Am J Obstet Gynecol,
214(5), pp. 627.e1-627.e16.
RAHKONEN, L. 2010. Preterm delivery and selected biomarkers - phosphorylated insulin-like growth factor-binding
protein-1 and matrix metalloproteinase-8 - in cervical fluid. Helsinki University Print, http://urn.fi/URN:ISBN:978-95210-6420-3
RAIO, L., GHEZZI, F., MUELLER, M.D., MCDOUGALL, J. and MALEK, A., 2003. Evidence of fetal C-reactive protein urinary
excretion in early gestation. Obstet Gynecol, 101(5 Pt 2), pp. 1062-1063.
RAMANATHAN, B., DAVIS, E.G., ROSS, C.R. and BLECHA, F., 2002. Cathelicidins: microbicidal activity, mechanisms of
action, and roles in innate immunity. Microbes Infect, 4(3), pp. 361-372.
RAMOS BDE, A., KANNINEN, T.T., SISTI, G. and WITKIN, S.S., 2015. Microorganisms in the female genital tract during
pregnancy: tolerance versus pathogenesis. Am J Reprod Immunol, 73(5), pp. 383-389.
REDLINE, R.W., 2012. Inflammatory response in acute chorioamnionitis. Sem Fetal Neonat Med, 17(1), pp. 20-25.
REDLINE, R.W., 2004. Placental inflammation. Sem Neonatol : SN, 9(4), pp. 265-274.
REDLINE, R.W., FAYE-PETERSEN, O., HELLER, D., QURESHI, F., SAVELL, V., VOGLER, C. and SOCIETY FOR PEDIATRIC
PATHOLOGY, PERINATAL SECTION, AMNIOTIC FLUID INFECTION NOSOLOGY COMMITTEE, 2003. Amniotic infection
syndrome: nosology and reproducibility of placental reaction patterns. Pediatr Dev Pathol, 6(5), pp. 435-448.
REDLINE, R.W., HELLER, D., KEATING, S. and KINGDOM, J., 2005. Placental diagnostic criteria and clinical correlation--a
workshop report. Placenta, 26 Suppl A, pp. S114-7.
RINALA, S.G., DRYFHOUT, V.L. and LAMBERS, D.S., 2009. Correlation of glucose concentrations in maternal serum and
amniotic fluid in high-risk pregnancies. Am J Obstet Gynecol, 200(5), pp. e43-4.
RIVERO-MARCOTEGUI, A., LARRANAGA-AZCARATE, C., CERES-RUIZ, R. and GARCIA-MERLO, S., 1997.
Polymorphonuclear elastase and interleukin-6 in amniotic fluid in preterm labor. Clin Chem, 43(5), pp. 857-859.
ROBERTS, D.J., CELI, A.C., RILEY, L.E., ONDERDONK, A.B., BOYD, T.K., JOHNSON, L.C. and LIEBERMAN, E., 2012. Acute
histologic chorioamnionitis at term: nearly always noninfectious. PloS One, 7(3), pp. e31819.
ROESCHER, A.M., TIMMER, A., ERWICH, J.J. and BOS, A.F., 2014. Placental pathology, perinatal death, neonatal
outcome, and neurological development: a systematic review. PloS One, 9(2), pp. e89419.
ROMANO-KEELER, J. and WEITKAMP, J.H., 2015. Maternal influences on fetal microbial colonization and immune
development. Pediatr Res, 77(1-2), pp. 189-195.
ROMERO, R., CHAEMSAITHONG, P., DOCHEVA, N., KORZENIEWSKI, S.J., TARCA, A.L., BHATTI, G., XU, Z., KUSANOVIC,
J.P., DONG, Z., CHAIYASIT, N., AHMED, A.I., YOON, B.H., HASSAN, S.S., CHAIWORAPONGSA, T. and YEO, L., 2016a.
Clinical chorioamnionitis at term IV: the maternal plasma cytokine profile. J Perinat Med, 44(1), pp. 77-98.
ROMERO, R., CHAEMSAITHONG, P., KORZENIEWSKI, S.J., KUSANOVIC, J.P., DOCHEVA, N., MARTINEZ-VAREA, A.,
AHMED, A.I., YOON, B.H., HASSAN, S.S., CHAIWORAPONGSA, T. and YEO, L., 2016b. Clinical chorioamnionitis at term
III: how well do clinical criteria perform in the identification of proven intra-amniotic infection? J Perinat Med, 44(1),
pp. 23-32.

86

ROMERO, R., ESPINOZA, J., KUSANOVIC, J.P., GOTSCH, F., HASSAN, S., EREZ, O., CHAIWORAPONGSA, T. and MAZOR,
M., 2006. The preterm parturition syndrome. BJOG, 113 (Suppl 3), pp. 17-42.
ROMERO, R., JIMENEZ, C., LOHDA, A.K., NORES, J., HANAOKA, S., AVILA, C., CALLAHAN, R., MAZOR, M., HOBBINS, J.C.
and DIAMOND, M.P., 1990. Amniotic fluid glucose concentration: a rapid and simple method for the detection of
intraamniotic infection in preterm labor. Am J Obstet Gynecol, 163(3), pp. 968-974.
ROMERO, R., KADAR, N., MIRANDA, J., KORZENIEWSKI, S.J., SCHWARTZ, A.G., CHAEMSAITHONG, P., ROGERS, W.,
SOTO, E., GOTSCH, F., YEO, L., HASSAN, S.S. and CHAIWORAPONGSA, T., 2014d. The diagnostic performance of the
Mass Restricted (MR) score in the identification of microbial invasion of the amniotic cavity or intra-amniotic
inflammation is not superior to amniotic fluid interleukin-6. J Matern Fetal Neonatal Med, 27(8), pp. 757-769.
ROMERO, R., KUSANOVIC, J.P., ESPINOZA, J., GOTSCH, F., NHAN-CHANG, C.L., EREZ, O., KIM, C.J., KHALEK, N., MITTAL,
P., GONCALVES, L.F., SCHAUDINN, C., HASSAN, S.S. and COSTERTON, J.W., 2007. What is amniotic fluid 'sludge'?
Ultrasound Obstet Gynecol, 30(5), pp. 793-798.
ROMERO, R., MIRANDA, J., CHAIWORAPONGSA, T., CHAEMSAITHONG, P., GOTSCH, F., DONG, Z., AHMED, A.I., YOON,
B.H., HASSAN, S.S., KIM, C.J., KORZENIEWSKI, S.J. and YEO, L., 2014a. A novel molecular microbiologic technique for
the rapid diagnosis of microbial invasion of the amniotic cavity and intra-amniotic infection in preterm labor with
intact membranes. Am J Reprod Immunol, 71(4), pp. 330-358.
ROMERO, R., MIRANDA, J., CHAIWORAPONGSA, T., CHAEMSAITHONG, P., GOTSCH, F., DONG, Z., AHMED, A.I., YOON,
B.H., HASSAN, S.S., KIM, C.J., KORZENIEWSKI, S.J., YEO, L. and KIM, Y.M., 2014b. Sterile intra-amniotic inflammation in
asymptomatic patients with a sonographic short cervix: prevalence and clinical significance. J Matern Fetal Neonatal
Med, Sep 24, pp. 1-17.
ROMERO, R., MIRANDA, J., CHAIWORAPONGSA, T., KORZENIEWSKI, S.J., CHAEMSAITHONG, P., GOTSCH, F., DONG, Z.,
AHMED, A.I., YOON, B.H., HASSAN, S.S., KIM, C.J. and YEO, L., 2014c. Prevalence and clinical significance of sterile
intra-amniotic inflammation in patients with preterm labor and intact membranes. Am J Reprod Immunol, 72(5), pp.
458-474.
ROMERO, R., MIRANDA, J., KUSANOVIC, J.P., CHAIWORAPONGSA, T., CHAEMSAITHONG, P., MARTINEZ, A., GOTSCH, F.,
DONG, Z., AHMED, A.I., SHAMAN, M., LANNAMAN, K., YOON, B.H., HASSAN, S.S., KIM, C.J., KORZENIEWSKI, S.J., YEO, L.
and KIM, Y.M., 2015. Clinical chorioamnionitis at term I: microbiology of the amniotic cavity using cultivation and
molecular techniques. J Perinat Med, 43(1), pp. 19-36.
ROMERO, R., YOON, B.H., KENNEY, J.S., GOMEZ, R., ALLISON, A.C. and SEHGAL, P.B., 1993a. Amniotic fluid interleukin6 determinations are of diagnostic and prognostic value in preterm labor. Am J Reprod Immunol, 30(2-3), pp. 167-183.
ROMERO, R., YOON, B.H., MAZOR, M., GOMEZ, R., DIAMOND, M.P., KENNEY, J.S., RAMIREZ, M., FIDEL, P.L., SOROKIN,
Y. and COTTON, D., 1993b. The diagnostic and prognostic value of amniotic fluid white blood cell count, glucose,
interleukin-6, and gram stain in patients with preterm labor and intact membranes. Am J Obstet Gynecol, 169(4), pp.
805-816.
ROMERO, R., YOON, B.H., MAZOR, M., GOMEZ, R., GONZALEZ, R., DIAMOND, M.P., BAUMANN, P., ARANEDA, H.,
KENNEY, J.S. and COTTON, D.B., 1993c. A comparative study of the diagnostic performance of amniotic fluid glucose,
white blood cell count, interleukin-6, and gram stain in the detection of microbial invasion in patients with preterm
premature rupture of membranes. Am J Obstet Gynecol, 169(4), pp. 839-851.
ROVIRA, N., ALARCON, A., IRIONDO, M., IBANEZ, M., POO, P., CUSI, V., AGUT, T., PERTIERRA, A. and KRAUEL, X., 2011.
Impact of histological chorioamnionitis, funisitis and clinical chorioamnionitis on neurodevelopmental outcome of
preterm infants. Early Hum Dev, 87(4), pp. 253-257.

87

RYU, A., PARK, K.H., OH, K.J., LEE, S.Y., JEONG, E.H. and PARK, J.W., 2013. Predictive value of combined cervicovaginal
cytokines and gestational age at sampling for intra-amniotic infection in preterm premature rupture of membranes.
Acta Obstet Gynecol Scand, 92(5), pp. 517-524.
SAARI, H., SORSA, T., LINDY, O., SUOMALAINEN, K., HALINEN, S. and KONTTINEN, Y.T., 1992. Reactive oxygen species
as regulators of human neutrophil and fibroblast interstitial collagenases. Int J Tiss React, 14(3), pp. 113-120.
SAIGAL, S. and DOYLE, L.W., 2008. An overview of mortality and sequelae of preterm birth from infancy to adulthood.
Lancet, 371(9608), pp. 261-269.
SAJI, F., SAMEJIMA, Y., KAMIURA, S., SAWAI, K., SHIMOYA, K. and KIMURA, T., 2000. Cytokine production in
chorioamnionitis. J Reprod Immunol, 47(2), pp. 185-196.
SALAFIA, C.M., WEIGL, C. and SILBERMAN, L., 1989. The prevalence and distribution of acute placental inflammation in
uncomplicated term pregnancies. Obstet Gynecol, 73(3 Pt 1), pp. 383-389.
SALMEEN, K.E., JELIN, A.C. and THIET, M.P., 2014. Perinatal neuroprotection. F1000prime reports, 6, pp. 6-6.
eCollection 2014.
SAMPSON, J.E., THEVE, R.P., BLATMAN, R.N., SHIPP, T.D., BIANCHI, D.W., WARD, B.E. and JACK, R.M., 1997. Fetal origin
of amniotic fluid polymorphonuclear leukocytes. Am J Obstet Gynecol, 176(1 Pt 1), pp. 77-81.
SEONG, H.S., LEE, S.E., KANG, J.H., ROMERO, R. and YOON, B.H., 2008. The frequency of microbial invasion of the
amniotic cavity and histologic chorioamnionitis in women at term with intact membranes in the presence or absence
of labor. Am J Obstet Gynecol, 199(4), pp. 375.e1-375.e5.
SEONG, W.J., 2016. Amniotic fluid CA-125 as a marker of intra-amniotic inflammation associated with preterm
delivery: a preliminary single center study. Arch Gynecol Obstet, 293(1), pp. 55-59.
SEREEPAPONG, W., LIMPONGSANURAK, S., TRIRATANACHAT, S., WANNAKRAIROT, P., CHARURUKS, N. and
KRAILADSIRI, P., 2001. The role of maternal serum C-reactive protein and white blood cell count in the prediction of
chorioamnionitis in women with premature rupture of membranes. J Med Assoc Thai, 84 Suppl 1, pp. S360-6.
SEVAL, Y., AKKOYUNLU, G., DEMIR, R. and ASAR, M., 2004. Distribution patterns of matrix metalloproteinase (MMP)-2
and -9 and their inhibitors (TIMP-1 and TIMP-2) in the human decidua during early pregnancy. Acta Histochem, 106(5),
pp. 353-362.
SHATROV, J.G., BIRCH, S.C., LAM, L.T., QUINLIVAN, J.A., MCINTYRE, S., MEDZ, G.L. 2010. Chorioamnionitis and cerebral
palsy: a meta-analysis. Obstet Gynecol, 116, (2), pp. 387-392.
SHIM, S.S., ROMERO, R., HONG, J.S., PARK, C.W., JUN, J.K., KIM, B.I. and YOON, B.H., 2004a. Clinical significance of
intra-amniotic inflammation in patients with preterm premature rupture of membranes. Am J Obstet Gynecol, 191(4),
pp. 1339-1345.
SLATTERY, M.M. and MORRISON, J.J., 2002. Preterm delivery. Lancet, 360(9344), pp. 1489-1497.
SORAISHAM, A.S., SINGHAL, N., MCMILLAN, D.D., SAUVE, R.S., LEE, S.K. and CANADIAN NEONATAL NETWORK, 2009. A
multicenter study on the clinical outcome of chorioamnionitis in preterm infants. Am J Obstet Gynecol, 200(4), pp.
372.e1-372.e6.
SORSA, T., HERNANDEZ, M., LEPPILAHTI, J., MUNJAL, S., NETUSCHIL, L. and MANTYLA, P., 2010. Detection of gingival
crevicular fluid MMP-8 levels with different laboratory and chair-side methods. Oral Dis, 16(1), pp. 39-45.
SORSA, T., TERVAHARTIALA, T., LEPPILAHTI, J., HERNANDEZ, M., GAMONAL, J., TUOMAINEN, A.M., LAUHIO, A.,
PUSSINEN, P.J. and MANTYLA, P., 2011. Collagenase-2 (MMP-8) as a point-of-care biomarker in periodontitis and

88

cardiovascular diseases. Therapeutic response to non-antimicrobial properties of tetracyclines. Pharmacol Res, 63(2),
pp. 108-113.
SORSA, T., TJADERHANE, L., KONTTINEN, Y.T., LAUHIO, A., SALO, T., LEE, H.M., GOLUB, L.M., BROWN, D.L. and
MANTYLA, P., 2006. Matrix metalloproteinases: contribution to pathogenesis, diagnosis and treatment of periodontal
inflammation. Ann Med, 38(5), pp. 306-321.
SOTO, E., ESPINOZA, J., NIEN, J.K., KUSANOVIC, J.P., EREZ, O., RICHANI, K., SANTOLAYA-FORGAS, J. and ROMERO, R.,
2007. Human beta-defensin-2: a natural antimicrobial peptide present in amniotic fluid participates in the host
response to microbial invasion of the amniotic cavity. J Matern Fetal Neonatal Med, 20(1), pp. 15-22.
STARK, C.M., SMITH, R.S., LAGRANDEUR, R.M., BATTON, D.G. and LORENZ, R.P., 2000. Need for urgent delivery after
third-trimester amniocentesis. Obstet Gynecol, 95(1), pp. 48-50.
STEPAN, M., COBO, T., MUSILOVA, I., HORNYCHOVA, H., JACOBSSON, B. and KACEROVSKY, M., 2016. Maternal Serum
C-Reactive Protein in Women with Preterm Prelabor Rupture of Membranes. PloS One, 11(3), pp. e0150217.
STEWART, P.S. and COSTERTON, J.W., 2001. Antibiotic resistance of bacteria in biofilms. Lancet, 358(9276), pp. 135138.
STOCK, S.J., DUTHIE, L., TREMAINE, T., CALDER, A.A., KELLY, R.W. and RILEY, S.C., 2009. Elafin (SKALP/Trappin2/proteinase inhibitor-3) is produced by the cervix in pregnancy and cervicovaginal levels are diminished in bacterial
vaginosis. Reprod Sci, 16(12), pp. 1125-1134.
STOCK, S.J., KELLY, R.W., RILEY, S.C. and CALDER, A.A., 2007. Natural antimicrobial production by the amnion. Am J
Obstet Gynecol, 196(3), pp. 255.e1-255.e6.
SULTAN, P., DAVID, A.L., FERNANDO, R. and ACKLAND, G.L., 2016. Inflammation and Epidural-Related Maternal Fever:
Proposed Mechanisms. Anesth Analg, 122(5), pp. 1546-1553.
SUNG, J.H., CHOI, S.J., OH, S.Y., ROH, C.R. and KIM, J.H., 2016. Revisiting the diagnostic criteria of clinical
chorioamnionitis in preterm birth. BJOG, doi: 10.1111/1471-0528.14176.
SUPPIEJ, A., FRANZOI, M.,VEDOVATO, S., MARUCCO, A., CHIARELLI, S., ZANARDO, V., 2009. Neurodevelopmental
outcome in preterm histological chorioamnionitis. Early Hum Dev, 85(3), 187-189.
TAMBOR, V., KACEROVSKY, M., ANDRYS, C., MUSILOVA, I., HORNYCHOVA, H., PLISKOVA, L., LINK, M., STULIK, J. and
LENCO, J., 2012. Amniotic fluid cathelicidin in PPROM pregnancies: from proteomic discovery to assessing its potential
in inflammatory complications diagnosis. PloS one, 7(7), pp. e41164.
THL, R.2., 10.10.2016, 2016-last update [Homepage of Terveyden ja hyvinvoinnin laitos], [Online]. Available:
https://www.thl.fi/fi/tilastot/tilastot-aiheittain/seksuaali-ja-lisaantymisterveys/synnyttajat-synnytykset-javastasyntyneet/perinataalitilasto-synnyttajat-synnytykset-ja-vastasyntyneet2016].
TITA, A.T. and ANDREWS, W.W., 2010. Diagnosis and management of clinical chorioamnionitis. Clin Perinatol, 37(2),
pp. 339-354.
TROCHEZ-MARTINEZ, R.D., SMITH, P. and LAMONT, R.F., 2007. Use of C-reactive protein as a predictor of
chorioamnionitis in preterm prelabour rupture of membranes: a systematic review. BJOG, 114(7), pp. 796-801.
TSEKOURA, E.A., KONSTANTINIDOU, A., PAPADOPOULOU, S., ATHANASIOU, S., SPANAKIS, N., KAFETZIS, D., ANTSAKLIS,
A. and TSAKRIS, A., 2010. Adenovirus genome in the placenta: association with histological chorioamnionitis and
preterm birth. J Med Virol, 82(8), pp. 1379-1383.

89

VADILLO-ORTEGA, F., HERNANDEZ, A., GONZALEZ-AVILA, G., BERMEJO, L., IWATA, K. and STRAUSS, J.F.,3rd, 1996.
Increased matrix metalloproteinase activity and reduced tissue inhibitor of metalloproteinases-1 levels in amniotic
fluids from pregnancies complicated by premature rupture of membranes. Am J Obstet Gynecol, 174(4), pp. 13711376.
VAJRYCHOVA, M., KACEROVSKY, M., TAMBOR, V., HORNYCHOVA, H. and LENCO, J., 2016. Microbial invasion and
histological chorioamnionitis upregulate neutrophil-gelatinase associated lipocalin in preterm prelabor rupture of
membranes. J Matern Fetal Neonatal Med, 29(1), pp. 12-21.
VAN DE LAAR, R., VAN DER HAM, D.P., OEI, S.G., WILLEKES, C., WEINER, C.P. and MOL, B.W., 2009. Accuracy of Creactive protein determination in predicting chorioamnionitis and neonatal infection in pregnant women with
premature rupture of membranes: a systematic review. Eur J Obstet Gynecol Reprod Biol, 147(2), pp. 124-129.
VAN DER HAM, D.P., VIJGEN, S.M., NIJHUIS, J.G., VAN BEEK, J.J., OPMEER, B.C., MULDER, A.L., MOONEN, R.,
GROENEWOUT, M., VAN PAMPUS, M.G., MANTEL, G.D., BLOEMENKAMP, K.W., VAN WIJNGAARDEN, W.J., SIKKEMA,
M., HAAK, M.C., PERNET, P.J., PORATH, M., MOLKENBOER, J.F., KUPPENS, S., KWEE, A., KARS, M.E., WOISKI, M.,
WEINANS, M.J., WILDSCHUT, H.I., AKERBOOM, B.M., MOL, B.W., WILLEKES, C. and PPROMEXIL TRIAL GROUP, 2012.
Induction of labor versus expectant management in women with preterm prelabor rupture of membranes between 34
and 37 weeks: a randomized controlled trial. PLoS medicine, 9(4), pp. e1001208.
VAN LINT, P. and LIBERT, C., 2006. Matrix metalloproteinase-8: Cleavage can be decisive. Cytokine Growth Factor Rev,
17(4), pp. 217-223.
VIJGEN, S.M., VAN DER HAM, D.P., BIJLENGA, D., VAN BEEK, J.J., BLOEMENKAMP, K.W., KWEE, A., GROENEWOUT, M.,
KARS, M.M., KUPPENS, S., MANTEL, G., MOLKENBOER, J.F., MULDER, A.L., NIJHUIS, J.G., PERNET, P.J., PORATH, M.,
WOISKI, M.D., WEINANS, M.J., VAN WIJNGAARDEN, W.J., WILDSCHUT, H.I., AKERBOOM, B., SIKKEMA, J.M., WILLEKES,
C., MOL, B.W., OPMEER, B.C. and PPROMEXIL STUDY GROUP, 2014. Economic analysis comparing induction of labor
and expectant management in women with preterm prelabor rupture of membranes between 34 and 37 weeks
(PPROMEXIL trial). Acta Obstet Gynecol Scand, 93(4), pp. 374-381.
VINCENT, Z.L., MITCHELL, M.D. and PONNAMPALAM, A.P., 2015. Regulation of MT1-MMP/MMP-2/TIMP-2 axis in
human placenta. J Inflamm Res, 8, pp. 193-200.
VINTURACHE, A.E., GYAMFI-BANNERMAN, C., HWANG, J., MYSOREKAR, I.U., JACOBSSON, B. and PRETERM BIRTH
INTERNATIONAL COLLABORATIVE (PREBIC), 2016. Maternal microbiome - A pathway to preterm birth. Sem Fetal
neonat med, 21(2), pp. 94-99.
VISSE, R. and NAGASE, H., 2003. Matrix metalloproteinases and tissue inhibitors of metalloproteinases: structure,
function, and biochemistry. Circulation Res, 92(8), pp. 827-839.
WANG, G., MISHRA, B., EPAND, R.F. and EPAND, R.M., 2014. High-quality 3D structures shine light on antibacterial,
anti-biofilm and antiviral activities of human cathelicidin LL-37 and its fragments. Biochim Biophys Acta, 1838(9), pp.
2160-2172.
WEISS, A., GOLDMAN, S. and SHALEV, E., 2007. The matrix metalloproteinases (MMPS) in the decidua and fetal
membranes. Front Biosci, 12, pp. 649-659.
WILLIAMS, S.E., BROWN, T.I., ROGHANIAN, A. and SALLENAVE, J.M., 2006. SLPI and elafin: one glove, many fingers.
Clin Sci, 110(1), pp. 21-35.
WITT, A., SOMMER, E.M., CICHNA, M., POSTLBAUER, K., WIDHALM, A., GREGOR, H. and REISENBERGER, K., 2003.
Placental passage of clarithromycin surpasses other macrolide antibiotics. Am J Obstet Gynecol, 188(3), pp. 816-819.
WOO, J., 2006-last update, A short History of Amniocentesis, Fetoscopy and Chorionic Villus Sampling. Available:
http://www.ob-ultrasound.net/amniocentesis.html.

90

WU, H.C., SHEN, C.M., WU, Y.Y., YUH, Y.S. and KUA, K.E., 2009. Subclinical histologic chorioamnionitis and related
clinical and laboratory parameters in preterm deliveries. Pediatr Neonatol, 50(5), pp. 217-221.
WURSTER, K.G., ROEMER, V.M., DECKER, K. and HIRSCH, H.A., 1982. Amniotic infection syndrome after amniocentesis-a case report. Geburtshilfe Frauenheilkd, 42(9), pp. 676-679.
XIE, A., ZHANG, W., CHEN, M., WANG, Y., WANG, Y., ZHOU, Q. and ZHU, X., 2015. Related factors and adverse neonatal
outcomes in women with preterm premature rupture of membranes complicated by histologic chorioamnionitis. Med
Sci Monit, 21, pp. 390-395.
YEAST, J.D., GARITE, T.J. and DORCHESTER, W., 1984. The risks of amniocentesis in the management of premature
rupture of the membranes. Am J Obstet Gynecol, 149(5), pp. 505-508.
YLIJOKI, M., LEHTONEN, L., LIND, A., EKHOLM, E., LAPINLEIMU, H., KUJARI, H., HAATAJA, L. and PIPARI STUDY GROUP,
2016. Chorioamnionitis and Five-Year Neurodevelopmental Outcome in Preterm Infants. Neonatol, 110(4), pp. 286295.
YOON, B.H., CHANG, J.W. and ROMERO, R., 1998. Isolation of Ureaplasma urealyticum from the amniotic cavity and
adverse outcome in preterm labor. Obstet Gynecol, 92(1), pp. 77-82.
YOON, B.H., ROMERO, R., MOON, J.B., SHIM, S.S., KIM, M., KIM, G. and JUN, J.K., 2001. Clinical significance of intraamniotic inflammation in patients with preterm labor and intact membranes. Am J Obstet Gynecol, 185(5), pp. 11301136.
YOSHIO, H., TOLLIN, M., GUDMUNDSSON, G.H., LAGERCRANTZ, H., JORNVALL, H., MARCHINI, G. and AGERBERTH, B.,
2003. Antimicrobial polypeptides of human vernix caseosa and amniotic fluid: implications for newborn innate
defense. Pediatr Res, 53(2), pp. 211-216.
ZALUD, I. and JANAS, S., 2008. Risks of third-trimester amniocentesis. J Reprod Med, 53(1), pp. 45-48.

91

