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ABSTRACT ARTICLE HISTORY
Objective: The primary aim of this study was to assess the rate and load of amniotic fluid Received 26 March 2019
Chlamydia trachomatis DNA and their associations with intra-amniotic infection and intra-uterine Revised 30 June 2019
inflammatory complications in women with preterm prelabor rupture of membranes (PPROM). ~ Accepted 3 July 2019
The secondary aim was to assess the short-term morbidity of newborns from PPROM pregnan-
cies complicated by amniotic fluid C. trachomatis DNA. Amniotic fluid: intra-

N A i . i mniotic fluid; intra
Methods: A retrospective study of 788 women with singleton pregnancies complicated by amniotic inflammation;
PPROM between 24+ 0 and 36 +6 weeks of gestation was performed. Transabdominal amnio- intra-cellular bacteria;
centeses were performed at the time of admission. C. trachomatis DNA in the amniotic fluid was preterm delivery
assessed by real-time polymerase chain reaction using a commercial AmpliSens® C. trachomatis/
Ureaplasma/Mycoplasma hominis-FRT kit, and the level of Ct DNA was quantified.
Results: Amniotic fluid C. trachomatis DNA complicated 2% (16/788) of the PPROM pregnancies
and was present in very low loads (median 57 copies DNA/mL). In addition to amniotic fluid C.
trachomatis DNA, other bacteria were detected in 62% (10/16) of the C. trachomatis DNA-compli-
cated PPROM pregnancies. Amniotic fluid C. trachomatis DNA was associated with intra-amniotic
infection, histologic chorioamnionitis (HCA), and funisitis in 31%, 47%, and 33%, respectively.
The presence of C. trachomatis DNA accompanied by Ureaplasma species in the amniotic fluid
was associated with a higher rate of HCA than the presence of amniotic fluid C. trachomatis
DNA alone. The composite neonatal morbidity in newborns from PPROM pregnancies with
amniotic fluid C. trachomatis DNA was 31%.
Conclusion: The presence of C. trachomatis DNA in the amniotic fluid is a relatively rare condi-
tion in PPROM. Amniotic fluid C. trachomatis DNA in PPROM is not related to intensive intra-
amniotic and intr-auterine inflammatory responses or adverse short-term neonatal outcomes.

KEYWORDS

Introduction uterine activity prior to a gestational age of 37 weeks.

Preterm prelabor rupture of membranes (PPROM) is  PPROM affects ~3% of all pregnancies and leads to sig-
characterized by the rupture of fetal membranes and  nificant neonatal morbidity [1-3]. Despite intensive pro-
amniotic fluid leakage before the onset of regular  gress in the research on PPROM, its pathophysiology
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and complications have not been fully elucidated.
Therefore, PPROM is still associated with sev-
eral dilemmas.

Microbial invasion of the amniotic cavity (MIAC) has
been a complication in PPROM pregnancies for more
than three decades [4-16]. There are two aspects asso-
ciated with MIAC from a clinical viewpoint that are
based on the concomitant presence or absence of
intra-amniotic inflammation, namely, intra-amniotic
infection and colonization [14,17]. MIAC is a very
heterogeneous condition in terms of the types of
bacteria involved, the microbial loads, and the inten-
sity of the host’s inflammatory response [7,12,18-21].

Aside from Ureaplasma species, which is the most
common bacteria associated with MIAC in PPROM, a
plethora of different extracellular cultivable, difficult to
cultivate, or not-cultivable bacteria can be responsible
for MIAC [5,12,18,20]. Even bacteria that cannot repro-
duce outside their host cell (obligatory intra-cellular
bacteria) such as Chlamydia trachomatis have been
revealed in amniotic fluid from PPROM [22,23].

Chlamydia trachomatis, which belongs to the family
Chlamydiaceae, is the most commonly reported sexu-
ally transmitted bacteria that lead to infections of the
human genital tract [24-26]. Chlamydia trachomatis
infects the columnar epithelial cells and causes endo-
cervical infection, which is mainly asymptomatic [24].
There is a solid body of evidence that has demon-
strated a relationship between maternal genital C. tra-
chomatis infection and an increased risk of
spontaneous preterm labor with intact membranes
and PPROM [27-32].

The direct presence of C. trachomatis is primarily
evaluated by non-cultivation approaches, because C
trachomatis cultivation requires time-consuming and
expensive tissue culture techniques [33,34]. The gold
standard to assess MIAC in PPROM is aerobic and
anaerobic cultivations of amniotic fluid along with a
special cultivation for genital mycoplasma, and there-
fore information about amniotic fluid C. trachomatis as
a cause of MIAC in PPROM is sparse [22,35]. In add-
ition, there is a gap of knowledge relating to the role
of amniotic fluid C. trachomatis in the development of
intra-amniotic infection and acute histologic chorioam-
nionitis  (HCA), funisitis, and subsequent neo-
natal outcomes.

Therefore, the primary aim of this study was to
assess the rate and load of amniotic fluid C. trachoma-
tis DNA and their association with intra-amniotic infec-
tion and intra-uterine inflammatory complications in
women with PPROM. The secondary aim was to assess
short-term morbidity of newborns from PPROM

pregnancies complicated by amniotic fluid C. tracho-
matis DNA.

Materials and methods
Patient population

A retrospective study of pregnant women with
PPROM between the gestational ages of 24+ 0 and
36 +6 weeks, and who were admitted to the
Department of Obstetrics and Gynecology, University
Hospital Hradec Kralové between May 2008 and July
2018, was conducted. Women with singleton pregnan-
cies who were at least 18 years of age were included
in the study. Women with diabetes mellitus, gesta-
tional diabetes mellitus, preeclampsia, hypertension
(either chronic or pregnancy-induced), chromosomal
or structural fetal abnormalities, signs of hypoxia of
the fetus, or significant vaginal bleeding were
excluded from the study.

PPROM was diagnosed by an examination of the
women using a sterile speculum to verify the pooling
of amniotic fluid in the vagina. In clinically challenging
diagnoses, the leakage of amniotic fluid was con-
firmed by the presence of insulin-like growth factor
binding proteins (Actim PROM test; Medix Biochemica,
Kauniainen, Finland) in the vaginal fluid.

Women with PPROM at <34 weeks of gestation
were treated using tocolytics for 48 h, antibiotics, and
corticosteroids to accelerate lung maturation, while
those with PPROM beyond 34 weeks of gestation
were treated with antibiotics only. The women with
PPROM in this study were managed with two different
approaches. Between May 2008 and December 2013,
transabdominal amniocenteses were performed for
research purposes only, and these results were not
used for clinical management. During this period,
women with PPROM were treated actively (except for
those at <28 gestational weeks). Labor was induced,
or an elective cesarean section was performed no later
than 72h after the rupture of the membranes,
depending on the gestational age of the pregnancy,
fetal status, and maternal serum C-reactive protein
concentrations. Beginning in January 2014, the per-
formance of transabdominal amniocentesis procedures
and collection of information on the presence of MIAC
and/or intra-amniotic inflammation became a routine
part of the clinical management of women with
PPROM at our department. Women with both intra-
amniotic infection beyond the 28th gestational week
were managed actively (labor was induced, or an
elective cesarean section was performed after finaliz-
ing corticosteroid treatment within 72h of membrane



rupture for pregnancies before 34 weeks of gestational
age and within 24h of membrane rupture for those
beyond 34 weeks). The remaining women with
PPROM were managed expectantly.

This study was approved by the institutional review
board committee (July 2014; No. 201407 S14P). All
women provided written informed consent and were
self-reported as Caucasians. Amniotic, cervical, vaginal,
cervicular fluid, and umbilical cord blood samples
from the women in this cohort were used in our previ-
ously published studies.

Sample collection

Ultrasound-guided transabdominal amniocentesis was
performed on admission before the administration of
corticosteroids and antibiotics; ~1-2mL of amniotic
fluid was obtained. The aliquot of non-centrifuged
amniotic fluid was immediately transported to the
microbiology laboratory for real-time polymerase chain
reaction (PCR) testing for the presence of Ureaplasma
species, Mycoplasma hominis, and C. trachomatis DNA
and the 16S rRNA gene. Remaining amniotic fluid was
used for research purposes. Amniotic fluid sample was
centrifuged for 15min at 2000g to remove the cells
and debris, the supernatant divided into aliquots and
stored at —80°C until analysis. From February 2012, a
total of 100 pL of non-centrifuged amniotic fluid was
also used for the bedside assessment of interleukin
(IL)-6 concentration.

Umbilical cord blood samples were obtained by
venipuncture of the clamped umbilical cords immedi-
ately after the delivery of the neonates and prior to
the delivery of the placenta using a Vacutainer blood
collecting system. The samples of umbilical cord blood
were immediately centrifuged and aliquoted, and the
supernatants were stored at —70°C until assayed. The
aliquots of umbilical cord blood serum from the
women with C. trachomatis DNA in amniotic fluid
were used to assess umbilical cord blood IL-6
concentrations.

The placenta, fetal membranes, and umbilical cord
were fixed in 10% neutral buffered formalin at deliv-
ery. Tissue samples were obtained from the placenta
(at least two samples), umbilical cord (usually one
sample), and fetal membranes (at least two samples)
and then routinely processed and embedded in paraf-
fin. Sections of the tissue blocks were stained with
hematoxylin and eosin. Four tissue blocks (two with
the placenta, one with free fetal membranes, and one
with basal decidua and chorionic Vvilli) from
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pregnancies complicated by amniotic fluid C. tracho-
matis DNA were used for further analysis of C. tracho-
matis status.

Chlamydia trachomatis detection in the amniotic
fluid and placenta

DNA was isolated from the amniotic fluid and
extracted from the paraffin-embedded placental and
fetal membrane tissues with the QlAamp DNA Mini Kit
(Qiagen, Hilden, Germany) and the MagCore Genomic
DNA FFPE one-Step Kit (RBC Bioscience, Taipei,
Taiwan) according to the manufacturer’s instructions,
respectively.

Real-time PCR was performed with a Rotor-gene
6000 instrument (Qiagen, Hilden, Germany) using a
commercial AmpliSens® C. trachomatis/Ureaplasma/M.
hominis-FRT kit (Federal State Institution of Science,
Central Research Institute of Epidemiology, Moscow,
Russia) to detect DNA from Ureaplasma species, M.
hominis, and C. trachomatis in a single PCR tube. A
PCR run for B-actin, which is a housekeeping gene,
was included as a control for the presence of
PCR inhibitors.

AmpliRun® C. trachomatis DNA control with a con-
centration of 16,000 copies/uL (MBCO012, vircell
MICROBIOLOGISTS, Spain) and AmpliSens® C. tracho-
matis/Ureaplasma/M. ~ hominis-MULTIPRIME-FRT kit
(Federal State Institution of Science, Central Research
Institute of Epidemiology) were used to create a cali-
bration curve. The level of C. trachomatis DNA in cop-
ies/mL was determined by an absolute quantification
technique employing an external calibration curve.
The detection limit was 1-10 copies DNA/mL.

Amniotic fluid IL-6 concentrations

The stored amniotic fluid samples from women with
positive C. trachomatis DNA were used for the assess-
ment of IL-6 in amniotic fluid. IL-6 concentrations
were assessed with a lateral flow immunoassay,
Milenia® QuickLine IL-6, using the Milenia® POCScan
Reader (Millenia BioTeC, GmbH, Giessen, Germany).
The measurement range was 50-10,000 pg/mL, and
the intra-assay and inter-assay variations were 12.1%
and 15.5%, respectively.

Umbilical cord blood IL-6 concentrations

IL-6 levels were assessed by enzyme-linked immuno-
sorbent assays using the Human IL-6 Quantikine kit
(R&D Systems Inc, Minneapolis, MN, USA). The
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sensitivity of the test was <0.70 pg/mL, and the inter-
assay and intra-assay coefficients were <10%.

Diagnosis of intra-amniotic infection, colonization,
and fetal inflammatory response syndrome

Intra-amniotic infection was defined as an amniotic
fluid IL-6 concentration >745pg/mL measured by a
point-of-care test (intra-amniotic inflammation) [36,37]
along with the presence of bacteria in the amniotic
fluid. Colonization was defined as the presence of bac-
teria in the amniotic fluid without intra-amniotic
inflammation. Fetal inflammatory response syndrome
(FIRS) was defined as the presence of an umbilical
cord blood IL-6 concentration >11.0 pg/mL [38].

Diagnosis of histologic chorioamnionitis

The degree of polymorphonuclear leukocyte infiltra-
tion was assessed separately in the free membranes
(@amnion and chorion-decidua), chorionic plate, and
umbilical cord according to the criteria given by
Salafia et al. [39]. The diagnosis of HCA was based on
the presence of inflammatory changes in the chorion-
decidua (grades 3-4), chorionic plate (grades 3-4),
umbilical cord (grades 1-4), and/or amnion (grades
1-4). The diagnosis of funisitis was based on the pres-
ence of inflammatory changes in the umbilical cord
(grades 1-4).

Diagnosis of severe neonatal morbidity

Maternal and perinatal medical records were reviewed
by two investigators (MK and IM). The data regarding
short-term neonatal morbidity were reviewed for all
newborns from PPROM pregnancies complicated by
amniotic fluid C. trachomatis. “Composite neonatal
morbidity” was defined in this study as follows: the
need for intubation; and/or the need for nasal con-
tinuous positive airway pressure; and/or respiratory
distress syndrome (defined by the presence of two or
more of the following criteria: evidence of respiratory
compromise, a persistent oxygen requirement for
more than 24h, administration of exogenous surfac-
tant, and radiographic evidence of hyaline membrane
disease); and/or transient tachypnea of the newborn
(defined as any supplemental oxygen requirement
during the first 6 h that does not increase during the
subsequent 18h, improvement in clinical conditions
within 3-6h, and chest radiographs that are either
normal or show reduced translucency, infiltrates, and
hyperinflation of the lungs); and/or bronchopulmonary

dysplasia (defined as an infant oxygen requirement at
28 days of age); and/or pneumonia (diagnosed by
abnormal findings on chest X-rays); and/or retinopathy
of prematurity (identified using retinoscopy); and/or
intra-ventricular hemorrhage (diagnosis made using
cranial ultrasound examinations according to the pro-
cedure of Papile et al. [40]); and/or necrotizing entero-
colitis (defined as radiologic findings of either intra-
mural gas or free intra-abdominal gas); and/or early-
(during the first 72h of life) or late-onset (between
the ages of 4 and 120 days) sepsis (either proven by
bacterial culture or clinically strongly-suspected sep-
sis); and/or neonatal death before hospital discharge.

Statistical analysis

The demographic and clinical characteristics were
compared using the non-parametric Mann-Whitney U
test and presented as medians (interquartile range
[IQR]) for continuous variables. Categorical variables
were compared using the Fisher's exact test or chi-
square test, as appropriate, and presented as numbers
(%). The normality of the data was tested using the
D’Agostino and Pearson omnibus normality test. A
Spearman correlation was used to assess the associ-
ation between microbial loads and amniotic fluid IL-6
levels. A partial Spearman correlation was used to
adjust the results for a potential confounder.
Differences were considered statistically significant at
p < .05. All p-values were from two-tailed tests, and all
statistical analyses were performed using SPSS 19.0 for
Mac OS X (SPSS Inc., Chicago, IL, USA) and with
GraphPad Prism 8.0.0 for Mac OS X (GraphPad
Software, La Jolla, CA, USA).

Results

Demographic and clinical characteristics of the
study population

A total of 814 women with singleton pregnancies
complicated by PPROM at gestational ages between
24+0 and 36+6 weeks were recruited during the
study period. Twenty-six women were excluded
because of amniocentesis failure. As a result, 788
women were included in the study. MIAC was found
in 28% (223/788) of the study population. The most
common bacterium found in the amniotic fluid was
Ureaplasma species, which was identified in 18% (144/
788) of the women.



Amniotic fluid C. trachomatis rate and
microbial load

Amniotic fluid C. trachomatis DNA was present in 2%
(16/788) of the women with PPROM between the ges-
tational ages of 24 40 and 36 4 6 weeks. The maternal
and clinical characteristics of the study group, accord-
ing to the presence and absence of C. trachomatis
DNA or other bacteria in the amniotic fluid, are shown
in Table 1. Chlamydia trachomatis DNA alone was
found in 38% (6/16) of the women with amniotic fluid
C. trachomatis DNA. In the remaining 62% (10/16)
women with amniotic fluid C. trachomatis DNA, the
concomitant presence of other bacteria (eight with
C.  trachomatis+Ureaplasma  species, one with
C. trachomatis+Ureaplasma species—+Lactobacillus crisp-
atus, and one with C. trachomatis+Leptotrichia amnio-
nii) was observed. The median load of amniotic fluid
C. trachomatis DNA was 57 copies DNA/mL
(IQR 21-200).

Placental and fetal membrane samples were avail-
able for 94% (15/16) of the women with amniotic fluid
C. trachomatis DNA, the presence of C. trachomatis
DNA in the placenta or fetal membranes was identi-
fied in 20% (3/15) of the women with amniotic fluid C.
trachomatis DNA (one women had the presence of C.
trachomatis DNA in both the placenta and the fetal
membranes, two women had the presence of C.
trachomatis DNA just in the fetal membranes). The
clinical characteristics of the women with amniotic
fluid C. trachomatis DNA are shown in Table 2.

Amniotic fluid C. trachomatis DNA and intra-
amniotic and intra-uterine complications

The presence of intra-amniotic infection, HCA, funisitis,
and FIRS was found in 31% (5/16), 47% (7/15), and
24% (4/16) of the women with amniotic fluid C. tra-
chomatis DNA, respectively.

No correlation was observed between the microbial
loads of C. trachomatis DNA and levels of IL-6 in the
amniotic fluid (rho=0.36; p=.17). A positive correl-
ation was identified between the microbial load of
Ureaplasma spp. and amniotic fluid IL-6 levels
(rho =0.88, p=.007) in the women with both C. tra-
chomatis DNA and Ureaplasma spp. in their amni-
otic fluid.

We divided the women with amniotic fluid C. tra-
chomatis DNA into the following two subgroups:
women with the amniotic fluid C. trachomatis DNA
alone and women with amniotic fluid C. trachomatis
DNA and concomitant bacteria. No differences in the
rate of intra-amniotic infection, levels of amniotic fluid
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IL-6, and loads of amniotic fluid C. trachomatis DNA
were observed between the two groups (intra-amni-
otic infection: C. trachomatis alone, 17% [1/6] vs. C.
trachomatis with other bacteria, 40% [4/10], p=.59;
amniotic fluid IL-6: C. trachomatis alone median
226 pg/mL, IQR 94-934 vs. C. trachomatis with other
bacteria, median 318 pg/mL, IQR 95-10 000, p=.51;
load: C. trachomatis alone, median 81 copies DNA/mL,
IQR 20-683 vs. C. trachomatis with other bacteria,
median 57 copies DNA/mL, IQR 20-443, p =.99).

The women with amniotic fluid C. trachomatis DNA
alone had lower rates of HCA and funisitis, but not
FIRS, than the women with amniotic fluid C. trachoma-
tis DNA and concomitant bacteria in the crude analysis
(HCA: C. trachomatis alone 0% [0/6] vs. C. trachomatis
with other 77% [7/9], p=.007; funisitis: C. trachomatis
alone 0% [0/6] vs. C. trachomatis with other 56% [5/9],
p=.04; FIRS: C. trachomatis alone 0% [0/6] vs. C. tra-
chomatis with other 40% [4/10], p=.23) and after
adjustment for the interval between PPROM and deliv-
ery (HCA: p =.005; funisitis: p =.05).

Amniotic fluid C. trachomatis DNA and selected
aspects of short-term neonatal morbidity

Respiratory distress syndrome (19%, 3/16), intra-ven-
tricular hemorrhage grades I-Il (13% 2/16), and bron-
chopulmonary dysplasia (7%, 1/16) were observed
among the newborns from PPROM pregnancies com-
plicated by amniotic fluid C. trachomatis DNA.
Consequently, composite neonatal morbidity was 31%
(5/16). Neither early- nor late-onset sepsis was identi-
fied among the newborns from these pregnancies
(Table 3).

Discussion

This retrospective study includes almost 800 women
with PPROM between the gestational ages of 24 and
37 weeks, and all pregnancies with amniotic fluid C.
trachomatis were scrutinized. The main findings of this
study are as follow: (i) amniotic fluid C. trachomatis
DNA, which had very low loads, complicated 2% of
the PPROM pregnancies; (ii) amniotic fluid C. tracho-
matis DNA was accompanied by other bacteria (mainly
Ureaplasma spp.) in more than half of the cases; (iii) C.
trachomatis DNA in the placenta or fetal membranes
was found in 20% of the women with amniotic fluid
C. trachomatis DNA; (iv) amniotic fluid C. trachomatis
DNA was associated with intra-amniotic infection and
HCA in 31% and 47%, respectively; (v) amniotic fluid
C. trachomatis DNA accompanied by other bacteria
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Table 2. Clinical characteristics of women with PPROM complicated by the presence of C. trachomatis DNA in the amniotic fluid.

Ct in placenta

AF microbial
load of Ct
(copies DNA/mL)

and/or
fetal membranes

UCB IL-6

AF IL-6
(pg/mL)

Funisitis

(pg/mL)

Bacteria found in AF

Ct+Ureaplasma spp. (4.1 x 107 copies DNA/mL)

Ct

GA at admission

Women

Yes
No
ES
No
Yes
Yes
No
Yes
No
No
No
No
No
No
Yes
No

Yes
No
*
No
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No
Yes
No

Yes
No
*
Yes
Yes
No
No
No
No
No
No
No
No
No
No
No

333.6
2.2
2.2

42.6
1.9
67.0
444
0.3
57
8.3
24
0.8
4.1
2.7

Ct+Ureaplasma spp. (1.2 x 10% copies DNA/mL)-+Lactobacillus crispatus

Ct+Ureaplasma spp. (1.2 x 10® copies DNA/mL)
Ct+Ureaplasma spp. (4.0 x 10* copies DNA/mL)

Ct+Ureaplasma spp. (2.8 x 10° copies DNA/mL)
Ct

Ct+Ureaplasma spp. (2.0 x 108 copies DNA/mL)
Ct+Ureaplasma spp. (7.0 x 10* copies DNA/mL)
Ct
Ct+Ureaplasma spp. (4.0 x 10* copies DNA/mL)
Ct

Ct+Ureaplasma spp. (5.3 x 10° copies DNA/mL)

Ct
Ct+-Leptotrichia amnionii

Ct

OTANANVONVVONODOWOWOOOVUM
OMTJTOON—ONST O —LlnLWNo0O
Q= — QO — MmO N = un —
o o o o —

— — —

32+1
3642
3145
3440
2541
3543
3140
2840
32+4
3341
3045
31+6
32+6
3543
3245

34+2
Abbreviations: AF: amniotic fluid; Ct: C. trachomatis; HCA: acute histological chorioamnionitis; IL-6: interleukin-6; UCB: umbilical cord blood.

*Placenta was not available.
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was related to a higher rate of HCA and funisitis; and
(vi) composite neonatal morbidity affected one-third
of the newborns from PPROM pregnancies compli-
cated by amniotic fluid C. trachomatis DNA.

There is a solid body of evidence that amniotic
fluid C. trachomatis can complicate PPROM [14,22,41].
The first observation of the rate of amniotic fluid C
trachomatis in women with PPROM was published
more than 20 years ago [22]. Ville et al. [22] identified
amniotic fluid C. trachomatis in 7% of the women with
PPROM. The rate of women with amniotic fluid C. tra-
chomatis DNA in our study was lower (2%). However,
Lee et al. found amniotic fluid C. trachomatis in 1.2%
of their mixed cohort that consisted of women with
PPROM, spontaneous preterm labor with intact mem-
branes, cervical incompetence with bulging mem-
branes, and oligo- or polyhydramnios [35].

The rate of MIAC decreases with advancing gesta-
tional age [12,14]. However, found that amniotic fluid
C. trachomatis DNA, irrespective of the presence of
concomitant bacteria, was mainly detected in preg-
nancies with higher gestational ages (6x and 4x
between the gestational ages of 3240 and
3346 weeks, and 34+0 and 36+6 weeks, respect-
ively). Only two women with amniotic fluid C. tracho-
matis DNA had a gestational age <28 + 0 weeks.

The use of specific real-time PCR to assess amniotic
fluid C. trachomatis DNA provided an opportunity to
reveal the burden of C. trachomatis DNA in the amni-
otic fluid samples. In a vast majority of the samples,
the load of amniotic fluid C. trachomatis DNA was very
low. The amount of C  trachomatis DNA
>10,000 copies/mL was noted in only one woman,
and only three woman had amounts of C. trachomatis
DNA >1000 copies/mL. The median amniotic fluid
microbial loads of Ureaplasma species in women with
and without intra-amniotic infection were 3.2 x 10’
and 4.0 x 10%, respectively [14]. Therefore, the loads of
C. trachomatis DNA in amniotic fluid seem to be much
lower than the average microbial load of Ureaplasma
species in amniotic fluid. This finding is consistent
with the fact that Ureaplasma species is an extracellu-
lar bacterium, while C. trachomatis is an obligate
intra-cellular bacterium with a wunique biphasic
developmental cycle: infectious, metabolically active,
extracellular elementary body and non-infectious,
metabolically inert, and intra-cellular reticular body
[24,26]. Therefore, the identification of only the elem-
entary body in the amniotic fluid is highly likely.

Chlamydia trachomatis is a tryptophan auxotroph,
because it is unable to synthesize tryptophan and must
obtain this essential amino acid from the host [42,43].
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Table 3. Clinical characteristics of newborns from PPROM pregnancies complicated by the presence of C. trachomatis DNA in the

amniotic fluid.

AF microbial Ctin
load of Ct placenta Composite Need
(copies and fetal neonatal for n- IVH
Women DNA/mL) membranes morbidity RDS intubation CPAP (days) (grades 1-2) BPD EOS LOS ROP
1. 1.9 x 107 Yes Yes No No 0 Yes No No No No
2% 2.1 x10° No No No No 0 No No No No No
3% 1.2 x 10° # No No No 0 No No No No No
4. 2.0 x 102 Yes No No No 0 No No No No No
5. 2.0 x 10% Yes Yes Yes No 39 No Yes No No No
6. 1.7 x 10? No No No No 0 No No No No No
7 1.4 % 10? No Yes Yes No 26 No No No No No
8. 6.9 x 10 No Yes Yes No 21 No No No No No
9. 45x10' No No No No 0 No No No No No
10.% 2.1x 10 No Yes No No 0 Yes No No No No
11. 2.1 %10’ No No No No 0 No No No No No
12 2.1 %10 No No No No 0 No No No No No
13. 2.1x10' No No No No 0 No No No No No
14. 1.7 x 10 No No No No 0 No No No No No
15. 14 %10 No No No No 0 No No No No No
16. 1.2 x 10" No No No No 0 No No No No No

Abbreviations: AF: amniotic fluid; BPD: bronchopulmonary dysplasia; Ct: C. trachomatis; EOS: early-onset sepsis; IVH: intraventricular hemorrhage; LOS:
late-onset sepsis; n-CPAP: nasal continuous positive airway pressure; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity.

*Newborns from the PPROM pregnancies managed actively.
#The placenta was not available.

The induction of tryptophan catabolizing enzymes
(indoleamine-2,3-dioxygenase) by interferon gamma
(INF-y) restricts the growth and development of C. tra-
chomatis in human epithelial cells [42,43]. Therefore,
INF-y is considered a major anti-chlamydial effector
cytokine [44]. Chlamydia trachomatis strains that infect
the genital tract have developed a mechanism to
evade this defense strategy by using a subset of genes
that enable the synthesis of tryptophan from indole
[45,46]. As a result, the presence of indole in the geni-
tal tract, which is produced by some bacteria that
belong under the umbrella of bacterial vaginosis (e.g.
Peptoniphilus, Porphyromonas, and Fusobacterium),
might help C. trachomatis survive regardless of INF-y
driven tryptophan depletion [47]. In this study, we
found the concomitant presence of Ureaplasma species
in more than half of the cases with amniotic fluid C
trachomatis DNA. This observation is consistent with a
previous study that showed a high prevalence of mixed
C. trachomatis and Ureaplasma parvum infection in the
genital tracts of healthy women attending their first
prenatal visit [48]. However, based on the data from
that experimental study, we could not elucidate
whether the concomitant presence of Ureaplasma spe-
cies was friend or foe. On one hand, U. parvum
prompted and increased C. trachomatis growth under
INF-y exposure with no impact on indoleamine-2,3-
dioxygenase expression, which might suggest that the
concomitant presence of Ureaplasma appears to be a
C. trachomatis strategy to escape INF-y responsible
tryptophan starvation [49]. On the other hand, the

concomitant presence of U. parvum in the absence of
INF-y diminished C. trachomatis growth [49].

Chlamydia trachomatis has been found in the
human placenta as early as the first trimester [50-52].
In addition, C. trachomatis is able to infect trophoblast
cells and modulate their production of inflammatory
mediators [53,54]. Rours et al. [52] detected C. tracho-
matis in 25% of the placental samples from pregnan-
cies complicated by preterm labor at a gestational age
of <32 weeks. However, there is a gap in information
on the prevalence of C. trachomatis in the placenta
from women with PPROM complicated by the pres-
ence of amniotic fluid C. trachomatis DNA. Therefore,
we investigated whether women with amniotic fluid
C. trachomatis DNA had bacteria in the placenta and
fetal membranes. The presence of C. trachomatis DNA
in the placenta and the fetal membranes was found in
7% (1/15; the woman with amniotic fluid C. trachoma-
tis DNA load of 1.9 x 10’ copies DNA/mL) and 20% (3/
15; one woman with an amniotic fluid C. trachomatis
DNA load of 1.9x 107 copies DNA/mL, and two
women with C. trachomatis DNA loads of 2.0 x 102
copies DNA/mL each) of women with amniotic fluid C.
trachomatis DNA. The rate of placental C. trachomatis
DNA in this study was much lower than that in the
Rours et al. study [52]. However, our results should be
interpreted with caution, because we assessed only 16
samples compared to 304 placentas in the above
mentioned study [52].

Intra-amniotic infection, defined as MIAC accompa-
nied with an elevation of the amniotic fluid levels of a
selected inflammatory mediator (e.g. IL-6, matrix



metalloproteinase 8) owing to an intra-amniotic
inflammatory response, is responsible for 52%-70% of
cases of MIAC in PPROM [14,17]. However, the rate of
intra-amniotic infection among women with amniotic
fluid C. trachomatis DNA was much lower (31%),
regardless of the presence or absence of concomitant
bacteria. Similarly, the rates of HCA and FIRS in the
women with amniotic fluid C. trachomatis DNA were
lower than those observed in PPROM pregnancies
complicated by MIAC [14,38,55,56]. In addition, no cor-
relation between the loads of C. trachomatis DNA and
IL-6 levels in amniotic fluid was identified. Taken
together, these findings suggested that amniotic fluid
C. trachomatis DNA is merely colonization that is not
related to an intensive intra-amniotic, intra-uterine,
and fetal inflammatory response measured by IL-6 lev-
els in the amniotic fluid, rate of HCA, and rate of FIRS,
respectively. However, IL-6 level cannot be an optimal
marker to assess the intra-amniotic inflammatory
response to amniotic fluid C. trachomatis DNA because
C. trachomatis infection activates the inflammasome
[51,57,58]. The inflammasome is a multiprotein com-
plex that consists of cytoplasmic-based pattern recog-
nition receptors, an adaptor protein, and caspase-1.
The activation of the inflammasome, which plays an
important role in intra-amniotic inflammation and pre-
term and term delivery, leads to the production of IL-
1B and IL-18 [59-65]. Models from the H8 and Sw 71
first trophoblast cell lines showed that C. trachomatis
infection of the trophoblast cells led to the elevation
of IL-1B levels in both models; however, IL-6 levels
were elevated in only the H8 cell line model, and the
IL-6 levels were even lower in the Sw.71 cell line
model [53]. Nevertheless, the complete absence of
HCA, funisitis, and FIRS in the women with amniotic
fluid C.  trachomatis DNA alone supports the
hypothesis that amniotic fluid C. trachomatis DNA
predominantly represents amniotic fluid colonization
without any intensive inflammatory response.

The gestational age of delivery has been considered
a main determinant of short-term neonatal morbidity
in PPROM [66-68]. However, knowing whether the
presence of amniotic fluid C. trachomatis DNA is
related to adverse neonatal outcomes is very import-
ant from a clinical point of view. The prevalence of
composite neonatal morbidity, respiratory distress syn-
drome, and intra-ventricular hemorrhage grades I-Il in
the subgroup of newborns from the PPROM pregnan-
cies with amniotic fluid C. trachomatis DNA was similar
to the prevalence previously found in the subgroup of
women with PPROM without MIAC or intra-amniotic
inflammation (composite neonatal morbidity: 31% vs.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 9

33%, respiratory distress syndrome: 19% vs. 25%, intra-
ventricular hemorrhage: 13% vs. 12%) [14]. Only the
rate of bronchopulmonary dysplasia was slightly
higher (6% vs. 2%) [14]; however, this one case of
bronchopulmonary dysplasia was identified in a new-
born delivered at a gestational age of 27 + 0 weeks.
The first strength of this study is the large and
homogeneous (all women were Caucasian) cohort of
women with PPROM in whom amniotic fluid was
assessed to identify the presence of C. trachomatis
DNA. The second strength is the assessment of amni-
otic fluid C. trachomatis DNA by specific real-time PCR
with a detection limit between 1 and 10 copies DNA/
mL, which makes it possible to identify women with
amniotic fluid C. trachomatis DNA at very low loads.
This study also had some limitations. First, the pres-
ence of C. trachomatis DNA in the placenta and the
fetal membranes, as well as short-term neonatal out-
comes, were only evaluated in the pregnancies with
the presence of amniotic fluid C. trachomatis DNA and
not in the whole cohort of women. Second, data
regarding long-term outcomes of the newborns from
PPROM complicated by amniotic fluid C. trachomatis
DNA were not investigated. Third, the intra-amniotic
inflammatory response to C. trachomatis DNA was
described by amniotic fluid IL-6 only; a broader panel
of inflammatory cytokines and chemokines would pro-
vide a more precise description of host intra-amniotic
inflammatory response to amniotic fluid C. trachomatis
DNA. Last, the presence of MIAC was identified using
techniques which did not include microbial culture.
Since previous study has shown that amniotic fluid
test results can be negative using non-cultivation
approaches but positive by culture [12], the size of the
group of the women with other bacteria than C. tra-
chomatis in amniotic fluid might has been underesti-
mated, while the group of the women with no
bacteria in amniotic fluid might has been overesti-
mated. In conclusion, amniotic fluid C. trachomatis
DNA is relatively rare in PPROM. Amniotic fluid C. tra-
chomatis DNA in PPROM is not associated with inten-
sive intra-amniotic and intra-uterine inflammatory
responses, or adverse short-term neonatal outcomes.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the project PERSONMED -
Center for the Development of Personalized Medicine in



10 M. KACEROVSKY ET AL.

Age-Related

Diseases [Reg. Nr. CZ.02.1.01/0.0/0.0/

17_048/0007441].

References

(1l

[2]

B3l

(4]

[5]

(6]

[7]

(8]

)

(10l

(11l

[12]

[13]

[14]

Waters TP, Mercer B. Preterm PROM. Clin Obstet
Gynecol. 2011;54(2):307-312.

Mercer BM. Preterm premature rupture of the mem-
branes. Obstet Gynecol. 2003;101(1):178-193.
Johanzon M, Odesj6é H, Jacobsson B, et al. Extreme
preterm birth. Obstet Gynecol. 2008;111(1):42-50.
Romero R, Yoon BH, Mazor M, et al. 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 mem-
branes. Am J Obstet Gynecol. 1993;169(4):839-851.
Romero R, Ghidini A, Mazor M, et al. Microbial inva-
sion of the amniotic cavity in premature rupture of
membranes. Clin Obstet Gynecol. 1991;34(4):769-778.
Romero R, Scharf K, Mazor M, et al. The clinical value
of gas-liquid chromatography in the detection of
intra-amniotic microbial invasion. Obstet Gynecol.
1988;72(1):44-50.

Yoon BH, Romero R, Park JS, et al. Microbial invasion
of the amniotic cavity with Ureaplasma urealyticum is
associated with a robust host response in fetal, amni-
otic, and maternal compartments. Am J Obstet
Gynecol. 1998;179(5):1254-1260.

Yoon BH, Romero R, Kim M, et al. Clinical implications
of detection of Ureaplasma urealyticum in the amni-
otic cavity with the polymerase chain reaction. Am J
Obstet Gynecol. 2000;183(5):1130-1137.

Witt A, Berger A, Gruber CJ, et al. Increased intrauter-
ine frequency of Ureaplasma urealyticum in women
with preterm labor and preterm premature rupture of
the membranes and subsequent cesarean delivery.
Am J Obstet Gynecol. 2005;193(5):1663-1669.

Gomez R, Romero R, Nien JK, et al. Antibiotic adminis-
tration to patients with preterm premature rupture of
membranes does not eradicate intra-amniotic infec-
tion. J Matern Fetal Neonatal Med. 2007;20(2):
167-173.

Lee SE, Romero R, Jung H, et al. The intensity of the
fetal inflammatory response in intraamniotic inflam-
mation with and without microbial invasion of the
amniotic cavity. Am J Obstet Gynecol. 2007;197(3):
294.e1-294.e6.

DiGiulio DB, Romero R, Kusanovic JP, et al. Prevalence
and diversity of microbes in the amniotic fluid, the
fetal inflammatory response, and pregnancy outcome
in women with preterm pre-labor rupture of mem-
branes. Am J Reprod Immunol. 2010;64(1):38-57.
Cobo T, Kacerovsky M, Palacio M, et al. Intra-amniotic
inflammatory response in subgroups of women with
preterm prelabor rupture of the membranes. PLoS
One. 2012;7(8):e43677.

Musilova I, Kutova R, Pliskova L, et al. Intraamniotic
inflammation in women with preterm prelabor rup-
ture of membranes. PLOS One. 2015;10(7):e0133929.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Gomez-Lopez N, Romero R, Xu Y, et al. Neutrophil
extracellular traps in the amniotic cavity of women
with intra-amniotic infection: a new mechanism of
host defense. Reprod Sci. 2017;24(8):1139-1153.
Gomez-Lopez N, Romero R, Garcia-Flores V, et al.
Amniotic fluid neutrophils can phagocytize bacteria: a
mechanism for microbial killing in the amniotic cavity.
Am J Reprod Immunol. 2017;78(4).e12723.

Romero R, Miranda J, Chaemsaithong P, et al. Sterile
and microbial-associated intra-amniotic inflammation
in preterm prelabor rupture of membranes. J Matern
Fetal Neonatal Med. 2015;28(12):1394-14009.

DiGiulio DB. Diversity of microbes in amniotic fluid.
Semin Fetal Neonat Med. 2012;17(1):2-11.

Jacobsson B, Aaltonen R, Rantakokko-Jalava K, et al.
Quantification of Ureaplasma urealyticum DNA in the
amniotic fluid from patients in PTL and pPROM and
its relation to inflammatory cytokine levels. Acta
Obstet Gynecol Scand. 2009;88(1):63-70.

Kacerovsky M, Celec P, Vlkova B, et al. Amniotic fluid
protein  profiles of intraamniotic inflammatory
response to Ureaplasma spp. and other bacteria. PLoS
One. 2013;8(3):e60399.

Kacerovsky M, Pliskova L, Bolehovska R, et al. The
impact of the microbial load of genital mycoplasmas
and gestational age on the intensity of intraamniotic
inflammation. Am J Obstet Gynecol. 2012;206(4):
342.e1-342.e8.

Vile Y, Carroll SG, Watts P, et al. Chlamydia trachoma-
tis infection in prelabour amniorrhexis. Br J Obstet
Gynaecol. 1997;104(9):1091-1093.

Musilova |, Pliskova L, Gerychova R, et al. Maternal
white blood cell count cannot identify the presence
of microbial invasion of the amniotic cavity or intra-
amniotic inflammation in women with preterm prela-
bor rupture of membranes. PLoS One. 2017;12(12):
€0189394.

Agrawal T, Vats V, Salhan S, et al. The mucosal
immune response to Chlamydia trachomatis infection
of the reproductive tract in women. J Reprod
Immunol. 2009;83(1-2):173-178.

Newman L, Rowley J, Vander Hoorn S, et al. Global
estimates of the prevalence and incidence of four cur-
able sexually transmitted infections in 2012 based on
systematic review and global reporting. PLoS One.
2015;10(12):e0143304.

Banhart S, Rose L, Aeberhard L, et al. Chlamydia tra-
chomatis and its interaction with the cellular retromer.
Int J Med Microbiol. 2018;308(1):197-205.

Andrews WW, Goldenberg RL, Mercer B, et al. The
preterm prediction study: association of second-tri-
mester genitourinary Chlamydia infection with subse-
quent spontaneous preterm birth. Am J Obstet
Gynecol. 2000;183(3):662-668.

Ahmadi A, Ramazanzadeh R, Sayehmiri K, et al.
Association of Chlamydia trachomatis infections with
preterm delivery: a systematic review and meta-ana-
lysis. BMC Preg Childbirth. 2018;18(1):240.

Alger LS, Lovchik JC, Hebel JR, et al. The association
of Chlamydia trachomatis, Neisseria gonorrhoeae, and
group B Streptococci with preterm rupture of the



[30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

membranes and pregnancy outcome. Am J Obstet
Gynecol. 1988;159(2):397-404.

Gravett MG, Nelson HP, DeRouen T, et al
Independent associations of bacterial vaginosis and
Chlamydia trachomatis infection with adverse preg-
nancy outcome. JAMA. 1986;256(14):1899-1903.
Martius J, Krohn MA, Hillier SL, et al. Relationships of
vaginal Lactobacillus species, cervical Chlamydia tra-
chomatis, and bacterial vaginosis to preterm birth.
Obstet Gynecol. 1988;71(1):89-95.

Mattern CF, Brockman MP, Donohue P. Association of
Chlamydia trachomatis and Mycoplasma hominis with
intrauterine growth retardation and preterm delivery.
The John Hopkins study of cervicitis and adverse
pregnancy outcome. Am J Epidemiol. 1989;129(6):
1247-1257.

Sterzik K, Rosenbusch B, Danner B, et al. Nachweis
von Chlamydia trachomatis in der klinischen Routine:
hohere  Sensitivitat der  Zellkultur  gegenuber
dem Mikroimmunfluoreszenztest. Geburtshilfe
Frauenheilkd. 1988;48(12):881-883.

Benes S, McCormack WM. Comparison of methods for
cultivation and isolation of Chlamydia trachomatis.
J Clin Microbiol. 1982;16(5):847-850.

Lee S-J, Won H-S, Kim M-N, et al. Diagnostic value of
the matrix metalloproteinase-8 rapid test for detect-
ing microbial invasion of the amniotic cavity. Eur J
Clin Microbiol Infect Dis. 2008;27(12):1257-1260.
Chaemsaithong P, Romero R, Korzeniewski SJ, et al. A
rapid interleukin-6 bedside test for the identification
of intra-amniotic inflammation in preterm labor with
intact membranes. J Matern Fetal Neonatal Med.
2016;29(3):349-359.

Chaemsaithong P, Romero R, Korzeniewski SJ, et al. 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.
2016;29(3):360-367.

Gomez R, Romero R, Ghezzi F, et al. The fetal inflam-
matory response syndrome. Am J Obstet Gynecol.
1998;179(1):194-202.

Salafia CM, Weigl C, Silberman L. The prevalence and
distribution of acute placental inflammation in
uncomplicated term pregnancies. Obstet Gynecol.
1989;73:383-389.

Papile LA, Burstein J, Burstein R, et al. Incidence and
evolution of subependymal and intraventricular hem-
orrhage: a study of infants with birth weights less
than 1,500 gm. J Pediatr 1978;92:529-534.

Thomas G, Jones J, Sbarra A, et al. Isolation of
Chlamydia trachomatis from amniotic fluid. Int J
Gynecol Obstet. 1991;35(2):199-199.

Shemer Y, Sarov I. Inhibition of growth of Chlamydia
trachomatis by human gamma interferon. Infect
Immun. 1985;48(2):592-596.

Byrne Gl, Lehmann LK, Landry GJ. Induction of trypto-
phan catabolism is the mechanism for gamma-inter-
feron-mediated inhibition of intracellular Chlamydia
psittaci replication in T24 cells. Infect Immun. 1986;
53(2):347-351.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 1

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

Aiyar A, Quayle AJ, Buckner LR, et al. Influence of the
tryptophan-indole-IFNgamma axis on human genital
Chlamydia trachomatis infection: role of vaginal co-
infections. Front Cell Infect Microbiol. 2014;4:72.

Harris SR, Clarke IN, Seth-Smith HMB, et al. Whole-
genome analysis of diverse Chlamydia trachomatis
strains identifies phylogenetic relationships masked
by current clinical typing. Nat Genet. 2012;44(4):
413-419.

Ziklo N, Huston WM, Hocking JS, et al. Chlamydia tra-
chomatis genital tract infections: when host immune
response and the microbiome collide. Trends
Microbiol. 2016;24(9):750-765.

Witkin SS, Minis E, Athanasiou A, et al. Chlamydia tra-
chomatis: the persistent pathogen. Clin Vaccine
Immunol. 2017;24(10).

Yamazaki T, Matsumoto M, Matsuo J, et al. Frequency
of Chlamydia trachomatis in Ureaplasma-positive
healthy women attending their first prenatal visit in a
community hospital in Sapporo, Japan. BMC Infect
Dis. 2012;12(1):82.

Yamazaki T, Matsuo J, Nakamura S, et al. Effect of
Ureaplasma parvum co-incubation on Chlamydia tra-
chomatis maturation in human epithelial Hela cells
treated with interferon-gamma. J Infect Chemother.
2014;20(8):460-464.

Gencay M, Puolakkainen M, Wahlstrom T, et al.
Chlamydia trachomatis detected in human placenta.
J Clin Pathol. 1997;50(10):852-855.

Dong Z-W, Li Y, Zhang L-Y, et al. Detection of
Chlamydia trachomatis intrauterine infection using
polymerase chain reaction on chorionic villi. Int J
Gynecol Obstet. 1998;61(1):29-32.

Rours Gl, de Krijger RR, Ott A, et al. Chlamydia tracho-
matis and placental inflammation in early preterm
delivery. Eur J Epidemiol. 2011;26(5):421-428.

de la Torre E, Mulla MJ, Yu AG, et al. Chlamydia tra-
chomatis infection modulates trophoblast cytokine/
chemokine production. J Immunol. 2009;182(6):
3735-3745.

Azenabor AA, Kennedy P, Balistreri S. Chlamydia tra-
chomatis infection of human trophoblast alters estro-
gen and progesterone biosynthesis: an insight into
role of infection in pregnancy sequelae. Int J Med Sci.
2007;4(4):223-231.

Stepan M, Cobo T, Musilova |, et al. Maternal serum
C-reactive protein in women with preterm prelabor
rupture of membranes. PLOS One. 2016;11(3):
e0150217.

Kacerovsky M, Cobo T, Andrys C, et al. The fetal
inflammatory response in subgroups of women with
preterm prelabor rupture of the membranes. J Matern
Fetal Neonatal Med. 2013;26(8):795-801.

Webster SJ, Brode S, Ellis L, et al. Detection of a
microbial metabolite by STING regulates inflamma-
some activation in response to Chlamydia trachomatis
infection. PLOS Pathog. 2017;13(6):e1006383.
Kavathas PB, Boeras CM, Mulla MJ, et al. Nod1, but
not the ASC inflammasome, contributes to induction
of IL-Tbeta secretion in human trophoblasts after
sensing of Chlamydia trachomatis. Mucosal Immunol.
2013;6(2):235-243.



12 M. KACEROVSKY ET AL.

[59]

[60]

[61]

[62]

[63]

[64]

Romero R, Xu Y, Plazyo O, et al. A role for the inflam-
masome in spontaneous labor at term. Am J Reprod
Immunol. 2018;79(6):e12440.

Plazyo O, Romero R, Unkel R, et al. HMGB1 induces
an inflammatory response in the chorioamniotic
membranes that is partially mediated by the inflam-
masome. Biol Reprod. 2016;95(6):130.

Gomez-Lopez N, Romero R, Xu Y, et al. A role for the
inflammasome in spontaneous labor at term with
acute histologic chorioamnionitis. Reprod Sci. 2017;
24(6):934-953.

Gomez-Lopez N, Romero R, Xu Y, et al. A role for the
inflammasome in spontaneous preterm labor with
acute histologic chorioamnionitis. Reprod Sci. 2017;
24(10):1382-1401.

Gomez-Lopez N, Romero R, Xu Y, et al. Inflammasome
assembly in the chorioamniotic membranes during
spontaneous labor at term. Am J Reprod Immunol.
2017;77(5):e12648.

Faro J, Romero R, Schwenkel G, et al. Inflammation-
induced intra-amniotic inflammation induces preterm

[65]

[66]

[67]

[68]

birth by activating the NLRP3 inflammasome. Biol
Reprod. 2018;100(5):1290-1305.

Gomez-Lopez N, Romero R, Garcia-Flores V, et al.
Inhibition of the NLRP3 inflammasome can prevent
sterile intra-amniotic inflammation, preterm labor/
birth, and adverse neonatal outcomes. Biol Reprod.
2019;100(5):1306-1318.

Frenette P, Dodds L, Armson BA, et al. Preterm prela-
bour rupture of membranes: effect of latency on neo-
natal and maternal outcomes. J Obstet Gynaecol Can.
2013;35(8):710-717.

Nayot D, Penava D, Da Silva O, et al. Neonatal out-
comes are associated with latency after preterm pre-
mature rupture of membranes. J Perinatol. 2012;
32(12):970-977.

Rodriguez-Trujillo A, Cobo T, Vives |, et al. Gestational
age is more important for short-term neonatal out-
come than microbial invasion of the amniotic cavity
or intra-amniotic inflammation in preterm prelabor
rupture of membranes. Acta Obstet Gynecol Scand.
2016;95(8):926-933.



	Abstract
	Introduction
	Materials and methods
	Patient population
	Sample collection
	Chlamydia trachomatis detection in the amniotic fluid and placenta
	Amniotic fluid IL-6 concentrations
	Umbilical cord blood IL-6 concentrations
	Diagnosis of intra-amniotic infection, colonization, and fetal inflammatory response syndrome
	Diagnosis of histologic chorioamnionitis
	Diagnosis of severe neonatal morbidity
	Statistical analysis

	Results
	Demographic and clinical characteristics of the study population
	Amniotic fluid C. trachomatis rate and microbial load
	Amniotic fluid C. trachomatis DNA and intra-amniotic and intra-uterine complications
	Amniotic fluid C. trachomatis DNA and selected aspects of short-term neonatal morbidity

	Discussion
	Disclosure statement
	References


