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Abstract

Objectives: (A) To introduce a new technique for vaginal
fluid sampling (biocompatible synthetic fiber sponge) and
(B) evaluate the collected vaginal fluid interleukine-6
(IL-6y,¢)-concentration as a new diagnostic tool for daily
monitoring of intrauterine inflammation after preterm
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premature rupture of membranes (PPROM). Secondary
objectives were to compare the potential to predict an in-
trauterine inflammation with established inflammation
parameters (e.g., maternal white blood cell count).
Methods: This prospective clinical case-control diagnostic
accuracy multicenter study was performed with women
after PPROM (gestational age 24.0/7 — 34.0/7 weeks). Sam-
pling of vaginal fluid was performed once daily. IL-6,,5 was
determined by electrochemiluminescence-immunoassay-
kit. Neonatal outcome and placental histology results were
used to retrospectively allocate the cohort into two sub-
groups: 1) inflammation and 2) no inflammation (controls).
Results: A total of 37 cases were included in the final
analysis. (A): Measurement of IL-6 was successful in 86%
of 172 vaginal fluid samples. (B): Median concentration of
IL-6y, in the last vaginal fluid sample before delivery was
significantly higher within the inflammation group
(17,085 pg/mL) compared to the controls (1,888 pg/mL;
p=0.01). By Youden’s index an optimal cut-off for predic-
tion an intrauterine inflammation was: 6,417 pg/mL. Two
days before delivery, in contrast to all other parameters
IL-6,,5 remained the only parameter with a sufficient AUC
of 0.877, p<0.001, 95%CI [0.670-1.000].

Conclusions: This study established a new technique for
vaginal fluid sampling, which permits assessment of
IL-6,5; concentration noninvasively in clinical daily
routine monitoring.

Keywords: CRP; cytokine; FIRS; histologic chorioamnio-
nitis; IL-6; neonatal sepsis; noninvasive sampling of
amniotic fluid; Redline; WBC.

Introduction

Preterm premature rupture of membranes (PPROM), is still
one of the great challenges in modern obstetrics. It occurs

3 Open Access. © 2021 Gregor Seliger et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0

International License.


https://doi.org/10.1515/jpm-2020-0406
mailto:gregor.seliger@uk-halle.de
https://orcid.org/0000-0001-6201-9303
https://orcid.org/0000-0001-6201-9303

DE GRUYTER

in approximately 3-5% of all pregnancies [1-4] and 25—
30% of all preterm deliveries are associated with this
complication [2, 5, 6]. Depending on the definition, 5-24%
of the neonates delivered after PPROM will suffer from
neonatal sepsis [7-9]. Prematurity, inflammation and in-
fectious morbidities contribute with increasing proportion
to the world-wide neonatal mortality rate [10, 11].

While the prevention of PPROM is a desirable goal
[12-14], for now, the major subject of controversy is the
timing of delivery. This has been addressed by both na-
tional and international guidelines of obstetrical societies
worldwide [15, 16]. The key issue is balancing the risks and
benefits of prolonging intrauterine stay to reduce the risk of
prematurity and at the same time taking into account the
increased risk of intraamniotic infection. Most managing
approaches consider gestational age and the risk of
maternal and fetal infection or inflammation [15-17].
Gestational age is relatively easy to assess; however, the
diagnosis of intraamniotic inflammation is far more diffi-
cult because clinical signs are of limited utility [18].

Whereas maternal clinical or blood parameters are
easy to determine, they are limited in their possibility to
detect an ongoing fetal inflammation [19-21]. Markers ob-
tained directly from the fetus and amniotic cavity reported
improved predictive value [22-24], but requires an invasive
sampling procedure and is therefore unsuitable for daily
routine. To identity and evaluate diagnostic tools usable
for daily monitoring with a reliable diagnostic and prog-
nostic validity for inflammatory complications of the am-
niotic cavity and/or the fetus after PPROM remains
therefore the major challenge.

Many studies investigated the possibilities of vaginal
fluid sampling [25-30]. This approach offers two main
advantages: vaginal fluid is at least partly of intraamniotic
origin and can be sampled noninvasively. Nearly all
studies conducted a single-point measurement and corre-
lated the resulting concentration with amniotic fluid
parameters obtained by amniocentesis [27, 29-32]. The
potential for daily monitoring in this study design is
limited. To our knowledge, only one study used a setting
for repeated vaginal fluid sampling [33].

We devised a new technique for vaginal fluid sampling
through a so-called biocompatible synthetic fiber sponge.
This method permits assessment of vaginal Interleukin-6
(IL-6yag) concentrations noninvasively in daily monitoring.
The first purpose of this prospective case-control diag-
nostic accuracy study was to introduce, establish and
assess the new technique for vaginal fluid sampling and
to evaluate the IL-6,,, concentrations obtained with it as
a new potential diagnostic tool for detection and daily
monitoring of intrauterine inflammation in pregnant
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women after PPROM. The primary outcome was the pres-
ence or absence of histological chorioamnionitis (HCA)
and/or early onset neonatal sepsis (EONS), diagnosed after
delivery and the IL-6,,, concentration measured in the last
vaginal fluid sample before delivery. The second aim
was to compare the diagnostic and predictive potential
with the established monitoring parameters c-reactive
protein- (CRPy004), White blood cell count (WBC) and IL-6
concentration in maternal blood (IL-6y,004)-

Materials and methods
Study design

The MuMfI-PPROM-Trial (Multimodal Monitoring of Fetal Risk of
Inflammation in Preterm Premature Rupture of Membranes,
ClinicalTrials.gov: NCT02702297), a prospective multicenter case-
control diagnostic accuracy study was performed between February
2016 and January 2018 in four German level III perinatal centers
[34] following the Standards for Reporting of Diagnostic Accuracy
checKlist [35].

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. The study design was approved by the Institutional Ethics
Review Board Committee of the University of Halle (Saale) (2015-121),
the University of Leipzig (339/16-1k) and the University of Jena
(5203-06/17) and the medical association of Saxony-Anhalt (51/16).
Informed consent from all participants (pregnant women and par-
ents/legally authorized representative of the neonates) was obtained
from all individual participants included in the study.

Inclusion criteria were PPROM (diagnosed by one clinical sign
(sterile speculum examination demonstrating liquor) and/or com-
mercial amniotic fluid test (AmniSure ROM Test™, QIAGEN GmbH,
Hilden, Germany)), gestational age between 24.0/7 and 34.0/7 weeks
(according to ultrasound in early pregnancy or last menstruation
period), maternal age over 18 years and written informed consent in
English or German. Pregnancies with lethal fetal malformations, fetal
demise or indication for urgent delivery (for example non-reassuring
fetal status, unstoppable labor or any other contraindication for
prolongation of the pregnancy according to the applicable guidelines
[36] were excluded from this study. Diagnostic and monitoring as well
as general treatments were performed based on the current guidelines
and the decisions of the attending physician. Treatment generally
used the following substances a) antenatal steroids — Betamethasone
(2 x 12 mg) administered intramuscularly at intervals of 24 h b) anti-
biotic prophylaxis — Ampicillin for two days followed by Amoxicillin
for five days plus a single dose of Azithromycin at day one c) if
tocolysis is necessary — Atosiban. During the prolongation period, a
daily sampling of vaginal fluid was performed and the concentration
of IL-6,,; was measured in these samples. Maternal serum concen-
tration of IL-6 (IL-6y,j00q) and CRP (CRP}404), as well as maternal WBC
was analyzed daily as part of the routine monitoring procedure.
Timing as well as the mode of delivery was up to the decision of
attending physician based on the guidelines (status August 2010 [36])
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and independent from study participation. The German guidelines
applicable at the time of the study advised prolongation before 34.0/
7 weeks and active termination of pregnancy after 34.0/7 weeks ac-
cording to ultrasound in early pregnancy or last menstruation period.
The combinations of essential parameters according to German
guidelines were employed to diagnose clinical infection: fever (38 °C
axillary), maternal-fetal tachycardia (>100 bpm/>150 bpm), uterine
tenderness, foul-smelling amniotic fluid, increasing uterine contrac-
tion and maternal blood tests (C-reactive protein and white cell count).
After delivery, the neonates were treated based on current guidelines
and local protocols. Neonatal outcome was analyzed based on
documentation of clinical status and IL-6 concentration in the initial
umbilical cord blood analysis. A histological examination of placenta
and umbilical cord was performed and signs of inflammation were
documented according to Redline criteria [37, 38]. If the inflammatory
process affects the chorion and amnion, this is termed acute cho-
rioamnionitis as a sign of the maternal inflammatory response. When
the inflammatory process involves the umbilical cord, this is referred
to as funisitis, the histological counterpart of the fetal inflammatory
response syndrome [39]. Histological diagnosis was reevaluated by a
senior pathologist blinded to clinical outcome as well as previous
diagnoses. Depending on neonatal outcomes and histological find-
ings, the cases were allocated to an inflammation and a control group.
The IL-6,,¢ concentration as well as the maternal blood parameters
were evaluated and compared. We excluded cases with protocol
violations/insufficient data or without successful measurements 48 h
before delivery from final analysis (see Figure 1).

Vaginal fluid sampling and IL-6,,; measurement

We invented an in-house diagnostic product (petty patent no. 20 2017
006 181/IPC A61B 10/00) for vaginal fluid sampling by combining a
commercial device for saliva sampling (Salivette Cortisol code blau®,
Sarstedt AG & Co, Niimbrecht, Germany) with a surgical thread
(MARLIN® violet, made from polyglycolic acid, 1 USP, CATGUT GmbH,
Markneukirchen, Germany). The commercial sampling kit consists of a
synthetic fiber sponge with a diameter of approx. 10 mm and a length
of 38 mm. Saliva collections is performed by placing the sponge in
the patients mouth for 1-2 min. After removal the saliva sample is

RETROSPECTIVE ALLOCATION

HCA/FIRS/EONS® \
no signs of
inflammation

Inflammation Group

Control Group /

o 2
e m >
o el .
g Prolongation I < neonatal Period )c>
ks =
< l/ E AN (@)
DO 2 (oo B

I‘ D'all\:cl:nlcalmonl!?rir:g,‘lLG,‘CI;{P, IWI,!C ] Routine

I Daily vaginal IL6 assessment ] monitoring

Figure 1: Study design.

*HCA, histological chorioamnionitis (Redline maternal stage 2 or
higher, fetal any stage); FIRS, fetal inflammatory response (cord
blood IL-6>60 pg/mL); EONS, early onset neonatal sepsis (clinical
signs of sepsis within first 72 h of life).
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collected by centrifugation in a special single use system. The system
features by an established safety in clinical use, especially in context
of mucosa contact and a high recovery rate of sample volume. In
original use, the average sample volume was 1.1 mL. For vaginal use,
we connected the sponge with a surgical thread to simplify removal
(see Supplemental Figure 1). The device was sterilized before
application.

For vaginal fluid sampling, the device was applied in the lower
third of the vagina by medical staff or by the patient after instruction.
The device stayed there for approximately 30-45 min. After this time it
was removed. The specimen was separated from the sponge by
centrifugation (2000 x g for 15 min) using the commercial kit provided
for saliva sampling (see Supplemental Figure 1). The IL-6 concentra-
tion was determined immediately after sampling or the specimens
were stored at —20 °C before further processing. Interleukine-6 con-
centration was determined using an electrochemiluminescence
immunoassay (ECLIA)-kit (Cobas Elecsys IL-6, Roche Diagnostics,
Rotkreuz, Switzerland) with a minimum sample volume of 30 uL and a
measuring range from 1.5 to 5,000 pg/mL [40]. Samples with an IL-6
concentration above 5,000 pg/mL were diluted 1:10 until concentra-
tion was within measuring range. The attending physicians were
blinded to clinical outcome as well as previous diagnoses.

Defining the inflammation and the control group

Clinical data from maternal as well as neonatal records were evaluated
systematically. A case was allocated to the inflammation group if at
least one of the following criteria was met:

I. Clinical signs of neonatal sepsis diagnosed by the attending
physician according to the NEO-KISS criteria [41] within 72 h after
delivery.

II. Elevated Interleukine-6 concentration (260 pg/mL) in cord blood
or neonatal blood sample taken immediately after birth [42-44].
III. Histological signs of significant placental/fetal inflammation ac-
cording to Redline et al. (maternal grade 2 or higher, fetal grade 1

or higher) [37, 38]

Cases which didn’t meet any of these criteria were considered as
controls. If data was not available for one or more of the criteria
(i.e., no histological examination performed), the case was removed
from analysis. In twin pregnancies, the case was allocated to inflam-
mation group if at least one child met any of the criteria.

NEO-KISS criteria for neonatal sepsis are: Need for antibiotic
treatment for at least five days without any other apparent infection on
other site OR positive blood culture for coagulase negative staphylo-
coccus together with elevated inflammatory markers OR blood culture
of any other species together with at least two of: temperature >38.0 or
<36.5 °C or temperature instability, tachycardia or bradycardia,
apnoea, extended recapillarisation time, metabolic acidosis, hyper-
glycaemia, other signs of bloodstream infection [45].

Statistical analysis

The primary outcome was the presence or absence of histological
chorioamnionitis (HCA) and/or early onset neonatal sepsis (EONS)
and the IL-6,,, concentration measured in the last vaginal fluid
sample before delivery. We calculated means and medians of
the variable (IL-6y55) at last measurements before delivery in the
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inflammation and the control group. We performed a sample size
estimation based on data from our own pilot study data and on data
from Kacerovsky et al. [46]. To evaluate the primary outcome
measurement (IL-6,,, concentration measured in the last vaginal fluid
sample before delivery) at a significance level of 0.05 and a power of
80% in a two-tailed t test based on an expected difference of 214 pg/mL
(0=200), 15 participants per group were required. Due to an expected
dropout rate of up to 45%, the goal was to include at least 27 partici-
pants each in the inflammation and in the control group.

Using Youden’s-Index (J) the optimal cut-off value for vaginal
fluid interleukin 6 (IL-6,,¢) Was calculated to predict an intrauterine
inflammation [47]. This index indicates the performance at a given
cutoff and is the sum of sensitivity and specificity minus one.

We also conducted an analysis of the values grouped for days
before delivery. A day was defined as the time interval of 24 h from
the moment of delivery. To compare this outcome with the routine
diagnostics, a similar analysis was done for maternal CRPy0q and
IL-61100q cOncentration as well as WBC. To assess the test performance
and to compare the study parameter with the routine-diagnostics
(maternal CRPyo0q- and IL6y,,0q — concentration as well as WBC), we
conducted a receiver operating characteristic (ROC) analysis and
compared the area under curve (AUC) of the variables and the routine
diagnostics in our study population.

Statistical analysis was performed using IBM SPSS 25. In metric
variables, we performed a Kolmogorov-Smirnov-test for normal
distribution and, if appropriate, a t-test for differences between the
means. Otherwise we performed the Mann-Whitney-U-test. The
p-values (except for primary outcome measurement) are interpreted in
an exploratory manner without correction for multiple comparisons.

Results
Study population

In total 57 patients were enrolled in this study (Study center
(Sc) 1: n=26, Sc2: 16, Sc3: 8, Sc4: 7). Thirty seven cases
completed sampling and follow-up successfully without
protocol violations and were included for final analysis
(details see Figure 2). Twenty cases met inflammation
criteria as described above (inflammation group), while 17
cases were defined as controls. Histological chorioamnio-
nitis (HCA) was the most frequent sign of inflammation
with 14 positive cases, while early onset neonatal sepsis
(EONS) occurred in 7 cases (Supplemental Table 1). Sixty
five percentage (n=13) of cases were presented with only
one criterion, 35% (n=7) showed a combination of at least
two criteria (details see Supplemental Table 1).
Baseline-characteristics as well as perinatal risk
factors are presented in Table 1. The inflammation group
showed a higher median in previous pregnancies (n=3 vs.
n=2, p=0.01), and a higher rate of clinically suspected
chorioamnionitis as indication for delivery according
to patient records (55 vs. 24%, p=0.05). In cases with
suspected inflammation, deliveries were triggered by
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Patients referred
to centers: n=268
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Assessed for eligibility:
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Did not meet inclusion criteria: n=15
Declined to participate: n=19

Recruited: n=57

Withdraw consent: n=3

Transferred to other hospital: n=2

Data assessed: n=52

Excludes from analysis: n=15

->No histological examination: n=5
->No successful sampling 48h
before delivery: n=2

->Other protocol violations: n=8
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Control group: n=17

Final analysis: n=37

Inflammation group: n=20

Figure 2: Patient recruitment flow diagram.

elevated maternal inflammatory markers, fetal tachy-
cardia, maternal tachycardia, abdominal pain or persistent
contractions in combination with rising inflammatory
markers.

The neonatal outcome of the two groups is presented in
Supplemental Table 2: there is a lower birth weight (1490
vs. 1892 g, p=0.05), longer treatment in the neonatal ICU
(16 vs. 11d, p=0.045) as well as longer duration of antibiotic
treatment (5 vs. O d, p<0.001) to see in the inflammation
group compared with the controls. However, the gesta-
tional age at delivery in the inflammation group was 210 vs.
232 days in the control group. The rate of female newborns
was higher in the inflammation-group than in the control-
group (65 vs. 24%, p=0.005).

Feasibility

The invented device was easy to use in the clinical routine.
No serious adverse events were recorded. Two women
reported temporary vaginal discomfort, one woman dis-
continued participation for that reason. Successful ad hoc
measurement of [L-6 in the 172 vaginal fluid samples within
patients in the main study center reached 86%.
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Table 1: Baseline characteristics (Data are median or % (n) unless
otherwise specified).

Parameter Control Inflammation p-Value
(n=17) (n=20)
Maternal age, years 31 31  0.48
Number of previous pregnancies 2 3  0.01
History of miscarriage or preterm  12% (2) 5% (1)  0.45
delivery
Diabetes 12% (2) 15% (3) 0.77
Smoker 29% (5) 25% (5) 0.76
BMI before pregnancy, kg/m? 25.9 22.2 0.39
Gestational age at delivery, 232/33 210/30 0.19
days/weeks
Gestational age at PPROM, days 213 197 0.13
Latency PPROM - delivery, days 6 9 0.29
Group B streptococcus positive 6% (1) 10%(2) 0.65
Administration of antenatal 94% (16) 85% (17) 0.37
steroids
Antenatal antibiotic prophylaxis® 94% (16) 89% (17) 0.61
Tocolysis 64% (11) 50% (10)  0.37
AFlin normal range 35% (6) 15% (3) 0.15
Twin pregnancies 24% (4) 0% (0) 0.22
Indication for delivery
Suspected inflammation 24% (4) 55% (11) 0.05
Gestational age 18% (3) 10%(2) 0.50
Others 52% (9) 35%(7) 0.27
Medical induction of labor 29% (5) 15% (3) 0.29
Mode of delivery
Planned caesarean 12% (2) 0% (0) 0.12
Vaginal delivery 41% (7) 35%(7) 0.70
Unplanned caesarean or 47% (8) 65% (13) 0.27

instrumental vaginal delivery

aStandard antibiotic prophylaxis regime was not given in four cases. In
these cases, interval from diagnose to delivery was short so the
patients received only a single shot antibiotic treatment.

Findings

The median concentration of IL-6,,; in the last vaginal
fluid sample before delivery was substantially higher
in the Inflammation group than in controls (17,085 vs. 1,888
pg/mL; p=0.01; => primary outcome measure (see Figure 3).

We calculated an optimal cut-off to predict an
intrauterine inflammation at 6,417 pg/mL using the
Youden’s index. For this cut-off, IL-6,,; showed a sensi-
tivity of 65% (95%CI [44.1-85.9]) and a specificity of 76.5%
(95%CI [56.3-96.6]). A threshold of 1,150 pg/mL showed a
sensitivity of 95% (95%CI [85.4-100.0]) with a specifity of
35.3% (95%CI [12.6-58.0]).

In order to evaluate the changes in vaginal IL-6
(IL-64ag) over time, measurements were recorded and
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Figure 3: Boxplot of the last IL-6,,¢ concentration [pg/ml] before
delivery.

grouped according to the number of the days between
sampling and delivery (wWhereby one day equals 24 h before
the moment of delivery). In this analysis the difference in the
median IL-6,,¢ concentration remained relevant up to two
days before delivery (data presented in Figure 4).

To illustrate the test performances of IL-6y,,, we
calculated the receiver operating characteristic to predict
an inflammation (see Figure 5). The area under the curve
was 0.731 one day before delivery (95%CI [0.553-0.909],
p=0.01) and 0.788 two days before delivery (95%CI
[0.609-0.966], p<0.01).

To compare the IL-6,,, concentration with the
maternal parameters assessed in routine monitoring, we
conducted a comparative analysis for maternal white
blood cell count (WBC), maternal serum-concentration of
C-reactive protein (CRPy00q) and Interleukine-6 concen-
tration (IL-6p1004)- In the last measurement before delivery,
CRPy100q and IL-6y00q showed a difference in median
concentrations between the inflammation and control
groups. However, the absolute difference remained small
(median CRPpjp0q 10.9 vs. 5.1 mg/L, p=0.03; median
IL-6p100q 9.7 VS. 3.7 pg/mL, p=0.02) and the difference was
significantly only within 24 h before delivery in our time-
line analysis. The maternal WBC did not show significant
differences in any analysis (see Figure 6).

To compare the test performance in the last two days
before delivery, we used the receiver operating curve and
calculated AUC for all cases with complete values (cases
with missing values for any of the parameter were
excluded from this analysis). On the last day before
delivery maternal CRP showed the best AUC (0.829) while
IL-6p1004 and IL-6y, had an AUC of 0.761 each. Two days
before delivery, IL-6,,, remained the only parameter with
a sufficient ROC with an AUC of 0.877 (see Table 2).
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Table 2: IL-6,,; and maternal blood routine parameters.
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Day 1 before delivery

Day 2 before delivery

AUC p-Value 95% Cl AUC p-Value 95% Cl
IL-6vag 0.761 0.012 0.558 0.964 0.877 <0.001 0.670 10.083
WBCypi00d 0.803 0.004 0.596 1.000 0.568 0.634 0.288 0.847
CRPypi00d 0.829 <0.001 0.650 1.000 0.630 0.335 0.366 0.893
IL-6p100d 0.761 0.016 0.548 0.973 0.704 0.119 0.447 0.960

ROC-AUC, p-value, 95% confidence interval (Cl), IL-6yag, WBCpio0ds CRPpi00ds IL-6bi00d-

Discussion

In PPROM routine diagnostic parameters show only a weak
correlation with adverse neonatal outcome and risk for
inflammation [19, 21, 48]. The reason is probably the
‘compartimentation’ of the feto-maternal unit [49]. An
inflammation of the fetus and/or the amniotic space
frequently occurs without any concomitant sign of
maternal inflammation and therefore is unnoticed by the
physician. On the other hand, the mother could suffer from
an independent medical condition like pyelonephritis,
which leaves the fetus unharmed but mimics an intra-
uterine inflammation. Therefore effort was made to identify
parameters which could determine an inflammation of the
‘core compartments’ (amniotic cavity and fetus) i.e., by
performing cardiotocography or amniocentesis [24, 26, 49,
50]. Fetal heart rate remains the only of these parameters
suitable for daily monitoring while amniocentesis is only
performed in unclear situations or within study protocols.
Vaginal fluid is considered to be a potential specimen to
detect an intrauterine inflammation since it is at least
partly of intraamniotic origin.

Several studies have investigated the potential of
vaginal parameters to predict intrauterine infection:
Combs and colleagues did a research on 414 pregnancies
with preterm labor and intact membranes. The test per-
formance of 43 parameters in vaginal fluid was examined
to predict an intrauterine infection/inflammation (positive
AF-culture/bacterial PCR and/or AF-IL-6>11 ng/mL) [26]. Of
all parameters, IL-6 had the best test performance with a
ROC-AUC of 0.848. Park and colleagues assessed IL-6, IL-8,
and WBC in cervicovaginal fluid of 85 pregnancies with
preterm labor and intact membranes. All parameters were
associated with intrauterine inflammation (defined as
Amniotic fluid IL-6>2.6 ng/mL and/or positive culture) wile
IL-6 showed the best performance with a AUC of 0.85 in
ROC-analysis [25]. The same group found a comparable test
performance (AUC 0.84) of vaginal IL-6 to predict intra-
uterine infection in a cohort of 86 women with PPROM [27].
The group Jacobsson, Kacerovsky and colleagues found

similar results in other studies with a comparable design
[31, 51]. Interleukin-6 is a well-established marker of
inflammation, which is produced by several cell types,
amongst others by decidual tissues [52—54]. An intrauterine
inflammation would result in a rise of local IL-6
concentration.

In our study we focus on clinical and laboratory signs
of inflammation rather than microbial amniotic fluid
testing since microbial culture has a high rate of false
negative results [55, 56] and detection of bacterial nucleic
acid alone might be of small prognostic value since it is
also possible in the upper genital tract of healthy women as
well as normal pregnancies [57, 58].

In most study designs, the vaginal fluid sampling was
conducted during the initial examination and therefore as
a one point measurement with a variable interval to de-
livery [28, 29]. Furthermore, many different vaginal fluid
sampling techniques were used to predict inflammation or
infection after PPROM. Most studies used swabs to collect
vaginal fluid during gynecological examination (i.e., Ryu
2013, Jacobsson 2005, Kacerovsky 2015, Musilova 2016,
Lucovink 2011 [29, 32, 51, 59, 60]). Other studies used an
aspiration tool (i.e., syringe) for sample collection
(i.e., Dorfeuille 2016; Kuyumcuoglu 2010; Torbé 2005 [28,
61, 62]). Both techniques share the disadvantage that
sampling implies a gynecological examination, which
would lead to stress and manipulation as a daily proced-
ure. Most studies that use a swab or an aspiration tech-
nique have only a single point vaginal fluid assessment in
their study protocol, mostly simultaneous to amniocen-
tesis or within the first clinical examination of the patient.
This study design leaves one major question unattended:
monitoring requires regular assessment.

Taking the highly dynamic process of intra-amniotic
inflammation and/or infection into account, this could
explain the heterogeneity in the available study results.
Due to the daily measurement, we were able to evaluate the
change in vaginal IL-6,,5 over time, as only few other
studies did. In 2016 Kunze et al. performed a remarkable
study measuring IL-6 and tumor necrosis factor a in
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vaginal fluid samples obtained by squeezing specimens
from sanitary pads used by women with PPROM [33]. The
primary outcome was a combination of clinical or histo-
logical signs of neonatal/placental infection/inflammation
as well as elevated IL-6 levels in cord blood. In this setting,
a daily measurement was possible. The group with an
adverse outcome showed a significantly higher level of the
examined parameter in the last 48 h before delivery.
However, a timeline analysis (especially in the interval
three days immediately before delivery) was not per-
formed. Another notable method, that could allow the
daily monitoring of intrauterine inflammation markers,
was published by Lee, Yoon and colleagues in 2014. They
invented a cervical fluid collector (Yoon’s AF Collector™) a
device that can be placed on the cervix uteri to obtain
cervical fluid without further gynecological examination.
Based on the determination of interleukin-8 (IL-8) in fluid
retrieved by a transcervical amniotic fluid collector, the
IL-8-point-of-care test was predictive of intraamniotic
inflammation [63, 64].

In our prospective case-control diagnostic accuracy
study, we describe a new technique for vaginal fluid
sampling. We were able to prove its feasibility in daily
clinical routine. A method has been established which
allows the daily analysis of the IL-6,,5 after PPROM. With
this procedure we show for the first time the IL-6,,4
concentration after PPROM over time until delivery.
Apparently unaffected by other maternal factors (e.g.,
maternal respiratory tract infection or pyelonephritis), the
IL-6,,¢ remains stable in the low range over the prolonga-
tion period (Figure 4).

We were able to show a significant difference in
IL-6,,5 between pregnancies with signs of fetal inflam-
mation and/or early onset sepsis and controls. This
difference remained significant up to two days before
delivery. This is remarkable, since routine diagnostics like
maternal CRPy,;,,q Were significant in measurements only
within 24 h before delivery or showed no significance at
all. This supports the hypothesis that the parameters of
the ‘inner compartments’ (amniotic cavity and fetus)
predicts an intrauterine inflammation faster and more
reliably than the parameters in the maternal blood [49].
This gain in time could provide a tremendous advantage
in determining an appropriate time for delivery and
therefore reduce inflammation or infection related
neonatal complications like the development of an EONS.

The predictive values of ‘established’ maternal inflam-
matory parameters for neonatal sepsis remain unsatisfying.
In a 2014 metanalysis by Su et al. [19], maternal serum WBC,
CRP and IL-6 showed a sensitivity of 0.47, 0.53, and 0.76
with a specificity of 0.76, 0.76, and 0.86 respectively. Cord
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blood IL-6 showed a much better prediction with a sensi-
tivity of 0.91 and a specificity of 0.9 although this parameter
is not suitable for daily monitoring.

In our prospective case-control diagnostic accuracy
study, the ROC-analysis showed better test performance
in IL-6,,; compared with maternal routine parameters
already two days before delivery: AUC=0.88, indicating
moderate to good accuracy. Hence, a possible perspective
for clinical practice might be the measurement of IL-6,,-
concentration as part of the daily routine followed by an
amniocentesis only in uncertain situations (i.e., if IL-6y,q
is exceeding the threshold of 1,150 pg/mL=95%-
sensitivity-cut-off).

The current study has some limitations. Since we used
a combination of three different outcome-criteria as an
endpoint — of which only one indicates a severe neonatal
inflammation/infection — our study is too small to explore
the potential of IL-6,,; in the prediction of adverse
neonatal outcome. A second limitation is that our study
focused on clinical and laboratory signs of inflammation
rather than microbial amniotic fluid testing. Therefore, the
comparability of the results with other studies is limited. A
third limitation is that the study was carried out without
funding and therefore a relatively high number of protocol
violations occurred. Hence, 15 cases had to be excluded
from the final analysis. Therefore only 37 cases could be
included in the final analysis.

The sampling technique described in our study re-
quires the daily placement of a synthetic fiber sponge in the
lower third of the vagina for 30-45 min. Although we
believe the grade of manipulation is comparable with
normal intimate hygiene and is considerably smaller than
other devices [64], vaginal manipulation could increase the
risk of fetal infection. In our cohort the rate of clinical EONS
was approximately 18%. Other studies report a frequency
of 14% [8] or 16% [65] while current guidelines estimate the
incidence of postnatal infections after PPROM of 15-25%
[66]. Nevertheless, this problem has to be addressed in
larger studies.

We believe, however, that our results justify the
performance of an appropriately powered prospective,
randomized, clinical trial. This study should have a clinical
endpoint (which indicates a severe neonatal inflamma-
tion/infection), standardized measurement procedure
(see above), and a control group without considering the
parameter IL-6,,,. Such a study protocol would clarify
whether the adverse effects of daily vaginal examination
(increasing risk of infection) outweigh the possible
advantages.

In this respect, our study is another puzzle piece on the
path toward delivery after PPROM right on time.
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Conclusions

This prospective case-control diagnostic accuracy study
established a new technique for vaginal fluid sampling, which
offers for the first time the possibility of assessing the IL-6y,g
concentration noninvasively in daily monitoring. The median
concentration of IL-6,,, in the last vaginal fluid sample before
delivery was significantly higher in the inflammation group
than in the control group. In contrast to all maternal routine
parameters (WBC, CRPpio0a4, IL-6p100a), the difference in the
median IL-6,, concentration (inflammation vs. control group)
was significant up to two days before the delivery. This gain in
time could provide a tremendous advantage in determining
an appropriate time for delivery. Hence measurement of IL-6,,4
daily may improve the clinical management of patients with
PPROM.
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