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Abstract: We conducted a prospective double-blind study to compare two vaginal diagnostic meth-
ods in singleton pregnancies with threatened preterm labor (TPL) at the University Hospital of
Clermont-Ferrand (France) from August 2018 to December 2020. Our main objective was to compare
the diagnostic capacity at admission, in terms of positive predictive value (PPV) and negative pre-
dictive value (NPV), of Premaquick® (combined detection of IL-6/total IGFBP-1/native IGFBP-1)
and QuikCheck fEN™ (fetal fibronectin) for delivery within 7 days in cases of TPL. We included
193 patients. Premaquick® had a sensitivity close to 89%, equivalent to QuikCheck fFN™, but a
higher statistical specificity of 49.5% against 38.6% for QuikCheck fFN™. We found no superiority of
Premaquick® over QuickCheck fFN™ in terms of PPV (6.6% vs. 7.9%), with NPV being equivalent in
predicting childbirth within 7 days in cases of TPL (98.6% vs. 98.9%). Nevertheless, the combination
of positive native and total IGFBP-1 and the combination of all three positive markers were associated
with a higher PPV. Our results, though non-significant, support this combined multiple-biomarker
approach to improve testing in terms of predictive values.
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1. Introduction

According to the latest national perinatal health survey published in 2021, 4.8% of
women living in metropolitan France are hospitalized during their pregnancy for threat-
ened preterm labor (TPL) [1]. This threat is the leading cause of hospitalization during
pregnancy. TPL management [2] is based on hospitalization in a suitable care unit for
gestational age, tocolysis, and corticosteroids for fetal lung maturation. Ambulatory care
is acceptable in certain situations judged less critical. More than 50% of patients who
present with symptoms and are admitted finally give birth at term. The clinical diagnosis
of preterm labor (uterine contractions, cervical dilation up to 2 cm, 80% effacement) has
up to a 50% false-positive rate, resulting in many patients being admitted and receiving
unnecessary prophylactic treatments [3]. They can potentially cause adverse maternal and
neonatal effects; for example, tocolytics can cause adverse drug reactions in mothers, and
unnecessary antenatal corticosteroids are associated with adverse neurodevelopmental
outcomes in children [4]. Moreover, it results in a substantial economic burden to health
services and negative financial and emotional impacts on women and families [5].

TPL is a real public health issue. Obstetricians need reliable tools to assess the real
risk of a premature birth. Today, this assessment is based on the ultrasound measurement
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of cervix length, in particular, to predict childbirth within 7 days [6]. Various biological
markers present in vaginal secretions can serve as predictors of preterm birth, such as
fibronectin and cytokines interleukin-6 (IL-6), -8 (IL-8), -10 (IL-10), or TNF-« (tumor necrosis
factor) [7-11]. Insulin-like growth factor-binding protein-1 (IGFBP-1), whose presence in
vaginal secretions is well known in the context of premature rupture of membranes (PROM),
can also be an important predictor for premature delivery [12,13].

Nevertheless, most of the biological diagnostic tests used to detect TPL are qualitative
tests that detect fetal fibronectin (fFIN) from cervico-vaginal secretions via immunochro-
matographic assay. Of these, the QuikCheck fFN™ (fetal fibronectin) test (Hologic) has a
negative predictive value (NPV) of approximately 99% for no childbirth within 7 days and
about 96-97% for no childbirth within 14 days [14]. Owing to its low positive predictive
value (PPV), the usefulness of this test, added to ultrasound measurement of the cervix,
is in doubt. The combined detection of IL-6 and IGFBP-1, total (native plus fragmented)
and native (non-fragmented form), is proposed in a new predictive test for preterm birth,
Premaquick® (Biosynex, Strasbourg, France). IGFBP-1 is a marker of cervical ripening. Its
presence in vaginal secretions in the absence of ruptured membranes indicates a significant
lysis of the decidual cells of the cervix and a diffusion of amniotic fluid during contractions.
The presence of fragmented forms of IGFBP-1 reflects a significant local proteolytic activity
and fetal stress caused by contractions. The third marker, IL-6, signals inflammation or
infection of the amniotic cavity and the cervicovaginal area. Combining the biomarkers
of myometrium activity, ripening of the cervix and inflammation/infection, Premaquick®
encompasses the principal pathogenic mechanisms for preterm labor. One study found
that this test had an NPV comparable to Quikcheck fFN™ [15]. It was 98% for predicting
ongoing pregnancy within 7 and 14 days when all three markers were negative. Its PPV
was 84% and 94% to predict delivery within 7 or 14 days, respectively, when at least two
markers were positive. It rose to 95.8% to predict delivery within 7 or 14 days when all
three markers were positive. More recently, another Nigerian team found that QuikCheck
fEN™ had a higher specificity (98.5% vs. 97.8%, p > 0.99) but Premaquick® had a higher
PPV (92.7% vs. 90.9%; p > 0.99) [16]. Another team found that Premaquick® had 95.1%
sensitivity, 97.5% specificity, 97.5% positive predictive value, 95.2% negative predictive
value, and 96.3% overall accuracy in predicting premature birth [17].

Our main hypothesis was that the combined detection of IL-6, total IGFBP-1, and native
IGFBP-1 on admission would improve the prediction of premature birth (in terms of PPV
and NPV) in cases of TPL. Our main objective was to compare the ability of Premaquick®
and QuikCheck fFN™ to predict delivery within 7 days from admission in the event of
TPL in a population with an ultrasound cervical length < 30 mm. Our secondary objectives
were to assess the ability of these tests to predict an unfavorable outcome within 14 days
(delivery within 14 days, PROM, re-hospitalization, resumption of tocolytic treatment) and
to evaluate the diagnostic capacity of Premaquick® in terms of PPV and NPV according to
the number of positive or negative markers (IL-6/total IGFBP-1/native IGFBP-1).

2. Materials and Methods
2.1. Design

This was an exploratory double-blind study comparing two diagnostic methods in the
context of TPL: QuikCheck fEN™ vs. Premaquick®. Patients were included consecutively
at the University Hospital of Clermont-Ferrand, France.

2.2. Population

The inclusion criteria were age over 18 years and admission for TPL with intact
membranes between 24 + 0 GW and 34 + 6 GW. TPL was defined as symptomatic uterine
contractions documented on an external cardiotocographic recording associated with a
shortened cervix (ultrasound cervical length < 30 mm). Patients were covered by French
social security and gave their informed consent.
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Non-inclusion criteria were the presence of cervical dilation > 4 cm, multiple preg-
nancy, ROM, uterine malformation, polyhydramnios, fetal malformation, placenta previa,
profuse bleeding, earlier participation in the study for a previous episode of TPL during
the same pregnancy, or if the patient was under guardianship or curatorship.

2.3. Study Procedures and Data Collected

Enrolled patients underwent double simultaneous swab vaginal secretion sampling
at the level of the posterior vaginal fornix under speculum. They were assessed for tem-
perature, hemogram, CRP level, and urine and vaginal bacteriological culture. The usual
management for TPL was unchanged (+admission, £corticosteroids for lung maturation,
+tocolysis, and tetiological treatment). Antenatal corticosteroids for fetal maturation were
administered according to the national guidelines: betamethasone given as two 12 mg
intramuscular injections 24 h apart. Data were collected and managed using the REDCap
(Research Electronic Data Capture) tool hosted at the University Hospital of Clermont-
Ferrand [18]. REDCap is a secure, web-based software platform designed to support data
capture for research studies.

2.4. Description of the Tests

The immunochromatographic tests for (i) fetal fibronectin detection (QuikCheck
fFN™) and (ii) IL-6, total IGFBP-1, and native IGFBP-1 (Premaquick®) were carried out by
technicians at the central laboratory, following the supplier’s instructions (see Supplemen-
tary Files S1 and S2).

For QuikCheck fFN™, a negative result indicating the absence of fetal fibronectin
appeared as one line. A positive result indicating the presence of fetal fibronectin appeared
as two lines (Supplementary File S1).

For Premaquick®, the results were interpreted as negative, positive, or invalid, de-
pending on the presence of colored bands in the procedure control area (C) and test areas
(T) for the three markers. The presence of three control bands (C) in the result reading
windows was a condition for the test to be valid. The presence or absence of the test band T
(even when of low intensity) for each parameter was scored as follows: 3 for a test band T
for the IGFBP-1 N marker, 2 for a test band T for the IGFBP-1 marker, 1 for a test band T for
the IL-6 marker, and 0 for no test band T. The scores were summed to give the total score
(see Supplementary File S2). A total score equal to or less than 2 meant a high probability
of birth within 7-14 days.

The test results were not disclosed to the clinician or the patient before delivery and
so did not affect management.

2.5. Statistical Analysis

The objective of this study was to compare positive and negative predictive values of
Premaquick®© (combined detection of IL-6/total IGFBP-1/native IGFBP-1) and Quikcheck
fFN™ (detection of fibronectin) at admission to predict delivery within 7 days in cases of
threatened preterm birth. More precisely, a non-inferiority assumption was proposed for
NPV, whereas a difference for PPV was expected. It was proposed to include 200 patients
in order to guarantee a satisfactory statistical power to highlight (i) a non-inferiority limit
of 4% concerning the negative predictive value for 99% expected NPV for the detection
of fibronectin (Quikcheck fFN™) with at least 95% statistical power and one-sided type I
error at 5%, i.e., 170 patients for an intra-individual correlation at 0.5, and (ii) an absolute
difference of at least 20% for the following PPV values—50% for fibronectin detection
(Quikcheck fEN™) and 70% for the Premaquick®© test) for a power greater than 80%,
i.e., 56 patients for an intra-individual correlation at 0.5. The continuous variables were
expressed as mean and standard-deviation or as median and interquartile range. The
normal distribution assumption was checked using the Shapiro-Wilk test. To compare
the diagnostic capacity on admission of Premaquick® and QuikCheck fEN™ for delivery
within 7 days in cases of TPL, the primary analysis was based on (i) the McNemar test
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for paired proportions for PPV and (ii) an analysis of the 95% confidence interval for the
non-inferiority study of NPV. The same statistical analyses were conducted to evaluate the
diagnostic ability to predict an unfavorable 14-day outcome in terms of delivery, PROM, re-
hospitalization, and repeat tocolytic therapy. Comparisons of continuous variables (such as
age, gestational age at inclusion, BMI) between Premaquick® and QuikCheck fFN™ results
were made using Student’s t-test or the Mann—-Whitney test if the criteria for applying the
t-test were not met. The equality of variances was analyzed with the Fisher-Snedecor test.
For categorical variables (such as marital status, gestity, parity, smoking), chi-squared or
Fisher’s exact tests were used. Statistical analyses were performed with Stata software
(version 15; StataCorp, College Station, TX, USA) for a two-sided type I error of 5%.

3. Results

We included 193 singleton pregnancies between 21 August 2018 and 21 December
2020. All included patients underwent a double simultaneous swab with Premaquick® and
QuikCheck fEN™,

Population characteristics and obstetric history are listed in Table 1. None of these
variables had any statistically significant impact on the positivity of Premaquick® or
QuikCheck fFN™ (p > 0.05).

Table 1. Characteristics of the population.

All Premaquick® Premaquick® Quikcheck  Quikcheck
Patients + — P fFN™ + fFN™ —
n 193 101 92 121 72
Age at inclusion (years) 283 £5.3 282 £55 284 +5.2 0.82 282 £5.6 285+ 4.8 0.68
Gestational age at inclusion (GW) 30.8 +2.7 30.6 + 2.8 309 +2.5 0.53 30.6 +2.9 311 +24 0.21
BMI ! (kg/mz) before pregnancy 23.3+4.8 23.1+4.6 23.44 £5.0 0.65 234 +438 23.05£4.7 0.60
Marital status
Single 14.6 (28) 11.0 (11) 18.5 (17) 0.14 14.2 (17) 15.3 (11) 0.83
In a relationship 85.4 (164) 89.0 (89) 81.5 (75) ) 85.8 (103) 84.7 (61) :
Gestation
1 39.9 (77) 44.6 (45) 34.8 (32) 39.7 (48) 40.3 (29)
2 26.4 (51) 26.7 (27) 26.1 (24) 0.26 24.0 (29) 30.6 (22) 0.49
>3 33.7 (65) 28.7 (29) 39.1 (36) 36.3 (44) 29.2 (21)
Parity
0 50.8 (98) 54.5 (55) 46.7 (43) 479 (58) 55.6 (40)
1 15.0 (29) 16.8 (17) 13.0 (12) 0.24 14.9 (18) 15.3 (11) 0.50
>2 34.2 (66) 28.7 (29) 40.2 (37) 37.2 (45) 29.2 (21)
Active smoking
Before pregnancy 32.1 (62) 32.7 (33) 31.5 (29) 0.86 36.4 (44) 25.0 (18) 0.10
During pregnancy 21.2 (41) 21.8 (22) 20.6 (19) 0.85 24.0 (29) 16.7 (12) 0.23
Gestational diabetes 10.9 (21) 8.0 (8) 14.1 (13) 0.17 11.7 (14) 9.7 (7) 0.68
Sexual intercourse < 24 h atinclusion  12.1 (21) 14.6 (13) 9.4 (8) 0.29 12.5 (14) 11.3 (7) 0.81
History (previous pregnacies)
TPL 18.7 (36) 20.8 (21) 16.3 (15) 0.42 19.8 (24) 16.7 (12) 0.58
Preterm birth 15.5 (30) 13.9 (14) 17.4 (16) 0.50 16.3 (20) 13.9 (10) 0.62
ROM 2 4.2 (8) 5.0 (5) 3.3(3) 0.56 4.1(5) 4.2 (3) 0.99
Cervical surgery 2.1 (4) 2.0% (2) 2.2% (2) 0.92 2.5(3) 14 (1) 0.607

1 BMI—body mass index (kg/m?); 2 ROM—rupture of membrane.

Hemodynamic constants and temperature were normal in all the patients. The number
of uterine contractions per 10 min was greater when Premaquick® and QuikCheck fEN™
were positive. This difference was statistically significant for the two tests, with, respectively,
p =0.04 and p = 0.02 (Table 2).

In the 160 patients admitted, the mean hospital stay was 3.98 & 2.5 days. In 79% of
cases, weekly or bi-weekly monitoring was set up by a home midwife; 81.1% of included
patients underwent a fetal lung maturation cure via an injection of betamethasone. There
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was no significant difference in the proportion of women who received betamethasone
between patients with a positive or negative test result (p = 0.17 for Premaquick® or p = 0.55
for QuikCheck fEN™),

Table 2. Patient assessment and management.

. Premaquick® Premaquick® Quikcheck Quikcheck
All Patients + _ p fENT™ 4 fEN™ —

n 193 101 92 121 72

Number of UC/10 min 1.70+ 1.50 1.88 £+ 1.60 144 +£142 0.04 1.86+1.58 136 £140 0.03
Cervical length (mm) 189 £59 181+62 198 £55 0.05 18.7 £ 6.2 193 +55 0.47
Orientation

Hospitalization * 82.9 (160) 85.2 (86) 80.4 (74) 0.38 81.0 (98) 86.1 (62) 0.36
Use of antenatal betamethasone 81.2 (155) 84.9 (84) 77.2(71) 0.17 79.8 (95) 83.3 (60) 0.55
Tocolysis ** 28.6 (40) 34.2 (26) 21.9 (14) 0.11 33.3 (30) 20.0 (10) 0.09

* Versus ambulatory; ** versus per os (nifedipine). UC—uterine contraction.

Tocolysis was required in 72.5% of cases. It was administered orally in 71.4% of cases
(nifedipine) and intravenously in 28.6% of cases (atosiban) (Table 2). The mean duration of
tocolytic treatment was 2.2 = 1.37 days.

In our study, nine (4.7%) patients gave birth within 7 days. Premaquick® was positive
for eight of these test patients, as was QuikCheck fEN™. The PPV of Premaquick® to
predict a premature delivery within 7 days in cases of TPL was 7.9% with an NPV of
98.9%, a sensitivity of 88.9%, and a specificity of 49.5%. For QuikCheck fFN™, 7-day
PPV was 6.6% with an NPV of 98.6%, a sensitivity of 88.9%, and a specificity of 38.6%
(Figure 1). Premaquick® was non-inferior in terms of NPV compared with QuikCheck
fEN™ (difference between NPV values: 0.3% [—2.6%; 3.2%], p = 0.86), but we found no
difference in PPV (p = 0.71).

For our secondary objectives, 14 (7.3%) patients gave birth within 14 days; 13 had
a positive fetal fibronectin test, and 11 had a positive Premaquick® test. The PPV of
Premaquick® to predict a premature delivery within 14 days in the event of TPL was 10.9%
with an NPV of 96.7%, a sensitivity of 78.6%, and a specificity of 49.7%. For QuikCheck
fEN™, PPV was 10.7% with an NPV of 98.6%, a sensitivity of 92.9%, and a specificity of
39.7% (Figure 1).

Of the patients, 35 (18.1%) gave birth before 37 weeks; 26 had a positive fetal fibronectin
test, and 21 had a positive Premaquick® test. The PPV of Premaquick® to predict a
premature delivery before 37 weeks in cases of TPL was 20.8% with an NPV of 84.8%, a
sensitivity of 60%, and a specificity of 49.4%. For Quikcheck fFN™, PPV was 21.5% with an
NPV of 87.5%, a sensitivity of 74.3%, and a specificity of 39.9% (Figure 1).

No difference was found for other secondary outcomes: six patients presented a
PROM within 14 days of their inclusion. These two tests were not statistically significant in
predicting the premature rupture of membranes within 14 days (p = 0.12 for Premaquick®
and p = 0.84 for QuikCheck fFN™). In our study, the mean time to re-hospitalization
was 19 days; 17 patients required re-hospitalization for TPL within 14 days of inclusion;
14 had a positive fetal fibronectin test (p = 0.08) and eight had a positive Premaquick® test
(p = 0.65). These two tests were not statistically significant in predicting re-hospitalization
within 14 days. Statistically significant results were not found for predicting the repetition
of tocolytic treatment within 14 days. Only 21 patients received a new tocolysis within
14 days; 16 patients had a positive fetal fibronectin test (p = 0.18), and 10 had a positive
Premaquick® test (p = 0.65).

We studied the diagnostic capacity of Premaquick® based on the number of positive
markers for delivery within 7 days, 14 days, and before 37 GW. Among the eight possible
combinations (see Supplementary File), six were represented in our study, excluding
isolated native IGFBP-1 and native IGFBP-1 plus IL-6. All SE, SP, PPV, and NPV results are
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presented in Table 3. Only three patients were positive for both total and native IGFBP-1
and negative for IL-6.

100 - -
90 i ]
80
70
60
e *%
50
40 — — —
30
20
10 I H
, I
Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV
Delivery within 7 days (n=9) Delivery within 14 days (n=14) Delivery £37GW (n=35)
M Premaquick® OQuickcheck fFN™
Figure 1. Diagnostic capacity of Premaquick® and QuikCheck fEN™, ** mean p-value < 0.01.
Table 3. Diagnostic capacity of Premaquick® according to the number of markers testing positive.
Sensitivity /specificity / positive predictive value/negative predictive value.
-6 IGFBP-1 IGFBP-1 n Delivery in 7 Days Delivery in 14 Days Delivery before 37 GW
Total Native +) (n=9) (n=14) (n=34)
- - - 67 11.1/64.1/1.5/93.7 21.4/64.2/4.5/91.3 28.6/63.9/14.9/80.2
- + - 45 33.3/77.2/6.7/95.9 21.4/76.5/6.7/92.9 17.1/75.3/13.3/80.4
+ — - 22 0.0/88.0/0.0/94.7 0.0/87.7/0.0/91.8 8.6/88.0/13.6/81.3
+ + - 42 11.1/77.7/2.4/94.7 21.4/78.2/7.1/92.7 28.6/79.7/23.8/83.4
- + + 3 11.1/98.9/33.3/95.8 7.1/98.9/33.3/93.2 2.9/98.7/33.3/82.2
+ + + 13 33.3/94.6/23.1/96.7 28.6/95.0/30.8/94.4 11.4/94.3/30.8/82.8
Positive Premaquick® * 88.9/49.5/7.9/98.9 78.6/49.7/10.9/96.7 60.0/49.4/20.8/84.8
Positive QuikCheck™ * 88.9/38.6/6.6/98.6 92.9/39.7/10.7/98.6 74.3/39.9/21.5/87.5

* Tests were considered positive according to the manufacturer’s score (see Supplementary File S1 for Quikcheck™
and Supplementary File S2 for Premaquick®).

When all three markers were positive, which was the case for 13 patients, there were
three deliveries in 7 days, four in 14 days, and four before 37 GW. The PPV was 23.1% for
a delivery in 7 days (vs. 7.9% for positive Premaquick® according to the manufacturer’s
score, p = 0.11), 30.8% for a delivery in 14 days (vs. 10.9%, p = 0.07), and 30.8% before
37 weeks (vs. 20.8%, p = 0.48). NPV was 96.7% for predicting a delivery within 7 days (vs.
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98.9% for positive Premaquick® K, p = 0.43), 94.4% for a delivery in 14 days (vs. 96.7%,
p = 0.55), and 82.8% for a delivery before 37 weeks (vs. 84.8%, p = 0.67).

4. Discussion

In our study, 158 (81.9%) patients treated for TPL gave birth after 37 weeks. This is
in line with data classically published in the literature [1,19,20]. According to the latest
national perinatal health survey published in 2021, more than 50% of patients hospitalized
for TPL ultimately give birth at term [1]. The data from our study did not show any
difference in terms of PPV for Premaquick® and Quikcheck fFN™ to predict a premature
delivery within 7 days in cases of TPL (7.9% vs. 6.6%). In terms of NPV, there was also
a non-inferiority of Premaquick® compared with Quikcheck fEN™ (98.9% vs. 98.6%). In
the study of Eleje et al. [15], 97 patients with TPL were analyzed (singleton pregnancy
only): 6 patients gave birth within 7 days and 8 within 14 days. The authors found a PPV
and NPV of 70.5% and 100%, respectively, within 7 days. Within 14 days, the PPV was
87.5% and the NPV was 95%. They also studied the diagnostic ability of the test for a triple
positive or negative. When all three markers were positive, they found 95.8% PPV and 98%
NPV within 7 and 14 days, against our 23.1% and 30.8% PPV and 96.7% and 94.4% NPV. In
a more recent Nigerian study, [16] 183 women were enrolled and 175 completed the study.
The sensitivity, specificity, PPV, NPV, and accuracy of the Premaquick® versus fFN tests
were, respectively, 96.3% vs. 51.9%, 97.6% vs. 98.4%, 89.7% vs. 87.5%, 99.2% vs. 90.3%, and
97.3% vs. 90.0% for preterm delivery within 14 days; fFN had higher specificity (98.5% vs.
97.8%; p > 0.99), but Premaquick® had higher PPV (92.7% vs. 90.9%, p > 0.99). Our results
conflict with the PPVs and NPVs found in these two studies, which nevertheless present a
prematurity rate close to ours. We hypothesize that this difference is due to the evaluation
methods used for the tests. In our study, the analysis of the results was carried out in a
centralized and standardized mode in a biochemistry laboratory, blinded to the clinician
and the patient, to avoid a potential bias of evaluation that can occur when the tests are
performed at the patient’s bedside.

Another team compared 122 pregnant women admitted for TPL before 37 weeks with
122 controls to evaluate the accuracy of the Premaquick® test in detecting TPL [17]. They
found 95.1% sensitivity, 97.5% specificity, 97.5% PPV, 95.2% NPV, and 96.3% accuracy in
detection of TPL. Abu-Faza et al., who included 110 women with TPL and 110 controls
in the study group, found lower sensitivity (39.8%) and NPV (62.2%) [21]. These results
cannot be compared with ours because of the design differences between the studies.

We examined the diagnostic capacity of each of the three biomarkers present in
Premaquick®. Each of the markers had strong NPV but low PPV. Native IGFBP-1 was
never positive alone. The literature reports many similar results for the diagnostic capacity
of biomarkers, with strong NPVs but highly variable and often weak PPVs. In 2002, Lembet
et al. studied the effectiveness in 36 patients of a rapid phosphorylated-IGFBP-1 detection
test in vaginal secretions, the ActimPartus test, to predict premature delivery in cases of
TPL. The PPV and NPV of this test were, respectively, 83.3% and 94.1% to predict delivery
within 7 days [22]. Ting et al., in 2007, in a study similar to ours, compared the effectiveness
of the rapid detection of IGFBP-1 in its phosphorylated form with a test for the detection of
fetal fibronectin. Both tests had strong NPVs for predicting premature childbirth within 2,
7 and 14 days. The IGFBP-1 test had PPVs under 2, 7 and 14 days at 18%, 39% and 46%,
respectively [23]. These values came close to our results in the triple-positive Premaquick®
test case (23.1%, 30.8%, and 30.8%). For the detection of IGFBP-1, Cooper et al., in 2011,
found a PPV of 24% to predict premature delivery < 37 GW. Compared with fetal fibronectin,
like in our analysis (PPV 21.5%), no difference was observed [24].

We demonstrated a statistically significant difference concerning cervical length mea-
sured using ultrasound for a positive or negative Premaquick®© test (p = 0.05) but not for the
Quikcheck fFN™ test (p = 0.47). Since 2010, French official guidelines have recommended
cervix measurement via endovaginal ultrasound to identify patients requiring specific care,
with either TPL or identified risk factors for preterm delivery [25]. Kumari et al. showed
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that the detection of IGFBP-1 in vaginal secretions combined with ultrasound measurement
of cervical length was more effective at predicting premature delivery in cases of TPL than
the detection of IGFBP-1 alone (VPN at 96% approximately versus 93%) [26]. In contrast,
the combination of these tests did not influence the PPV, which remained low: 29% within
2 days, 33.5% within 7 days, and 34% within 14 days [27]. In our analysis, we found an
equivalent PPV to predict childbirth < 37 GW (approximately 23.8%) when total IGFBP-1
was positive.

The occurrence of TPL is multifactorial (socio-economic environment, maternal age,
addictive behavior, multiple pregnancy, etc.), but associated infections and inflammation
are often explored as they are theoretically accessible to prevention or therapy. We set out
to study the usefulness of inflammation biomarkers including IL-6 to predict the risk of
premature delivery. Both infectious and sterile inflammation have been clearly established
as important actors linked to premature childbirth. IL-6 is rapidly and abundantly upregu-
lated upon an infectious stressor and initiates an immune response mediated by neutrophil,
macrophages and lymphocytes cells during preterm birth [28]. A study published in 1994
showed that the presence of IL-6 in vaginal secretions between 24 weeks and 36 weeks, in
asymptomatic patients, was an independent predictor of preterm delivery (OR: 4.8 with
95% CI: 1.7-14.3). On the other hand, elevated IL-6 levels were not correlated with maternal
infectious morbidity [27]. In 2003, Lange et al. analyzed the presence of IL-6 at elevated
levels in vaginal secretions in 31 patients with TPL. To predict a premature delivery within
7 days, IL-6 (>20 pg/mL) had a sensitivity of 100% and specificity of 67%. IL-6 was therefore
a promising biomarker for screening patients at high risk of premature delivery in cases of
TPL [8]. In our analysis, we found a VPN of 94.7% to predict a delivery within 7 days and
91.8% for a delivery at 14 days. The highest PPV of IL-6 was 13.6% for predicting childbirth
at <37 GW.

Many studies have looked at combinations of several biomarkers to improve the
diagnostic capacity of these tests [29,30]. The strongest PPVs, under 7 days, 14 days
and before 37 GW, were obtained for a triple-positive Premaquick®©. It seemed logical to
associate the measurement of cervical length with the detection of these biomarkers with the
aim of identifying the patients most at risk of giving birth prematurely. In 2001, Kurkinen-
Raty et al. published a prospective study to assess the advantage of combining the detection
of IL-6, IL-8, and phosphorylated IGFBP-1 with the measurement of cervical length via
ultrasound in 77 patients treated for TPL. The presence of elevated levels of IGFBP-1 and
IL-8 and a cervical length < 29.3 mm increased the risk of premature delivery but not
significantly [29]. The combination of markers IL-6 and IL-8 and a cervical ultrasound
via the endovaginal route (length + funneling) had a specificity of 97% but a sensitivity
of 30%. This was the best combination to predict a premature delivery with an OR of
4.3 (95% CI1.0-19). High concentrations of IGFBP-1 in combination with IL-6, IL-8, and
cervical ultrasound increased the risk of premature delivery (OR 4.3 with a 95% CI 1.0-19),
with a specificity of 98%, but this combination reduced the sensitivity to 10%.

In 2011, Menon et al. published a meta-analysis on the biomarkers of spontaneous
prematurity analyzed over the past 40 years. About 120 biomarkers were described among
the 217 studies analyzed. Two-thirds of these studies were carried out in North America and
in Europe. There was marked heterogeneity in the design of these studies. No biomarker
emerged as a predictor of preterm delivery [30]. Likewise, in our analysis, none of the three
biomarkers was found to outperform either of the others.

We found no difference in terms of PPV for the two tests studied. Premaquick® was
more statistically specific for predicting premature delivery within 7 days than Quikcheck
fFN™ (49.5% vs. 38.6%). The NPVs of Premaquick® and Quikcheck fEN™ were strong and
equivalent in predicting delivery within 7 and 14 days (98.9% vs. 98.6%). In the event of
a negative Premaquick®, it would thus seem reasonable to consider ambulatory care and
limit excessive treatment (tocolysis, corticosteroids). As the two tests performed similarly,
cost may be a factor in the choice.
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Our study has several strengths. It was a prospective study, conducted in a double-
blind fashion for both clinicians and patients, ensuring that clinical decisions at admission,
such as orientation (hospitalization or ambulatory) and the use of antenatal betamethasone
or tocolysis, were not impacted by the test results. All patients benefited from the same
management according to the protocol of the obstetrics department of the University
Hospital. No patients were lost to follow-up and there were very few missing data. A
limitation of our study is that it was a single-center study. Another weak point of our
analysis was the sample size (n = 193), with only nine patients who gave birth within
7 days.

5. Conclusions

We found no superiority of Premaquick© over Quikcheck fEN™ in terms of positive
predictive value, with negative predictive value equivalent for predicting childbirth within
7 days in cases of TPL, and likewise for our secondary objectives within 14 days: child-
birth, premature rupture of membranes, re-hospitalization, and repeat tocolytic treatment.
Nevertheless, the combination of positive native and total IGFBP-1 and the combination of
all three positive markers were associated with the highest PPV. Though non-significant,
our results support multiple-marker approaches to improve the predictive capacity of
biological diagnostic tests.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/jcm12175707/s1.

Author Contributions: Conceptualization, ES., M.R,, B.P,, A.D., D.G. and V.S.; methodology, B.P.;
software, M.R.; validation, D.G. and V.S.; formal analysis, B.P.; investigation, M.P,, R.C. and M.R.;
resources, M.R,; data curation, M.P. and M.R,; writing—original draft preparation, M.P. and M.R.;
writing—review and editing, M.R., B.P,, D.G. and V.S.; visualization, M.P.; supervision, D.G., A.D.
and V.S,; project administration, A.C. and M.R,; funding acquisition, D.G. and V.S. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Biosynex Society.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the French Committee for the Protection of Individuals Sud
mediterrannée 1 (No. ID-RCB: 2018-A00619-46) on 13 June 2018. The trial was registered at http:
/ /www.clinicaltrials.gov accessed on August 2018, under the registration number NCT03608995.

Informed Consent Statement: Written informed consent was obtained from all the patients.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: D.G. and V.S. are members of the scientific committee of Biosynex Society. No
financial inducement was associated with the publication of this article. The funders had no role
in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

1.  Enquéte Nationale Périnatale, Rapport 2021. Les Naissances, Le Suivi a 2 Mois et Les Etablissements: Situation et Evolution
Depuis 2016. Available online: https:/ /www.santepubliquefrance.fr/etudes-et-enquetes/enquete-nationale-perinatale-2021
(accessed on 7 March 2023).

2. Langer, B,; Sénat, M.-V,; Sentilhes, L. Guidelines for clinical practice: Prevention of spontaneous preterm birth (excluding preterm
premature rupture of membranes). J. Gynecol. Obstet. Biol. Reprod. 2016, 45, 1208-1209. [CrossRef]

3.  Kiefer, D.G.; Vintzileos, A.M. The Utility of Fetal Fibronectin in the Prediction and Prevention of Spontaneous Preterm Birth. Rev.
Obstet. Gynecol. 2008, 1, 106. [PubMed]

4.  Rdikkonen, K.; Gissler, M.; Kajantie, E. Associations between Maternal Antenatal Corticosteroid Treatment and Mental and
Behavioral Disorders in Children. JAMA 2020, 323, 1924-1933. [CrossRef]

5. Wilson, A.; MacLean, D.; Skeoch, C.H.; Jackson, L. An evaluation of the financial and emotional impact of in utero transfers upon
families: A Scotland-wide audit. Inf. Dent. 2010, 6, 38—40.


https://www.mdpi.com/article/10.3390/jcm12175707/s1
http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
https://www.santepubliquefrance.fr/etudes-et-enquetes/enquete-nationale-perinatale-2021
https://doi.org/10.1016/j.jgyn.2016.09.027
https://www.ncbi.nlm.nih.gov/pubmed/19015761
https://doi.org/10.1001/jama.2020.3937

J. Clin. Med. 2023, 12, 5707 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

Sotiriadis, A.; Papatheodorou, S.; Kavvadias, A.; Makrydimas, G. Transvaginal cervical length measurement for prediction of
preterm birth in women with threatened preterm labor: A meta-analysis. Ultrasound Obstet. Gynecol. 2010, 35, 54-64. [CrossRef]
[PubMed]

van Baaren, G.J.; Vis, ].Y.; Wilms, FE,; Oudijk, M.A.; Kwee, A_; Porath, M.M.; Scheepers, H.C.; Spaanderman, M.E.; Bloemenkamp,
K.W.; Haak, M.C.; et al. Cost effectiveness of diagnostic testing strategies including cervical-length measurement and fibronectin
testing in women with symptoms of preterm labor. Ultrasound Obstet. Gynecol. 2018, 51, 596-603. [CrossRef] [PubMed]

Lange, M.; Chen, EK.; Wessel, ].; Buscher, U.; Dudenhausen, ].W. Elevation of interleukin-6 levels in cervical secretions as a
predictor of preterm delivery. Acta Obstet. Gynecol. Scand. 2003, 82, 326-329. [CrossRef]

Tsiartas, P.; Holst, R.M.; Wennerholm, U.B.; Hagberg, H.; Hougaard, D.M.; Skogstrand, K.; Pearce, B.D.; Thorsen, P.; Kacerovsky,
M.; Jacobsson, B. Prediction of spontaneous preterm delivery in women with threatened preterm labour: A prospective cohort
study of multiple proteins in maternal serum. BJOG Int. ]. Obstet. Gynaecol. 2012, 119, 866-873. [CrossRef]

Taylor, B.D.; Holzman, C.B.; Fichorova, R.N.; Tian, Y.; Jones, N.M.; Fu, W.; Senagore, PK. Inflammation biomarkers in vaginal
fluid and preterm delivery. Hum. Reprod. Oxf. Engl. 2013, 28, 942-952. [CrossRef]

Jung, E.Y,; Park, JW.,; Ryu, A.; Lee, S.Y.; Cho, S.-H.; Park, K.H. Prediction of impending preterm delivery based on sonographic
cervical length and different cytokine levels in cervicovaginal fluid in preterm labor. J. Obstet. Gynaecol. Res. 2016, 42, 158-165.
[CrossRef]

Abo El-Ezz, A.E.; Askar, A.E.A. Predictive value of phosphorylated insulin-like growth factor binding protein-1 (PIGFBP-1)
(bedside test) in preterm labor. J. Egypt Soc. Parasitol. 2014, 44, 525-530. [CrossRef] [PubMed]

Kwek, K; Khi, C.; Ting, H.S.; Yeo, G.S. Evaluation of a bedside test for phosphorylated insulin-like growth factor binding protein-1
in preterm labour. Ann. Acad. Med. Singap. 2004, 33, 780-783. [PubMed]

DeFranco, E.A.; Lewis, D.E; Odibo, A.O. Improving the screening accuracy for preterm labor: Is the combination of fetal
fibronectin and cervical length in symptomatic patients a useful predictor of preterm birth? A systematic review. Am. J. Obstet.
Guynecol. 2013, 208, 233.e1-233.e6. [CrossRef]

Eleje, G.U.; Ezugwu, E.C; Eke, A.C.; Eleje, L.I; Ikechebelu, ].I.; Ezebialu, I.U.; Obiora, C.C.; Nwosu, B.O.; Ezeama, C.O.; Udigwe,
G.O,; et al. Accuracy of a combined insulin-like growth factor-binding protein-1/interleukin-6 test (Premaquick) in predicting
delivery in women with threatened preterm labor. J. Perinat. Med. 2017, 45, 915-924. [CrossRef]

Asiegbu, A.C,; Eleje, G.U.; Ibeneme, E.M.; Onyegbule, O.A.; Chukwu, L.C.; Egwim, A.V.; Okonko, C.O.; Eze, S.C.; Eke, A.C.
Combined insulin-like growth factor binding protein-1/interleukin-6 (Premaquick) versus fetal fibronectin for predicting preterm
delivery among women with preterm contractions. Int. . Gynaecol. Obstet. 2020, 149, 171-177. [CrossRef] [PubMed]
Abdelazim, I.A.; Amer, O.O.; Shikanova, S.; Karimova, B. Diagnostic accuracy of PremaQuick in detection of preterm labor in
symptomatic women. Ginekol. Pol. 2021, ahead of print. [CrossRef]

Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O'Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, F.; Kirby, J.;
et al. The REDCap consortium: Building an international community of software partners. J. Biomed. Inform. 2019, 95, 103208.
[CrossRef]

Ville, Y,; Rozenberg, P. Predictors of preterm birth. Best Pract. Res. Clin. Obstet. Gynaecol. 2018, 52, 23-32. [CrossRef]

Mourgues, C.; Rossi, A.; Favre, N.; Delabaere, A.; Roszyk, L.; Sapin, V.; Debost-Legrand, A.; Gallot, D. Fetal fibronectin test for
threatened preterm delivery 48 h after admission: Cost-effectiveness study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 234, 75-78.
[CrossRef] [PubMed]

Abu-Faza, M.; Abdelazim, I.A.; Svetlana, S.; Nusair, B.; Farag, R.H.; Nair, S.R. Diagnostic accuracy of Premaquick versus
ActimPartus in prediction of preterm labour in symptomatic women within 14 days. Open J. Obstet. Gynecol. 2018, 8, 741-755.
[CrossRef]

Lembet, A.; Eroglu, D.; Ergin, T.; Kuscu, E.; Zeyneloglu, H.; Batioglu, S.; Haberal, A. New rapid bed-side test to predict preterm
delivery: Phosphorylated insulin-like growth factor binding protein-1 in cervical secretions. Acta Obstet. Gynecol. Scand. 2002, 81,
706-712. [CrossRef]

Ting, H.-S.; Chin, P-S.; Yeo, G.S.H.; Kwek, K. Comparison of bedside test kits for prediction of preterm delivery: Phosphorylated
insulin-like growth factor binding protein-1 (pIGFBP-1) test and fetal fibronectin test. Ann. Acad. Med. Singap. 2007, 36, 399-402.
[CrossRef]

Cooper, S.; Lange, I.; Wood, S.; Tang, S.; Miller, L.; Ross, S. Diagnostic accuracy of rapid phIGFBP-I assay for predicting preterm
labor in symptomatic patients. J. Perinatol. 2012, 32, 460—-465. [CrossRef] [PubMed]

Mesure de la Longueur du col de 'uterus par Echographie Endovaginale.pdf [Internet]. [Cited 6 June 2019]. Available
online: https:/ /www.hassante.fr/portail /upload/docs/application/pdf/2010-10/mesure_de_la_longueur_du_col_de_luterus_
par_echographie_endovaginale_-_document_davis.pdf (accessed on 10 January 2023).

Kumari, A.; Saini, V.; Jain, PK.; Gupta, M. Prediction of Delivery in Women with 38 Threatening Preterm Labour using
Phosphorylated Insulin-Like Growth Factor Binding Protein-1 and Cervical Length using Transvaginal Ultrasound. J. Clin. Diagn.
Res. JCDR 2017, 11, QC01-QC04. [PubMed]

Lockwood, C.J.; Wein, R.; Lapinski, R.; Casal, D.; Berkowitz, R.L. Increased interleukin-6 concentrations in cervical secretions are
associated with preterm delivery. Am. J. Obstet. Gynecol. 1994, 171, 1097-1102. [CrossRef] [PubMed]


https://doi.org/10.1002/uog.7457
https://www.ncbi.nlm.nih.gov/pubmed/20014326
https://doi.org/10.1002/uog.17481
https://www.ncbi.nlm.nih.gov/pubmed/28370518
https://doi.org/10.1034/j.1600-0412.2003.00149.x
https://doi.org/10.1111/j.1471-0528.2012.03328.x
https://doi.org/10.1093/humrep/det019
https://doi.org/10.1111/jog.12882
https://doi.org/10.21608/jesp.2014.90413
https://www.ncbi.nlm.nih.gov/pubmed/25597167
https://www.ncbi.nlm.nih.gov/pubmed/15608838
https://doi.org/10.1016/j.ajog.2012.12.015
https://doi.org/10.1515/jpm-2016-0339
https://doi.org/10.1002/ijgo.13128
https://www.ncbi.nlm.nih.gov/pubmed/32090329
https://doi.org/10.5603/GP.a2021.0085
https://doi.org/10.1016/j.jbi.2019.103208
https://doi.org/10.1016/j.bpobgyn.2018.05.002
https://doi.org/10.1016/j.ejogrb.2018.12.043
https://www.ncbi.nlm.nih.gov/pubmed/30660942
https://doi.org/10.4236/ojog.2018.88078
https://doi.org/10.1034/j.1600-0412.2002.810804.x
https://doi.org/10.47102/annals-acadmedsg.V36N6p399
https://doi.org/10.1038/jp.2011.133
https://www.ncbi.nlm.nih.gov/pubmed/21997470
https://www.hassante.fr/portail/upload/docs/application/pdf/2010-10/mesure_de_la_longueur_du_col_de_luterus_par_echographie_endovaginale_-_document_davis.pdf
https://www.hassante.fr/portail/upload/docs/application/pdf/2010-10/mesure_de_la_longueur_du_col_de_luterus_par_echographie_endovaginale_-_document_davis.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29207782
https://doi.org/10.1016/0002-9378(94)90043-4
https://www.ncbi.nlm.nih.gov/pubmed/7943078

J. Clin. Med. 2023, 12, 5707 11 of 11

28. Prairie, E.; Coté, F,; Tsakpinoglou, M.; Mina, M.; Quiniou, C.; Leimert, K.; Olson, D.; Chemtob, S. The determinant role of IL-6 in
the establishment of inflammation leading to spontaneous preterm birth. Cytokine Growth Factor Rev. 2021, 59, 118-130. [CrossRef]
[PubMed]

29. Kurkinen-Réty, M.; Ruokonen, A.; Vuopala, S.; Koskela, M.; Rutanen, E.M.; Kédrkkidinen, T.; Jouppila, P. Combination of cervical
interleukin-6 and -8, phosphorylated insulin-like growth factorbinding protein-1 and transvaginal cervical ultrasonography in
assessment of the risk of preterm birth. BJOG Int. ]. Obstet. Gynaecol. 2001, 108, 875-881. [CrossRef] [PubMed]

30. Menon, R; Torloni, M.R.; Voltolini, C.; Torricelli, M.; Merialdi, M.; Betran, A.P.; Widmer, M.; Allen, T.; Davydova, I.; Khodjaeva,
Z.; et al. Biomarkers of Spontaneous Preterm Birth: An Overview of The Literature in the Last Four Decades. Reprod. Sci. 2011, 18,
1046-1070. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cytogfr.2020.12.004
https://www.ncbi.nlm.nih.gov/pubmed/33551331
https://doi.org/10.1111/j.1471-0528.2001.00199.x
https://www.ncbi.nlm.nih.gov/pubmed/11510716
https://doi.org/10.1177/1933719111415548

	Introduction 
	Materials and Methods 
	Design 
	Population 
	Study Procedures and Data Collected 
	Description of the Tests 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

