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Increased sSTREM-1 in pregnant women with premature
rupture of membranes and subclinical chorioamnionitis
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Abstract. Premature rupture of membranes (PROM) is a
common obstetric complication frequently occurring with
concomitant chorioamnionitis. The present study aimed to
evaluate levels of soluble triggering receptor expressed on
myeloid cells-1 (STREM-1) in serum and amniotic fluid in
pregnant women with PROM and to compare STREM-1 with
the commonly used laboratory indicators, serum C-reactive
protein (CRP) and white blood cell (WBC) count. A total of
55 pregnant women with PROM were enrolled. Their venous
blood and amniotic fluid were collected at delivery. STREM-1
concentrations in the serum and amniotic fluid were determined
by enzyme-linked immunosorbent assay. The measured data
were compared with the pathological results of the placenta
and fetal membrane. Meanwhile, STREM-1 was compared
with the laboratory indicators, serum CRP and WBC count.
Serum and amniotic fluid STREM-1 levels were significantly
higher in pregnant women with subclinical chorioamnionitis
compared to pregnant women without chorioamnionitis. Serum
concentration of STREM-1 yielded a sensitivity of 81.8% and
a specificity of 77.3% for the prediction of subclinical chorio-
amnionitis. The amniotic fluid concentration of STREM-1
resulted in a sensitivity of 81.8% and a specificity of 86.4% for
the prediction of subclinical chorioamnionitis. In conclusion,
serum and amniotic fluid STREM-1 levels may emerge as early
biological indicators for predicting PROM complicated with
subclinical chorioamnionitis. STREM-1 levels are superior to
WBC count in predicting subclinical chorioamnionitis.
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Introduction

Premature rupture of membranes (PROM) refers to the
rupture of membranes occurring prior to the onset of labor.
As a common obstetric complication, it occurs in 2.7-17%
of total deliveries and its incidence continues to rise (1). The
mechanisms of PROM are not fully clear, and major causes
responsible for PROM include infection, structural abnormali-
ties of the fetal membrane, amniotic villus degeneration and
micronutrient deficiencies. Although the etiology of PROM is
multifactorial, epidemiological, clinical and molecular biology
data have confirmed that ascending infection-caused genital
tract inflammation plays a major role in the occurrence of
PROM (2). Approximately 60% of PROM cases have concom-
itant chorioamnionitis, and infection is proportionately more
common when fewer gestational weeks have elapsed at the
time of PROM occurrence (3). Prolonged duration of PROM
boosts the risk of infection (4,5). Romero et al reported that
the positive rate of bacterial culture using samples from trans-
abdominal amniocentesis of PROM patients was 38% (6). It
is now widely accepted that PROM and premature labor are a
group of clinical syndromes closely associated with infection
of the amniotic cavity.

PROM complicated with chorioamnionitis is a common
cause of perinatal infant mortality. It may lead to intrauterine
infection, preterm labor of fetuses and low survival rate. In
addition, it may result in maternal puerperal infection and
even sepsis. It is difficult to carry out early diagnosis of PROM
complicated with subclinical chorioamnionitis. Currently, white
blood cell (WBC) count and serum C-reactive protein (CRP)
are commonly used to monitor intrauterine infection, but a lack
of sufficient sensitivity and specificity limits this application.

In recent years, triggering receptor expressed on myeloid
cells-1 (TREM-1) has drawn increasing attention as a newly
discovered significant marker for diagnosis of inflammatory
diseases. TREM-1 exists in two forms: surface TREM-1 and
soluble TREM-1 (STREM-1). During infection, STREM-1 may
be released into body fluid and is closely related to the severity
of infection. Therefore, STREM-1 may be used as a significant
diagnostic indicator of inflammation. By determining serum
and amniotic fluid levels of STREM-1 in pregnant women with
PROM, the present study aimed to examine the clinical value of
levels of serum and amniotic fluid STREM-1 for early diagnosis
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of PROM and the correlation between serum sTREM-1 and
amniotic fluid STREM-1, and to compare serum and amniotic
fluid STREM-1 with WBC count and serum CRP, the two
commonly employed indicators for infection monitoring.

Materials and methods

Study subjects. A population comprising 55 singleton preg-
nant women with PROM who underwent perinatal care and
gave childbirth at the Maternity Department of The Second
Affiliated Hospital of Wenzhou Medical College between
February and August 2009 were enrolled. They exhibited
no other obstetrical, medical or surgical complications such
as high blood pressure, heart disease, diabetes, hepatitis,
nephritis, pneumonia, autoimmune diseases or cancer. The
diagnosis of PROM was established using the following
criteria: i) pregnant women felt a sudden and relatively copious
discharge of vaginal fluid and its flow increased when the
presenting part of the fetus was pushed upward with fingers;
ii) amniotic fluid accumulated at the posterior vaginal fornix
or discharge of amniotic fluid from the orifice of the uterus
was observed using vaginal speculum examination; iii) pH of
vaginal fluid =6.5 was considered positive; iv) frond-like crys-
tals observed upon vaginal fluid examination were amniotic
fluid (7). This study was approved by the Ethics Committee of
The Second Affiliated Hospital of Wenzhou Medical College,
and informed consent was obtained from all pregnant women
prior to participation.

Sample collection and treatment. The vulva, vagina and
cervix of pregnant women about to give birth were routinely
disinfected. After the vagina was expanded using a vaginal
speculum, 3 ml of amniotic fluid were withdrawn using a
needle-free syringe while the fundus was pressed by hand. The
supernatant was kept following centrifugation at 3000 rpm for
10 min. Meanwhile, 6 ml of cubital venous blood was with-
drawn and separated into two tubes. A total amount of 3 ml of
the cubital venous blood was placed into a test tube containing
no anti-coagulant and centrifuged at 3000 rpm for 10 min.
The serum was maintained at -80°C alongside the superna-
tant of the amniotic fluid. Subsequently, STREM-1 levels
in the serum and amniotic fluid were determined using the
STREM-1 enzyme-linked immunosorbent assay kit purchased
from R&D Systems (Minneapolis, MN, USA) in accordance
with the manufacturer's instructions. The other 3 ml of venous
blood was placed into an ethylenediamine tetra-acetic acid-
anticoagulated tube to detect the WBC count and CRP levels.
A narrow strip of fetal membrane was cut directly from the
rupture of the fetal membrane until the edge of the placenta
after delivery. The harvested fetal membrane was rolled up,
pinned, fixed in 10% formaldehyde, and underwent H&E
staining for pathological examination. The pathological diag-
nostic criterion of chorioamnionitis was the presence of =5
infiltrated neutrophils in each high power field under micros-
copy of the pathological sections of fetal membranes (8).

Statistical analysis. Data were processed using the SPSS 11.5
statistical package. The Shapiro-Wilk or Kolmogorov-Smirnov
tests were used to test the normality of the data. As the data
were in a non-normal distribution, results are presented as
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Figure 1. Correlation analysis of serum soluble triggering receptor expressed
on myeloid cells-1 (STREM-1) and amniotic fluid STREM-1 levels (r,=0.513,
P<0.01).

medians (interquartile range). The Mann-Whitney U test and
Spearman rank correlation analysis were performed according
to the type of the data. The areas under the receiver operating
characteristic (ROC) curve (AUC) and cutoff values were
determined using ROC curve analysis. P<0.05 was considered
statistically significant.

Results

General information. Among the 55 pregnant women with
PROM (including 33 term and 22 preterm pregnant women),
33 (60%) had chorioamnionitis, as revealed by histological
examination of the fetal membranes. Accordingly, the 55 preg-
nant women with PROM were divided into chorioamnionitis
and non-chorioamnionitis groups according to the pathology
of the fetal membranes. There was no statistical difference in
age, gestational age, or birth weight between the two groups
(P>0.05) (Table I).

Serum and amniotic fluid concentrations of sTREM-I.
STREM-1 was detectable in the amniotic fluid of pregnant
women with PROM while the serum sSTREM-1 level was very
low (STREM-1 was undetectable in the sera of 6 pregnant
women). Moreover, amniotic fluid and serum concentra-
tions of STREM-1 were significantly higher in women with
chorioamnionitis than concentrations in women without
chorioamnionitis (P<0.001). Using Spearman rank correla-
tion analysis, we showed that there was a marked correlation
between serum and amniotic fluid STREM-1 levels in pregnant
women with PROM (r,=0.513, P<0.01). The results of serum
and amniotic fluid concentrations of STREM-1 in the two
groups are presented in Table II and Fig. 1.

Serum CRP and WBC count. The levels of serum CRP and
WBC count in pregnant women with PROM complicated
with chorioamnionitis were significantly higher compared to
the levels in the women without chorioamnionitis (P<0.05,
Table III).
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Table I. General information of the PROM pregnant women with or without concomitant chorioamnionitis.
Group Cases Age Gestational age Birth weight
(no.) (years) (weeks) (2)
Chorioamnionitis 33 27 (26-29) 38.8 (34.9-39.3) 2980 (2315-3422)
Non-chorioamnionitis 22 27 (25-27) 38.1(35.9-39.2) 2960 (2556-3278)
P-value 0.292 0.973 0.631

PROM, premature rupture of membranes. Values are represented as mean (range).

Table II. Comparison of serum and amniotic fluid concentrations of STREM-1 in PROM pregnant women with or without

chorioamnionitis.

Group Cases Serum STREM-1 Amniotic fluid STREM-1
(no.) (pg/ml) (pg/ml)

Chorioamnionitis 33 64.0 (37.4-103.7) 2053.8 (1257.0-2750.5)

Non-chorioamnionitis 22 16.2 (1.4-31.7) 987.5 (861.6-1208.9)

P-value 0.000 0.000

STREM-1, soluble triggering receptor expressed on myeloid cells-1; PROM, premature rupture of membranes. Values are represented as mean

(range).

Table III. Levels of serum CRP and WBC count in the PROM pregnant women with or without chorioamnionitis.

Group Cases CRP WBC
(no.) (mg/l) (1x10°/1)
Chorioamnionitis 33 8.0 (5.3-14.7) 11.8 (10.3-16.1)
Non-chorioamnionitis 22 3.7(3.4-60) 10.3 (8.7-12.77)
P-value 0.001 0.018

CRP, C-reactive protein; WBC, white blood cell; PROM, premature rupture of membranes. Values are represented as mean (range).

Comparisons of the diagnostic value of sSTREM-1, WBC
count and serum CRP for pregnant women with PROM
complicated with subclinical chorioamnionitis. As shown by
the analysis of the area under the ROC curve (AUC), serum
STREM-1 had an AUC of 0.785, a cutoff value of 31.4 pg/
ml, a sensitivity of 81.8% and a specificity of 77.3% [95%
confidence interval (CI) 0.653-0.917, P<0.001]; amniotic fluid
STREM-1 had an AUC of 0.865, a cutoff value of 1245 pg/
ml, a sensitivity of 81.8% and a specificity of 86.4% (95%
CI 0.764-0.966, P<0.001); WBC count had an AUC of
0.689, a cutoff value of 10.5x10%1, a sensitivity of 81.8%
and a specificity of 54.5% (95% CI 0.544-0.835, P=0.018);
serum CRP had an AUC of 0.762, a cutoff value of 4.4 mg/I,
a sensitivity of 87.9% and a specificity of 68.2% (95% CI
0.624-0.900, P=0.001). Comparisons of the AUCs of the 4
indicators demonstrated that amniotic fluid STREM-1 and
serum STREM-1 achieved a statistical difference compared
to the WBC count (P<0.05). Comparisons of the diagnostic
value of STREM-1, WBC count and serum CRP for PROM

complicated with subclinical chorioamnionitis are shown in
Fig. 2 and Table I'V.

Discussion

The exact etiology of premature rupture of membranes remains
elusive. Infection is suggested by many scholars as one of
the main causes of PROM (9). Following rupture of the fetal
membrane, the chance of ascending infection of the amniotic
cavity by vaginal bacteria is significantly increased. Accordingly,
infection and PROM are interdetermined. The present study
revealed that the incidence of chorioamnionitis in combination
with PROM was as high as 60% (33/55), indicating that chorio-
amnionitis correlates tightly with PROM. Additionally, none of
the pregnant women with pathologically confirmed chorioam-
nionitis exhibited any signs of clinical infection, indicating that
their infections were at the subclinical stage.

Subclinical chorioamnionitis poses a serious threat to the
safety of mother and child by causing puerperal infection,
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Table I'V. Comparison of the diagnostic value of STREM-1, WBC and serum CRP for prediction of subclinical chorioamnionitis.

Indicator AUC Cutoff Sensitivity Specificity Positive predictive Negative predictive
value (%) (%) value (%) value (%)

Serum sTREM-1 0.785* 31.4 (pg/ml) 81.8 773 84.4 739

Amniotic STREM-1 0.865* 1245 (pg/ml) 81.8 86.4 90.0 76.0

CRP 0.762 4.4 (mg/l) 879 68.2 80.5 789

WBC 0.689 10.5x10°/1 81.8 54.5 70.6 57.1

*Compared with WBC count,P<0.05.sTREM-1, soluble triggering receptor expressed on myeloid cells-1; WBC, white blood cell; CRP, C-reactive

protein.
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Figure 2. ROC curves of serum soluble triggering receptor expressed on
myeloid cells-1 (STREM-1), amniotic fluid STREM-1, white blood cell (WBC)
count, and serum CRP for prediction of premature rupture of membranes
(PROM) complicated with subclinical chorioamnionitis.

sepsis and other infectious diseases in infants (10). In order to
identify sensitive and specific markers of infection, Ohlsson
and Wang evaluated 23 relevant indicators and proposed that
certain laboratory indicators such as WBC count, erythrocyte
sedimentation rate and CRP have varying specificity and
positive predictive value for the monitoring of intrauterine
infection, but lack sufficient sensitivity and negative predic-
tive value (11). Elevated WBC count is an effective indicator
for serious systemic infection, but is non-specific. Previous
studies suggest that WBC count is highly specific for severe
infections, but offers limited value for monitoring histological
chorioamnionitis. WBC count, particularly that of neutrophils,
increases in the body during pregnancy. If hormones are used
to promote maturation of fetal lungs, false elevation of WBCs
may be observed. Therefore, WBC count cannot accurately
reflect the development of infection and disease progression
during pregnancy. CRP is an acute phase response protein
synthesized by liver cells. It is capable of directly revealing
tissue inflammation and necrosis, is a sensitive indicator of
bacterial infection and could be used to monitor intrauterine
infection (12). However, it is low in specificity. Numerous

clinical factors may lead to false positivity of serum CRP,
including liver disease, rheumatism, cancer and cardiovascular
disease. Hence, it is necessary first to exclude these diseases
when CRP is used for the diagnosis of chorioamnionitis. The
present study also revealed that WBC count and serum CRP
offered limited value for prediction and diagnosis of PROM
complicated with subclinical chorioamnionitis. CRP has high
sensitivity, but low specificity. WBC count also lacks sufficient
specificity and sensitivity.

TREM-I is a transmembrane glycoprotein that belongs to
the immunoglobulin superfamily and is mainly expressed in
neutrophils, monocytes and macrophages (13). It is generally
believed that TREM-1 activates downstream signal transduction
via the connection between its charged transmembrane domain
and DAP12, thus activating ELK-1, NFAT, AP-1 and NF-«B and
other transcription factors. These events finally lead to increased
expression of TNF-a, IL-1, IL-8, GM-CSF and other cytokines,
while inhibiting the expression of the anti-inflammatory factor
IL-10 (14). TREM-1 exists in two forms: cell surface TREM-1
and soluble STREM-1. At present, the exact source of STREM-1
remains controversial. Certain studies indicate that STREM-1 is
a soluble form of TREM-1 membrane protein shed into the body
fluid from the surface of activated macrophages (15,16). Others
propose that STREM-1 is a secretory isoform of a TREM-1 splice
mutant that encodes no transmembrane domain (17). During
infection, STREM-1 is released into body fluid and is closely
related to the severity of infection. A number of studies have
revealed that STREM-1 is a significant marker for the diagnosis
of inflammatory diseases and a novel early warning indicator
of infectious diseases, demonstrating that it is more valuable
for diagnosis and differential diagnosis than other clinical or
laboratory markers (18-21). Menon et al and Kusanovic et al
reported the presence of STREM-1 in the amniotic fluid of term
and preterm pregnant women, and that amniotic fluid concentra-
tions of STREM-1 were significantly higher in pregnant women
with intra-amniotic infection than in those without, indicating
that amniotic fluid STREM-1 may play a role in intra-amniotic
infection (16,22).

In this study, STREM-1 was detected in the amniotic fluid
of all pregnant women with PROM, which is consistent with
the above-mentioned findings (22). In addition, our study
also found that amniotic fluid and serum concentrations
of STREM-1 were significantly higher in pregnant women
with PROM complicated with subclinical chorioamnionitis
compared to those without chorioamnionitis (P<0.001). This
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indicates that STREM-1 may be involved in the immune
response of intra-amniotic infection and play a crucial role in
the pathogenesis and development of chorioamnionitis. We also
noted that STREM-1 concentrations were significantly higher
in the amniotic fluid than in serum, which may be due to the
following causes. Firstly, TREM-1 activation and expression
may be mainly localized in the placenta and fetal membranes.
This means that following pathogen infection a large number
of immune effector cells are recruited into the amniotic cavity,
causing inflammation, whereas peripheral organs and blood
may be less affected. Secondly, amnionitis lesions are mainly
confined to the amniotic cavity, and TREM-1 expression also
mainly occurs in the amniotic cavity. Due to the placental
barrier, STREM-1 is excreted with difficulty, and accumulates
in the amniotic cavity, rendering STREM-1 concentrations in
the amniotic cavity significantly higher than in the serum.

Early diagnosis of PROM complicated with subclinical
chorioamnionitis is difficult in clinical practice. This study
found that serum and amniotic fluid STREM-1 levels were
significantly higher in pregnant women with PROM compli-
cated with chorioamnionitis compared to those without, and
that WBC count and serum levels of CRP were also signifi-
cantly higher compared to those without chorioamnionitis.
ROC analysis revealed that the AUC using serum and amniotic
fluid STREM-1 concentrations for prediction of subclinical
chorioamnionitis was 0.865 and 0.785, respectively, signifi-
cantly greater compared to that with WBC count, indicating
that serum and amniotic fluid STREM-1 concentrations are
superior to WBC count in predictive value. The most appro-
priate cutoff values of various indicators obtained with the
ROC curve indicate that serum and amniotic fluid STREM-1
concentrations have similar sensitivity in predicting subclinical
chorioamnionitis with WBC count and serum CRP. However,
when examined in terms of specificity, amniotic fluid STREM-1
> serum STREM-1 > serum CRP > WBC count, and serum
and amniotic fluid STREM-1 offer higher positive and negative
predictive value than WBC count and serum CRP. Therefore,
serum and amniotic fluid STREM-1 levels may emerge as new
indicators for prediction of PROM complicated with chorioam-
nionitis, and may prove to be particularly beneficial for early
prediction of subclinical infection of pregnant women.

Clinically, it is relatively complex to collect amniotic fluid
samples whereas blood sample collection is simple, convenient
and repeatable. Therefore, monitoring of serum sTREM-1
levels is more practical in clinical practice. Further elucidation
of the action mechanism of STREM-1 in inflammation and the
relationship between chorioamnionitis and serum and amni-
otic fluid STREM-1 levels is warranted.
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