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Introduction
The preterm premature rupture of membranes
(PPROM) is the rupture of amniotic membrane without
the development of uterine contraction before 37 weeks

of gestation. PPROM is one of the most common severe
gestational complications and it is seen in about 3% of all
pregnancies.[1] The primary goal in its management is to
prevent preterm labor and to reduce complications that

Özet: Preterm erken membran rüptürü olan olgularda
koryoamniyonit tan›s›nda C-reaktif protein ve
prokalsitonin önemi
Amaç: Amac›m›z preterm erken membran rüptürü (PEMR) tan›-
s› ile klini¤imize yatan hastalardan klinik koryoamniyonit geliflen
ve geliflmeyen olgular›n klinik biyokimyasal belirteçlerini karfl›lafl-
t›rmakt›r. Bu amaçla klinik koryoamniyonit tan›s›nda enfeksiyon
belirteçlerinin ortalama de¤erlerinin anlaml›l›k düzeyi, duyarl›l›k-
özgüllükleri ve ayr›ca bu belirteçlerin birbirleri ile olan korelas-
yonlar› araflt›r›ld›. 
Yöntem: Çal›flmaya Mersin Üniversitesi T›p Fakültesi Kad›n Has-
tal›klar› ve Do¤um Klini¤ine PEMR ön tan›s› ile yat›r›larak takip ve
tedavi edilen 81 tekil gebeli¤i olan olgular al›nd›. Klinik koryoamni-
yonit geliflen olgular ve geliflmeyen 48 hastan›n de¤erleri karfl›laflt›-
r›ld›. 
Bulgular: Koryoamniyonit tan›s› alan olgular›n do¤um s›ras›ndaki
WBC, CRP ve prokalsitonin ortalamas› ve yat›fl s›ras›ndaki prokal-
sitonin ortalama de¤eri koryoamniyonit tan›s› almayan gruptan an-
laml› olarak daha yüksekti. 
Sonuç: PEMR tan›s› ile takip edilen olgularda hasta yat›fl›ndaki
prokalsitonin ve do¤um zaman›ndaki WBC, serum CRP ve pro-
kalsitoninin klinik koryoamniyonit olgular›nda önemli oldu¤u gö-
rüldü. Çal›flmam›zdan bu enfeksiyon belirteçlerinin sadece hasta-
n›n yat›fl› s›ras›nda de¤il hasta takibinde de düzenli aral›klarla ba-
k›larak koryoamniyonitin erken tan›s›nda kullan›labilece¤i (özel-
likle prokalsitonin) sonucuna var›ld›. 

Anahtar sözcükler: Preterm erken membran rüptürü (PEMR),
CRP, prokalsitonin.
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Abstract

Objective: Our aim is to compare the clinical biochemical markers
of the cases who developed and did not develop clinical chorioam-
nionitis among those hospitalized in our clinic with the diagnosis of
preterm premature rupture of membranes (PPROM). For that pur-
pose, we investigated the significance levels of mean values, sensitiv-
ity and specificity levels of the infection markers and also their corre-
lations with each other in the diagnosis of clinical chorioamnionitis. 
Methods: Eighty-one cases with singleton pregnancy who were hos-
pitalized with the pre-diagnosis of PPROM and followed up and
treated in the Clinic of Gynecology and Obstetrics of the Faculty of
Medicine at Mersin University were included in the study. The val-
ues of 48 cases who developed and did not develop clinical chorioam-
nionitis were compared.
Results: The mean WBC, CRP and procalcitonin values at labor and
mean procalcitonin values at hospitalization were significantly higher
in the cases diagnosed with chorioamnionitis than the cases without
chorioamnionitis diagnosis. 
Conclusion: We found out that the procalcitonin values at hospital-
ization and WBC, serum CRP and procalcitonin values at labor in
the cases followed up with the diagnosis of PPROM were significant
in clinical chorioamnionitis cases. We concluded in our study that
these infection markers (procalcitonin in particular) can be used in
the early diagnosis of chorioamnionitis by not checking at hospital-
ization only but also in the follow-ups of the patients regularly. 

Keywords: Preterm premature rupture of membranes (PPROM),
CRP, procalcitonin.
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will develop during follow-up. Extending the week of
gestation by preventing preterm labor is the basic
method of reducing prematurity-related complica-
tions.[2,3] While about 15–25% of the pregnant women
with PPROM have infection symptoms at prepartum
period, about 15–20% of them have clinical infection
symptoms at postpartum period.[4,5] The patients with
PPROM are followed up until 34 weeks of gestation or
displaying clinical symptoms.[6] Any delay in the diagno-
sis and treatment of chorioamnionitis during patient fol-
low-up leads to the development of infection which then
results in the maternal and neonatal inflammatory
response, fetal hypoxia and increased cerebral palsy
risk.[7] Therefore, it is very important to detect the pres-
ence of chorioamnionitis early in pregnancies complicat-
ed with PPROM in order to manage pregnancy follow-
up and prevent developing complications.

Today, there is no test that can diagnose chorioam-
nionitis accurately. The clinical infection indications
such as tachycardia, increased body temperature and
fundal sensitivity in chorioamnionitis patients are not
specific to this disease.[8] Although some indications were
investigated in previous studies, none of them were
shown to be accurate enough.[9,10] The parameters studies
the most for the prediction of chorioamnionitis in the
patients with PPROM are white blood cells (WBC), glu-
cose in the amniotic fluid, maternal serum C-reactive
protein (CRP), interleukin-6 (IL-6) and procalci-
tonin.[11,12] Due to being non-specific and the changes in
gestational physiology, these parameters have limited
potential in the diagnosis of chorioamnionitis.

Our aim in this study is to compare the clinical bio-
chemical markers of the cases who developed and did
not develop clinical chorioamnionitis among those
hospitalized in our clinic with the diagnosis of preterm
premature rupture of membranes. For that purpose,
we investigated the significance levels of mean values,
sensitivity and specificity levels of the infection mark-
ers and also their correlations with each other in the
diagnosis of clinical chorioamnionitis.

Methods
Eighty-one cases with singleton pregnancy who were
followed up and treated by hospitalizing with the pre-
diagnosis of PPROM at the Clinic of Gynecology and
Obstetrics, Faculty of Medicine, Mersin University

between January 1, 2010 and December 31, 2019 were
included in our study. Written approval was obtained for
the study from the Medical Ethics Committee of the
Faculty of Medicine, Mersin University (22.01.2020, no:
11664). The weeks of gestation of the cases determined
by their last menstrual period or first-trimester ultra-
sound examination varied between 24 and 34. The
patients who had fetal anomaly, risk factors for preterm
labor (twin pregnancies, preterm labor or cerclage histo-
ry etc.), gestational diabetes mellitus, gestational hyper-
tension, heart disease, ablatio placentae or placenta pre-
via in their current pregnancy were excluded from the
study. Blood biochemistry, hemogram, full urine analy-
sis, urine culture and cervical culture by sterile speculum
examination were taken from the patients. For beta-
group streptococcus prophylaxis, all cases were adminis-
tered 2 g ampicillin (IV) every 6 hours for 48 hours, 1 g
(PO) azithromycin once, and 500 mg amoxicillin (PO)
every 8 hours for the following 5 days. The cases were
also administered betamethasone for fetal lung matura-
tion and magnesium sulphate infusion for neuroprotec-
tive purposes under 32 weeks. The cases were checked
for their body temperature, pulse and blood pressure
four times a day during the follow-up. In addition, their
daily WBC levels, maternal serum CRP with 3-day
intervals and weekly procalcitonin levels were checked
(during follow-up, clinical or laboratory values were
checked more frequently in suspicious conditions in
terms of chorioamnionitis). Thirty-three cases who were
found to have fever ( >37.8 °C), vaginal discharge, mater-
nal tachycardia (>100 beat/min) and fetal tachycardia
(>160 beat/min), abdominal pain, uterine sensitivity and
leukocytosis in the follow-up were diagnosed with clini-
cal chorioamnionitis, and included in “Group 1”. Forty-
eight cases who did not develop clinical chorioamnioni-
tis and delivered after 34 weeks of gestation were includ-
ed in “Group 2”. The data of all groups were analyzed by
using SPSS version 18.0 (IBM, Armonk, NY, USA). All
data were presented as mean±SD or number (percent-
age). Student’s t-test, Mann-Whitney U test and ROC
test were used to compare the mean±SD, frequency and
prediction values of the data of both groups. Two-way
p<0.05 value was considered statistically significant.

Results
A total of 81 cases diagnosed with PPROM were includ-
ed in our study. The clinical chorioamnionitis developed
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in 33 (40.7%) of the cases during follow-up. The char-
acteristics of 33 cases diagnosed with clinical chorioam-
nionitis (Group 1) and 48 cases not diagnosed with clin-
ical chorioamnionitis (Group 2) are shown in Table 1.

The ages and weeks of gestation of the cases in both
groups were similar (p values were 0.88 and 0.88, respec-
tively). The mean procalcitonin values of the cases in
Group 1 with chorioamnionitis diagnosis at hospitaliza-
tion were significantly higher than the group not diag-
nosed with chorioamnionitis. Although WBC, neu-
trophil, lymphocyte count and maternal serum CRP val-
ues of the cases in Group 1 at hospitalization were high-
er than the cases in Group 2, the difference was not sta-
tistically significant. The mean WBC, CRP and procal-
citonin values at labor in the group diagnosed with
chorioamnionitis were higher than the other group.
There was no significantly difference between the groups
in terms of fetal serum CRP and fetal WBC values.

Sensitivity and specificity of the infection markers in
cases diagnosed with chorioamnionitis are shown in
Table 2. The marker with the highest sensitivity for

chorioamnionitis diagnosis was the maternal serum
CRP at hospitalization and procalcitonin level at labor
(69%) and the marker with the highest specificity for
chorioamnionitis diagnosis was procalcitonin level at
labor (84%) while the parameter with the highest nega-
tive predictive value was maternal serum CRP value at
hospitalization (92%).

Discussion
Although the early diagnosis criteria of chorioamnionitis
in PPROM cases is a controversial topic, establishing the
diagnosis of chorioamnionitis early and to initiate the
treatment early are very important in terms of reducing
maternal and fetal complications. PPROM is responsible
for 30% of preterm labors and is the most common rea-
son of hospitalization at newborn intensive care unit.[13]

Long-term rupture of membranes in these labors also
results in the higher incidence of postpartum endometri-
tis.[14] Increased mortality and morbidity rates related
with respiratory distress syndrome, intraamniotic infec-
tion and intraventricular hemorrhage are also seen more

Table 1. The characteristics of patients diagnosed and not diagnosed with clinical chorioamnionitis.* 

Group 1 Group 2
(Chorioamnionitis +) (Chorioamnionitis -)

n=33 n=48
Mean±SD Mean±SD p-value

Age (year) 30.5±7.1 30.8±5.1 0.88

Labor week 29.8±4.2 29.6±4.8 0.88

WBC at hospitalization 13.414±5947 12.914±4161 0.96

WBC at labor 13.844±6173 11.145±3154 0.03

Neutrophil count 11.045±8364 10.465±4375 0.79

Lymphocyte count 1719±711 1700±541 0.96

Thrombocyte count (million)  241±60 242±94 0.78

CRP at hospitalization 19±14.7 21.8±33 0.36

CRP at labor 40.8±56 13.6±16 0.01

Procalcitonin at hospitalization 0.35±0.31 0.22±0.55 0.04

Procalcitonin at labor 0.28±0.19 0.06±0.05 0.001

Fetal weight (gram) 1639±806 1500±877 0.48

1-minute Apgar score 6±2 5±2 0.16

5-minute Apgar score 7±3 6±3 0.11

Fetus serum CRP  1.12±1.6 0.89±1.8 0.60

Fetus WBC  3781±988 3397±650 0.55

*Independent Student’s t-test and Mann-Whitney U test were used.
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in the newborns of mothers with PPROM.[14] There are
many studies conducted so far for the early diagnosis of
PPROM. These studies investigated the markers such as
WBC, maternal serum CRP, glucose in the amniotic
fluid and procalcitonin, but none of these markers can
establish the diagnosis of chorioamnionitis accurately.
Having a limited capability in diagnosis may result from
the marker itself or gestational physiology. The increase
of WBC during pregnancy physiologically and after
steroid administration limits its value during the follow-
up of patients with PPROM. Similarly, physiological
changes seen in the late period of pregnancy limit the
efficacy of maternal serum CRP. The blood concentra-
tion of maternal serum CRP value vary between 5 and 10
mg/L in healthy individuals. On the other hand, it may
reach up to 10–40 mg/L in the infections in pregnant
women caused by slight inflammation and viruses.
Moderate to severe inflammation reaches above 40
mg/L in pregnant women in cases such as bacterial infec-
tion.[15] Normal serum concentration of procalcitonin
which is another infection marker is below 0.01
mg/mL.[16] The results of the studies investigating the
role of procalcitonin in predicting chorioamnionitis in
patients with PPROM are controversial.[12,17,18]

Thornburg et al. found in their study that procalci-
tonin and maternal CRP values at labor are high in the
patients who developed clinical chorioamnionitis.[12]

Torbé showed in their study that maternal plasma pro-
calcitonin value increased both in PPROM and mature
ruptures of membranes.[19,20] Sreepapong et al. reported a
weak correlation between chorioamnionitis and mater-
nal serum CRP, WBC and neutrophil count.[21] In our
study, we found that procalcitonin value at first hospital-
ization and WBC, maternal serum CRP and procalci-
tonin values at labor were higher in the cases who devel-

oped chorioamnionitis (Table 1). Our results were sim-
ilar with other studies conducted previously. In our
study, we could not find a significant correlation with
neutrophil count similar to the other studies although
neutrophil count was high in the chorioamnionitis cases.
Procalcitonin value at labor in particular was significant-
ly higher than the others.

Infection and inflammation is limited with chorionic
and amniotic membranes in the early stages of
chorioamnionitis and IL-6 release starts in these sites.
IL-6 which increases in maternal blood over time also
increases CRP levels in the maternal circulation. As a
result, a natural systemic response is created in the body
against the infection. The inflammation and acute phase
reactants increase defense cells and these cells increase
infection markers in return. In cases of infection, procal-
citonin and CRP increase as a response to the infection
but their responses are different from each other. Serum
CRP reaches its highest level about 4–6 hours later as a
result of the inflammation in the body,[27] and its half-life
is about 19 hours.[29] Although procalcitonin also reaches
its peak level in 4–6 hours, it has a long half-life about
25–30 hours.[24] Fast induction and having a better half-
life makes CRP important in patient follow-up, and this
makes maternal serum CRP superior to procalcitonin in
the diagnosis and follow-up of the patients with
PPROM. In addition to this disadvantage, evaluation by
immunoassay is another disadvantage of procalcitonin.[19]

In their study, Simon et al. reported that procalcitonin is
a better marker than CRP for bacterial infections.[22] In
another study, the authors concluded that procalcitonin
is a better marker specific to bacterial infections
although maternal serum CRP is more sensitive marker
than procalcitonin in bacterial infection and inflamma-
tion cases.[19] In our study, we found that maternal serum

Table 2. Sensitivity and specificity values of markers associated with clinical chorioamnionitis. 

Cut-off Sensitivity Specificity PPD NPD

WBC at hospitalization 12.000 36 39 12 72

WBC at labor 11.845 36 35 12 70

CRP at hospitalization 12.45 69 68 27 92

CRP at labor 11.94 57 58 30 82

Procalcitonin at hospitalization 0.29 60 62 31 84

Procalcitonin at labor 0.115 69 84 33 87

NPD: negative predictive value; PPD: positive predictive value.
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CRP at hospitalization had higher sensitivity and speci-
ficity than other markers in the chorioamnionitis group
(Table 2). This results from the early induction of CRP
in case of inflammation. We found in our study that the
negative predictive value of CRP which has high sensi-
tivity in this period and which can be used in the predic-
tion of chorioamnionitis was 92%, which was higher
than other markers (Table 2). Clinical chorioamnionitis
indications (such as fever, maternal tachycardia, fetal
tachycardia etc.) results from the systemic response of
body to the infection agency. This response also results
in the increase of infection markers. This infection
(mainly bacterial) causes WBC, CRP and procalcitonin
to increase in the maternal blood. Although this bacteri-
al infection increases CRP in the maternal blood, procal-
citonin is more sensitive to bacterial infection. As it can
be seen in Table 1, procalcitonin was the marker with
the highest sensitivity and specificity to detect our cases
with clinical chorioamnionitis. These results of procalci-
tonin are also consistent with other studies.

WBC, which is another infection marker, increases
in the maternal blood with the response to infection just
like CRP and procalcitonin. Some other studies report-
ed that WBC increased in cases with clinical chorioam-
nionitis similar to maternal serum CRP.[25] The same
study found that maternal serum CRP was more sensi-
tive than WBC. In another study, the authors reported
that both maternal serum CRP and WBC increased in
case of inflammation in the body of pregnant women,
and maternal serum CRP was a more specific marker
than WBC in the diagnosis of acute chorioamnionitis.[26]

We observed in our study that the sensitivity and speci-
ficity of CRP were higher than WBC in the cases with
clinical chorioamnionitis (Table 2).

Conclusion
We found out that the procalcitonin values at hospital-
ization and WBC, serum CRP and procalcitonin values
at labor in the cases followed up with the diagnosis of
PPROM were significant in clinical chorioamnionitis
cases. We concluded in our study that these infection
markers (procalcitonin in particular) can be used in the
early diagnosis of chorioamnionitis by not checking at
hospitalization only but also in the follow-ups of the
patients regularly.

Making a timely decision for the labor of the patients
hospitalized with PPROM diagnosis is important. In

case of preterm labor, PPROM causes fetal prematurity
and increased morbidity in the newborn as a result. In
case of post-term labor, chorioamnionitis develops and it
results with increased maternal and fetal mortality and
morbidity. In order to establish this balance, close fol-
low-up of the infection markers of patients hospitalized
with PPROM diagnosis is important. There is no full
consensus about when and which of these markers are
more important. We found out in our study that procal-
citonin level at hospitalization in cases followed up with
PPROM diagnosis and WBC, serum CRP and procalci-
tonin values at labor are important in clinical chorioam-
nionitis cases. We concluded in our study that these
infection markers (procalcitonin in particular) can be
used in the early diagnosis of chorioamnionitis by not
checking at hospitalization only but also in the follow-
ups of the patients regularly.

Conflicts of Interest: No conflicts declared.
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