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Background: The preterm premature rupture of the membrane is linked to various perinatal problems,
including chorioamnionitis.

Objectives: To evaluate the use of serum ferritin, C-reactive protein, and procalcitonin as early indicators
for predictions of subclinical intra-amniotic fluid infection.

Methods: A case-control study was conducted at Baghdad Teaching Hospital from January to October
2021. A convenient sample of 90 singleton pregnant women with a live fetus between 24 - 36 weeks of
gestation were divided into three groups: Group 1 (controls) included 30 women with intact membranes and
no signs of labour seen in the outpatient obstetrics clinic in Baghdad Teaching Hospital; Group 2 included
30 women with preterm premature rupture of membrane (PPROM) but without chorioamnionitis; and
Group 3 included 30 women with PPROM and chorioamnionitis. The second and third groups were
collected from the labour room in Baghdad Teaching Hospital.

Results: There was no significant difference in the levels of C-reactive protein between the study groups.
Serum ferritin and Procalcitonin levels were normal in all of the participants, with a significant difference in
the level of Procalcitonin between group 2 (PPROM with chorioamnionitis) and group 3 (PPROM without
chorioamnionitis).

Conclusion: Procalcitonin might be used to detect the presence of chorioamnionitis. Serum ferritin and C-
reactive protein had no role in the detection of chorioamnionitis among patients with preterm premature
membrane rupture.

Keywords: C-reactive protein; Chorioamnionitis; Procalcitonin; Preterm premature rupture of membrane;
Serum ferritin.

Introduction:

The World Health Organization defined Preterm birth
as any birth occurring before 37 completed weeks of
gestation or within 259 days after a woman's last
menstrual cycle. Preterm delivery is the main cause of
mortality in children under the age of five, accounting
for around 35% of newborn infant deaths and 16% of
all deaths (1).

Preterm birth is a global issue with 15 million children
delivered prematurely each year (2). However,
discrepancies in gestational age, preterm definitions,
and data collection and reporting methods complicate
estimations. The incidence rates are higher in
developing countries than in developed countries (3,
4). About 30-35% of preterm births are caused by
maternal or fetal factors in which labour is induced or
the infant is delivered via cesarean section, 40-45% are
due to spontaneous preterm births with intact
membranes, while preterm premature rupture of the
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membrane (PPROM), regardless of vaginal or
cesarean delivery, accounts for 25-30% of preterm
births (5). PPROM is the rupture of the amniotic
membranes (amnion and chorion) before the 37th
week of gestation, and it complicates about 1% of
deliveries (6, 7).

Chorioamnionitis is an acute inflammation of the
placental membranes and chorion produced by
infection of polymicrobial bacteria that ascend
following membrane rupture. Clinical
chorioamnionitis refers to the presence of certain
clinical indicators, whereas subclinical
chorioamnionitis refers to the absence of specific
clinical signs (8). Early and definitive diagnosis of
subclinical chorioamnionitis is critical for preventing
maternal and newborn death and morbidity, especially
in situations of PPROM. Some biochemical
biomarkers with high diagnostic accuracy and the
ability to detect subclinical chorioamnionitis early in
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pregnancy would be extremely valuable in clinical
practice (9).

Serum ferritin can be considered as an indicator for
infections in PPROM. The elevated ferritin levels
could indicate an acute phase response to a subclinical
genital tract infection or inflammation and a latent
infectious process that is associated with preterm
delivery and causes tissue damage (10).

C-reactive protein (CRP) is an acute-phase protein.
During an infection, the liver produces CRP in
response to interleukin-6 synthesis. Although
maternal serum CRP levels increase somewhat with
gestational age, this measure is nevertheless utilized as
a predictor of intrauterine infection, particularly in
PPROM instances, despite reports suggesting its
benefits are inconsistent (11).

Procalcitonin (PCT) is a peptide precursor of
calcitonin, but the biological function and induction
are different from that of calcitonin. It consists of 116
amino acids(12). The production of PCT is elicited by
endotoxin or mediators released in bacterial infections,
and this production correlates with the severity and
extent of the infection (13). As the PPROM is
associated with an inflammatory process, PCT can be
used as a good indicative marker of infection for
preterm labour (1).

The study aims to evaluate the use of serum ferritin,
CRP, and PCT as an early indicator for predictions for
subclinical intra-amniotic infection.

Patients and Methods:

An analytic case-control study was conducted at
Baghdad Teaching Hospital during the period from the
1st of January to the 1st of October 2021.

The study was approved by the Scientific Council of
Gynecology and Obstetrics of the lragi Board of
Medical Specializations. Women were asked to
participate voluntarily after an adequate explanation
about the study's aim and methods. All participants
were assured of anonymity and confidentiality of
information.

Sampling method and inclusion criteria:

A convenient sampling method was used to select 90
singleton pregnant women with a live fetus between
24 to 36 weeks of gestation who were sub-divided into
three groups, 30 members each:

Group 1 (control group): Included 30 women at
preterm gestation without labour, and with intact
membranes, the sample was collected from the
outpatient clinic of obstetrics in Baghdad Teaching
Hospital.

Group 2: Included 30 patients with PPROM but
without chorioamnionitis.

Group 3: Included 30 patients with PPROM and
chorioamnionitis.

The second and third groups were collected from the
labour room in Baghdad Teaching Hospital.

Exclusion criteria:

° Women who had medical or obstetrical
diseases including diabetes mellitus, hypertension,
chronic kidney disease, chronic liver disease, cancer,
heart disease, infectious disease, and antepartum

haemorrhage.

° Evidence of intrauterine growth restriction
(IUGR) or congenital abnormalities of the fetus

° Consumption  of  non-steroidal  anti-

inflammatory drugs (NSAIDs), or immunosuppressant
drugs such as steroids.

Data collection:

A structured questionnaire form was used for data
collection. The gestational age was calculated by the
date of the last menstrual period, early ultrasound, or
both. To confirm the diagnosis of PPROM, a warm
speculum was inserted in the vagina under aseptic
conditions to detect the pooling of clear fluid in the
posterior fornix of the vagina or leakage of fluid from
the cervical os with the woman in dorsal position. Five
milliliters of venous blood samples were taken from
each participant by the researcher and sent to the
Teaching Laboratories in the Directorate of the
Medical City where they were centrifuged for 10
minutes at 3500 rpm. After that, the serum was
separated and stored at —20 to —80°C and sent to a
private laboratory to detect the levels of serum ferritin,
CRP and Procalcitonin.

Statistical analysis:

The data was entered and analyzed by the Statistical
Package for Social Sciences (SPSS) version 22.
Descriptive statistics were presented as frequencies
and percentages and were applied to explain the
characteristics of participants. The mean values of the
study parameters in the study group were compared
using the t-test and the associations between the
variables were tested using the Chi-Square test. A P-
value of less than 0.05 was considered statistically
significant.

Results:

Table 1 shows that there was no significant association
between CRP tests and the presence of PPROM with
chorioamnionitis. The sensitivity was 60%, specificity
64%, positive predictive value (PPV) 70%, and
negative predictive value (NPV) 53%. Similarly, there
was no significant association between CRP tests and
the presence of PPROM without chorioamnionitis.
Sensitivity was 48%, specificity 48%, PPV 43%, and
NPV 35%.
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Table 1: Distribution of C-reactive protein test in
the controls and the PPROM with, and without
chorioamnionitis groups

Groups CRP Total  P-value
(100.
Positive-  Negative-  (op)
N (%) N (%)

PPROM with 21 (70.0) 9(30.0) 30 0.066
chorioamnionitis

Controls 14(46.7) 16(533) 30

Total 35(583) 25(417) 60

PPROM without 13 (43.3)
chorioamnionitis

17 (56.7) 30 0.795

Control 14(467) 16(533) 30

Total 27(450) 33(550) 60

The serum ferritin levels were normal in the three
study groups with no significant difference in their
mean values between control group and PPROM with
chorioamnionitis groups and without chorioamnionitis
groups respectively, Table 2.

Table 2: Mean+ SD serum ferritin level in the
three study groups

Groups N Serum ferritin  P-value
(ng/mL)
Mean +SD
Control 30 48.64 57.952 0.620
PPROM with 30  55.60 49.819
chorioamnionitis
Control 30 48.64 57.952 0.683

PPROM without 30 42.97 48.643
chorioamnionitis

Table 3 shows that all groups had a normal mean level
of procalcitonin. When the ANOVA test was applied,
a significant difference was detected between the mean
values of PCT in the three study groups.

Table 3: Mean +SD serum Procalcitonin level in

the three study groups
Groups N Procalcitonin P-value
(ng/ml)
Mean +SD
Controls 30 021 0.039 0.011
PPROM with 30 0.23 0.028

chorioamnionitis

PPROM without 30 0.20 0.029
chorioamnionitis

*Significant association according to ANOVA and
Post Hoc test

As a significant difference in the level of PCT between
the study groups was found, the Receiver Operating
Characteristic (ROC) Curve analysis for medical
diagnostic test evaluation was done to estimate a cut-
off point between normal and abnormal values with
better sensitivity and specificity (Figure 1).

Sensitivity

1 - Specificity

Figure 1: Roc curve analysis for diagnostic
evaluation of procalcitonin

According to the ROC test, the better cut-off point was
0.21 ng/ml with 70% sensitivity and 60% specificity,
with a significant association between the test results
and the presence or absence of chorioamnionitis, (P
<0.05), Table 4.

Table 4: Distribution of procalcitonin according to the cut-off point of 0.20 ng/ml

Procalcitonin Groups N (%) Total N (%) P-value
PPROM* With chorioamnionitis PPROM* without
chorioamnionitis
Positive 21 (70.0) 12 (40.0) 33 (55.0) 0.018
Negative 9 (30.0) 18 (60.0) 27 (45.0)
Total (100.0%) 30 30 60

Sensitivity=70%. Specificity=60%. *Preterm premature rupture of membrane

Discussion:

The mother and the fetus are at risk of problems if
chorioamnionitis is not detected early (14). This study
is one of the studies that tried to evaluate the
diagnostic value of positive maternal CRP, serum
ferritin, and procalcitonin in association with maternal
clinical chorioamnionitis.

The initial finding of the current study was the absence
of a significant link between CRP test results and the
existence of chorioamnionitis in the study groups. An
earlier study by Wiwanitkit in Thailand revealed that
the overall diagnostic activity showed the values of
sensitivity, specificity, PPV, and NPV of 72.8%,
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76.4%, 23.6%, and 27.2%, respectively (15).
Balciuniene et al found the values of the same
indicator to be 84%, 77%, 74%, and 86% respectively
(16). A systematic review by Martinez et al concluded
that of the eight studies reviewed, three studies
concluded that CRP was a useful diagnostic tool for
chorioamnionitis while the other five studies
concluded the opposite (17). The discrepancy in the
results of CRP and its diagnostic effectiveness in the
diagnosis of chorioamnionitis might be related to the
participant's condition and may affect the level of
CRP, the accuracy of the investigation, and the
methodology of these studies.

In the current study, there was no significant

difference between the study groups regarding the
mean of serum ferritin. In contrast, Valappil et al
found that serum ferritin was significantly higher in
PPROM cases when compared to the control group of
women with the same gestational period (10). Khattab
et al. concluded that serum ferritin levels may serve as
a marker of infection among women with premature
rupture of membranes (18). The difference in these
results could be due to the prevalence of iron
deficiency in different populations.
In the current study, all the participants had normal
PCT levels, but the mean was significantly higher in
patients who had PPROM with chorioamnionitis than
those without chorioamnionitis. The same finding was
reported by Sen C et al. who found that the mean
procalcitonin ~ values among PPROM  with
chorioamnionitis patients were significantly higher
than those among PPROM without chorioamnionitis
(19), while other studies concluded that serum PCT is
a poor predictor for clinical or pathological
chorioamnionitis (20). With a cut-off value of
0.05ng/mL, the sensitivity of PCT was 54%, and the
specificity was 79%, with positive and negative
predictive values of 60% and 75%, respectively (21).
Bakar et al concluded that low or average PCT does
not rule out bacterial infections, particularly in
localized infections like chorioamnionitis, because
PCT's sensitivity and specificity in the diagnosis of
chorioamnionitis are low (22). The discrepancy in the
results of inflammatory markers between different
studies might be related to the prevalence of other
asymptomatic infections that may impact the results.

Limitations:

1. Small sample size.

2. Short data collection time.

3. Long distance between sample collection
place and private laboratory.

4. Relatively high investigation cost.
Conclusion:

Procalcitonin might be used to detect the presence of
chorioamnionitis. Serum ferritin and CRP had no role

in the detection of chorioamnionitis among patients
with preterm premature rupture of the membrane.

Authors’ declaration

We confirm that all the Figures and Tables in the
manuscript belong to the current study. Besides, the
Figures and images, which do not belong to the current
study, have been given permission for re-publication
attached to the manuscript. Authors sign on ethical
consideration’s Approval-Ethical Clearance: The
project was approved by the local ethical committee in
the Scientific Council of Gynecology and Obstetrics of
the Iraqi Board of Medical Specializations according
to the code number (55) on (8™ of November 2020)
Conflict of Insert : None.

Funding: None

Authors’ contributions

Study conception & design: (Maad M. Shallal).
Literature search: (Balsam N. lbrahim). Data
acquisition: (Balsam N. Ibrahim). Data analysis &
interpretation: (Balsam N. Ibrahim). Manuscript
preparation: (Balsam N. Ibrahim). Manuscript editing
& review: (Maad M. Shallal).

References

1. Chawanpaiboon S, Vogel JP, Moller A-B,
Lumbiganon P, Petzold M, Hogan D, et al. Global,
regional, and national estimates of levels of preterm
birth in 2014: a systematic review and modeling
analysis. The Lancet Global Health. 2019;7(1):37-46.
https://doi.org/10.1016/52214-109X(18)30451-0

2. Purisch SE, Gyamfi-Bannerman C. Epidemiology
of preterm birth. Semin Perinatol. 2017;41(7):387-91.
https://doi.org/10.1053/j.semperi.2017.07.009

3. Vogel JP, Chawanpaiboon S, Moller A-B,
Watananirun K, Bonet M, Lumbiganon P. The global
epidemiology of preterm birth. Best Practice &
Research Clinical Obstetrics & Gynaecology.
2018;52:3-12.
https://doi.org/10.1016/j.bpobgyn.2018.04.003

4. Granese R, Gitto E, D'Angelo G, Falsaperla R,
Corsello G, Amadore D, et al. Preterm birth: seven-
year retrospective study in a single centre population.
Italian journal of pediatrics. 2019;45(1):1-6.
https://doi.org/10.1186/s13052-019-0643-9

5. Goldenberg RL, Culhane JF, lams JD, Romero R.
Epidemiology and causes of preterm birth. The lancet.
2008;371(9606):75-84.
https://doi.org/10.1016/S0140-6736(08)60074-4

6. Lees C, Bourne T, Edmonds K. Dewhurst's
Textbook of Obstetrics & Gynaecology: Wiley; 2018.
7. Brown RG, Al-Memar M, Marchesi JR, Lee YS,
Smith A, Chan D, et al. Establishment of vaginal
microbiota composition in early pregnancy and its
association with subsequent preterm prelabor rupture

J Fac Med Baghdad

Vol.66 No. 4, 2024


https://doi.org/10.1016/S2214-109X(18)30451-0
https://doi.org/10.1053/j.semperi.2017.07.009
https://doi.org/10.1016/j.bpobgyn.2018.04.003
https://doi.org/10.1186/s13052-019-0643-9
https://doi.org/10.1016/S0140-6736(08)60074-4

Maternal S. Ferritin, CRP, and Procalcitonin Levels for Predicting

Subclinical Intra-amniotic Infection in PPROM

Balsam N. Ibrahim & Maad M. Shallal

of the fetal membranes. Translational Research.
2019;207:30-43.
https://doi.org/10.1016/j.trsl.2018.12.005

8. Tita AT, Andrews WW. Diagnosis and management
of clinical chorioamnionitis. Clinics in perinatology.
2010;37(2):339-54.
https://doi.org/10.1016/j.clp.2010.02.003

9. Cakar E, Cakar SE, Tasan HA, Kar¢aaltincaba D,
Sentiirk MB, Ko¢ N, et al. Diagnostic and prognostic
value of presepsin for subclinical chorioamnionitis in
pregnancies between 23-28 week with preterm
premature rupture of the membranes. Balkan medical
journal. 2016;33(6):668.
https://doi.org/10.5152/balkanmedj.2016.160293

10. Valappil SA, Varkey M, Areeckal B, Thankan K, M
D S. Serum Ferritin as A Marker for Preterm
Premature Rupture of Membranes -A Study From A
Tertiary Centre in Central Kerala. J Clin Diagn Res.
2015;9(7):9-12.
https://doi.org/10.7860/JCDR/2015/14248.6245

11. Torbé A, Kowalski K. Maternal serum and vaginal
fluid C-reactive protein levels do not predict early-
onset neonatal infection in preterm premature rupture

of  membranes. Journal  of  Perinatology.
2010;30(10):655-9.
https://doi.org/10.1038/jp.2010.22

12. Meisner M.  Update on  procalcitonin
measurements. Annals of laboratory medicine.

2014;34(4):263-73.
https://doi.org/10.3343/alm.2014.34.4.263

13. Schuetz P, Albrich W, Mueller B. Procalcitonin
for diagnosis of infection and guide to antibiotic
decisions: past, present and future. BMC medicine.
2011;9(1):1-9.
https://doi.org/10.1186/1741-7015-9-107

14. Stepan M, Cobo T, Musilova I, Hornychova H,
Jacobsson B, Kacerovsky M. Maternal Serum C-
Reactive Protein in Women with Preterm Prelabor
Rupture of Membranes. PLoS One. 2016;11(3.(
https://doi.org/10.1371/journal.pone.0150217

15. Wiwanitkit V. Maternal C-Reactive Protein for
Detection of Chorioamnionitis: an  Appraisal.
Infectious Diseases in Obstetrics and Gynecology.
2005;13.

https://doi.org/10.1080/10647440500068321

16. Balciuniene G, Kvederaite-Budre G, Gulbiniene
V, Dumalakiene 1, Viliene R, Pilypiene I, et al.
Neutrophil-lymphocyte ratio for the prediction of
histological chorioamnionitis in cases of preterm
premature rupture of membranes: a case-control
study. BMC Pregnancy and Childbirth.
2021;21(1):656.
https://doi.org/10.1186/s12884-021-04101-7

17. Trochez-Martinez R, Smith P, Lamont R. Use of C-
reactive protein as a predictor of chorioamnionitis in
preterm prelabour rupture of membranes: a systematic
review. BJOG: An International Journal of Obstetrics
& Gynaecology. 2007;114(7):796-801.
https://doi.org/10.1111/j.1471-0528.2007.01385.x

18. Omar K, Ayad WA, El-Sayed MR. Serum Ferritin
as a Marker for Preterm Premature Rupture of
Membranes. Parity. 2019;28(31):29-31.

19. Sen C, Volpe N, Rolnik D, Gil M, Yayla M, Arisoy
R. The importance of C-reactive protein and
procalcitonin in the diagnosis of chorioamnionitis in
the cases with preterm premature rupture of
membranes. Perinatal Journal. 2020;28(3):190-5.
https://doi.org/10.2399/prn.20.0283010

20. Thornburg LL, Queenan R, Brandt-Griffith B,
Pressman EK. Procalcitonin for prediction of
chorioamnionitis in preterm premature rupture of
membranes. The Journal of Maternal-Fetal &
Neonatal Medicine. 2016;29(13):2056-61.
https://doi.org/10.3109/14767058.2015.1077224

21. Ronzino-Dubost V, Sananés N, Lavaux T, Youssef
C, Gaudineau A, Lecointre L, et al. [Evaluation of the
interest of procalcitonin in the diagnosis of
chorioamnionitis in preterm premature rupture of
membranes. An observational and prospective study].
J  Gynecol Obstet Biol Reprod (Paris).
2016;45(7):745-53.
https://doi.org/10.1016/j.jgyn.2015.09.003

22. Bakar RZ, Koroglu N, Turkgeldi LS, Tola EN,
Cetin BA, Gedikbasi A. Maternal serum procalcitonin
levels in prediction of chorioamnionitis in women with
preterm premature rupture of membranes. Arch Med
Sci. 2019;17(3):694-9.
https://doi.org/10.5114/a0ms.2019.86191

How to Cite this Article

Nahedh BN, Shalal MM. Maternal Serum Ferritin, C-
reactive protein, and Procalcitonin Levels for
Predicting Subclinical Intraamniotic Infection in
Preterm Premature Rupture of Membrane. J Fac Med
Baghdad [Internet]. [cited 2024 Dec. 2];66(4).
Available

from: https://igjmc.uobaghdad.edu.ig/index.php/19JFac
MedBaahdad36/article/view/1997

J Fac Med Baghdad

402

Vol.66 No. 4, 2024


https://doi.org/10.1016/j.trsl.2018.12.005
https://doi.org/10.1016/j.clp.2010.02.003
https://doi.org/10.5152/balkanmedj.2016.160293
https://doi.org/10.7860/JCDR/2015/14248.6245
https://doi.org/10.1038/jp.2010.22
https://doi.org/10.3343/alm.2014.34.4.263
https://doi.org/10.1186/1741-7015-9-107
https://doi.org/10.1371/journal.pone.0150217
https://doi.org/10.1080/10647440500068321
https://doi.org/10.1186/s12884-021-04101-z
https://doi.org/10.1111/j.1471-0528.2007.01385.x
https://doi.org/10.2399/prn.20.0283010
https://doi.org/10.3109/14767058.2015.1077224
https://doi.org/10.1016/j.jgyn.2015.09.003
https://doi.org/10.5114/aoms.2019.86191
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/1997
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/1997

Maternal S. Ferritin, CRP, and Procalcitonin Levels for Predicting Balsam N. Ibrahim & Maad M. Shallal
Subclinical Intra-amniotic Infection in PPROM

gég;,@ssgamuusdsudngggmggjwujga,&amguc,gs”,m,e‘xwmgéogﬂyat.u:m
OV S8 Sual) pliall 3 3al

LA 8 ¢ antail) Sk Al ) ) pRAU Ay
LIl (3 (3 Aaals ¢ qadal) A0Sl g g Ailaadl) £ 8 (L (5340 B2

Ladal)

ool 5 Aantiall Clgl) @l 8 Lay 32V 5L Adaadl) 5 idll b e Liaall (e el 0 58 U8 Jaall eliie (3 3ad Jasi 5y 1408180

‘ o 5] Il (5 smy ) 5ail] i 5aS (p ganallS gl g Al as (455 05 pall e (3 (ot i) aladiias) apiil s dagd)

25,2021 Y 08 1 ) A S T cpo 5yl JNA anlal iy e b 301 52l 5 CYLAL ALt A 3 o) ya) o5 sageal) iyl
e 51l 36 A 24 e Jes e B a2l Ging Jala 5 e) 90 (e Aidhe A Jias

wwﬁad_’mwﬂ\&mdﬁuﬁ :\.u\‘).ﬂ\Qb)muyécbﬂ\wuu}y@&‘_guhm\ﬂya (KRERY :\.‘A\JJ\.\#?};@M\
A diae (B G pail) g 0 siaallS g 5l

@ 0 el o g s pl diaan (B Ol OS5 Al Aapdiall el Dy e RASIT (G SnllS 5 pall aladia) Sy cElidiuY)
OV 8 Sl eLERl) 38 ¢y sibas (il onmyal) (s (ool s Ampial) el e )

ol s Aapiiall i) ¢ el s (455 50 60 sindlS 5 ) o) Jhaaa 8 iy i) dzalidal) cilalSl)

J Fac Med Baghdad 403 Vol.66 No. 4, 2024



