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Diagnostic accuracy of procalcitonin in maternal plasma to detect
early intra-amniotic infection in preterm premature rupture of the
membranes with respect of highvaginal swab as gold standard
Rabia Farooqui 1, Qurat-ul-Aman Siddiqui 2
ABSTRACT
Objective: To determine the diagnostic accuracy of procalcitonin in maternal plasma to detect early intraamniotic infection in Preterm premature rupture of the membranes (PPROM) with respect of high vaginal
swab as gold standard
Methods: A cross-sectional study was conducted at Liaquat National Hospital, Karachi, from February to
August 2017. The blood sample of women with PPROM were collected to measure procalcitonin level. PCT1
and PCT2 were run along with the sample for the accuracy of the results. Sensitivity, specificity, PPV, NPV,
and diagnostic accuracy of procalcitonin were calculated taking HVS C/S as gold standard.
Results: Out of total 150 women, mean age was 28.78±4.79 years. Mean gestational age was 30.79±3.07
weeks. Mean procalcitonin level was 0.13±0.24 ng/ml. Intra-amniotic infection was diagnosed in 48.7%
cases through procalcitonin levels and 51.3% through HVS culture and sensitivity. Sensitivity, Specificity,
PPV (Positive predictive value), NPV (Negative predictive value) and accuracy were 87%, 91.8%, 91.78%,
87%, and 89.3% respectively. For females with gestational age ≤32 weeks, sensitivity, specificity, and
diagnostic accuracy were 83.9%, 90.4%, and 87.03% respectively. For females with gestational age >32
weeks, sensitivity, specificity, and diagnostic accuracy were 95.2%, 92.5%, and 95.23% respectively.
Conclusion: Diagnostic accuracy of maternal blood procalcitonin levels were found satisfactory in detection
of early intra-amniotic infection in PPROM.
KEYWORDS: Procalcitonin, Chorioamnionitis, Preterm premature rupture of the membranes (PPROM),
Intra-amniotic infection, High Vaginal Swab.
doi: https://doi.org/10.12669/pjms.38.1.4436

How to cite this:

Farooqui R, Siddiqui QA. Diagnostic accuracy of procalcitonin in maternal plasma to detect early intra-amniotic infection
in preterm premature rupture of the membranes with respect of high vaginal swab as gold standard. Pak J Med Sci.
2022;38(1):310-314. doi: https://doi.org/10.12669/pjms.38.1.4436
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1.

Dr. Rabia Farooqui, MBBS, FCPS.
Senior Registrar,
Department of Obstetrics & Gynaecology,
2.
Dr. Qurat-ul-Aman Siddiqui, MBBS, MCPS, FCPS.
Associate Professor,
Department of Obstetrics & Gynaecology,
Australian Concept Infertility Medical Centre, Karachi, Pakistan.
1,2: Liaquat National Hospital and Medical College, Karachi, Pakistan.
Correspondence:
Dr. Qurat ul Aman Siddiqui, FCPS (OBGYN), MBBS, MCPS, FCPS,
Associate Professor,
Department of Obstetrics & Gynaecology,
Liaquat National Hospital and Medical College,
Karachi, Pakistan.
Consultant in Australian Concept Infertility Medical Centre,
E-mail: qurat_kamal@hotmail.com

*
*
*

Received for Publication:

March 18, 2021

Revision Received:

May 31, 2021

Accepted for Publication:

August 29, 2021

Pak J Med Sci

January - February 2022

INTRODUCTION
Premature rupture of membrane (PROM) is
a common condition in obstetrics, linking the
amniotic cavity with the bacterial flora of the cervix
with the vagina. The main risk that can occur in any
case of PPROM is occurrence of chorioamnionitis,
thereby increasing the neonatal as well as maternal
morbidity and mortality.1 One of the main etiological
factors of PROM and Preterm-PROM (PPROM)
is primary intra-amniotic infection of subclinical
nature. Such cases require early identification so
as to make a decision regarding proper therapeutic
management. The ways of to determine this
subclinical nature of infection detection are limited.
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Literature has been proved that measurement of
inflammatory in maternal plasma may help to
predict fetal compromise and neonatal morbidity
that is directly related to maternal relation.2,3
According to a study, the prevalence of
PPROM was 2.3% with almost 53% showing
evidence of chorioamnionitis.4 PPROM is a
major preterm birth cause, which can lead to a
high level of perinatal and maternal morbidity
and mortality.5 Perinatal morbidity includes
respiratory distress syndrome, neonatal sepsis,
necrotizing enterocolitis (NEC) and fetal death.6
For improving neonatal outcomes, appropriate
evaluation and management are necessary.7,8
Initiating work to diagnose infection at an early
stage is of prime importance. If antibiotic therapy is
promptly initiated, its sequelae can be reduced and
pronounced. There are, however, few tests to detect
early infection on which to rely.9 Procalcitonin
(PCT) has been recently acknowledged as a marker
that is specific to generalized bacterial infections.
Moreover, PCT is also closely related to severity of
systemic inflammation. Therefore, it can be used
to monitor systemic inflammatory course and
guide the process of therapeutic decision making.
PCT measurement has been used management of
severely ill patients due to the fact that its diagnostic
capabilities are better than the conventional
inflammatory markers.10
In the literature PCT levels are increasingly
being supported to help improve the capacity to
distinguish bacterial from non-bacterial infections.11
This can be due to the fact that nonbacterial
infections and nonspecific inflammatory reactions
are not associated with an increase in PCT levels.
In addition, the drop in PCT levels indicates that
the patient’s response to antimicrobial therapy is
favorable. PCT is therefore a promising marker
that makes a rational decision both regarding
prescription and the duration of antimicrobial
therapy in infected patients.12,13 In a study, the
sensitivity and specificity of procalcitonin in
maternal plasma to detect early intra amniotic
infection in preterm premature rupture of
membrane is 75% and 45%.
As the use of procalcitonin is rapidly increasing
for diagnosing the bacterial infections in our
general practice, this inflammatory marker may
be helpful in early diagnosis of subclinical intra
amniotic infection, so we can treat infection early
and may prevent maternal and perinatal morbidity
and mortality. Therefore, this study was conducted
with the aim to determine the diagnostic accuracy
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of procalcitonin in maternal plasma to detect early
intraamniotic infection in PPROM taking high
vaginal swab as gold standard.
METHODS
A cross-sectional study was conducted at the
department of Gynaecology and Obstetrics,
Liaquat National Hospital (LNH), Karachi, from
1st February 2017 to 31st August 2017. All women
with PPROM were included through nonprobability consecutive sampling. The sample size
was calculated by using WHO calculator. Total
150 women of reproductive age with gestational
age 24-37 weeks of singleton pregnancy having
preterm premature of membrane were included.
Patients with history of previous preterm labour,
obvious bacterial infection, condition that may
have increased PCT level without bacterial cause,
falsely low PCT levels in the presence of bacterial
infection were not included in the study.
PPROM was defined as rupture of membranes
during pregnancy before 37 weeks gestation. PCT
level <0.5 ng/ml was considered as a low-risk
of intraamniotic infection and >2.0 ng/ml was
considered as a high-risk of bacterial intraamniotic
infection. Chorioamnionitis / intraamniotic
infection (IAI) was defined as acute inflammation
of membranes and placental chorion due to
ascending polymicrobial bacterial infection in
setting of rupture of membranes. When patient
came with PPROM, high vaginal swab was taken
with a non-touch technique and was sent for
cultures. The culture was considered as positive if
bacterial growth colonies growing in high vaginal
swab on the basis of lab examination.
Patient demographics and clinical history were
taken by the principal investigator. The blood
sample was sent to department of microbiology
within 30 minutes of collection, sample was then
centrifuged to separate the serum to process it on
Cobas e411 by ECLIA method. Two controls i.e.
PCT1 and PCT2 were run along with the sample for
the accuracy of the results. The instrument process
the sample within 18 minutes and the results are
communicated immediately to the concerned
department. Then for confirmation of infection, HVS
culture was sent of the same patients irrespective of
procalcitonin results whether high or low to see the
true positive and false positives.
All the data were compiled and analyzed via
statistical package for Social Sciences (SPSS version
23). Frequency and percentage were calculated to
estimate the true, positive, true, negative findings.
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Table-I: Descriptive statistics of age, parity, gestational age, procalcitonin level (n=150).
Age (years)

Parity

Gestational Age (Weeks)

Procalcitonin Level (ng/ml)

Mean

28.78

1.90

30.79

0.13

Standard Deviation

4.79

1.38

3.07

0.24

Median

28.00

2.00

31.00

0.03

Range

23

6

11

0.89

Minimum

19

0

25

0.01

Maximum

42

6

36

0.90

true negative. Sensitivity, Specificity, PPV, NPV
and accuracy were 87%, 91.8%, 91.78%, 87%, and
89.3% respectively. (Table-II).
For females with age ≤30 years, sensitivity,
specificity, and diagnostic accuracy were 86.7%,
87.2%, and 86.9% respectively. For females with age
>30 years, sensitivity, specificity, and diagnostic
accuracy were 88.2%, 100%, and 95.3% respectively.
For females with parity ≤2, results showed that
sensitivity, specificity, and diagnostic accuracy were
85.5%, 89.8%, and 87.6% respectively. For females
with parity >2, sensitivity, specificity, and diagnostic
accuracy were 93.3%, 100%, and 96.5% respectively.
For females with gestational age ≤32 weeks,
sensitivity, specificity, and diagnostic accuracy
were 83.9%, 90.4%, and 87.03% respectively. For
females with gestational age >32 weeks, sensitivity,
specificity, and diagnostic accuracy were 95.2%,
92.5%, and 95.23% respectively. (Table-III).

Mean and standard deviation was calculated for
age, gestational age, parity and prolactin level.
Diagnostic accuracy was measured to determine
the sensitivity, specificity, positive predictive
value (PPV), negative predictive values (NPV) and
the overall diagnostic accuracy of procalcitonin
considering HVS culture as gold standard.
Stratification with respect to age, gestational age,
parity and intra-amniotic infection was done.
Post stratification diagnostic accuracy, sensitivity,
specificity, PPV and NPV were also calculated.
Ethical Approval: (Ref: 0484-2019-LNH-ERC,
dated: June 15, 2019)
RESULTS
Out of total 150 patients, mean age of the patients
was 28.78±4.79 years. Mean parity was 1.90±1.38
whereas mean gestational age was 30.79±3.07
weeks ranging from 25 weeks to 36 weeks. Mean
procalcitonin level was 0.13±0.24 ng/ml. (Table-I)
Intra-amniotic infection was diagnosed in 48.7%
cases through procalcitonin level and 51.3%
through HVS CS. The results showed that 67
patients were true positive and 67 patients were

DISCUSSION
IAI (intra-amniotic infection) at an early stage is
important in females who are at term or in those who
have PPROM. In early stages of chorioamnionitis,

Table-II: Diagnostic accuracy of procalcitonin in maternal
plasma to detect early intra-amniotic infection in PPROM.
Placental Tissue Hvs Cs

Procalcitonin Level
Positive

Negative

TOTAL

Positive

67 (True +ve)

6 (False +ve)

73

Negative

10 (False -ve)

67 (True +ve)

77

77

73

150

Total
Sensitivity

87%

Specificity

91.8%

Positive predicted value

91.78%

Negative predicted value

87.0%

Overall diagnostic accuracy

89.33%
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Table-III: Baseline Characteristics and diagnostic accuracy of procalcitonin in
maternal plasma to detect early intra-amniotic infection in PPROM (n=150).
Age ≤30
Years

Age >30
Years

Parity ≤2

Parity >2

Gestational Age
≤32 weeks

Gestational Age
>32 weeks

Sensitivity

86.70%

88.20%

87%

87%

87%

87%

Specificity

87.20%

100%

91.80%

91.80%

91.80%

91.80%

PPV

89.60%

100%

91.78%

91.78%

91.78%

91.78%

NPV

83.60%

92.80%

87.00%

87.00%

87.00%

87.00%

Overall diagnostic accuracy

86.90%

95.30%

89.33%

89.33%

89.33%

89.33%

NPV: Negative Predicted Value, PPROM: Preterm premature rupture of the membranes, PPV: Positive Predicted Value.

the signs of infective disease process are usually
subtle and are not evident routinely. In the presence
of classical clinical signs and symptoms, the patient
is said to be suffering from clinical chorioamnionitis
/ clinical IAI. There is a significant overlap
between clinical and histological characteristics
of chorioamnionitis. Moreover, subclinical forms
of chorioamnionitis may also be evident in the
form of preterm labor or in the form of PPROM.14
In mothers, chorioamnionitis may result in septic
shock, disseminated intravascular coagulation
(DIC) and death.15,16 The maternal serum is an easy
way to approach and obtain the material required
for diagnosis in a minimally invasive manner.
C-reactive protein (CRP), counting of white blood
cells, TNF-α, IL-6, IL-10 and G-CSF markers that can
be tested from maternal serum. These markers have
been used to predict the risk of chorioamnionitis as
well as neonatal infection among pregnant females
suffering from PPROM. with premature rupture of
membranes (PROM).17,18
PCT has been used as a new parameter to
diagnose any generalized / systemic infections.
Increment in PCT caused by bacterial infections
correlates well with severity of disease as well as
mortality.19 In the field of obstetrics, very limited
data is available regarding PCT, especially local
data is very deficient, this study is useful addition
in local studies as it shows significant accuracy
in the diagnosis of intra-amniotic infections. PCT
levels can be detected in plasma almost two hours
after endotoxins injection. The levels rise within
six to eight hours and reach a plateau after 20 to 72
hours. It normalizes within two to three days.19,20
Procalcitonin is superior than other parameters
like WBC & CRP but in some studies still CRP
found more reliable.21,22
In this study we determined the diagnostic
accuracy of procalcitonin in maternal plasma
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for detection of early intraamniotic infection in
PPROM taking high vaginal swab as gold standard.
The study included 150 patients having gestational
age of 24-37 weeks diagnosed as having PPROM.
The results of our study show that PCT has a high
sensitivity of 87% in diagnosis of early intraamniotic
infection. The reported sensitivity is higher than the
one reported by Torbe et al. Another study reported
the sensitivity of PCT of 50% in diagnosis of
chorioamnionitis.23 A study conducted by Oludag
et al, reported a slightly higher sensitivity of 92.3%
for subclinical IAI as compared to our study.12
Our study results have shown that PCT has
a high specificity of 91.8% in diagnosis of early
intraamniotic infection. This reported sensitivity
is higher as compared to the ones reported in
literature.10,19,20 Moreover, according to literature,
PCT also has a higher sensitivity and specificity
than CRP for diagnosis of chorioamnionitis.24
Many changes occur in the inflammatory system,
the cortisol and other factors during gestation,
which normally increase the WBC count and peak
at the end of gestation.25 Therefore, the levels of
WBCs may not accurately depict clinical conditions
present in pregnant females.
Limitations of the stud: This was a single institute
study. Moreover, we did not compare the PCT
levels with other inflammatory markers such
as WBC count and CRP levels. Strengths of our
study include prospective data collection from all
of its participants. It is recommended that further
multicenteric studies on larger sample size shall
be carried out to provide better understanding to
the current topic.
CONCLUSION
The detection of early intra-amniotic PPROM
infection was found to be satisfactory for the
Vol. 38 No. 1
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diagnosis of mother’s blood procalcitonin
levels. The maternal blood procalcitonin level
is therefore a clinically useful biomarker, noninvasive and reliable for detecting early intraamniotic infection in PPROM cases.
Grant support and financial disclosures: None.
REFERENCES
1.

2.

3.

4.

5.

6.
7.
8.
9.

10.
11.

12.

13.

Popowski T, Goffinet F, Batteux F, Maillard F, Kayem G.
Prediction of maternofetal infection in preterm premature
rupture of membranes: Serum maternal markers.
Gynecologie Obstetrique Fertilite. 2011;39(5):302-308. doi:
10.1016/j.gyobfe.2010.11.006
Torbe A. Maternal plasma procalcitonin concentrations
in pregnancy complicated by preterm premature rupture
of membranes. Mediat Inflamm. 2007;2007:35782. doi:
10.1155/2007/35782
Bommareddy M, Hebbar S. A review on PPROM (Preterm
Prelabour Rupture of Membranes) and early Onset neonatal
sepsis and role of Inflammatory markers in Diagnosis of
Maternal and Neonatal Infection. J Crit Rev. 2019;6(3):7-13
doi: 10.22159/jcr.2019v6i3.31792
Smith G, Rafuse C, Anand N, Brennan B, Connors G, Crane
J, et al. Prevalence, management, and outcomes of preterm
prelabour rupture of the membranes of women in Canada.
J Obs Gynaecol Can. 2005;27(6):547-553. doi: 10.1016/S17012163(16)30711-3
Dars S, Malik S, Samreen I, Kazi RA. Maternal morbidity
and perinatal outcome in preterm premature rupture of
membranes before 37 weeks’ gestation. Pak J Med Sci.
2014;30(3):626-629. doi: 10.12669/pjms.303.4853
Khashoggi TY. Outcome of pregnancies with preterm
premature rupture of membranes. Saudi Med J.
2004;25(12):1957-1961.
Medina TM, Hill DA. Preterm premature rupture of
membranes: Diagnosis and management. Am Fam
Physician. 2006;73(4):659-664.
Tehranian N, Ranjbar M, Shobeiri F. The Prevalence
and Risk Factors for Preterm Delivery in Tehran. Iran J
Midwifery Reproductive Health. 2016;4(2):600-604.
Elvedi-Gasparovic VE, Maurac I, Beljan P, GverićAhmetašević S, Jurica SA. Procalcitonin vs C-reactive
protein in early detection of intrauterine infection in
premature rupture of membranes and neonatal infections.
Signa Vitae. 2014;9(1):54-57.
Meisner M. Pathobiochemistry and clinical use of
procalcitonin. Clinica Chimica Acta. 2002;323(1):17-29. doi:
10.1016/s0009-8981(02)00101-8
Bakar RZ, Köroğlu 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.
2021;17(3):694–699. doi: 10.5114/aoms.2019.86191
Oludag T, Gode F, Caglayan E, Saatli B, Okyay RE,
Altunyurt S. Value of maternal procalcitonin levels for
predicting subclinical intra-amniotic infection in preterm
premature rupture of membranes. J Obstet Gynaecol Res.
2014;40(4):954-960. doi: 10.1111/jog.12273
Schuetz P, Chiappa V, Briel M, Greenwald JL. Procalcitonin
algorithms for antibiotic therapy decisions: A systematic
review of randomized controlled trials and recommendations
for clinical algorithms. Arch Intern Med. 2011;171(15):13221331. doi:10.1001/archinternmed.2011.318
Pak J Med Sci

January - February 2022

14. Blume HK, Li CI, Loch CM, Koepsell TD. Intrapartum fever
and chorioamnionitis as risks for encephalopathy in term
newborns: A case controlled study. Dev Med Child Neurol.
2008;50:19-24. doi:10.1111/j.1469-8749.2007.02007.x
15. Tita ATN, Andrews WW. Diagnosis and management of
clinical chorioamnionitis. Clin Perinatol. 2010;37:339-354.
doi: 10.1016/j.clp.2010.02.003
16. Shatrov JG, Birch SC, Lam LT. Chorioamnionitis and cerebral
palsy: A metaanalysis. Obstet Gynecol. 2010;116:387-392.
doi: 10.1097/AOG.0b013e3181e90046
17. Popowski T, Goffinet F, Maillard F. Maternal markers for
detecting early onset neonatal infection and chorioamnionitis
in cases of premature rupture of membranes at or after 34
weeks of gestation: A two center prospective study. BMC
Pregnancy Child. 2011;11-26. doi: 10.1186/1471-2393-11-26
18. Van De Laar R, Van Der Hams DP, Qei SG, Willekes C.
Accuracy of C-reactive protein determination in predicting
chorioamnionitis and neonatal infection in pregnant women
with premature rupture of membranes: Systematic review.
Eur J Obstet Gynecol Reprod Biol. 2009;147:124-129. doi:
10.1016/j.ejogrb.2009.09.017
19. Van Rossum AM, Wulkan RW, Quedusluys-Murphy AM.
Procalcitonin as an early marker of infection in neonates and
children. Lancet Infect Dis. 2004;4:620-630. doi: 10.1016/
S1473-3099(04)01146-6
20. Müller B, White JC, Nylén ES, Snider RH, Becker KL,
Habener JF. Ubiquitous expression of the calcitonin-i gene
in multiple tissues in response to sepsis. J Clin Endocrinol
Metab. 2001;86:396-404.
21. Cetin O, Aydın ZD, Verit FF, Zebitay AG, Karaman E,
Elasan S, et al. Is Maternal Blood Procalcitonin Level a
Reliable Predictor for Early Onset Neonatal Sepsis in
Preterm Premature Rupture of Membranes? Gynecol Obstet
Invest. 2017;82:163-169. doi: 10.1159/000446949
22. Asadi N, Faraji A, Keshavarzi A, Akbarzadeh-Jahromi
M, Yoosefi S. Predictive value of procalcitonin, C-reactive
protein, and white blood cells for chorioamnionitis among
women with preterm premature rupture of membranes. Int
J Gynaecol Obstet. 2019;147(1):83-88. doi: 10.1002/ijgo.12907
23. Thornburg LL, Queenan R, Brandt-Griffith B, Pressman
EK. Procalcitonin for prediction of chorioamnionitis in
preterm premature rupture of membranes. J Matern
Fetal
Neonatal
Med.
2016;29(13):2056-2061.
doi:
10.3109/14767058.2015.1077224.
24. Kopyra P, Seremak-Mrozikiewicz A, Drews K. Usefulness
of PCT, IL-6, CRP measurement in the prediction of
intraamniotic infection and newborn status in pregnant
women with premature rupture of membranes. Ginekol Pol.
2010;81:336-341.
25. Rizzo G, Capponi A, Vlachopoulou A, Angelini E, Grassi
C, Romanini C. Interleukin-6 concentrations in cervical
secretions in the prediction of intrauterine infection in
preterm premature rupture of the membranes. Gynecol
Obstet Invest. 1998;46(2):91-95. doi: 10.1159/000010009

Authors Contribution:
QAS & RF: Conceived, designed and did editing
of manuscript and are responsible for integrity of
the study.
QAS & RF: Did data collection, statistical analysis
and manuscript writing.
QAS & RF: Did review and final approval of
manuscript.
RF: Did data collection.
Vol. 38 No. 1

www.pjms.org.pk

314

