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Increased serum procalcitonin levels in pregnant
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Abstract

Background: Among the pregnancy urinary tract infections, asymptomatic bacteriuria (ASB) is the most common
one. Untreated ASB can progress to pyelonephritis in 30-50% of the patients and can also result in prematurity in
27% of the pregnancy so it needs immediate diagnosis and treatment. In this study, we wanted to evaluate
procalcitonin levels, compared to other inflammatory in pregnant women with ASB.

Methods: The study was designed between the period of January 2012 and February 2013 at Sakarya University
School of Medicine, Department of Gynecology and Obstetrics. The study population included 30 pregnant patients
with asymptomatic bacteriuria and 39 healthy pregnant controls.

Results: Mean age was 28 (SD, 5.5) of the study population; mean maternal weight was 70 (SD, 8) kilogram. There
were no statically significant differences between the groups according to the routine biochemical parameters, but
gestational age was significantly lower in the ASB group compared to the controls (20.4 vs 28.6, respectively; p < 0.001).
Serum procalcitonin levels were negative in all of the controls. In ASB group, 9 (30%) patients had procalcitonin levels
greater than >0.05 ng/ml and 21(70%) patients had negative procalcitonin levels (Chi-squrae, p < 0.001). The sensitivity
and specificity of procalcitonin assay for ASB was calculated as 30% and 100%, respectively. The positive predictive
value was 100% and the negative predictive value was 65%. The most frequent microorganisms in the urine culture
were Escherichia coli (26 patients, 87%), Proteus mirabilis (3 patients, 10%) and Klebsiella (1 patient, 3%) in the ASB
group. We experienced four (44%) recurrences among nine positive procalcitonin in ASB patients after completion of
treatment of the first ASB diagnosis.

Discussion: Procalcitonin levels were significantly higher in ASB group than the control group and serum procalcitonin
levels were higher in pregnant women with recurrent ASB. This finding is an important result revealed that high
procalcitonin level can predict the further urinary tract infection risk. Finally, serum procalcitonin levels were normal in
healthy pregnant women while other inflammatory markers such as WBC, ESR and CRP levels were higher.
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Background
Urinary tract infections (UTI) are the most common in-
fections during pregnancy and can cause serious mater-
nal and fetal complications if led untreated [1]. Among
the pregnancy UTIs, asymptomatic bacteriuria (ASB) is
the most common one. Changing with region and race,
the prevalence of ASB in pregnancy is 2,5-15%. Un-
treated ASB can progress to pyelonephritis in 30-50% of
the patients and can also result in prematurity in 27% of
the pregnancy. As the treatment of ASB reduces both
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the risk acute pyelonephritis and low birth weight, early
diagnosis is of paramount importance [2].
Procalcitonin is a precursor of calcitonin which is known

as calcium-regulating hormone and also a marker of in-
flammatory infections, it releases from organs other than
the thyroid [3]. Procalcitonin increases especially in bacter-
ial infections and rises faster than the commonly used in-
flammatory markers such as erythrocyte sedimentation rate
(ESR), C reactive protein (CRP) and decreases more quickly
following alleviation of the infection; Thus, it is easy and
applicable in follow up the severity of infections [4].
In this study, we wanted to evaluate procalcitonin levels,

compared to other inflammatory markers at standard
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Table 1 The general characteristics of asymptomatic
bacteriuria and control groups

Control
(n = 39)

Asymptomatic bacteriuria
group (n = 30)

P

Age 29,36 ± 5,91 26,97 ± 4,68 0.073

Weight 70 [65–76] 68 [66,5-72] 0.799

Gestational
age

28,64 ± 8,74 20,4 ± 5,98 0.0001

CRP 4,98 [3–8,35] 7,79 [4,56-8,9] 0.066

WBC 9682,05 ± 2468,31 8454,33 ± 2716,41 0.054

Hb, gr/dl 10,8 ± 1.65 11,9 ± 2.12 0,95

AST, U/L 25 ± 4.23 20 ± 6.25 0.7

ALT,U/L 21 ± 3.22 19 ± 4.55 0.5

Cre, mg/dl 0.7 ± 0.15 0.8 ± 0.19 0.8

Sedim 1 16 [11–23] 22 [9–23] 0.780

Sedim 2 27 [20–39] 35 [15–37] 0.908

CRP: C reactive protein, WBC: white blood cell, Hb:Hemoglobulin, AST: Aspartate
transaminase, ALT: Alanin transaminase, Cre: Creatinine.
P values were <0.05 accepted as statically significant.
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screening visit for ASB and whether there was a difference
between pregnant with and without ASB. We also ana-
lyzed the predictive and prognostic value of procalcitonin
in ASB.

Materials and methods
The study was designed between the period of January
2012 and February 2013 at Sakarya University School of
Medicine, Department of Gynecology and Obstetrics and
the study was approved by the local Ethical Committee for
Scientific Studies at Sakarya University, Sakarya, Turkey.
The study population included 30 pregnant patients with
asymptomatic bacteriuria and 39 healthy pregnant con-
trols. ASB is defined as two consecutive voided urine spec-
imens with isolation of the same bacterial strain in
quantitative counts of ≥105 cfu/mL without any symptoms
such as dysuria, incontinance, urgency, colic pain and
fever. All women were between the ages of 18-45 and
pregnancies were greater than 11 weeks of gestation. The
exclusion criteria were: active sign of infection such as
fever, cough, sputum, dysuria, diarrhea, etc., history of
hospitalization during last month, operation or trauma
history, antibiotic usage during pregnancy, any chronic ill-
ness history such as diabetes mellitus, hypertension, cor-
onary heart disease, autoimmune disorder, pre-eclampsia
or eclampsia.
Urine culture, serum CRP levels, complete blood count

(CBC) and differential, ESR, serum procalcitonin and
serum biochemistry were analyzed in all patients.

Urine culture
All patients gave a morning mid-stream urine sample fol-
lowing the cleaning of the periurethral region. Patients
with positive urine cultures gave a second a urine sample
for culture in the next 48 hours. If the second result was
also positive the patient was included in the ASB group of
study. During the following period we order a urine mi-
croscopy and culture for each month if a patient treated
for ASB at the beginning. All analyses were done in the
microbiology laboratory.

Measurement of serum procalcitonin
All serum samples were analyzed with mini-VIDAS NO:
99,737 device (bioMérieux, Inc. NC 27,712, U.S.A.) at the
microbiology clinic. Serum procalcitonin levels greater
than 0.05 ng/ml were quantified; levels <0.05 ng/ml were
interpreted as negative.

Statistical analysis
Continuous variables were tested by Kolmogorov-Smirnov
for normality test. Normally distributed continuous vari-
ables were analyzed with two-sample t-test and abnormally
distributed variables were analyzed with Mann–Whitney U
test. Categorical variables were analyzed by chi-square test.
All P-values less than 0.05 were considered statistically sig-
nificant. Calculations were performed with statistical soft-
ware (SPSS 18.0 statistical software program SPSS,
Chicago, IL).

Results
Mean age was 28 (SD, 5.5) of the study population; mean
maternal weight was 70 (SD, 8) kilogram. There were no
statically significant differences between the groups
according to the routine biochemical parameters, but ges-
tational age was significantly lower in the ASB group com-
pared to the controls (20.4 vs 28.6, respectively; p < 0.001);
Also, parity and gravity were significantly higher in the
ASB group compared to the controls (p = 0.002 and 0.017,
respectively). In terms of inflammatory markers, ESR and
CRP levels were similar (Table 1 and 2).
Urine analyses were similar between the groups but

leukocyte count and bacteriuria in the microscopic ana-
lyses was significantly higher in the ASB group compared
to the controls (p < 0.001 and 0.0015, respectively). Serum
procalcitonin levels were negative in all of the controls.
Serum prevalence of CRP, WBC and ESR elevations in
healthy control group were illustrated in the Figure 1.
In ASB group, 9 (30%) patients had procalcitonin levels

greater than >0.05 ng/ml and 21(70%) patients had nega-
tive procalcitonin levels (Chi-squrae, p < 0.001) (Table 3).
The sensitivity and specificity of procalcitonin assay

for ASB was calculated as 30% and 100%, respectively.
The positive predictive value was 100% and the negative
predictive value was 65%.
The most frequent microorganisms in the urine culture

were Escherichia coli (26 patients, 87%), Proteus mirabilis
(3 patients, 10%) and Klebsiella (1 patient, 3%) in the ASB



Table 2 Pregnancy outcomes of the study population

Control (n = 39) Asymptomatic bacteriuria group (n = 30) Pearson chi-square P value (Chi-Sq) P value(Yates value)

Gravida 2 [1–3] 2 [2–4] 16.7 0.004 0.07

Parity 1 [0–1] 1 [1–3] 11.7 0.008 0.028

Abortus 0 [0–1] 0 [0–1] 4.1 0.12 0.36

Live birth 1 [0–1] 1 [1–2] 8.7 0.033 0.11

P values of pregnancy outcomes were analyzed by Chi-Square and Yates correction.
P values were <0.05 accepted as statically significant.
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group. We experienced four (44%) recurrences among
nine positive procalcitonin in ASB patients after comple-
tion of treatment of the first ASB diagnosis. In all recur-
rences urine culture were positive for Escherichia coli as
the initial ASB.

Discussions
We found three important results in this study which in-
vestigated serum procalcitonin levels in pregnant women
with ASB. The first one: Serum procalcitonin levels are
significantly higher in pregnant women with ASB than
the control group. The second one is: Recurrent ASB
and urinary tract infection risk are higher in pregnant
women with positive procalcitonin levels at the time of
first diagnosis of ASB. This result revealed that high
procalcitonin level might be a risk factor for subsequent
complications in pregnant women with ASB and the
third result of the study is procalcitonin level was nor-
mal despite the higher levels of WBC, ESR and CRP
levels in the control group. These results supported that
serum procalcitonin is a reliable marker for either diag-
noses or exclusion of urinary tract infection in pregnant
women.
ASB is the most common type of urinary tract infection

in pregnancy and found in 4-7% of pregnancies [5]. Preg-
nancy may cause anatomical, physiological and hormonal
changes in women and these changes can increase the
Figure 1 Serum Procalcitonin, CRP, WBC and sedimentation levels of
frequency of ASB [6]. Presence of ASB in a pregnant
woman represents a significant health risk. The most im-
portant risk is development of acute and chronic pyelo-
nephritis in pregnant women with ASB. It is known that
pyelonephritis can develop in 15-50% of pregnant women
if ASB is not treated [7]. Many complications can be
prevented with early treatment of ASB during pregnancy.
In this respect, studies for early diagnosis and treatment of
ASB during pregnancy are very important.
It is accepted that, routine screening of pregnant women

for ASB, should be done in the first visit and at regular in-
tervals during pregnancy for early diagnosis and treatment
but some authors suggest the screening of ASB in regions
with high prevalance [8,9]. Our region is not a high preva-
lence area for ASB so most of patients were in the second
trimester in our study. Urine culture is still the screening
method for ASB. However it takes time, a second sample
for culture is necessary for definitive diagnosis and it does
not predict recurrences.
Serum procalcitonin is a new marker in pregnant women

population. There was no significant difference of serum
procalcitonin levels between pregnant women and healthy
controls [8,10,11]. Procalcitonin levels do not change with
pregnancy-related conditions (type of birth, time of birth,
type of anesthesia and the stress of childbirth), but are af-
fected by premature rupture of membranes and infectious
conditions, such as group B streptococcal colonization
healthy control group.



Table 3 Serum Procalcitonin levels in ASB and control
groups

Control (n = 39) ASB group (n = 30) P

Procalcitonin (+) 0 9 (30.0) 0.0009

Procalcitonin (−) 39 21

OR = 2.857 (%95 CI: 2.024-4.032). P values were <0.05 accepted as
statically significant.
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[12]. Montagnana et al. showed that serum procalcitonin
was associated with preeclampsia [13]. Following this
study, Can et al. found that there was a significant correl-
ation between severe preeclampsia and procalcitonin levels
[5]. Another study published recently showed that serum
procalcitonin, CRP and D-dimer was significantly associ-
ated with preeclampsia [14].
To our knowledge, this is the first study in the literature

investigating serum procalcitonin levels in pregnant women
with ASB; thus, normal limit of serum procalcitonin levels
in pregnant women with ASB is not established yet. Our
study showed that 30% of the patient with ASB had high
procalcitonin levels and all patients in the control group
had negative procalcitonin assays. We calculated the sensi-
tivity and specificity of procalcitonin assay for ASB as 30%
and 100%, respectively furthermore, positive predictive
value was 100% and the negative predictive value was 65%.
Therefore we suggest that procalcitonin may be used in
conjunction with urine culture in ASB diagnosis and fol-
low up.
Serum procalcitonin level has still been studied in urin-

ary tract infections and a significant correlation between
the grade 3 vesico-urethral reflux and procalcitonin was
shown in the children. In the same study, serum pro-
calcitonin levels which were higher than 0, 5 ng/ml were
associated with an increased risk of recurrent urinary tract
infection [15]. Consistent with this study, we found signifi-
cant recurrence rate in ASB patients with elevated pro-
caltionin levels. In our study 44% of ASB patients had
recurrence following the 2 months of the treatment of
ASB and all of them had elevated procalcitonin levels. In
another study among 1-13 months old babies, serum
procalcitonin levels predicted acute pyelonephritis compli-
cated with renal scar with 83% sensitivity and 94% specifi-
city [16]. In our study, none of the women experienced
systemic infection or sepsis and we don’t have fetal out-
come data.
Other studies were performed investigating the predict-

ive value of serum procalcitonin levels in urinary tract in-
fections of children, but there was limited number of
studies about pregnant women especially with urinary
tract infections.
In our study, positive of serum assay was detected in

30% of pregnant women with ASB, and 4 of these 9 pa-
tients (44%) developed recurrent urinary tract infections
after two months of treatment. This result supported that
positive serum procalcitonin assay could be a predictive
marker of recurrent urinary tract infections in the ASB
population.
For the other parameters for infections: White blood cell

count is usually normal in pregnancy, but the number of
neutrophils can increase. There might be a significant
leucocytosis increased up to 25.000 / mm3 during labor
and puerperium. Also serum alkaline phosphatase can in-
crease and may associate with inflammation [17]. In our
study, leucocytosis was not seen in pregnant women as in
controls. ESR starts to increase after 10 th weeks of gesta-
tion. The increase is moderate and it returns to normal
level at 1 month after labor [18]. CRP levels were shown
to be significantly higher in healthy pregnant women dur-
ing the first 4 weeks of gestation [19]. In our study, CRP
and ESR levels were above normal, but there was no sig-
nificantly difference between the control and ASB group.
But none of the healthy pregnant women had elevated
procalcitonin levels and there was significant elevation of
procalcitonin in the ASB group. This result showed that
serum procalcitonin assay might be more reliable inflam-
matory marker than ESR, WBC and CRP in pregnant
women with ASB.
Conclusions
In conclusion, this is the first study that investigated
the serum procalcitonin levels in pregnant women with
ASB. Procalcitonin levels were significantly higher in
ASB group than the control group. Also serum
procalcitonin levels were higher in pregnant women
with recurrent ASB. This finding is an important result
revealed that high procalcitonin level can predict the
further urinary tract infection risk. Finally, serum
procalcitonin levels were normal in healthy pregnant
women while other inflammatory markers such as
WBC, ESR and CRP levels were higher. Finally we can
suggest that serum procalcitonin assay may be a reli-
able marker for diagnosis and exclusion of urinary
tract infections in pregnant women.
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