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Abstract

Objective: To investigate whether there was difference in levels of procalcitonin (PCT) and C-reactive
protein (CRP) in intrauterine infection and non-intrauterine infection and to study the potential of PCT
and CRP as for diagnostic markers of intrauterine infection.
Methods: 200 cases were selected, including 98 cases of intrauterine infection and 102 cases of non-
intrauterine infection during 2014-16 in Shandong Provincial Hospital Affiliated to Shandong
University, China. 50 cases of healthy new-born’s was used as a control. The venous blood, cord blood
and maternal blood in each group were collected and the levels of PCT and CRP were detected using
immunofluorescence assay and immunonephelometric method, respectively. SPSS 18.0 was used to
conduct the statistical analysis.
Results: PCT levels in maternal blood of intrauterine infection group were high than the other two
groups, but the difference was not significant. However, PCT levels in cord blood of intrauterine
infection group were significantly higher than both non intrauterine infection group and the healthy
group. PCT levels in the infant’s serum of both intrauterine and non-intrauterine infection group were
significant higher than the healthy group; but no significant difference was observed in cord blood PCT
levels between the non-intrauterine infection group and the healthy control. In intrauterine infection
group, CRP levels in both maternal blood and cord blood were significantly higher than the other two
groups. However, in infant’s serum, no significant different was observed between intrauterine and non-
intrauterine infection groups. In both intrauterine and non-intrauterine infection groups, CRP levels
were significantly higher in all three blood samples compared with the healthy control.
Conclusion: PCT levels in cord blood could be used as a marker for intrauterine infection and CRP
levels in both maternal blood and cord blood could be used as a marker for intrauterine infection.
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Introduction
Though efforts have reduced the neonatal mortality with an
average of 2.0% annually since 1990, the rapid is still much
slower than corresponding reductions in maternal mortality
(2.6%) or mortality in children 1-59 months of age (3.4%) [1].
In the past two decades, almost a half of under-5 child died and
about 3 million neonates are still dying every year [2].

Among various causes for neonatal mortality, the neonatal
infections are one of the major causes of mortality and
morbidity, especially for preterm infants, and represent a heavy
burden both for the patient and public health [3]. Untreated
infections can not only lead to serious complications such as
sepsis which may result in the over prescription of antibiotics,
contributing to the antimicrobial resistance and increasing
costs and adverse effects, but also can cause death of the
neonates [4].

Among the infections, at any time during pregnancy, the
intrauterine infection is one of the important risk factors for

neonatal sepsis and is a frequent cause of mortality and
morbidity in new-born infants [5]. Generally, it is thought that
early diagnosis of infection with the use of high sensitivity
infection markers with a negative predictive value leads to
decreased mortality and morbidity [6]. However, the diagnosis
of early onset neonatal infection remains one of the greatest
challenges in perinatal medicine, not only because of the quite
limited number of tests that obstetrician can rely on, but also
because of the possibility of late or absent for positive
bacteriological samples, the imprecision of the test and non-
specific for traditional markers [7].

Recently, parameters such as Procalcitonin (PCT) and C-
reactive protein (CRP) have been considered to be valuable in
diagnosis of the infections in new-born’s. Several studies have
reported that PCT and CAP are potential in diagnosis of the
neonatal infection [8,9]. However few of them concern on
difference of PCT and CAP in diagnosis between intrauterine
infection and non-intrauterine infection.
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In the present study, we conducted a comparison study between
intrauterine infection and non-intrauterine infection to
investigate whether there was difference in levels of PCT and
CRP in the two kinds of infections and to study the potential of
PCT and CRP as for diagnostic markers of intrauterine
infection.

Methods and Materials

Patients
In the present study, a totally of 200 cases were selected,
including 98 cases of intrauterine infection and 102 cases of
non-intrauterine infection during 2014-2016 in Shandong
Provincial Hospital Affiliated to Shandong University, China.
50 cases of healthy new-born’s was used as a control. All cases
were mothers with singleton pregnancies. In the intrauterine
infection group, intrauterine infection symptoms were
observed in the late pregnancy of the mothers as follows:
premature rupture of membranes>18 h; temperature was
>38°C; leukocytosis >15.00 × 109/L; maternal (>100 beats/
min) and foetal tachycardia (>160 beats/min); meconium
stained amniotic fluid [10]. All neonates in the intrauterine
infection group were confirmed to be infected during the first
48 h of life by both positive blood culture or clinical symptoms
which contained symptoms like pale, grey skin, poor peripheral
circulation, respiratory >60/min, apnoea, respiratory
insufficiency, muscle tension reduction, lethargy, blood
pressure reduction, and CRP>10 mg/L 12~48 h after born but
blood culture was negative [11-13]. For the 102 cases of non-
intrauterine infection neonates, all cases were diagnosed with
no symptoms of infection and were confirmed by blood culture
but were infected within 28 d after born. For all cases, the
study included pregnancies that ended as premature and term
deliveries, pregnancies with congenital foetal malformations
and cases that were treated with antibiotic therapy during the
past two days were excluded from the study. The study was

approved by the ethics committee of Shandong Provincial
Hospital Affiliated to Shandong University.

Examination for CRP and PCT
The venous blood was collected from children within 2 h after
born and before the use of any antibiotics. Cord blood was
collected 10 min after the neonates were born. Maternal blood
was collected before childbirth or surgery. Then the levels of
PCT and CRP were detected and the blood bacterial culture
was performed. The serum PCT concentration was detected by
immunofluorescence assay with a Brahms KRYPTOR kit
along with the corresponding instruments and reagents. The
lowest detection limit of PCT using this method was 0.1 ng/ml.
CRP levels were determined by the latex
immunonephelometric method (BNA analyser, Behring-Werke
AG, Marburg, Germany).

Statistical analysis
The measurement data was expressed by mean ± SD.
Independent continuous variables were compared using the t-
test and categorical data were compared using the chi square
test or Fisher exact test. A P-value was less than 0.05 it was
considered to be statistically significant. All analyses were
made using SPSS 18.0.

Results

Clinical baseline of the patients
Table 1 demonstrated the clinical baseline of cases in different
groups. No significant difference was observed in the mothers
age, mean gestational age at delivery and mean birth weight
among the 3 groups, P>0.05. However in intrauterine infection
group, preterm delivery rate was significant higher than the
other two groups, P<0.05.

Table 1. Clinical baseline of the patients.

Characteristics Intrauterine infection group (n=100) Non-intrauterine infection
group (n=100)

Healthy neonates
(n=50)

Mean age of mothers 27.42 ± 5.31 26.39 ± 4.68 26.54 ± 5.55

Years (21~31) (21~29) (22~30)

Preterm delivery (%) 25 (25)*# 13 (13) 7 (14)

Mean gestational age at delivery 36.56 ± 7.61 38.42 ± 6.95 37.93 ± 5.86

Weeks (27~41) (28~41) (28~40)

Mean birth weight, kg 3.01 ± 2.15 3.56 ± 3.12 3.17 ± 2.63

*P<0.05, compared with the non-intrauterine infection group; #P<0.05, compared with the healthy neonates.

PCT levels in maternal blood, cord blood and infants’
serum of different groups
To investigate the PCT levels in different groups, PCT levels in
maternal blood, cord blood and infant’s serum were detected

respectively. As shown in Table 2, PCT levels in maternal
blood of intrauterine infection group were high than the other
two groups, but the difference was not significant, P>0.05.
However, PCT levels in cord blood of intrauterine infection
group were significantly higher than both non-intrauterine
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infection group and the healthy group, P<0.05. PCT levels in
the infant’s serum of both intrauterine and non-intrauterine
infection group were significant higher than the healthy group,
P<0.05; but no significant difference was observed in cord
blood PCT levels between the non-intrauterine infection group
and the healthy control, P>0.05. These results suggested that
PCT levels in cord blood could be used as a marker for
intrauterine infection.

Table 2. PCT levels in maternal blood, cord blood and infant’s serum
of different groups (ng/ml).

PCT levels Intrauterine infection group
(n=100)

Non-intrauterine
infection group
(n=100)

Healthy
neonates
(n=50)

Maternal
blood

0.93 ± 0.12 0.89 ± 0.11 0.81 ±
0.15

Cord blood 2.98 ± 1.03*# 0.90 ± 0.16 0.85 ±
0.13

Infant’s
serum

9.11 ± 2.54# 8.94 ± 3.01# 1.13 ±
0.25

*P<0.05, compared with the non-intrauterine infection group; #P<0.05,
compared with the healthy neonates.

CRP levels in maternal blood, cord blood and infants’
serum of different groups
As shown in Table 3, in intrauterine infection group, CRP
levels in both maternal blood and cord blood were significantly
higher than the other two groups, P<0.05. However, in infant’s
serum, no significant different was observed between
intrauterine and non-intrauterine infection groups, P>0.05. In
both intrauterine and non-intrauterine infection groups, CRP
levels were significantly higher in all three blood samples
compared with the healthy control, P<0.05, indicating that
CRP levels in both maternal blood and cord blood could be
used as a marker for intrauterine infection.

Table 3. CRP levels in maternal blood, cord blood and infant’s serum
of different, (mg/L).

CRP levels Intrauterine infection group
(n=100)

Non intrauterine
infection group
(n=100)

Healthy
neonates
(n=50)

Maternal
blood

21.45 ± 5.41*# 1.78 ± 1.03 1.68 ±
0.47

Cord blood 19.24 ± 6.32*# 1.74 ± 1.25 1.65 ±
1.01

Infant’s
serum

16.31 ± 4.59# 16.24 ± 5.36# 1.79 ±
0.64

*P<0.05, compared with the non-intrauterine infection group; #P<0.05,
compared with the healthy neonates.

Discussion
With 3 million neonates still dying every year, nowadays, new-
born’s death is still a challenge to the whole world. The
intrauterine infection is thought to be a common cause of
mortality and morbidity in neonates which remains to be a

problem in obstetrics. Though it is widely accepted that early
diagnosis will significantly reduce the risk of death of
infection, the diagnosis of early onset neonatal infection
remains one of the greatest challenges in perinatal medicine.
Limitations for traditional tests include the low sensitivity and
specificity, very limited methods, test not in time and so on.
Thus new potent markers for diagnosis of intrauterine infection
are still needed.

The diagnostic value of C-reactive protein (CRP) has been
recognized for a long time in of lots of infections including
intrauterine infection, such as postoperative infections,
respiratory tract infection, joint infection [14-17]. Diagnostic
value of Procalcitonin (PCT) in new-born’s infection was also
reported by lots of studies, such as nosocomial infections [18]
and sepsis [19]. However diagnostic value of PCT in
intrauterine infection was not reported much.

In the present study, we conducted a comparison study between
intrauterine infection and non-intrauterine infection to
investigate whether there was difference in levels of PCT and
CRP in the two kinds of infections and to study the potential of
PCT and CRP as for diagnostic markers of intrauterine
infection.

To investigate the PCT and CRP levels in different groups,
both PCT and CRP levels in maternal blood, cord blood and
infant’s serum were detected respectively. It was shown that
PCT levels in maternal blood had no diagnostic value for
intrauterine infection since no significant difference was found
between the three groups. However PCT levels in cord blood
were significant higher in intrauterine infection group
compared with non-intrauterine infection group and healthy
neonates, which indicate that PCT levels in cord blood could
be used as a marker for intrauterine infection. These results
were inconsistent with some other studies. Kordek et al.
investigated 15 patients and their infected new-born’s and
found that maternal PCT concentration during labour did not
contribute to early prediction of infection in the neonate, but
umbilical cord PCT concentrations, as well as its neonatal
venous levels on the second day of life, were related to
intrauterine infection [20]. There are also many Chinese
studies showing that cord PCT can be used as a potential
marker in diagnosis of intrauterine infection which may offer
some references [12,21].

For CRP levels, it was found that CRP levels in both maternal
blood and cord blood were significantly higher than the other
two groups. However, in infant’s serum, no significant
different was observed between intrauterine and non-
intrauterine infection groups, indicating that CRP levels in both
maternal blood and cord blood could be used as a marker for
intrauterine infection. These results were also in consistent
with related studies. Cicarelli et al. reported maternal and cord
blood levels of serum CRP during and after delivery and found
that CRP were significantly higher in maternal serum than in
new-born’s at the moment of delivery [22]. Study of Cosickic
et al. showed that CRP could be used as a quick and easily
available test for the recognition of healthy neonates and for
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the choice of neonates who require monitoring and treatment
until microbiological results arrive [23].

Conclusion
In summary, we conducted a comparison study between
intrauterine infection and non-intrauterine infection to
investigate whether there was difference in levels of PCT and
CRP in the two kinds of infections and to study the potential of
PCT and CRP as for diagnostic markers of intrauterine
infection. Results suggested that PCT levels in cord blood
could be used as a marker for intrauterine infection and CRP
levels in both maternal blood and cord blood could be used as a
marker for intrauterine infection.
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