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Ozet

Amag: Yenidoganlarda yapilan galismalar C-reaktif protein (CRP)
ve prokalsitoninin (PCT) sepsis tani ve tedavisinde glvenilir bir
belirte¢ olarak kullanilabilecegini gdstermektedir. Bununla birlikte
bu belirteclerin serum dlizeylerinde enfeksiyon digi nedenler ile de
ylkselme gorilebilmektedir. Bu galismanin amaci fetal distress,
dogum sonrasi fizyolojik faktérler ve sepsisin CRP ve PCT serum
seviyeleri Uzerine ne duzeyde etki ettigini tespit etmek ve
karsilastirmaktir.

Materyal ve Metot: Calismaya 88 bebek alindi. Tim bebeklerden
baslangi¢c aninda hemogram, CRP, PCT ve kiiltur igin kan érnegi
alindi (TO), sepsis tanili bebeklerde tetkikler 3. (T3) ve 7. glinlerde
(T7) tekrarlandi.

Bulgular: Klinik ve laboratuvar bulgulan sepsis ile uyumlu olan
hastalar sepsis grubu (Grup 1), fetal distresi olan ve olmayan
saglikh bebekler birlikte kontrol grubu olarak alindiginda (Grup
2+Grup 3) T0’da duyarlilik ve 6zgullik sirasi ile CRP igin %82 ve
%86, PCT igin %64 ve %49 bulundu. Yalnizca fetal distress
yasamayan saglikli bebekler kontrol grubu olarak alindiginda ise
bu degerler CRP igin %82 ve %93, PCT icin ise %71 ve %47
olarak bulundu.

Sonug: Dodum sonrasi fizyolojik artisin yani sira fetal distress
nedeni ile de CRP ve PCT'in her ikisinin de serum diizeylerinde
artis gorulebilmektedir. Ancak bu iki faktérin etkisi PCT Uzerinde
cok daha fazladr.

Anahtar Kelimeler: Yenidogan, Sepsis, C-reaktif protein,
Prokalsitonin

Abstract

Aim: The studies in neonates suggest that C-reactive protein
(CRP) and procalcitonin (PCT) can be used as a reliable marker for
both diagnosis and follow-up of neonatal sepsis. However, their
serum levels may also increase in some conditions without
infection. The aim of this study was to determine and compare the
effects of fetal distress, postnatal physiological factors and sepsis
on serum levels of CRP and PCT.

Materials and Methods: A total of 88 infants were included in this
study. Before initiating therapy, blood samples for whole blood
count, CRP, PCT and culture were obtained from all neonates (T0).
This procedure was repeated two times at 72 h (T3) and day 7 (T7)

Results: The group that included infants with clinical and
laboratory findings of sepsis considered as a sepsis group (Group
1) and the groups with and without fetal distress were combined as
a control group (Group 2+Group 3), so CRP and PCT were
evaluated in terms of the sensitivity and specificity. The sensitivity
and specificity at TO were found to be 82%, 86% for CRP and 64%,
49% for PCT, respectively. Additionally, when the healthy term
infants without fetal distress were considered as a control group;
the sensitivity and specificity at TO were found to be 82%, 93% for
CRP and 71%, 47% for PCT, respectively.

Conclusion: Consequently, we found that PCT and CRP levels
are affected by fetal distress as well as physiological increase after
birth. However, we found that their effects was greater on the PCT
levels.

Keywords: Neonatal, Sepsis, C-reactive protein, Procalcitonin

INTRODUCTION

Despite all the advances in diagnosis, neonatal
sepsis continues to be one of the major causes
of morbidity and mortality. Although, the
incidence in neonatal period has been reported
between 1-10 per 1000 live births, it is higher

in developing countries .

The diagnosis is usually difficult as the sign
and symptoms are non-specific in early stages
of neonatal sepsis and this results with delayed
or unnecessary treatment. The blood culture is
gold standard for diagnosis of neonatal sepsis
but the factors such as emergence of the

earliest cultures 24-48 hours, insufficient
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guantity of sample, contamination and inability
to produce of microorganism may lead to delay
in diagnosis *. Therefore, in addition to blood
culture, bacterial antigen tests, complete blood
count, and several biomarkers such as C-
reactive protein (CRP) have been widely used
in diagnosis of neonatal sepsis “®. Although
CRP is the most widely used acute phase
protein, procalcitonin (PCT) has also been

reported as an reliable and accurate marker
4,7,8.

CRP is an acute phase protein synthesized by
hepatocytes in response to infectious stimuli.
CRP production begins in 4-6 h, detectable in
the serum within 12 h and reaches to peak
values between 36 to 50 h. Its’ plasma level
begin to fall along with the regression of
inflammation. As CRP may increase in several
conditions, it is preferably used in combination
with other biomarkers. Serial CRP
measurements that taken 24-48 h after the
onset sign and symptoms can increase the
sensitivity &1

PCT is the precursor protein of calcitonin. It is
produced by macrophages and hepatocytes.
Its' serum levels increase after 2-4 h of
bacterial endotoxin release. It reaches a peak
level after 6-8 h and begins to decrease after
24 h. Serum value is compatible with the
severity of the infection and fall after treatment.
PCT begins to increase earlier than CRP in
case of infection and also falls quicker after

treatment *" %,

The studies in neonates suggest that CRP and
PCT can be used as a reliable marker for both
diagnosis and follow-up of neonatal sepsis.
However, their serum levels may also increase

in some conditions without infection such as

fetal distress. This may lead to
misinterpretation for the early diagnosis of
sepsis 781011
Intrauterine meconium passage in near-term or
term fetuses has been associated with
fetomaternal stress factors, whereas
meconium passage in postterm pregnancies
has been attributed to gastrointestinal
maturation. The finding of meconium stained
amniotic fluid (MSA) is associated with multiple
markers of fetal distress, as meconium-stained
infants have in general lower scalp and
umbilical cord artery pH in comparison with
infants born through clear amniotic fluid.
However, no major problems occur in the

majority of infants born through MSA ***2,

In this study, MSA was accepted as a sign of
fetal distress and healthy neonates were
divided into two groups as neonates with and
without fetal distress. Thus, the aim of this
study was to determine the effects of fetal
distress and postnatal physiological factors on
serum levels of CRP and PCT. We also aimed
to compare CRP and PCT levels of these
infants with those who had early onset sepsis
(EOS).

MATERIAL AND METHODS

This study was performed in the neonatal
intensive care unit (NICU) of Medicine Hospital
between October 2015 and March 2016.
Although 40 term infants diagnosed as EOS
were initially included, 11 infants were
excluded from the study because of parents
rejected inclusion of their babies. Therefore, a
total of 88 infants ( 29 term infants with EOS
group, 27 healthy term infants with fetal
distress group, 32 healthy term infant with

control group) were included in this study. The
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study protocol was approved by the ethic
committee of Biruni University and informed
consent was obtained for all infants from their

family.

The EOS group (Group 1) included infants with
clinical and laboratory findings of sepsis in the
first 72 h, whereas MSA was accepted as a
sign of fetal distress and newborns without
clinical and laboratory findings of sepsis
divided into two groups according to with and
without fetal distress (Group 2 and Group 3,
respectively). Gestational age, gender, birth
weight, mode of delivery, Apgar score, history
of premature rupture of membranes (PROM),
chorioamnionitis and prenatal demographics

were all recorded.

The diagnosis of EOS was made according to
the presence of the clinical and laboratory
parameters or culture screen. The Toéllner
scoring system was used for clinical signs.
According to this scoring system, a score of
210 indicates clinical sepsis, a score of < 5
indicates no sepsis, and a score of 5-10

indicates possible sepsis **.

Exclusion criteria included antibiotic therapy at
admission, serious congenital malformation,
admission after first 72 h of life and refusal of
parental consent. The hematologic parameters
were processed according to the Manroe and

Rodwell scoring systems *>*°

. Leukopenia was
defined as leukocyte count <5000/mm?
leukocytosis was defined as leukocyte count
>25000/mm?® at birth, >30000/mm® at 12 to 24
h and >21000/mm® after the second day.
Normal absolute neutrophil count was
accepted as 7800 to 14500/mm?® in the first 60
h and 1750 to 5400/mm® after 60 h.

Thrombocytopenia was defined as platelet

count <150000/mm?®. Before initiating therapy,
blood samples for whole blood count, CRP,
PCT and culture were obtained from all
neonates (T0). This procedure was repeated
two times at 72 h (T3) and day 7 (T7). Whole
blood count, CRP, PCT, cultures were studied
immediately. CRP levels (reference range: <6
mg/l) were studied by an immunoturbidimetric
method using Cobos integra 400 plus (Roche
Diagnostics, Rotkreuz, Switzerland). PCT level
(reference range: <0.5ng/ml) were determined
by an immunoassay method using i-Chroma
(Boditech Med. Inc., Korea). Whole blood
count was performed by using a Sysmex XT-
1800i (Sysmex Corporation, Japan). Cultures
were analyzed using fully automated BACTEC

method by BacT/Alert (Biomeriux, France).

SPSS Statistics 22 program was used for data
analysis. Descriptive statistics were given as
mean, median, standard deviation, minimum,
maximum and percentage. The significance
between groups were evaluated with xz-test for
qualitative data and with Wilcoxon test for
gquantitative data. Values of p < 0.05 were

considered to be statistically significant.
RESULTS

Eighty eight term infants were included in this
study. No significant differences were found in
gestational age, gender, birth weight, mode of
delivery, presence of PROM, chorioamnionitis,
acidosis, hypoxia, jaundice and support of
mechanical ventilation (p > 0.05). The mean
Apgar scores at minute 1 were found to be
significantly higher in group 2 and 3 than in
sepsis group (Group 1) (p = 0.03) but there are
no differences Apgar scores at minute 5

among three groups (Table 1).
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Table 1: Clinical characteristics of study groups.
Grup 1 Grup 2 Grup 3
p
Mean*SD(median) Mean*SD (median) Mean*SD (median)
(n=29) (n=27) (n=32)
Gestational age (week) 39.3840.90 (39) 39.52+1.05 (40) 38.69+1.53 (39) '0.724
Gender
Female 14 (%48.3) 13 (%48.1) 15 (%46.8) 20,804
Male 15 (%51.7) 14 (%51.9) 17 (%53.2) )
Age (day) 1.55+0.57 (2) 10 (1) 110 (1) '0.00*
Birth weight (gr) 3216.25+513.92 10.439
3376.214522.33 (3450) 3289.26+486.59 (3380) (3335) )
Delivery route
Normal 6 (%20.7) 13 (%48.1) 8 (%25) 2006
Cesarean delivery 23 (%79.3) 14 (%51.9) 24 (%75) ’
Apgar min. 1 7.57+0.87 (8) 8.04+0.76 (8) 8.53+0.57 (9) '0.03*
Apgar min. 5 8.86+0.64 (9) 9.11£0.51 (9) 9.56+0.50 (10) '0.11
PROM 0 (%0) 1 (%4) 3 (%9)
Choriamnionitis 0 (%0) 0 (%0) 0 (%0)
Acidosis 0 (%0) 1 (%4) 1(%1.8)
Hypoxia 0 (%0) 1 (%4) 0 (%0)
Invasive ventilation 0 (%0) 0 (%0) 0 (%0)
Jaundice 2 (%7) 0 (%0) 0 (%0)
TOne-way ANOVA “Ki-Kare Test, Continuity (Yates) correction ve Fisher’s Exact Test *p<0.05 **p<0.01

Initial leukocyte counts were higher in group 1
compared with the group 2 and 3 but there
were no statistically differences. The leukocyte
counts in sepsis group decreased significantly
at both 72 h and day 7 (p = 0.02). The initial
platelet counts were significantly higher in the

groups 2 and 3 compared with group 1 (p =

0.00). In addition, platelet counts in sepsis

group signi

ficantly increased at

day 7

compared with initial count (p = 0.001) (Table

2).

Table 2: Table showing mean levels at 0, 72 h and 7 days.

Grupl

Grup 2

Grup 3 p

MeantSD

MeantSD

MeantSD

Leukocyte (mm°®)

T1 18808.62+5814.69

T3 10985.47+4001.14
T7 11702.41+£2632.68

18812.22+£3629 16616.8+3464.5

'0.57

p 0.021*
Platelet (mm®)
™ 261062.5+£70201.5
23334450612 23677742525 = :
T3 233655454906
T7 328931+110260 '0.00**
’p 0.001**
CRP (mg/l)
T1
21.47+11.58 4.33x55 0.30£0.62
T3 12.27+19.58 '0.002**
17 1.72+1.70
p 0.002**
PCT (ng/ml)
T1 6.44%17.56 2.63+2.3 0.54 £1.43
T3 0.71%1.1 '0.014*
T7 0.16+0.06
o 0.005**

1One—way ANOVA Test 20One-way Repeated Measures ANOVA

*p<0.05  **p<0.01
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Initial levels (TO) of CRP and PCT in group 1
were significantly higher than in group 2 and 3 (p
= 0.002, p = 0.014, respectively). Similarly, CRP
and PCT values in the group 2 were significantly
higher than in the group 3. CRP and PCT levels
at TO declined throughout the study period and
these changes are statistically significant (p =
0.002, p = 0.005) (Table 2).

In the sepsis group, 8 patients (28%) had positive
blood culture (3 Staphylococcus epidermidis, 2
Alpha-hemolytic streptococcus, 2 Staphylococcus
aureus, 1 Escherichia coli) and no patients died
from sepsis. No statistically differences were
found when the patients that with and without
culture positive were compared to in terms of
values of CRP and PCT (p = 0.77, p = 0.56).

The groups with and without fetal distress were
combined as a control group (Group 2+Group 3),
so CRP and PCT were evaluated in terms of the
sensitivity and specificity in all neonates. The

sensitivity and specificity at TO were found to be

82%, 86% for CRP and 64%, 49% for PCT,
respectively. The area under the curve (AUC)
calculated from the receiver operating
characteristic curve (ROC), so we evaluated the
performance of biomarkers. AUC for CRP and
PCT were 0.85 (95% confidence interval (CI):
0.74-0.96) and 0.53 (%95 CI: 0.41-0.66),
respectively (p< 0.01). The comparison of CRP,
PCT in terms of sensitivity, specificity, PPV, NPV

and AUC are all shown in Table 3 and Figure 1.
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Figure 1. ROC curve of CRP, PCT values at TO in the EOS
group.

Table 3: Comparison of CRP and PCT according to sensitivity, specificity, PPV, NPV and AUC (When
the groups with and without fetal distress were combined as a control group)

Cut-off Sensitivity Specificity PPV NPV AUC
Point (95% ClI) (95% Cl) (95% Cl) (95% ClI) (95% CI)
CRP >6.10 0.82 0.86 0.97 0.46 0.853**
(0.70-0.94) (0.79-0.93) (0.90-1) (0.43-0.49) (0.74-0.96)
PCT >1.37 0.64 0.49 0.59 0.55 0.532
(0.59-0.70) (0.41-0.57) (0.49-0.69) (0.48-0.62) (0.41-0.66)
Abbreviations: AUC, area under the curve; Cl, confidence interval; NPV, Negative Predictive Value; PPV, positive predictive value.
*p < 0.05 **p < 0.01
Additionally, when the healthy term infants PCT were 0.88 (95% confidence interval (Cl):

without fetal distress were considered as a
control group; the sensitivity and specificity at TO
were found to be 82%, 93% for CRP and 71%,

47% for PCT, respectively. AUC for CRP and

0.78-0.99) and 0.58 (%95 CI: 0.43-0.73),
respectively (p< 0.01). The comparison of CRP,
PCT in terms of sensitivity, specificity, PPV, NPV

and AUC are all shown in Table 4.

Table 4. Comparison of CRP and PCT according to sensitivity, specificity, PPV, NPV and AUC (When
the healthy term infants without fetal distress were considered as a control group)

Cut-off Sensitivity Specificity PPV NPV AUC
Point (95% ClI) (95% ClI) (95% ClI) (95% ClI) (95% ClI)
CRP >6.15 0.82 0.93 0.98 0.41 0.883**
(0.78-0.86) (0.90-0.96) (0.92-1) (0.34-0.48) (0.78-0.99)
PCT >1.25 0.71 0.47 0.65 0.42 0.580
(0.65-0.77) (0.40-0.54) (0.59-0.71) (0.36-0.48) (0.43-0.73)

Abbreviations: AUC, area under the curve; Cl, confidence interval; NPV, Negative Predictive Value; PPV, positive predictive value.

*p < 0.05 **p < 0.01
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DISCUSSION

Sepsis is an important cause of morbidity and
mortality in neonatal period. Early diagnosis is
essential in sepsis but the sign and symptoms
are nonspecific. Although blood culture is gold
standard for the diagnosis, false negative
results and long incubation period limits the
use of blood culture in neonatal sepsis .
Therefore, auxiliary markers are needed to
confirm the diagnosis of sepsis, but a reliable
identification test has not been provided for this

purpose.

CRP is the most commonly used marker for
diagnosis and follow-up of neonatal sepsis.
CRP levels increase with bacterial infections
but it may also show a physiological increase
after birth or non-infection associated
conditions such as perinatal asphyxia, fetal
distress, meconium aspiration syndrome,
respiratory distress syndrome (RDS), traumatic
and ischemic tissue damage, hemolysis,
maternal fever. In addition, serum CRP levels
begin to rise 10-12 h after an inflammatory
stimulus. Therefore, there have been concerns
about the reliability of CRP during the early

stage of the disease %'

In previous
studies, the sensitivity and specificity values for
CRP has been reported to 25-89% and 59-

100%, respectively "9,

The mean CRP value of neonates with fetal
distress (Group 2) was found 4.33 + 5.5 mg/I
and CRP levels were higher than cut off value
in 6 of them (22%). However, in neonates
without fetal distress (Group 3), mean CRP
value was found 0.30 + 0.62 mg/l and CRP
levels of 3 patients (9%) were higher than cut
off value. The difference between the two

groups was considered to be related with fetal

distress. The mean CRP value in EOS group
21.47+£11.58 mg/l and CRP levels were higher
than cut off value in 24 of them (83%). In our
study, when all healthy neonates that with and
without fetal distress is considered as a control
group, the sensitivity and specificity values for
CRP were found 82% and 86% for 6 mg/l as a
cut off value. However, we found 65%
sensitivity and 93% specificity for 10 mg/l as a
cut off value. This difference results in previous
studies may be related with different cut off
level, testing methodologies, diagnostic criteria
and patient characteristics. When neonates
that without fetal distress is considered as a
control group, the sensitivity and specificity for
CRP were found 82%, 93%, respectively. The
increasing specificity of CRP suggests that
fetal distress affects the performance of the

test.

PCT level does not increase during viral
infections unlike CRP. Furthermore, it rises
earlier than CRP during bacterial infections.
Therefore, PCT considered to have a higher
sensitivity in the early stage of sepsis. PCT
levels may be increase in several condition
such as hemodynamic instability, RDS,
perinatal asphyxia and intracranial
hemorrhage. Additionally, a physiological
fluctuation is observed in PCT levels in the first

48-96 h of birth >822,

In previous studies, the sensitivity and
specificity for PCT has been reported to 48-
100% and 35-97%, respectively. There are
also studies comparing CRP and PCT in
diagnosis and fallow-up of neonatal sepsis.
There are conflicting results about their
superiority to each other in diagnosis of

neonatal sepsis in different studies *"#*?%,
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In our study, when all healthy neonates that
with and without fetal distress is considered as
a control group, a PCT value of 1.37 ng/ml was
established as a cut-off value with 64%
sensitivity and 49% specificity. When neonates
without fetal distress is considered as a control
group, the sensitivity and specificity for PCT
were found 71% and 47%, respectively. This
result showed that the sensitivity of PCT has

been affected fetal distress.

Initial PCT levels of 18 patients (62%) in EOS
group is founded higher than cut off value.
Similarly, PCT levels were higher than cut off
value in 16 healthy neonates (59%) with fetal
distress and in 14 healthy neonates (43%)
without fetal distress. The mean PCT values
for all groups were found higher than reference
value that has been reported as 0.5 ng/ml "%,
It was considered to be related with
physiological increase, so we suggest that

reference value isn’t useful in EOS.

When the all neonates were evaluated, AUC
for CRP and PCT were found 0.85 and 0.53,
respectively. Additionally, their AUC were
found 0.88 and 0.58, respectively, when
neonates without fetal distress referred as
control group. These results showed that PCT
has significantly lower AUC compared with
CRP.

Consequently, we found that PCT and CRP
levels are affected by fetal distress as well as
physiological increase. However, we found that
their effects was greater on the PCT levels in
2-3 days after birth, so the reliability of PCT
has been reduced. Therefore, we suggest that
PCT may not be used as a reliable and
accurate marker for both diagnosis and follow-

up of EOS. However, to increase the accuracy,

CRP and PCT may be used in combination for

diagnosis of EOS.

Conflict of Interest: There is no conflict of

interest.
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