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ABSTRACT

This prospective study aims to measure and compare the level of umbilical cord blood and venous blood procalcitonin (PCT) for a better and
more rapid prediction of maternofetal infections in Algerian newborns. The study was conducted at the hospital of child and mother of Setif in
Algeria from 2016 to 2018. 164 Algerian term suspected newborns born alive to mothers with Maternofetal infection (MFI) risk factors were
included. 69 non-infectious newborns born alive to mothers without MFI risk factors served as the control group. The venous blood and cord
blood in each group were collected. PCT levels were determined and compared to CRP levels. Receiver operating curves (ROC) were generated
to detect the best cut-off values for sensitivity and specificity. Levels of both cord blood and venous blood procalcitonin were significantly
higher in the suspected group than those in the control group (P<0.05). According to the ROC curve, at the cut-off value of cord blood PCT of
0.595 ng/mL, the sensitivity and specificity were 92.3 %, 91.8 % respectively. At the cut-off value of venous blood PCT of 1.12 ng/mL, the
sensitivity and specificity were 100%, 80.5% respectively. The diagnostic value of cord blood PCT for maternofetal infections is higher than
venous blood PCT.
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INTRODUCTION

Thus, early and precise identification of MFI is strongly

. . . . recommended [14]1[9],
Maternofetal infections (MFI) are early onset infections

acquired from the mother by vertical transmission [11[2]. Blood culture should not be required for diagnosis of MFI in

They are common because of the suboptimal protective
immune barriers of the newborn 13141 [51 [6l, This kind of
infections are still an issue of neonate’s survival in Algeria.
Neonatologists still challenging many difficulties in
confirming the diagnosis and timely starting the treatment
of these infections [71181[5]. Diagnosis in Algeria relies on CRP
measurement and clinical suspicion based on subtle clinical
signs [6] [9][10](7] that can occur in some other diseases.
Otherwise, some newborns may be completely
asymptomatic at the initial stages of the infection [11l.
Therefore, such presentations can lead to a delayed
treatment of infected newborns or antibiotic therapy in non-
infected cases resulting in many complications [2] [12] [13] [9],
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everyday practice because it has several drawbacks [71[15].
Therefore, the use of biochemical markers is a potential step
in the survival of newborns. The properties of an ideal
diagnostic biomarker include rapid elevation, acceptable
sensitivity as well as excellent specificity [16]1[17]. Its capacity
to discriminate between etiologies of sepsis and to help in
monitoring antibiotic therapy would be valuable
characteristics too.

Many biomarkers have been investigated for their utility in
the prediction of neonatal infections [21[8] [13] [14] [15] [16] [18] [19],
They showed some limits and remain unreliable. None of
them has been proven to date as an accurate predictive tool
[16]20], Only C-reactive protein (CRP) and Procalcitonin (PCT)
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have been sufficiently studied 811161120l The deep knowledge
about CRP is one of the reasons why these classical tests still
have its place in the diagnostic setup of neonatal infections
[151. However, its low sensitivity and specificity to detect the
infection at an early stage makes it of moderate value for
ruling out alone bacterial infections in neonates [2] [20] [21] [22],

Procalcitonin (PCT) has been strongly described as a reliable
diagnostic and prognostic marker of neonatal sepsis in more
than 13 studies including more than 1086 neonates [13][23]
(24, Many studies have shown that it is more efficient
comparing to CRP because it rises earlier (within 2-4 hours),
it helps to differentiate between viral and bacterial etiologies
and it aids in guiding antibiotic treatment[2][9][13] [25] [26], ]ts
concentration does not only reflect the presence, but also the
intensity of the infection. According to the performed studies
PCT cut-offs ranged from 0.5 to 25 ng/mL [23]. While PCT has
shown to be the most promising marker, up to now there are
no published studies evaluating PCT for the diagnosis and
treatment of neonatal infections in Algeria. Data in the
Algerian population are lacking and highly needed.

Therefore, the main objective of this study is to evaluate the
performance of both umbilical cord blood and peripheral
blood PCT levels in the early prediction of MFI in suspected
Algerian term newborns. This study is the first to assess PCT
in newborns in Algeria. We attempt to incorporate this
marker into the decision algorithm to assist clinicians in the
area of diagnosing and treating MFIs, so as PCT could be
used effectively as a routine test in our hospital. Secondary
objectives were to determine the association between MFI
and some risk factors.

I. POPULATION AND METHODS
I.1. Patients and study design

We prospectively studied Algerian term newborns born
alive by natural vaginal delivery at the hospital of mother

and child of Setif between January 2016 and December 2018.

Term birth was defined as delivery at 237 weeks gestational
age.

The enrolled newborns were classified into two groups. Case
group (group I); included suspected newborns born to
mothers with at least one MFI risk factor. Control group
(group II); included newborns born to mothers without any
MFI risk factor. A neonatologist clinically examined the
suspected newborns immediately after birth to identify MFI.
CRP measurement was done12 hours after birth to confirm
MFL.

Newborns presenting noticeable congenital malformations,
or born with a low birth weight were excluded from the
study.

The study was initiated upon ethical approval by the
scientific committee of Ferhat Abbas University Setif-1
(UFAS-1). Parental consent was obtained for each newborn
prior to enrollment.

1.2, Methods
1.2.1. Interrogatory

After enrollment, mothers were interrogated using a face-to-
face questionnaire. We have also consulted the medical
documents of both the mother and the newborn. The
detailed sociodemographic and medico-surgical
informations were collected.

In addition to maternal parity, maternal antenatal
antibiotherapy, maternal hospitalization during the third
trimester of pregnancy and medical devices used during the
hospitalization, complete obstetric history to detect
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potential risk factors of MFI (PROM, abnormal maternal
body temperature during delivery, maternal UT],
malodorous and/or colored amniotic liquid) were noted.

The demographic variables of newborns as birth weight,
gestational age at delivery, gender and APGAR score at the
5th minute were also recorded. All demographic and clinical
characteristics of the study are summarized in table.1.

1.2.2. Sample collection and analysis

The wumbilical cord blood samples were collected
immediately after delivery for PCT determination only. The
peripheral venous blood samples were collected within 2-4
h and 12 h after birth for the determination of PCT and CRP
respectively. All samples were collected into dry tubes,
centrifuged for 10 min at 3000 r/min at room temperature
within 30 minutes from collection. Then, serum was
aliquoted to 2 mL eppendorf tube and stored at -20 °C prior
to analysis. Samples were diluted before analyses if
necessary.

Samples for the measurement of PCT levels were analyzed
following the manufacturer’s instructions using an
automated enzyme-linked immunofluorescence assay using
a commercially VIDAS® BRAHMS PCT™ (Biomerieux,
Germeny). This automat is available at the laboratory of
molecular biology, the hospital of child and mother, Setif,
Alegeria. It provides a measurement range of 0.05-200
ng/mL and can have results within approximately 20
minutes. CRP levels were determined manually using the
latex method using a commercial latex agglutination kit. The
samples for CRP determination were tested in dilutions of %.

1.2.3. Statistical analyses

Data were collected then assessed using SPSS statistics
software version 17.0 (SPSS Inc. Chicago, IL, USA).
Descriptive statistics were used for neonatal and maternal
characteristics. Data were summarized using mean and
standard deviation (mean * SD) for continuous variables and
percent for categorical variables.

The Receiver operating characteristic (ROC) curve was
plotted to estimate PCT optimal cutoff points and to examine
its diagnostic value, sensitivity and specificity in
differentiating non-infected and infected newborns for the
diagnosis of MFI. P-value less than 5% was considered
statistically significant. The association between the studied
risk factors and the presence of the infection was quantified
using Odds ratio. In this study, continuous variables were
compared using the t-test or Mann-Whiteny test and
categorical data were compared using the khi square test or
Fisher exact test.

II. RESULTS AND DISCUSSION

In this study, 233 newborns were enrolled. The case group
(group I) was composed of 164 suspected newborns. The
control group (group II) included 69 apparently healthy
newborns. Comparisons were done separately in each group.
Venous blood CRP values more than 18 (CRP218 mg/L)
were considered abnormal.

The limited number of our study population could be
explained by the challenges we faced to collect the samples
at inconvenient hours during the day and night. We only
analyzed term newborns in the first 24 hours of life to omit
the problem of age-specific differences that may confound
the interpretation of PCT values. As prematurity and very
low birth weight can highly affect PCT concentrations [16],[27]
[28], these cases were excluded from our study.
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In group I, 44.4 % of newborns were female and 55.6% were
male. The gestational age of the newborns in this group
ranged from 37 to 43 weeks of gestation. Mean birth weight
was 3349.49+494.43 grams. Average APGAR score at 5th
minute was 7.85+0.56. Fifteen newborns in this group had a
respiratory distress at birth. The average of white blood cells
count was 15,412+6,029/mcl. The average of platelet count
was 272.968+62.879/mcl. The average of cord blood PCT
levels was 0.560+1.975 ng/mL. The average of venous blood
PCT levels was 2.765+£10.030 ng/mL. 6.1% of newborns in
this group showed a positive values of CRP (CRP=18 mg/L).

In group II, 53.6% of newborns were female and 46.4% were
male. The gestational age of the newborns in this group
ranged from 37 to 42 weeks of gestation. Mean birth weight
was 3376.81+400.79 grams. Average APGAR score at 5th
minute was 8.01+0.44. One newborn had a respiratory
distress at birth. The average of white blood cells count was
15.557+£5.006/mcl. The average of platelet count was
255.047+66.231/mcl. The average of cord blood PCT levels
was 0.188+0.153 ng/mL. The average of venous blood PCT
levels was 0.296+0.321 ng/mL. All the newborns in this
group showed a negative values of CRP (CRP<18 mg/L).

The white blood cells and platelet counts were not
significantly different in newborns with high suspicion of
MFI and in controls (P = 0.925, P = 0.331 respectively). CRP
levels were significantly different in newborns with high
suspicion of MFI and in controls (P=0.000). The level of cord
blood PCT is significantly higher among newborns with
lower APGAR <7 (p= 0,010), within newborns having a
respiratory distress at birth (p=0,004). Risk of MFI was 3
times higher among newborns with APGAR <7 and 5,635
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higher among newborns born with a respiratory
distress.The levels of PCT were not significantly affected by
gender (p=0.186), birth weight (p=0.669) and gestational
age (p=0.416).

Both the mean cord blood procalcitonin and the mean
venous blood procalcitonin levels in newborns with high
suspicion of MFI were significantly higher than that in the
control group (P=0.000, P=0,026 respectively). In both
groups, the mean of venous blood procalcitonin levels were
higher than the mean cord blood procalcitonin (P< 0.005).
The optimum cut-off value was 0.595 ng/mL for cord blood
PCT. Sensitivity, specificity of cord blood PCT at this cut-off
value, were 92.3, 91.8 percent, respectively for the diagnosis
of MFIL. At a cut-off value of 1.12 ng/mL, venous blood PCT
was found to have sensitivity and specificity of 100, 80.5
percent, respectively. Figures 1 and 2 display the ROC curves
describing respectively the values of cord blood PCT and
venous blood PCT concentrations in the prediction of MFI.

In the last few years, PCT has been investigated as a
promising early biomarker in the diagnosis of neonatal
infections and different results have been published [171[27],
In these studies, PCT values ranged from 0.5 to 25 ng/mL [23],
the reported PCT sensitivity for the diagnosis of early onset
sepsis was found to be 30-100% while the specificity was
51-100% [17]. AUC values were also different from a study to
another [29] [30]. The AUC values reported in this paper were
better. This variability among the results could be related to
many factors such as; the physiological variability, the
selected study populations, the criteria used for the
diagnosis, the different analytical methods used in each
study and the differences in sample timing and cut-off values.

Table 1: Characteristics of studied population (newborns and mothers)

Characteristics Group I Group II P value OR
Gestational age (weeks) 39,41+3,281 39,54+1,144 NS /
E Birth weight (grams) 3338.42+ 503.95 3450+ 418.221 NS /
5 APGAR score <7 4.7% 1.8% 0,010 3,273
= Respiratory distress at birth 7.3% 1.8% 0,004 5,635
Malodorous and/or colored amniotic liquid 54.8% 0 0,000 1,793
PROM>12 hours 25.4% 0 0,000 1,460
PROM> 24 hours 14.7% 0 0,001 1,408
Maternal UTI 46.3% 0 0,000 1,676
g Maternal body temperature during delivery 37,510,806 47.32£0.471 NS /
S
Hypothermia 6,6% 0% /
Hyperthermia 2,2% 0% /
Maternal hospitalization 27.9% 1.8% 0,000 5,417
Maternal antenatal antibiotic therapy 27.1% 7.1% 0,001 8,590
NS = Not significant.

Many studies have consistently shown that the concentration
of PCT in plasma of newborns and in cord blood were not
affected by sex and were significantly higher in suspected
groups in comparison with controls [311132l. We have found
similar results in our study. These studies have also shown
that birth weight and gestational age can both influence the
concentration of PCT [17]. These results are in contrast with
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our results because we have excluded premature and very

low birth weight newborns from our study.

In the present study, two newborns from the control group
had a cord blood PCT level higher than the cut-off value
(0.595 ng/mL). This could be due to physiological increase or
may perhaps be caused by prenatal events other than
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infection. Investigators have also found that PCT is the best
marker in the diagnosis of neonatal infections in comparison
with many other biomarkers (IL-6, IL-8, CRP...etc). However,
PCT reliability as a single biomarker of neonatal infections is
limited by its nonspecific physiological elevation in healthy
newborn within the first 48 hours of life (171128, which
sometimes make the diagnosis difficult. A false increase of
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PCT can be seen in some non-infectious perinatal conditions,
such as neonatal respiratory distress syndrome, perinatal
asphyxia, intracranial hemorrhage, circulatory failure and
cardiopulmonary resuscitation [28l. Thus, the perinatal
history must be taken into account before PCT
concentrations can be properly interpreted during the first
few days of life.
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Figure 1: ROC curve of cord blood PCT to detect MFI at birth (area under the curve 0.93; SE 0.059; p = 0.000).
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Figure 2: ROC curve of venous blood PCT to detect MFI at birth (area under the curve 0.921; SE 0.054; p = 0.014).
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Probably when the newborn is exposed to microorganisms
(prenatally or during delivery), the risk of maternofetal
infections increase because the fetus could easily be
contaminated in this situation [l [2l. Many studies have
shown the association of factors related to the mother such
as chorioamnionitis, abnormal maternal body temperature
preceding, during or succeeding delivery, premature rupture
of membranes (PROM) more than 18 hours, urinary tract
infection (UTI) with MFI [21[6][11][14] [33], In the group I of our
study, we observed different risk factors; malodorous and/or
colored amniotic liquid (54.8%), PROM 212 hours (25.4 %),
PROM = 24 hours (14.7%), UTI (46.3%) and maternal
abnormal body temperature during delivery (18.8%). These
characteristics are resumed in Table 1.

We also compared demographic variables among women
with and without risk factors. The mean age of the mothers
with risk factors was 28.87+6.29 years with a parity of
1.08+1.37, 49.5% were singleton pregnancies. 98.5% are
housewives and 52.0 % coming from rural areas. 9.7% had a
history of previous C-section delivery and 11.2 % had an
antecedent of abortion.

Mothers without any risk factor had a mean age of
29.43+5.56 with a parity of 1.30+1.29, 31.9 % were singleton
pregnancies. 89.3% of these women are housewives and
41.1 % coming from rural areas. 10.1% had a history of
previous C-section delivery and 23.2 % had an antecedent of
abortion.

The high rate of low socioeconomic status of studied mothers
observed in this study could be due to the reason that the
hospital where we conducted our study was free of charge.
These mothers couldn’t bear the high cost of private clinics.

Newborns born to housewive mothers (p=0,035) or mothers
with malodorous and/or coloured amniotic liquid (p=0,001),
with hypertension (p=0,032), hospitalized (p=0,000) or
received an antibiotherapy during the last term of pregnancy
(p=0,007) have a significantly higher level of PCT.

As regards to the maternal risk factors, risk of MFI was 1.4
times higher among neonates exposed to PROM. Also, there
was a significant association between UTI, malodorous
and/or coloured amniotic liquid and MFI as we found that
the risk of infection is respectively about 1.6 and 1.7 times
more among neonates born to mothers with a history of UTI
or chorioamnionitis. Similarly, there was a very high
significant association between hospitalization, maternal
antibiotherapy during the last term of pregnancy, dystocia
during delivery and MFI occurrence (OR =5.417, 8.590, 2.519
respectively). Low socioeconomic status is also strongly
associated with MFI (OR =6.127).

Data from the several studies indicated that the use of
antibiotics prenatally or perinatally in pregnant women can
also affect the level of PCT and might decrease maternofetal
infections [151. A study on perinatal influence on PCT showed
that antibiotic therapy was associated with false-negative
PCT results [28. Many similar cases were observed in our
study.

CONCLUSION

Both cord blood PCT and venous blood PCT levels are
significantly increased in MFI. Sensitivities are respectively,
92.3 and 100 percent. They showed specificities of 91.8 and
80.5 percent respectively. Thus, serum PCT or cord blood
PCT can potentially be used to improve our management of
newborns at risk.
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