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Introduction
Sepsis is a major cause of mortality and morbidity in newborns. 
Early detection of this disease is required in order to initiate 
therapy in a timely manner and reduce the mortality rate 
[1]. Neonatal sepsis is the systemic response to infection by 
microbial organisms, with the highest incidence occurring among 
newborns of very low birth weight and gestation [2]. Without 
timely treatment, sepsis can rapidly lead to tissue damage, 
organ failure, and death in newborns. Preterm newborns are 
at higher risk for sepsis than term newborns, as they tend to 
require more invasive procedures than term newborns [3]. 
Using biomarkers is important assessment for developing 
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Background: Sepsis is a major cause of mortality and 
morbidity in newborns. Early diagnosis and timely use of 
antibiotic therapy is essential for life-threatening condition, at 
the Pediatric Intensive Care Unit (PICU).

Objective: The aim of this study is to determinate the values 
of procalcitonin (PCT) on the outcome of newborns in PICU 
and find out if these biomarker can be used to predict sepsis.

Methods: The study was designed as a retrospective clinical, 
epidemiological investigation in the period sixth months. We 
included 45 (M:F=25:20) newborns with two or three clinical 
signs of sepsis hospitalized in the PICU at the University 
Children’ Hospital-Skopje. The newborns have been divided 
into two groups: First group included 31 septic newborns 
with negative blood culture and second group included 14 
septic newborns with positive blood cultures. A sample for 
blood culture, white blood cells (WBC), C-reactive protein 
(CRP) and PCT were taken during the first 24 hours of sign 
of infection, a second sample for 3-5 days, and third sample 
of 6-14 days. Procalcitonin was determined by immunoassay: 
patented ELFA (Enzyme-linked fluorescent assay) technology, 
automated Vidas Biomerieux immunoassay (ng/ml). CRP 
levels were determined by using immunoturbidimetric 
method Architect c4000 Abbott (mg/L). White blood cells 
(WBCs) were determined by using Flow citometry method 
on Sysmex xs 800i/1000i. The new multiplex polymerase 
chain reaction-based rapid diagnostic test (BioFire Film Aray 
Blood Culture Identification) was used for determinate blood 
culture.

Results: Procalcitonin PCT levels at first 24 hours of the 
admission were increased in all 45 newborns (≥ 2ng/mL). 
The values of C-reactive protein gradually increase after 12-
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36 hours at admission. The values of WBC increased at 31 new 
borns, except in 14 new borns with severe sepsis the WBC were 
decreased (WBC counts<4000). The second measurement, after 
3-5 days usage of an adequate antibiotic treatment, the levels of 
PCT were decreased, except in five new borns severe sepsis were 
developed, and three patients were developed septic shock. At 
the third measurement on 6-14 days the levels of PCT and CRP 
were decreased. 

Conclusion: The values of inflammatory markers for sepsis are 
important clinical significance in predicting the prognosis of 
newborns with positive and negative blood cultures. Procalcitonin 
values are most important diagnostic and early prognostic 
factor for sepsis in newborns, whose values can prevent the 
development of severe sepsis and septic shock. It is a reliable 
biomarker whether an appropriate antibiotic for the treatment 
is used, thus increasing newborns safety, reducing costs and 
decreased the development of antibiotic resistance. Treatment 
could be surgical or non-surgical, but specialist expertise is of key 
importance.
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sepsis, severe sepsis or septic shock. Unfortunately, the leading 
factor in morbidity and mortality in the postnatal period is still 
bacterial inflammation [4]. Newborns with clear signs of sepsis 
present with features of infection and clinical manifestations of 
inflammation. Severe sepsis is the development of hypoperfusion 
with organic dysfunction in a septic newborns. Septic shock is the 
hypoperfusion with multiorgan failure and persistent hypotension 
[5,6]. Mortality varies up to 16% in newborns with sepsis and 
40%-60% in newborns with septic shock. The research of new 
biomarkers enabling a precocious identification of newborns at 
risk of diseases, allowing a close monitoring of the disease and 
providing information about prognosis, represents a strategic 
objective of several current researches [7].

Diagnosis of infection caused by bacteria or other microbiological 
organisms is essential for effective treatment and prognostic 
evaluation. Current clinical and laboratory methods for diagnosing 
bacterial infections are either nonspecific or require a longer time 
to develop the agent. The values of inflammatory biomarkers 
are important clinical significance in predicting the prognosis 
of newborns with sepsis and can be used to diagnose bacterial 
infections. One specific and early biomarker for predicting sepsis 
is procalcitonin.

Procalcitonin is a peptide precursor to the hormone calcitonin, 
the latter being involved with calcium homeostasis. It is usually 
synthesized in the C cells of the thyroid gland and neuroendocrine 
cells of the lung and the intestine. It occurs when preprocalcitonin 
is broken down intracellularly under the action of proteolytic 
enzymes into the active hormone [8]. In structure it is a protein 
made up of 116 amino acids with a molecular weight of 13 kDa [9]. 
Procalcitonin has a half-life of 22 to 26 hours and can be detected 
within 4 hours. The peak occurs between 12-48 hours. Under 
normal physiological conditions in humans, procalcitonin levels 
are <0.5 ng/ml. In addition to thyroid cells, PCT is synthesized in 
other extrathyroid tissues and its concentration can be increased 
up to 100,000 times in bacterial infection as well as in systemic 
inflammatory response syndrome. PCT synthesis is activated by a 
number of pro-inflammatory cytokines released in the presence 
of bacterial toxins, leading to an increase in PCT concentration. 
However, the values of procalcitonin can be elevated in diseases 
other than sepsis, such as autoimmune diseases, heart attack, 
pancreatitis, trauma, burns, and surgery. Also, many studies 
have shown that in the early stages, procalcitonin values are 
higher in chronic diseases such as congestive heart failure and 
chronic kidney disease, and this should be taken into account 
when making a clinical assessment using this biomarker [10]. In 
septic conditions, the value of procalcitonin may be far higher 
and procalcitonin is more specific in bacterial infections than 
other acute phase reactants. PCT in clinical practice is used as 
a biomarker to distinguish bacterial from viral sepsis, as well as 
non-infectious systemic inflammatory response syndrome [11].

Materials and Methods
The study was designed as a retrospective clinical, epidemiological 
investigation in the period sixth months. We included 45 
(M:F=25:20) newborns with two or three clinical signs of sepsis 

hospitalized in the PICU at the University Children Hospital-
Skopje. 

In newborns was diagnosed sepsis according to the standard 
protocols for disease diagnosis. The clinical criteria taken 
as indicative of sepsis in newborns was: apnea, tachypnea, 
respiratory distress,bradycardia, seizures, poor perfusion, 
lethargy, feeding intolerance, temperature instability, low birth 
weight, gestational age, gender, and preterm newborns.

All the laboratory examination were analysed in the Clinical 
Laboratory at the PHI University Children’s Hospital-Skopje. A 
sample for blood culture, PCT CRP and WBC, the first sample 
was taken during the first 24 hours of sign of infection, a second 
sample for 3-5 days, and third sample of 6-14 days.

Blood culture media were incubated at 37°C for 5 days in Bact 
Alert 3D 360. Positive blood culture was proven with the new 
multiplex polymerase chain reaction-based rapid diagnostic test 
(BioFire FilmAray Blood Culture Identification).

Procalcitonin was determined by immunoassay: patented ELFA 
(Enzyme-linked fluorescent assay) technology, automated Vidas 
Biomerieux immunoassay (ng/ml) CRP levels were determined 
by using immunoturbidimetric method Architect c4000 Abbott 
(mg/L). White blood cells (WBCs) were determined by using Flow 
citometry method on Sysmex xs 800i/1000i. 

Statistical Analysis 
The SPSS program was used for statistical analysis, to compare 
the means of the variables, one-way ANOVA test. Categorical 
variables between groups were analyzed using the Chi-square 
test. The results were presented as percentage (%), mean, 
standard deviation (SD), median, and minimum-maximum (min-
max). A p-value<0.05 was considered as significant.

Results
The study was designed as a retrospective clinical, epidemiological 
investigation in the period sixth months. We included 45 
(M:F=25:20) newborns with two or three clinical signs of sepsis 
hospitalized in the PICU at the University Children’ Hospital-
Skopje  (Figure 1).

Figure 1: Distribution of newborns with two or three clinical signs of 
sepsis depending on gender.
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The patient have been divided into two groups: First group 
included 31 septic newborns with negative blood culture and 
second group-14 septic newborns with positive blood cultures 
(Figure 2).

We isolated 14 positive blood cultures who had two or three 
bacteria at the same time. The identified bacteria included 
Staphylococcus aureus mecA (n=8), Acinetobacter baumannii 
(n=2), Serratia marcescens (n=3) Enterobacteriaceae (n=5) and 
Streptococcus (n=2) (Figure 3).

The mean gestational age of newborns with negative blood 
culture was 37.39 ± 3.2 weeks and with positive blood cultures 
36.36 ± 3.1 weeks. The mean birth weight of newborns with 
negative blood culture was 2891.7 ± 751.3 grams, while with 
positive blood cultures was 2675.7 ± 879.1 grams.

Statistical analysis of correlation of positive and negative blood 
culture confirmed significantly different values of PCT in the 
analyzed time period. ANOVA test show statistical significance 
p<0.001 (Figure 4). 

The highest average values (43.61 ± 52.49) were measured 
in newborns with positive blood culture during admission, 
with a subsequent sharp jump compared to newborns with 
negative blood culture. After the second measurement at day 
3-5, the average values of PCT in newborns with positive blood 
culture slowly decreased (38.75 ± 47.25), so that after the third 
measurement on day 6-14 in newborns with positive blood 
culture, they slowly decreased (30.35 ± 31.11).

Statistical analysis of correlation of positive and negative blood 
culture confirmed significantly different values of CRP in the 
analyzed time period. ANOVA test show statistical significance 
p<0.001 (Figure 5). At the first measurement, the average values 
of CRP in newborns with positive blood culture slowly increased 
(36.67 ± 50.43). The highest average values in newborns with 
positive blood culture were measured (52.72 ± 85.69) after the 
second measurement on day 3-5, with a subsequent sharp jump 
compared with newborns with negative blood culture. At the 
third measurement in newborns with positive blood culture on 
day 6-14, the average values of CRP slowly decreased (45.68 ± 
72.52).

Figure 2: Distribution of newborns with two or three clinical signs of 
sepsis depending of positive or negative blood culture.

Figure 3: Distribution of isolated-positive blood culture in newborns 
with two or three clinical signs of sepsis. 

Figure 5: Distribution of the average CRP value in newborns with 
positive and negative blood culture over time. 

Figure 4: Distribution of the average PCT value in newborns with 
positive and negative blood culture over time. 
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In our study we confirmed that there is no correlation between 
values of WBC in newborns with sepsis with positive and negative 
blood culture in the analyzed time period. The average levels of 
three measurement (14.62 ± 8.26, 15.71 ± 9.64. 14.61 ± 12.61) 
there is no statistical significance p>0,05. 

In the three measurements, at the 14 newborns with severe 
sepsis and septic shock we confirmed very decreased value of 
WBC (3.72 ± 5.26, 3.78 ± 5.64. 3.81 ± 9.71).

Average serum albumin values in newborns with positive blood 
cultures showed lower values compared with the newborns with 
negative blood cultures (25,22 ± 2,6 g/L versus 31.81 ± 5,1 g/L).

Average total serum protein values in newborns with positive 
blood cultures showed lower values compared with the newborns 
with negative blood cultures (45,01 ± 5,2 g/L versus 50.51 ± 6,1 
g/L).

Hypoxia was reported in 25/45 newborns with positive blood 
cultures and 25/45 full-term newborns with negative blood 
cultures, with mean partial pressure values оf O2 5,22 ± 0,8 KPa 
versus O2 5,35 ± 1,2 KPa.

Hypercapnia was reported in 20/45 newborns with positive blood 
cultures and 29/45 newborns with negative blood cultures.

Capillary blood test findings show lower mean pH in newborns 
with positive blood cultures compared with newborns with 
negative blood cultures (7,18 ± 0,14 versus 7,23 ± 0,12).

Discussion
Pediatric sepsis is a life-threatening condition which consists 
a range of disorders, leads to damage tissues and organs [11]. 
Early recognition and treatment clearly improves the outcome of 
newborns with infection leading to sepsis. 

In our study, we examined three parameters PCT, CRP, and WBC in 
newborns with two or three clinical signs of sepsis. 

One promising biomarker has been procalcitonin (PCT), whose 
concentration has been found to be elevated in sepsis [12,13]. 
Many authors found that procalcitonin is a promising marker 
for the diagnosis of sepsis in newborns [14]. An ideal biomarker 
for sepsis should have high sensitivity and specificity, with early 
phase of diagnostic, low cost and quick result. Procalcitonin has 
a clinical setting in the following situations: differentiation of 
bacterial from viral infection; diagnosis of sepsis and septic shock 
as well as monitoring of this condition and stratification of the 
risk; determining the length of antibiotic treatment; monitoring 
the response to antibiotic therapy; diagnosis of bacteremia and 
sepsis in children including neonates; diagnosis of secondary 
systemic infection and diagnosis of bacteremia in patients with 
neutropenia [15,16].

Our statistical analysis of correlation of positive and negative 
blood culture confirmed significantly different values of PCT in 
the analyzed time period. ANOVA test show statistical significance 
p<0.001 (Figure 4). The highest average values (43.61 ± 52.49) 
were measured in newborns with positive blood culture during 

admission, with a subsequent sharp jump compared to newborns 
with negative blood culture. 

If procalcitonin levels do not fall or increase, it is a negative 
prognostic indicator of infection control or response of the host 
to antibiotic therapy. In this case, additional diagnostic tests 
are needed and broad-spectrum antibiotic therapy is start [17-
19]. Based on all this data, in a patient with a clinical picture of 
sepsis or septic shock, the initial level of procalcitonin should be 
checked, and then the next check of the level of this biochemical 
marker should be in two days [20]. The results of our study are in 
correlation with data from the literature [21-23].The diagnostic 
performance of PCT in numerous studies from literature has 
suggested PCT to be a useful marker in the diagnosis of sepsis 
[24,25]. 

CRP values can be used to diagnose an inflammatory condition 
or infection of newborns, which could develop into sepsis. 
Increasing values of CRP starts 8 hours after infection [26]. The 
half-life of CRP is 19 hours [27]. This local production of CRP may 
be a process of localized inflammation and a marker for local 
cellular damage. In our study statistical analysis of correlation 
of positive and negative blood culture confirmed significantly 
different values of CRP in the analyzed time period. ANOVA 
test show statistical significance p<0.001 (Figure 5). The highest 
average values in newborns with positive blood culture were 
measured (52.72 ± 85.69) after the second measurement on day 
3-5, with a subsequent sharp jump compared with newborns with 
negative blood culture [28,29]. The three CRP measurements can 
be helpful in monitoring the response to treatment in newborns 
with sepsis positive and negative blood culture, to determine 
possible complications to develop severe sepsis and septic shock.

In our study we confirmed that there is no correlation between 
values of WBC in newborns with sepsis with positive and negative 
blood culture in the analyzed time period, except at the 14 
newborns with severe sepsis and septic shock we confirmed very 
decreased value of WBC. In the literature these results indicate 
that leukopenia (WBC<4,000) in severe sepsis newborns leads to 
more severe outcome than leukocytosis (WBC>12,000) in severe 
sepsis newborns.

Conclusion
The values of inflammatory markers for sepsis are important 
clinical significance in predicting the prognosis of newborns 
with positive and negative blood cultures. We examined three 
parameters in newborns with proven sepsis, the values of PCT 
increased at the moment of admission in the group of newborns 
with positive blood cultures compared with the group of 
newborns with negative blood culture, while the values of of 
C-reactive protein gradually increased.

Procalcitonin values are most important diagnostic and early 
prognostic factor for sepsis in newborns, whose values can 
prevent the development of severe sepsis and septic shock. It is 
a reliable biomarker whether an appropriate antibiotic for the 
treatment is used, thus increasing newborns safety, reducing 
costs and decreased the development of antibiotic resistance. 
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