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Is Procalcitonin and Lactate a Early 
Markers for Sepsis in Newborns in the ICU

Abstract
Objective: The aim of this study was to evaluate the predictive values of 
procalcitonin (PCT) and lactate as a early diagnostic marker for sepsis in newborns 
at the ICU.

Methods: In a prospective study, 100 newborns with proven sepsis were included 
from period January 2019 year till August 2020 year. Laboratory examination were 
analyzedin the Clinical Laboratory at the University Children Hospital-Skopje. 
Sample for blood culture, PCT and blood gas-lactate were taken the first at the 
admission, the second on 3 day and the third 7 day. Blood culture media were 
incubated at 37°C for 5days in BactAlert 3D 360. Positive blood culture were 
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) . Blood gas-lactate were 
determined with Rapid point 500 Siemens.

Results: In the study we included 100 (M: F=59:41) newborns with proven sepsis 
hospitalized. We isolated fifty seven newborns who had two or three bacteria at 
the same time, included Staphylococcus aureus (n=61) mecA, Streptococcus (n=6), 
Acinetobacter baumannii (n=16), Serratia marcescens (n=8) and Entrobacteriaceae 
(n=32), Candida albicans (n= 1) Candida parapsilosis (n=1). Statistical analysis 
confirmed significantly different values of PCT in the analyzed time period in 
preterm newborns with proven sepsis p<0.001. Statistical analysis confirmed 
significantly different values of Lactate in the analyzed time period in preterm 
newborns with proven sepsis p<0.001.

Conclusion: PCT and lactate have prognostic value as biomarkers in patients with 
sepsis. Together, these two biomarkers provide early detection, information on 
the severity of sepsis, efficacy in the use of antibiotic therapy, and assessment of 
outcome in critically ill patients with sepsis.
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Introduction
Sepsis is a systemic response to infection by microbial organisms 
and it is a leading cause of major cause of mortality and morbidity 
in newborns with the highest incidence occurring among 
newborns of very low birth weight and gestation [1,2]. 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 [3,4]. In the new 
progress in assessing the risk of developing sepsis, severe sepsis 
or septic shock is the importance of biochemical monitoring. 
Unfortunately, the leading factor in morbidity and mortality in 

the postnatal period is still bacterial inflammation [5]. 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 patient. Septic shock is hypoperfusion with multiorgan 
failure and persistent hypotension [6,7]. Mortality varies up 
to 16% in newborns with sepsis and 40-60% in newborns with 
septic shock. The research of new biochemical markersenabling 
a precocious identification of neonates at risk of neonatal 
diseases, allowing a close monitoring of thedisease and providing 
information about prognosis,represents a strategic objective of 
several currentresearches [8].

Procalcitonin is a peptide precursor to the hormone calcitonin, 
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Figure 1 Distribution of newborns with proven sepsisdepending 
of  gender.

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 [9,10]. 
In structure it is a protein made up of 116 amino acids with a 
molecular weight of 13 kDa [11,12]. 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 (SIRS). 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 
>0.5 ng/ml. However, procalcitonin can be elevated in diseases 
other than sepsis, such as autoimmune diseases, heart attack, 
pancreatitis, trauma, burns, and surgery. PCT in clinical practice 
is used as a biomarker to distinguish bacterial from viral sepsis, as 
well as non-infectious systemic inflammatory response syndrome 
(SIRS) [13,14]. Compared to IL-2, IL-6, IL-8, CRP, and TNF-alpha, 
procalcitonin has the highest sensitivity (90%) and specificity 
(91%) for differentiating newborns with systemic inflammatory 
response syndrome from those with sepsis [15]. Procalcitonin 
kinetics have also been shown to determine the severity of 
infection and the efficacy of antimicrobial therapy. 

Lactates are metabolites of glucose and are created in the 
human body whenever there is a lack of oxygen in the tissues. 
Lactate is produced by most tissues in the human body, with 
the highest level of production found in muscle. Under normal 
conditions, lactate is rapidly cleared by the liver, with a small 
amount of additional clearance by the kidneys. Lactate exists in 
2 isomers: l-lactate and d-lactate. Current lactate measurements 
include only L lactate (the primary isomer produced in humans), 
while D lactate is produced by bacteria in the human colon in 
the presence of large amounts of carbohydrates that are not 
absorbed in the gut. There is a constant concentration of lactates 
in the blood 1-1.5 mmol/L. Blood lactate concentrations reflect 
the balance between lactate production and clearance. But in 
critically newborns suffering from hypoperfusion or in newborns 
with shock, lactate levels rise above 2 mmol/L, and if the level 
rises above 4 mmol/L, it is an indication for admission to the 
intensive care unit (therapy) [16,17]. Lactate concentrations 
have high prognostic value as well as mortality in patients with 
septic shock. Thus, in patients who are susceptible to sepsis, 
measurement of lactate levels provides information on the 
monitoring and severity of the condition and disease progression 
[18].

Early detection of this disease is required in order to initiate 
therapy in a timely manner and reduce the mortality rate. 
Procalcitonin and lactates are used as biomarkers for early 
detection of sepsis.

Methods 
In a prospective study, 100 newborns with proven sepsis were 

included from period January 2019 year till August 2020 year.

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

Laboratory examination were analyzedin the Clinical Laboratory 
at the University Children Hospital-Skopje. Sample for blood 
culture, PCT and blood gas-lactate were taken the first at the 
admission, the second on 3 day and the third 7 day

Blood culture media were incubated at 37°C for 5 days in 
BactAlert 3D 360. Positive blood culture were 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) . Blood gas-lactate were determined with 
Rapid point 500 Siemens.

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

Results
In the study was designed as a prospective, we included 100 
(M:F=59:41) newborns with proven sepsis hospitalized in the 
Intensive Care Unit at the University Children Hospital-Skopje in 
period of January 2019 year till August 2020 year. The newborns 
with proven sepsis have been divided into two groups. The I group 
included 50 proven sepsis preterm newborns with positive blood 
culture and II group included 50 proven sepsis term newborns 
(Figure 1).
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The mean gestational age of newborns with proven sepsis was 
37.31 ± 3.7 weeks The mean birth weight of newborns with 
proven sepsis was 2936.5 ± 725.6 grams.

The newborns with proven sepsis in 51 (49%) the cause was ± 
RDS, in 37 the cause was Asphyxia, in 14 was other comorbidities 
(Figure 2).

We isolated fifty seven newborns who had two or three 
bacteria at the same time. The identified bacteria included 
Staphylococcus aureus (n=61) mecA, Streptococcus 
(n=6), Acinetobacter baumannii (n=16), Serratia marcescens (n=8) 
and Entrobacteriaceae (n=32), Candida albicans (n=1) Candida 
parapsilosis (n=1).

Statistical analysis confirmed significantly different values   of PCT 
in the analyzed time period in preterm newborns with proven 
sepsis p<0.001 (Figure 3). The highest average values (44.37 ± 
53.59)   were measured during admission with a subsequent 
sharp jump. After the second measurement at 3 day, the average 
values   of PCT slowly decreased (28.5 ± 36.19), so that after the 
third measurement on7 day they slowly began to normalize (9.76 
± 15.28). 

Statistical analysis confirmed significantly different values   of 
PCT in the analyzed time period in newborns with proven sepsis 
with asphyxia p<0.001 (Figure 4). The highest average values 

(41.37 ± 62.50)   were measured at newborns with proven sepsis 
with asphyxia during admission with a subsequent sharp jump 
compared with newborns with proven sepsis with RDS and other 
comorbidities (Figure 4). After the second measurement at 3 
day, the average values   of PCT at newborns with proven sepsis 
with asphyxia slowly decreased (36.95 ± 41.31), so that after the 
third measurement on7 day at newborns with proven sepsis with 
asphyxia they slowly began to normalize (29.35 ± 28.11). 

Statistical analysis confirmed significantly different values   of 
Lactate in the analyzed time period in preterm newborns with 
proven sepsis p<0.001 (Figure 5). The highest average values 
(3.19 ± 1.19)   were measured during admission with a subsequent 
sharp jump. After the second measurement at 3 day, the average 
values   of PCT slowly decreased (2.05 ± 1.09), so that after the 
third measurement on 7 day they slowly began to normalize 
(1.76 ± 1.18). 

Statistical analysis confirmed significantly different values   of 
PCT in the analyzed time period in newborns with proven sepsis 
with asphyxia p<0.001 (Figure 6). The highest average values 
(3.11 ± 1.02)   were measured at newborns with proven sepsis 
with asphyxia during admission with a subsequent sharp jump 
compared with newborns with proven sepsis with RDS and 
other comorbidities. After the second measurement at 3 day, 
the average values   of PCT at newborns with proven sepsis with 
asphyxia slowly decreased (2.5 ± 1.05), so that after the third 
measurement on 7 day at newborns with proven sepsis with 
asphyxia they slowly began to normalize (1,5.15 ± 1.06). 

Figure 2 Distribution of newborns with proven sepsis according 
to the comorbidity.

Figure 3 Distribution of the average PCT value in preterm 
newborns with proven sepsis over time.

 
Figure 4 Distribution of average PCT value in newborns with 

proven sepsis over time compared to comorbidities.

Figure 5 Distribution of the average LACTATE value in preterm 
newborns with proven sepsis over time.
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Figure 6 Distribution of average LACTATE value in newborns with 
proven sepsis over time compared to comorbidities.

Discussion 
At the newborns sepsis is a life-threatening condition and still 
represents an important cause of mortality and morbidity. For 
pediatrician early identification of infections is still a challenge. 
The aetiology of sepsis is not always clear and an organism that 
initiates disease in one newborns may not in another [19,20].

Procalcitonin is an important parameter for early differentiation of 
bacterial from nonbacterial systemic disease by determining the 
severity of the disease. Procalcitonin has shown inconsistencies 
in predicting mortality in patients with sepsis [21]. Therefore, 
on the other hand, lactates are a strong predictor of mortality 
and severity of the disease. Lactates are unable to distinguish 
between infectious or non-infectious etiology and do not provide 
information on the effectiveness of antibiotic therapy. 

Also, many studies have shown that in the early stages, 
procalcitonin values   are higher in chronic diseases such as 
congestive heart failure, RDS, asphyxia, chronic kidney disease, 
and this should be taken into account when making a clinical 
assessment using this biomarker [22]. In septic conditions, the 
value of procalcitonin may be far higher and procalcitonin is 
more specific in bacterial infections than other acute phase 
reactants. An ideal biomarker for sepsis should have high 
sensitivity and specificity with early phase elevation, low cost 

and quick result.The diagnostic performance of PCT in numerous 
studies from literature has suggested PCT to be useful marker 
in diagnosis of sepsis [23,24]. We examined PCT in newborns 
with proven sepsis in our study. Statistical analysis confirmed 
significantly different values   of PCT in the analyzed time period 
in preterm newborns with proven sepsis p<0.001. The highest 
average values (44.37 ± 53.59)   were measured during admission 
with a subsequent sharp jump. Statistical analysis confirmed 
significantly different values   of PCT in the analyzed time period 
in newborns with proven sepsis with asphyxia p<0.001 [25,26]. 
The highest average values (41.37 ± 62.50   were measured at 
newborns with proven sepsis with asphyxia during admission 
with a subsequent sharp jump compared with newborns with 
proven sepsis with RDS and other comorbidities. Lactates are 
the best marker for tissue perfusion. They are elevated under 
conditions of anaerobic metabolism, when in fact the demand 
for oxygen exceeds the supply. This occurs due to decreased 
arterial oxygen content (hypoxemia), maldistribution of flow, 
decreased perfusion pressure (hypotension), as well as reduced 
oxygen diffusion from the capillary membrane to target tissues 
and reduced oxygen utilization at the cellular level. On the other 
hand, inflammatory conditions such as sepsis lead to accelerated 
glycolysis resulting in lactate overproduction [27,28]. Statistical 
analysis confirmed significantly different values   of Lactate in the 
analyzed time period in preterm newborns with proven sepsis 
p<0.001. Statistical analysis confirmed significantly different 
values   of PCT in the analyzed time period in newborns with 
proven sepsis with asphyxia p<0.001 (Figure 4). The highest 
average values (41.37 ± 62.50)   were measured at newborns with 
proven sepsis with asphyxia during admission with a subsequent 
sharp jump compared with newborns with proven sepsis with 
RDS and other comorbidities. Because lactate is a normal 
product of glucose metabolism, lactate levels can be elevated 
in many other conditions and in the absence of infection and 
hypoperfusion, such as malignancy, mitochondrial disorder, 
diabetic ketoacidosis, trauma, medications and liver disease.

Conclusion
PCT and lactate have prognostic value as biomarkers in patients 
with sepsis. Together, these two biomarkers provide early 
detection, information on the severity of sepsis, efficacy in the 
use of antibiotic therapy, and assessment of outcome in critically 
ill patients with sepsis.
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