
INTRODUCTION

Neonatal sepsis is a systemic disease with the presence of bacteria 
in the first month of life1). It can be categorized, based on neonatal peri-
od, into early-onset sepsis (EOS) when the occurrence is in the first 72 
hours of birth and late-onset sepsis (LOS) for the occurrence after that 
period2). Early diagnosis and prompt treatment are crucial factors to 
morbidity and mortality rates due to sepsis in newborns3). Blood culture 
is the gold standard for the diagnosis, but it has high false negative rate. 
Moreover, the diagnosis is complicated by many factors, especially in 
low-resource settings, such as non-specific clinical symptomatology and 
the absence of specific biomarkers4).

Procalcitonin (PCT) is a pro-peptide of calcitonin that increases 
markedly with sepsis1). It is useful as an early diagnostic tool for bacteri-
al neonatal sepsis. Study conducted by Nelly et al., (2015) found that 
PCT sensitivity was 100%, specificity 85.71%, positive predictive value 
(PPV) 97.29% and negative predictive value (NPV) 100%. The ROC 
curve showed a cut-off point of 0.9295). Procalcitonin level is useful for 
sepsis diagnosis in neonates, however, the reliability is inconsistent 
because of various conditions encountered in neonatal intensive care 
units (NICUs) like small for gestational age and respiratory distress. 
Other factors, such as very low birth weight, low APGAR score at 5 
minutes, prenatal antibiotic and surfactant administrations, also increase 
PCT levels6). Bloomendahl et al., (2002) and Chiesa et al., (2003) sug-
gested that PCT have advantages for EOS diagnosis, such as the rapid 
increase when compared to other infection markers7,8). On the contrary, 
Koskenvuo et al., (2007) observed the lack of accuracy in PCT as a 
marker for sepsis mainly due to other factors, besides infections, which 
can affect the level of PCT9). The use of PCT for neonatal sepsis diagno-
sis is still debatable, nevertheless the serum has become commercially 

available recently. It is useful for the detection of sepsis with vertical 
transmission, however its cut-off values for each evaluation point for 
EOS and LOS cases need to be determined10). Vijayan et al., (2017) in 
their systematic review suggested to conduct more studies with high 
methodological quality, particularly in neonates, to assess EOS and LOS 
separately to improve specificity11). This study evaluates procalcitonin 
accuracy and reliability in diagnosing early and late onset neonatal sep-
sis.

METHODS

This research was a cross-sectional study conducted to neonates 
suspected with early and late onset sepsis in perinatology unit Haji 
Adam Malik Hospital Medan from May --- October 2019. Research sub-
jects were patients with chronological age below 28 days admitted to 
perinatology ward and they were not suspected or proven with immuno-
deficiency, hematological disorder or receiving immunomodulator 
drugs. Informed consent was obtained from the guardians of the partici-
pants. History taking, physical examination and anthropometric mea-
surements were carried out. 

The sample size in this research was calculated based on the sample 
size formula for diagnostic value testing in a population with the AUC 
(area under curve) value as the outcome. The calculation was done 
using 95% confidence level with minimal sample size of 30 patients. 
There were 65 neonates involved in this study as the research samples. 
They were divided into 2 groups, such as group EOS and LOS. Routine 
blood test, procalcitonin and blood culture tests were performed during 
admission. All data obtained was recorded and tabulated. Research 
approval was obtained from the health research ethical committee, 
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The accuracy of PCT in EOS and LOS was presented in Table 2. 

Medical Faculty Universitas Sumatera Utara No. 408/TGL/KEPK FK 
USU-RSUP HAM/2019.

Data Processing and Data Analysis
Univariate analysis was performed to obtain demographic character-

istics and clinical samples distribution. Numerical data with normal dis-
tribution was presented in mean ± standard deviation (SD); whereas 
median (maximum and minimum) data was used if the data was not dis-
tributed normally. Categorical data was in frequency and percentage. 
Procalcitonin diagnostic value in neonatal sepsis was analyzed by using 
ROC curve, tabulated in Microsoft Excel and plotted in graph. The cut 
point was obtained between sensitivity and specificity lines which lead 
to procalcitonin cut-off point. Cut-off point was used to analyzed the 
sensitivity, specificity, PPV, NPV, PLR, and NLR values for procalci-
tonin. Data processing was performed by using Statistical Package for 

Social Sciences for Windows (SPSS) version 24.0, 2016 with signifi-
cance level of p < 0.05 and 95% confidence interval

RESULT

There were 65 neonates suspected sepsis and met the inclusion and 
exclusion criteria. Research samples were divided into 2 groups, 35 and 
30 newborns in EOS and LOS groups respectively. In EOS group, 
54.3% neonates were female and there were 63.3% of preterm birth. In 
LOS group, there were more male (56.7%) than female. The preterm 
birth rate was lower at 36.7% in LOS group compared to EOS group. 
The median procalcitonin level of both groups was 0.4 ng/dL (range 
0.01 --- 100). All characteristic data of the research samples was shown 
in Table 1. 

Table 2: Procalcitonin accuracy in EOS and LOS groups
 Variables Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR

Procalcitonin (EOS) cut-off 0.5 ng/mL 77.8 9.5 26.9 50.0 0.85 2.3
Procalcitonin ( EOS) cut-off 2.5 ng/mL 77.8 61.9 46.7 86.7 3.5 0.35
Procalcitonin (LOS) cut-off 0.5 ng/mL 92.9 81.0 76.5 94.4 4.9 0.08

Table 1: Subject characteristics 
Characteristics EOS Group LOS Group
 N = 35 N = 30

Gender, n(%)  

Male  16 (45.7) 17 (56.7)

Female  19 (54.3) 13 (43.3)

Age, n(%)                      

0-12 hours 7 (23.3) -

12 --- 24 hours 9 (30.0) -

1-3 days 14 (46.7) -

Age (days), median (range) - 10.0  (4-28)

Weight (gram), mean (SD) 2369.14 (728.14) 2089.67 (999.971)

Body length (cm), mean (SD) 43.94 (  4.621) 41.52 (  6.001)

Gestational age, n(%)   

Term 11 (36.7) 19 (63.3)

Premature 19 (63.3) 11 (36.7)

Procalcitonin (ng/mL), median (range)   0.4  (  0.01 --- 100)   0.4  (  0.01 --- 100)

Blood culture, n(%)  

Acinetobacter Baumannii 1 (  2.9) 2 (  6.7)

Klebsiella pneumoniae 3 (   8.6) 4 (  13.3)

K. Pneumoniae (EBSL +) 1 (  3.5) -

Pseudomonas aeruginosa - 2 (    6.7)

Enterobacter asburiae 2 (  5.7) 1 (    3.3)

Micrococcus luteus 1 (  2.9) 1  (  2.9)

Enterobacter cloacae 3 (  8.6) 1  (  3.3)

MRSA 1 (  2.9) -

Dermacoccus nishinomiyaensis 1 (  2.9) -

Staphylococcus aureus 1 (  2.9) -

Staphylococcus hominis - 1 (  3.3)

Klebsiella oxytoca 1 (  2.9) -
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Procalcitonin level in EOS with 0.5 ng/mL was poor at sensitivity 
77.8%, specificity 9.5%, PPV 26.9%, NPV 50%, PLR 0.85 and NLR 
2.3. However, a better diagnostic accuracy was obtained with 2.5 ng/mL 
cut-off point where sensitivity 77.8%, specificity 61.9%, PPV 46.7%, 
NPV 86.7%, PLR 3.5 and NLR 0.35 with AUC 0.683 (Figure 1). 

Procalcitonin level assessment in LOS showed good accuracy at 
cut-off 0.5 ng/mL with sensitivity 92.9%, specificity 81%, PPV 76.5%, 
NPV 94.4%, PLR 4.9 and NLR 0.08 with AUC 0.889 (Figure 2). 

DISCUSSIONS

Neonatal sepsis, as an invasive infection, occurs within the first 28 
days of life, usually can be classified into early-onset (< 48-72 hours) 
and late-onset (> 48-72 hours) sepsis, depending on the chronological 
age of the sepsis episode12). Bacterial neonatal sepsis is a low-incidence 
with high-risk disease. Accurate diagnosis is difficult as it does not have 
definitive diagnostic tests; when even blood culture test as the gold stan-
dard, has a low sensitivity13).

The increase in procalcitonin level in relation to bacterial infection 

was first discovered by Assicot and friends14). The actual mechanism of 
PCT production in infection is not yet known. It is suspected that bacte-
rial lipopolysaccharide stimulates the release of cytokines and mononu-
clear cell to produce PCT. Microbial infection induces the expression of 
CALC-1 gene followed by the secretion of PCT which correlates with 
disease severity and mortality11).

There were total 65 neonates involved in this research, in which 35 
of them were early-onset and 30 late-onset neonatal sepsis. The propor-
tion of positive culture in this study was 41.5%. Blood culture results in 
EOS were dominated by Acinetobacter Baumannii, Klebsiella pneumo-
niae, Staphylococcus hominis, Pseudomonas aeruginosa while the 
results in LOS were dominated by Enterobacter asburiae, Dermacoccus 
nishinomiyaensis, Enterobacter cloacae, Klebsiella pneumoniae. These 
culture results on EOS were different from the general pattern of EOS 
bacteria, such as Group B Streptococcus (GBS), Escherichia coli, other 
Streptococci and Staphylococcus aureus. The difference may be caused 
by nosocomial infections15). The study done by Mohammed and El 
(2014) reported 38.5% cases of nosocomial infections in babies admit-
ted to NICU in Egypt, where the most found pathogens were Klebsiella 
sp and Staphylococcus aureus. The most frequent nosocomial infections 
were bloodstream infections and pneumonia mainly due to low birth-
weight and prematurity as the main risk factors16). 

Procalcitonin test has better diagnostic and prognostic value when 
compared to other tests like C-reactive protein. Adib et al., (2012) in 
their research showed higher sensitivity in procalcitonin (70%) than in 
c-reactive protein (45%) for the diagnosis of neonatal sepsis. PCT 
appeared to be a more useful marker to indicate the severity of infec-
tions17). Moreover, it clearly distinguishes between viral and bacterial 
meningitis18). PCT levels start to rise at the first 2 hours after the start of 
septic insult and reaches the peak within 12 hours19). In this study, the 
use of procalcitonin in EOS with a cut-off of 0.5 ng/mL had sensitivity 
77.8%, specificity 9.5%, PPV 26.9%, NPV 50%, PLR 0.85 and NLR 
2.3. Whereas, at 2.5 ng/mL cut-off point, sensitivity 77.8%, specificity 
61.9%, PPV 46.7%, NPV 86.7%, PLR 3.5 and NLR 0.35 with AUC 
0.683. The use of procalcitonin in LOS with a cut-off of 0.5 ng / mL 
gave sensitivity 92.9%, specificity 81%, PPV 76.5%, NPV 94.4%, PLR 
4.9 and NLR 0.08 with AUC 0.889. The diagnostic value for EOS in 
this study was similar to the systematic review done by Pontrelli et al., 
(2017), in which PCT values from EOS and LOS cases of different stud-
ies were combined, resulted in sensitivity of 0.85 (CI = 0.76; 0.90) and 
specificity 0.54 (CI = 0.38; 0.70) at PCT 2.0-2.5 ng/ml cut-off20). The 
study done by Hasan et al., (2017) showed that PCT with > 2 ng/mL 
cut-off for both EOS and LOS had sensitivity 100%, specificity 50%, 
PPV 48.5% and NPV 100%. When the level of PCT was moderately 
elevated from 2 --- 10 ng/mL had sensitivity 100%, specificity 84.5%, 
PPV 62.5% and NPV 100%, whereas highly elevated PCT level (> 10 
ng/mL) had 100% sensitivity, 80% specificity, 75% PPV and 100% 
NPV21). Adib et al., (2012) showed PCT level was significantly higher in 
suspected infants and septic cases than in normal infants (P < 0.05). The 
sensitivity of PCT level for neonatal sepsis early diagnosis was 70%, 
specificity 80%, PPV 80% and NPV 75%17). Lee et al., (2017) reported 
that PCT level provided better diagnosis after 12 hours postpartum 
(LOS)6).

Procalcitonin is useful as an early diagnostic tool for bacterial neo-
natal sepsis. Auriti et al., (2017) suggested procalcitonin serum as a use-
ful diagnostic marker for neonatal sepsis on day-to-day clinical practice 
in NICUs. The overall probability of nosocomial sepsis was doubled or 
more if PCT was > 0.5 ng/ml. In very-low-birth-weight (VLBW) 
infants, > 2.4 ng/ml cut-off of gave neonatal sepsis PPV at approximate-
ly 50% with a probability of false-positive diagnosis at ~10% in 
patients. The study suggested that PCT value < 2.4 ng/ml may help to 
exclude neonatal sepsis, irrespective of birth weight22). 

Vijayan et al., (2017) reported that procalcitonin alone may not be 
effective to distinguish between bacterial and viral infections. However, 
it is an ideal biomarker for bacterial infection due to its rapid elevation 
in the concentration during an infection and correlation with the severity 
of illness. Moreover, PCT level can be used to monitor antimicrobial 
therapy response, diagnose secondary inflammation and renal involve-
ment in pediatric urinary tract infections11). However, the interpretation 
of PCT values is challenging due to its strong physiological rise and fall 
during the first 72 hours of life. Neonatal procalcitonin levels were 
higher and the normal range was based on the chronological age23). Lee 
at al., (2017) reported fluctuating levels in neonates at different chrono-
logical ages, where PCT level was 0.55 ng/mL at birth (sensitivity 
75.4%, specificity 72.3%), 4.7 ng/mL at 12 --- 24 hours of life (sensitivi-
ty 73.8%, specificity 79.2%)6). These levels were also influenced by the 
presence and absence of the accompanying syndrome and antibiotics 
prescribed to the mothers23). Perinatal factors, such as chorioamnionitis, 

p = 0.118

Area under
Curve = 0.683

Figure 1: ROC curve for procalcitonin in EOS

p = 0.0001

Area under
Curve = 0.889

Figure 2: ROC curve for procalcitonin in LOS
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hypoxemia, perinatal asphyxia, and maternal preeclampsia can also 
cause PCT to increase8). This study, however, did not exclude babies 
whose mothers had received antibiotics and there was no polymerase 
chain reaction test carried out to identify viruses as etiology of neonatal 
sepsis. 

This study has assessed the PCT cut-off points separately for EOS 
at 0.5 ng/mL and 2.5 ng/mL and LOS at 0.5 ng/mL as references for ini-
tial antibiotic therapy administration to neonatal sepsis while waiting for 
the results from more accurate tests like blood culture. Procalcitonin test 
was observed as a reliable marker for LOS, however, it is less accurate 
for EOS diagnosis due to the fluctuation in PCT values despite the 
improvement in diagnostic level at elevated cut-off point to 2.5 ng/mL. 

CONCLUSION

Procalcitonin is a reliable marker for LOS to administer antibiotic 
therapy before blood culture results are available. However, it is less 
useful for EOS screening due to the fluctuation in the value which often 
only occurs as early as 48 hours after birth.
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