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Abstract 

Background: Neonatal sepsis is a life-threatening condition with high mortality and morbidity throughout the 
world.  

Objective: This study evaluated the diagnostic role of serum procalcitonin (PCT), interleukin-6 (IL-6), tumor 
necrosis factor- (TNF-) and C-reactive protein (CRP) in the early diagnosis of neonatal sepsis.  

Methods: This cross-sectional study was conducted among neonates admitted to the special baby care unit 
(SCABU) of BIRDEM General Hospital, Dhaka, from November 2018 to April 2019. According to selection 
criteria, 90 clinically suspected cases of neonatal sepsis were selected and categorised into confirmed, probable, 
and no sepsis groups based on CRP, white cell count, platelet count, and blood culture results. Serum PCT, IL-
6, and tumor  necrosis factor (TNF-) were estimated in all cases by standard laboratory methods. 

Results: Serum PCT, IL-6, CRP, and TNF-were significantly higher in confirmed and probable sepsis groups 
in comparison to no sepsis group. Among the studied biomarkers, serum PCT was found most sensitive (95% 
sensitivity), and serum IL-6 was found most specific biomarkers (65.7% specificity) than CRP and TNF- for 
the diagnosis of neonatal septicaemia. Though the accuracy of both PCT and IL-6 was found equal (70%), but 
the positive predictive value (PPV) and negative predictive value (NPV) of serum PCT were higher than IL-6. 

Conclusion: Both serum PCT and IL-6 are more sensitive and specific markers than CRP and TNF- in the 
diagnosis of neonatal sepsis. Moreover, serum PCT is more useful than IL-6. 
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Introduction 

Neonatal sepsis (NS) is a major cause of mortality 
and morbidity in newborn, and it is recognized as a 
global public health challenge.1,2 World Health 
Organization (WHO) estimates that 1 million 
deaths per year occur due to neonatal sepsis, and 
42% of these deaths occur in the first week of life.3,4 

Incidence of NS in south Asia is 4-10 times higher 
than that of developed countries.5 United Nations 
Inter-Agency group for child mortality estimation 
showed that in 2015 neonatal mortality rate (NMR) 
of Bangladesh was 23 deaths per 1000 live births 
and among them, 19.9% deaths occurred due to 
neonatal sepsis.6 Blood culture is the gold standard 
test for the diagnosis of neonatal sepsis.7 But it is a 
time-consuming method (take at least 24 - 48 hours) 
and often gives a false negative result.8 Therefore, 

the diagnosis of sepsis is usually based on clinical 
assessment, risk factors evaluation, and detection 
of other laboratory markers. During recent days 
acute phase proteins, pro-inflammatory 
cytokines, adhesion molecules, cell surface 
markers, and chemokines along with other 
conventional markers are being helpful to 
diagnose neonatal sepsis.9-11 Worldwide several 
studies reported that procalcitonin (PCT), 
interleukin-6 (IL-6), tumor necrosis factor- 
(TNF-) and C reactive protein (CRP) are the 
sensitive markers for diagnosis of neonatal 
sepsis.9,12-14 

CRP is an acute-phase protein and one of the most 
frequently used laboratory tests for the diagnosis of 
neonatal sepsis, but it takes 10-12 hours to change 
significantly after onset of infection.15 CRP is a less 
sensitive marker during the early phase of sepsis15 
but could be a helpful prognostic marker for late-
onset neonatal sepsis.16 Procalcitonin 
(PCT),another acute-phase reactant, is released 
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from nearly all tissues and increased up-to a 
thousand-fold in the host in response to cytokines 
and bacterial products without increasing 
calcitonin.17 Serum concentration of PCT begins to 
rise 4 hours after exposure to bacterial endotoxin, 
peaks at 6-8 hours and remains elevated for at least 
24 hours and serum concentration is not affected by 
gestational age.15Serum PCT was found 
significantly higher in proven versus probable 
sepsis group (p<0.05).16 In a meta-analysis of 22 
studies that evaluated the PCT test for the diagnosis 
of early onset sepsis at different time points (at 
birth, 0-12 hours, 12-24 hours, 12-24 hours and 24-
48 hours) and low onset sepsis, all showed moderate 
accuracy.18 Interleukin-6 (IL-6) is the recently 
studied cytokine in neonatal sepsis, synthesized by 
mononuclear phagocytes, endothelial cells, 
fibroblasts, and the decidua, chorion, amnion, and 
trophoblast cells, soon after stimulation by 
microbial products that show the early response to 
infection, preceding the increase in CRP. The 
release of IL-6 starts 4-6 hours after bacterial 
stimulation, and it peaks at 36 hours after infection 
but has a very short half-life, approximately 100 
minutes.19 A study by Noor et al, 2008, in 
Bangladesh reported that IL-6 had 55.6% sensitivity 
and 83.3 % specificity in the diagnosis of neonatal 
sepsis.20 TNF- is a pro-inflammatory cytokine also 
increased in patients with severe sepsis or septic 
shock.21,22 In particular, TNF-α showed higher 
accuracy for the diagnosis of NS in low onset 
neonatal sepsis (LONS).23 

Although several literature reviews showed serum 
PCT, IL-6, TNF- and CRP are the early sensitive 
markers, but none of these laboratory sepsis markers 
have 100% sensitivity and specificity, and their results 
are conflicting.9,12,14 There are limited studies 
regarding these biomarkers in early diagnosis of 
neonatal sepsis were done in Bangladesh. So, this 
study was undertaken to assess the diagnostic value of 
different biomarkers (serum procalcitonin, 
interleukin-6, TNF- and C-reactive protein) as early 
markers of neonatal sepsis and to find the most useful 
marker among them.  

Materials and Methods 

This cross-sectional study was carried out in the 
Department of Laboratory Medicine, BIRDEM 
General Hospital-2, during the period of Nov 2018 

to April 2019. According to the inclusion and 
exclusion criteria, a total of 90 neonates were 
selected for the study from the Special Baby Care 
Unit (SCABU), BIRDEM General Hospital-2, 
Dhaka. Inclusion criteria were neonates having at 
least three clinical signs and symptoms of sepsis 
(fever or hypothermia, lethargy, poor feeding, 
reduced movements, reduced sucking, seizure, 
apnea / tachypnea, cyanosis, respiratory distress or 
need for mechanical ventilation, bradycardia/ 
tachycardia, hypotension or hypoperfusion, 
abdominal distension, jaundice, dehydration, chest   
indrawing, hypoglycemia and grunting).12,14,24 

Neonates having any congenital malformation, 
TORCH infections, undergone any surgical 
procedure, or received antibiotics were excluded 
from the study. 

After taking informed written consent from their 
guardians a structured questionnaire was filled up 
for each patient, including maternal obstetrical 
history, neonatal birth history, and signs and 
symptoms of sepsis. Cases were classified into 3 
groups – confirmed sepsis, probable sepsis, and no 
sepsis groups.11,13Group-1: Confirmed sepsis 
(n=20) (subjects had ≥ 3 sepsis-related signs and 
symptoms and blood culture positive); Group-2: 
Probable sepsis (n=29) [subjects had ≥ 3 sepsis-
related signs and symptom, blood culture-negative 
but positive sepsis screen which was defined by the 
presence of at least 2 altered sepsis-related blood 
tests including positive CRP, leukocytosis or 
leukopenia, thrombocytopenia, and low absolute 
neutrophil count;25,26,27]; Group-3: No sepsis (n=41) 
(≥ 3 sepsis-related signs and symptoms but blood 
culture-negative and negative sepsis screen defined 
by the presence of less than 2 altered blood 
screening parameters). 

With all aseptic precautions, 3.5 ml blood was 
collected by vein puncture from each study 
subject. Among that, 1ml blood was delivered to 
EDTA tube for estimation of complete blood 
count (CBC) and 1ml blood was delivered in 
blood culture tube containing sodium polyanethol 
sulfonate (SPS) for blood culture. Remaining 
1.5ml blood was delivered to a plain test tube and 
allowed to clot for 30 min at 370 C before 
centrifugation for 15 min at 3000 rpm for 
separation of serum. Separated serum were 
aliquoted into 1 ml cryo-tubes and part of the sera 
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was used for CRP analysis immediately at all 
sampling time and remainder stored at -800 C 
until the time of estimation of serum PCT, IL-6 
and TNF-. Serum procalcitonin (PCT) was 
measured by enzyme linked immunosorbent 
assay (ELISA) based on the sandwich principal 
for the quantitative measurement of human 
procalcitonin (Human Procalcitonin ELISA, 
Biovendor, Brno, Czech Republic). Quantitative 
measurement of serum interleukin-6 (IL-6) was 
done by enzyme linked immunosorbent assay 
(ELISA) (Thermo Fisher Scientific Invitrogen 
IL-6 Human ELISA Kit, KAC1261), and serum 
TNF- were assessed by a solid phase enzyme 
amplified sensitivity immunoassay performed on 
microtiterplate (DRG TNF-ELISA, EIA-4641). 
Serum C-reactive protein (CRP) was determined 
by Atlas C reactive Protein (CRP)latex reagent 
kit. Blood culture was evaluated by the lytic 
centrifugation method, and Complete blood count 
(CBC) was assessed by Sysmex XN-1000 
haematology auto-analyser. Statistical analysis of 
the data was performed with the help of software 
SPSS, version 20. For comparison of 
characteristics, minimum, maximum, mean, and 
standard deviation of the different variables were 
determined. One-way ANOVA test was done to 
compare the means of the variables in between 
three groups. Diagnostic efficacy was defined as 
sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and 
accuracy. Results were presented as percentage 
(%), and receiver operating characteristic (ROC) 
curves were plotted for comparison efficiency of 
different biochemical parameters in the diagnosis 
of neonatal sepsis. All statistical tests were 
considered significant at the level of ≤ 5%. 

Ethical consideration: Prior to the commencement 
of the study, the research protocol was approved by 
the National Ethics Committee of the Bangladesh 
Medical Research Council (BMRC), Dhaka and 
informed written consent was taken from each 
parent of the study subjects. 

Results 

The study included a total of 90 cases who met the 
inclusion criteria. Cases were classified into 3 
groups – confirmed sepsis, probable sepsis, and no 
sepsis. Frequency distribution of three groups in the 
total study subjects showed, confirmed sepsis 

contributed to 22.2%, probable sepsis for 32.2%, 
and no sepsis for 45.6% (figure1). 

 Figure 1: Distribution of three groups (n=90) 

The mean age at work-up in confirmed sepsis, 
probable sepsis, and no sepsis groups were found 
3.70±3.03, 2.76±2.82 & 3.63±3.34 days, respectively, 
and there were no significant differences observed 
(table I). In this study, most of the cases were of low 
birth weight (55.6%) (table II).  

Table I: Comparison of age at work-up, birth weight, gestational 
age and head circumference in between three groups (confirmed 
sepsis, probable sepsis and no sepsis) 

 
Variables 

Confirmed 
sepsis 
(n=20) 

Probable 
sepsis 
(n=29) 

No sepsis 
(n=41) 

 

p 
value 

Age at work-
up (day) 

3.70±3.03 2.76±2.82 3.63 ±3.34 
0.444n

s 

Birth weight 
(kg) 

2.32 ±0.51 2.41±0.56 2.38 ±0.44 
0.837n

s 

Gestational 
age (week) 

  
35.10±1.74 

35.69±2.04 35.37±2.13 
0.595n

s 

Head 
circumferenc
e (cm) 

32.38± 1.97 32.23±2.09 32.89±1.65 
0.315n

s 

Results are expressed in Mean ± SD; Statistical analysis was done 
by ANOVA test; ns = not significant; p value <0.05 was considered 
as level of significance. 

The mean birth weight in confirmed sepsis, probable 
sepsis, and no sepsis groups was found 2.32±0.51, 
2.41±0.56 & 2.38±0.44 kg, respectively, and here also 
no significant differences were observed in between 
the groups (table I). Most of the study subjects were 
found preterm delivered (60.0%) (table II). The mean 
gestational ages in confirmed sepsis, probable sepsis, 
and no sepsis groups were found 35.10±1.74, 
35.69±2.04 & 35.37±2.13 weeks, respectively and no 
significant differences were observed between the 
groups (table I). Regarding head circumference of the 

22.2%

32.2%

45.6%
Confirmed sepsis

Probable sepsis

No sepsis
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study subjects, no significant differences were again 
observed between the groups, and the mean head 
circumference in confirmed sepsis, probable sepsis, 
and no sepsis groups was found 32.38±1.97, 
32.23±2.09 and 32.89±1.65 cm respectively (table I). 
Table II: Demographic and obstetric information of the study 
subjects (n=90) 

Variables Frequency Percentage 
(%) 

Age: 
≤3 days (EONS) 
>3 days (LONS) 

 
57 
33 

 
63.3 
36.7 

Gender 
    Male 
    Female 

 
48 
42 

 
53.3 
46.7 

Gestational age 
    Pre-term (<37 
weeks) 
    Term (≥37 weeks) 

 
54 
36 

 
60.0 
40.0 

Mode of delivery 
    LUCS 
    NVD 

 
51 
39 

 
56.7 
43.3 

Birth weight 
    LBW (<2.5 kg) 
    Normal birth 

weight (≥2.5 kg) 

 
50 
40 

 
55.6 
44.4 

Place of residence 
    Urban 
    Sub-urban 
    Rural 

 
75 
10 
05 

 
83.3 
11.1 
5.6 

Among them, early onset neonatal sepsis (EONS) 
contributed for 63.3% and low onset neonatal sepsis 
(LONS) for 36.7%. 56.7% cases were delivered by 
LUCS and 43.3% by NVD.  Among them 53.3% 
were male and 46.7% were female. 60.0% were pre-
term babies (gestational age<37 weeks) and 40.0% 
were term babies (gestational age≥37 weeks). 
55.6% were born with LBW (birth weight <2.5kg) 
and 44.4% were born with normal birth weight 
(birth weight ≥2.5kg). 
Table III: Comparison of serum PCT, IL-6, CRP and TNF-
αlevel in between three groups in study subjects (n=90) 

Variables Confirmed 
sepsis(n=2

0) 

Probable 
sepsis(n=2

9) 

No 
sepsis 
(n=41) 

p 
value 

PCT 
(ng/ml) 

1.73±0.88 1.02±0.55 0.14±0.1
4 

<0.00
1 

IL-6 
(pg/ml) 

61.63±42.85  
53.48±43.75 

12.48±5.4
5 

<0.00
1 

CRP 
(mg/L) 

16.61±15.38 13.75±8.79 0.80±0.5
6 

<0.00
1 

TNF-α 
(pg/ml) 

58.84±47.01 29.37±21.62 9.51±5.4
8 

<0.00
1 

Results are expressed in Mean ± SD; Statistical analysis was 
done by ANOVA test; p value <0.05 was considered as level 
of significance. 

All the biochemical variables were found 
significantly higher (p<0.001) in confirmed and 
probable sepsis groups in comparison to no sepsis 
group. The mean PCT, IL-6, CRP and TNF-α level 
in confirmed sepsis group were 1.73±0.88 ng/ml, 
61.63±42.85 pg/ml, 16.61±15.38 mg/L & 
58.84±47.01 (pg/ml) respectively. The mean PCT, 
IL-6, CRP and TNF-α level in probable sepsis group 
were 1.02±0.55 ng/ml, 53.48±43.75 pg/ml, 
13.75±8.79 mg/L & 29.37±21.62 (pg/ml) 
respectively. And the mean PCT, IL-6, CRP and 
TNF-α level in no sepsis group were 0.14±0.14 
ng/ml, 12.48±5.45 pg/ml, 0.80±0.56 mg/L & 
9.51±5.48 (pg/ml) respectively (table III). 

The diagnostic role of serum PCT, IL-6, CRP, and 
TNF- α in the diagnosis of neonatal septicaemia had 
been observed in this study (table IV).  
Table IV: Diagnostic role of serum PCT, IL-6, CRP and 
TNF-α (n=90) 

Diagnostic 
tests PCT IL-6 CRP TNF-

α 

Sensitivity(%) 95.0 85.0 80.0 75.0 

Specificity(%) 62.9 65.7 58.6 62.7 

PPV(%) 42.2 41.5 35.6 36.6 

NPV(%) 97.8 93.9 91.1 89.8 

Accuracy(%) 70.0 70.0 63.3 65.6 
 

The sensitivity of serum PCT was found higher than 
that of serum IL-6, CRP, and TNF-α (95% vs. 85% 
vs. 80% vs.75%). On the other hand, the specificity 
of serum IL-6 was found higher than that of PCT, 
CRP, and TNF-α (65.7% vs. 62.9% vs. 58.6% vs. 
62.7%). Both positive predictive value (PPV) and 
negative predictive value (NPV) of PCT were found 
higher than IL-6, CRP and TNF-α (42.2% vs. 41.5% 
vs. 35.6% vs. 36.6% and 97.8% vs. 93.9% vs. 
91.1% vs.89.8% respectively). Accuracy was found 
equal for both PCT and IL-6 (70%). Accuracy was 
found 63.3% for CRP and 65.6% for TNF-α. So 
both PCT and IL-6 were found more sensitive and 
specific marker than CRP and TNF-α in the 
diagnosis of neonatal septicaemia. 

Receiver operator characteristics (ROC) curves for 
serum PCT, IL-6, CRP and TNF-α in the study 
subjects (n=90), found that area under the curves 
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(AUC) for all the variables were highly significant, 
but AUC for serum PCT was higher than IL-6, CRP, 
and TNF-α (0.880 vs. 0.793 vs. 0.781 vs. 0.781 
respectively) (figure 2). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 2: ROC curves for serum PCT, IL-6, CRP and TNF-α 
level in the study subjects 

Discussion 

Neonatal sepsis is a major cause of neonatal 
morbidity and mortality owing to the late onset of 
symptoms and non-specific clinical presentations. 
Early diagnosis of neonatal sepsis is essential pre-
requisite to improve survival and to improve 
therapeutic outcome. As such, there is much interest 
in developing rapid and sensitive diagnostic assays 
that can effectively predict and identify patients 
who are at risk of infection. 

This study assessed the diagnostic role of serum 
procalcitonin (PCT), interleukin-6 (IL-6), C-
reactive protein (CRP) and tumor necrosis factor-
alpha (TNF-α) as early markers of neonatal sepsis. 
A total of 90 study subjects were included and 
classified into 3 groups- confirmed sepsis (n=20), 
probable sepsis (n=29), and no sepsis (n=41) group, 
according to blood culture report and blood 
screening parameters. Distribution of 3 groups in 
this study were consistent with other previous 
studies done in Saudi Arabia and Austria.13, 27 

Comparison of age at work-up (day), birth weight 
(kg), and gestational age during delivery (week) 
and head circumference (cm) in between three 
groups were done in this study, but there were no 
significant differences found. In a previous study 
done by Khassawneh et al also reported, no 

significant difference of these variables in 
between three groups which was quite similar to 
our study.28 

Comparison of biochemical and immunological 
variables (PCT, IL-6, CRP, and TNF-α) in 
between three groups, found that all the variables 
were significantly higher in confirmed and 
probable sepsis groups than no sepsis group. 
Similar results were seen in some other previous 
studies.13, 25, 27, 28  In this study, diagnostic tests of 
biomarkers (PCT, IL-6, CRP, and TNF-α) 
revealed that both serum PCT and IL-6 were 
more sensitive, specific, and accurate than serum 
CRP and TNF-α. Similarly, Park et al found a 
high sensitivity of serum PCT in their study.25 

Khassawnehet al and Kuster et al also reported a 
high sensitivity of IL-6 in the diagnosis of 
neonatal sepsis, which was consistent with our 
study.28,29 But Al-zahrani et al reported high 
sensitivity of CRP in the diagnosis of neonatal 
sepsis, which was quite dissimilar with our 
study.13 In a study by Kocabas et al reported the 
sensitivity & specificity of TNF-α was 100% and 
96.6% in the diagnosis of neonatal sepsis, which 
was also quite dissimilar with our study.10 

Receiver operator characteristic (ROC) curves 
were drawn for serum PCT, IL-6, CRP, and 
TNF-α in our study. Areas under the curve 
(AUC) for serum PCT, IL-6, CRP, and TNF-α 
were 0.880, 0.793, 0.781, 0.781, and all of them 
were highly significant. Serum PCT was found 
more useful marker than IL-6, CRP, and TNF-α 
in the diagnosis of neonatal sepsis. In the 
previous study by Park et al. and Khassawneh et 
al also reported, AUC for serum PCT were 0.803 
and 0.708 respectively, which were similar with 
this study.25, 28 

Conclusion  

This study revealed that both procalcitonin (PCT) 
and interlukin-6 (IL-6) are more sensitive and 
specific biomarkers than C reactive protein (CRP) 
and tumor necrosis factor - (TNF-) for the early 
diagnosis of neonatal septicaemia. Moreover, serum 
PCT is a more useful marker than IL-6. 
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