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ABSTRACT 

Objective: To find out the utilization of C-reactive protein (CRP), Procalcitonin (PCT) and red cell distribution width (RDW) in 
diagnosing neonatal sepsis considering blood culture findings as gold standard. 
Study Design: Cross-sectional validation study. 
Place and Duration of Study: Neonatal Intensive Care Unit (NICU) of Dr Ziauddin Medical University, Karachi Pakistan, 
from Feb to Jul 2022. 
Methodology: A total of 42 neonates of either gender with the clinical diagnosis of neonatal sepsis were enrolled. 
Demographical and clinical characteristics of all neonates were noted at the time of enrollment. A blood sample of 5 ml was 
withdrawn for the evaluation of CRP, PCT and RDS. The association of different inflammatory markers with the outcome 
(neonatal sepsis) was assessed. 
Results: In 42 neonates, the mean age was 7.24±9.24 days, and 26 (61.9%) neonates were boys. Respiratory distress, reluctance 
to feed and hypoglycemia were the most frequent clinical presentations observed (19,45.2%), (14,33.3%) and (8,19.0%) 
neonates, respectively. Mean CRP levels among blood culture positive and negative neonates were 40.02±57.84mg/dl and 
7.57±13.34 mg/dl, respectively, while the difference was statistically significant (p=0.0068). RDW (p=0.6488) and procalcitonin 
(0.9021) levels were not statistically significant differences among positive and negative neonates of blood culture. 
Conclusion: The CRP was a significant predictor of neonatal sepsis, while RDW and procalcitonin did not have a significant 
relationship with early prediction of neonatal sepsis. 
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INTRODUCTION 

Neonatal sepsis is a systemic infection commonly 
occurring in the first month of life. The global 
incidence of neonatal sepsis is estimated to be around 
2200 per 100,000 births, while it is the cause of ~3 
million deaths every year globally.1,2 Presentation of 
neonatal sepsis may vary according to gestational age 
and severity of the infection and is broadly classified as 
“early-onset neonatal sepsis (EOS)” or “late-onset 
sepsis (LOS).3,4 The EOS is described as sepsis 
occurring within the first three days of life and is 
usually caused by vertical transmission. The LOS 
occurs between 4-90 days of life and could be due to 
vertical or horizontal transmission.5 

In order to improve the time identification and 
treatment of neonatal sepsis, the fragility of the 
neonatal immune system needs to be understood along 
with its inflammatory biomarkers.6,7 Blood culture is a 
gold standard diagnostic method but is time-
consuming.8 There may even be false-negative cases 

when less blood is collected.9 Thus, diagnostic tests like 
C-reactive protein (CRP), procalcitonin (PCT) or red 
cell distribution width (RDW) are being explored.10 

All these markers are universally used in different 
settings with various pros and cons, as mentioned 
earlier. All these biomarkers are not cost-effective and 
impose an economic burden on the population of low-
middle-income countries in case of non-judicious use. 
This study was thought to provide objective evidence 
of the most appropriate inflammatory marker to 
identify neonatal sepsis. Our objective was to 
determine the utilization of CRP, PCT and RDW in 
diagnosing neonatal sepsis, considering blood culture 
findings as the gold standard. 

METHODOLOGY 

The cross-sectional validation study was 
conducted at the Neonatal Intensive Care Unit (NICU) 
of three campuses of Dr. Ziauddin Medical University, 
Karachi Pakistan, from February to July 2022, approval 
from the Institutional Ethical Committee was obtained 
(Reference No. 5280422PPPED, dated July 22nd 2022). 
Considering the sensitivity of PCT in detecting sepsis 
as 92.8%, the sample size was calculated.11 
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Inclusion Criteria: Neonates aged 1-28 days of life, of 
either gender with the clinical diagnosis of neonatal 
sepsis were included. 

Exclusion Criteria:  Neonates with congenital ano-
malies, early preterm (from 24-33 weeks), birth asphy-
xia, neonates with prolonged ventilation or suspected 
inborn errors of metabolism were excluded. 

Informed consent was acquired from parents/ 
caregivers of all study participants. Clinical diagnosis 
of neonatal sepsis was labelled as the presence of any 
of these: history of premature rupture of membranes 
(PROM) for >16 hours, fever, fits, hypoglycemia, hy-
pothermia, jaundice, apnea, late preterm, bradycardia, 
respiratory distress, poor primitive reflexes, and signs 
of shock at birth. 

Demographical and clinical characteristics of all 
neonates were noted at the time of enrollment in the 
NICU. Before initiating antibiotic therapy, a blood 
sample of 5 ml was withdrawn and sent to institutional 
laboratories to evaluate CRP, PCT and RDS, adopting 
full aseptic measures. A haematology analyzer cal-
culated RDW, while CRP and PCT were determined by 
photometry. RDW >13%, CRP >5mg/dl & PCT >0.046 
ng/ml were considered raised (above normal level).12 

The data was analyzed using Statistical Package 
for Social Sciences (SPSS) version-26.0 software. Quali-
tative data was represented as frequency and percen-
tages, while numeric data were highlighted using 
mean and standard deviation. The Chi-square and 

independent sample t-test were used for inferential 
statistics. Additionally, the receiver operating charac-
teristics (ROC) curve was utilized to select the best cut-
off value, scores and the predictive ability of different 

inflammatory markers and their sensitivity and 
specificity for the outcome (neonatal sepsis). 

RESULTS 

In 42 neonates, the mean age was 7.24±9.24 days 
and  26(61.9%) neonates were boys. The place of 
admission was an emergency department in 38(90.5%) 
neonates. The mode of delivery was caesarean section 
among 29(69.0%) neonates. There were 13(31.0%) 
neonates who were born preterm, while 13(31.0%) 
were also having low birth weight. Respiratory dis-
tress, reluctance to feed and hypoglycemia were the 
most frequent clinical presentations observed in 
19(45.2%), 14(33.3%) and 8(19.0%) neonates, respec-
tively. Figure-1 shows details of various clinical 
findings and complaints reported among neonates. 
Table-I shows laboratory parameters observed among 
all studied neonates. 
 

 
Figure-I: Frequency of Clinical Presentation and Presenting 
Complaints (n=42) 

Mean CRP levels among blood culture positive 
and negative neonates were 40.02±57.84mg/dl and 
7.57±13.34 mg/dl, respectively, while the difference 
was statistically significant (p=0.0068). No statistically 

Table-I: Laboratory Parameters of Neonates (n=42) 
Parameters Mean±Standard Deviation Minimum Maximum 

Hemoglobin (g/dl) 15.54±2.90 10.70 21.00 

Total Leukocyte Count (x1000/mm3) 11.39±5.92 2.80 25.10 

Neutrophils 53.39±18.43 11.00 82.00 

Lymphocytes 37.41±17.13 11.00 76.00 

Platelets (x1000) 255.02±112.50 45.00 537.00 

CRP (mg/dl) 18.39±37.65 0.100 209.120 

RDW (%) 18.24±3.96 13.900 39.00 

Procalcitonin (ng/ml) 12.04±26.55 0.060 138.88 
 

Table-II: Description of Area Under the Curve and Significance Level of Studied Biomarkers in Neonatal Sepsis (n=42) 

Biomarkers Area Sensitivity (%) Specificity (%) 
p-Value 95% Confidence Interval 

 Upper Lower 

CRP 0.698 57.1 53.6 0.039 0.513 0.883 

RDW 0.499 100 3.6 0.989 0.314 0.683 

Procalcitonin 0.582 100 0 0.393 0.387 0.776 
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significant differences were observed in terms of RDW 
(17.84±2.43 vs. 18.44±4.56, p=0.6488) and Procalcitonin 
(11.32±12.40 vs. 12.40±31.27, p=0.9021) levels among 
blood culture positive and negative neonates. Table-II 
describes the biomarkers in terms of area under the 
curve and relevant significance levels. The CRP levels 
were found to be a significant predictor of neonatal 
sepsis (p=0.039), while the best cut-off value of CRP 
was noted to be 10.45 (mg/dl). The best predicting cut-
off value of RDW for confirmed neonatal sepsis cases 
was noted to be 16.75 (%). No significant predicting 
relationship of procalcitonin was noted with confirmed 
neonatal sepsis cases, while the best cut-off 
procalcitonin value for confirmed neonatal sepsis was 
9.78 (ng/ml). Figure-2 shows ROC curve predictions 
for CRP, RDW and Procalcitonin levels. 
 

 
Figure-II: ROC Curve Predictions for CRP, RDW and 
Procalcitonin Levels 

DISCUSSION 

Neonatal sepsis is known to induce an 
inflammatory response that can further predispose the 
affected neonates to adverse outcomes.12,13 Treatment 
mainly targeting infection is usually initiated at the 
earliest among cases of neonatal sepsis. However, 
overuse and incorrect utilization of anti-infective 
treatment might expose neonates to drug resistance as 
well as compromised outcomes.14 Therefore, it is very 
important to explore relevant biomarkers pointing 
towards increased inclination for the presence of 
neonatal sepsis. 

The present study noted that CRP was a 
significant predictor of neonatal sepsis. In contrast, 
other studied biomarkers like RDW and procalcitonin 
did not prove to have significant predictable worth in 
highlighting the presence of neonatal sepsis. Previous 
study has shown in the past that CRP is a common 
acute phase reaction protein among cases of neonatal 
sepsis that increases levels following inflammatory 

responses and infection, especially after bacterial 
infections.15 It has been shown that CRP levels peak on 
the second day following infection and usually return 
to normal after seven days.16 A recent study by Yang  et 
al.  reported that compared to the control group, 
neonatal sepsis cases had significantly higher levels of 
CRP on day one and day three following disease 
activity. In contrast, in most cases, CRP levels returned 
to normal on the seventh day.17  

This study did not find procalcitonin to predict 
neonatal sepsis significantly. Our findings are contrary 
to what was found by Sucilathangam et al. who noted 
that procalcitonin levels were superior to serum CRP 
levels in detecting neonatal sepsis.15 The difference 
could be that Sucilathangam et al. considered cases 
already admitted to the NICU. At the same time, we 
enrolled neonates with the clinical diagnosis of 
neonatal sepsis from either the emergency department 
or outpatient department. So, procalcitonin can better 
predict neonatal sepsis among neonates with severe 
forms of the disease, but it needs further exploration.18 
Recent data have shown that increased levels of RDW 
are significantly linked with increased mortality 
among neonatal septicemia cases. RDW above 16.35% 
was noted to have predicted mortality with 70% 
sensitivity and 66.1% specificity.19,20 In this study, we 
did not find RDW to be significantly different among 
blood culture-positive and blood culture-negative 
neonatal sepsis cases, so further studies are required to 
elaborate on the role of RDW in the early detection of 
neonatal sepsis. 
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relationship with early prediction of neonatal sepsis. 
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