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Abstract

Aim

To find the diagnostic utility of the neutrophil to lymphocyte ratio (NLR) in the early diagnosis of neonatal
sepsis.

Methodology

The case records of all blood culture-positive septic neonates admitted from January 2018 to December 2018
were reviewed. Total leucocyte count, absolute neutrophil count, absolute lymphocyte counts, NLR, and C-
reactive protein (CRP) of septic neonates were compared with gestational age-matched nonseptic neonates
by an unpaired t-test. The diagnostic performance of NLR and CRP was analyzed by receiver operating
characteristic (ROC) analysis.

Result

A total of 41 blood culture-positive neonates and 52 nonseptic neonates were enrolled in this study. There
was no significant difference in the total leucocyte count and absolute neutrophil counts of septic and
nonseptic neonates. The mean absolute lymphocyte count of septic neonates (2795+1424/cumm) was
significantly lower than that of nonseptic neonates (4449+1794/cumm; p=<0.001). The mean NLR of septic
neonates (3.88+1.78) was significantly higher as compared to nonseptic (2.3404 £1.98) neonates (p=0.045).
For the diagnosis of sepsis, NLR at cutoff >1.7 had a sensitivity and specificity of 68.3% and 46.2%,
respectively; CRP at cutoff >6 mg/dl had sensitivity and specificity of 78.05% and 92.31%, respectively. In
the ROC analysis, the area under the curve (AUC) for CRP and NLR for the diagnosis of neonatal sepsis was
0.918 (p=<0.001) and 0.623 (p=0.042), respectively.

Conclusion

Blood culture-positive septic neonates had significantly higher NLR as compared to nonseptic neonates.
However, when compared to CRP, NLR was not found to be a better predictor of sepsis in our study.

Categories: Pathology, Pediatrics, Infectious Disease
Keywords: blood cell count, neutrophil lymphocyte ratio, c-reactive protein, infants, neonates

Introduction

Sepsis refers to the clinical syndrome of systemic inflammation due to infection. Neonates are a particularly
vulnerable population and neonatal sepsis is the second most common cause of mortality in this group [1].
Apart from mortality, it is associated with significant morbidity and long-term sequelae. Correct diagnosis
and prompt initiation of therapy is, therefore, lifesaving, and overdiagnosis comes with its risks of
inadvertent antibiotic exposure. Due to the poor yield of blood culture, various other markers are being
tested, out of which C-reactive protein (CRP), procalcitonin, total leucocyte count, absolute neutrophil
count, and the immature to total neutrophil ratio (I/T) have stood the test of time and have a good predictive
value, especially when used together [2-3]. Complete blood count (CBC) is a part of the sepsis screen and is
readily available in most places. Recently, the ratios of various components of CBC are being studied and
applied in various clinical conditions in both pediatrics and adult studies [4-5]. The present study aims to
assess the diagnostic utility of the neutrophil to lymphocyte ratio (NLR) in the early diagnosis of neonatal
sepsis.

Materials And Methods

This retrospective study was conducted in the department of pediatrics, neonatology unit. It is a tertiary care
neonatology unit having 40 beds, attached to a medical college, and caters to patients born in-house. It is
also a referral unit to nearby districts and has approximately 1100 unique admissions for various neonatal
conditions every year.
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Demographic variables
Gestational age (weeks)
Birth weight (grams)

Mode of delivery (LSCS)

Sex (Male)

This study was conducted between January 2019 and January 2020. Records of all neonates having a positive
blood culture were retrieved. Medical records and the complete blood count sent on the day of drawing
blood culture were recorded. As per treatment protocol, for neonates presented with clinical symptoms and
signs suggestive of neonatal sepsis, intravenous (IV) antibiotics were initiated after sending complete blood
count (CBC), CRP, and blood culture. For blood culture, 0.5-1 ml blood was collected from venipuncture sites
after disinfection of the site.

Various parameters, such as hemoglobin, packed cell volume, red cell distribution width, total white blood
cell count, differential count, total platelet count, and mean platelet volume, of CBC were obtained from a
Coulter counter, which was done using an automated analyzer (Beckman Coulter, LH 780, Brea, California).
CRP was done using the latex-enhanced turbidometric immunoassay method with a photometer 5010 V5+
device (Agappe Diagnostic Ltd, Kerala, India). Blood culture-positive sepsis was diagnosed by the Bac T/Alert
(bioMérieux, Marcy-1'Etoile, France) and VITEK-2 (bioMérieux) blood culture method, and the organism
causing neonatal sepsis was recorded.

A similar number of gestational age-matched neonates, who had no clinical features suggestive of neonatal
sepsis were designated as the control group. None of the control group neonates had received antibiotics,
and all were discharged in healthy condition. Their complete blood cell parameters, CRP, and other relevant
biochemical parameters were noted.

Statistical analysis

Continuous variables were statistically described in terms of mean and standard deviation (SD) and
categorical variables as frequencies (number of cases) and percentages (%). A comparison of mean=SD

of total leucocyte count, absolute neutrophil and lymphocyte counts, NLR, and CRP between the sepsis and
control groups was done by an independent t-test. The diagnostic accuracy of NLR and CRP for neonatal
sepsis was assessed by ROC curves and sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated. P-values <0.05 were considered statistically significant. All data were
analyzed using the statistical software STATA 15.1 (StataCorp, College Station, Texas).

Results

A total of 41 blood culture-positive septic neonates and 52 nonseptic neonates were enrolled for this study.
The demographic profile of both groups of neonates is shown in Table 1.

Sepsis(n=41) Nonseptic(n=52) P-value
34.19 £ 4.70 33.78 £ 3.8 0.642
1980 + 940 1920 + 680 0.721
18 22 0.878
27 25 0.086

TABLE 1: Demographic profile of septic and control neonates

LSCS: lower segment cesarian section

Amongst all the cases in the septic group, 16 babies were term gestation, seven babies were late preterm, and
18 babies were less than 34 weeks. Both the groups were comparable for weight and gestational age. There
was no significant difference in the gender distribution of the patient or the mode of delivery in the septic
and nonseptic groups. Among 41 blood culture-positive sepsis, 26 (63.41%) cases were gram-negative sepsis,
12 (29.26%) were gram-positive sepsis and three (7%) cases were fungal sepsis.

Among 41 culture-positive sepsis, 14 were early-onset sepsis and the rest were late-onset sepsis. Gram-
negative sepsis was predominant over gram-positive and fungal sepsis in the septic group. The total
leucocyte and their differential count, CRP of septic neonates, and nonseptic neonates are compared in
Table 2.
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Hematological parameters Sepsis(n=41) Nonseptic(n=52) P-value
TLC 12230+6752 14467+5496 0.082
ANC 8229+ 5456 8366 + 5462 0.905
ALC 2795 1424 4449 £1794 <0.001
NLR 3.88+1.78 2.3404 +1.98 0.045
CRP (mg/dl) 43.50 + 26.76 3.39 = 1.50 <0.001

TABLE 2: Comparison of hematological parameters of CBC and CRP between sepsis and
nonseptic neonates

ANC - Absolute neutrophil count, ALC - Absolute lymphocyte count, NLR - Neutrophil lymphocyte ratio, CRP - C-reactive protein, TLC - Total
leucocyte count, CBC - Complete blood count

Five out of 41 blood culture-positive septic neonates had leucopenia (total leucocyte count (TLC)

<5000/mrn3) and none of the neonates in the nonseptic group had leucopenia. There was no significant
difference in total leucocyte count and absolute neutrophil count of septic and nonseptic neonates. The
mean absolute lymphocyte counts of septic neonates (2795+1424) were significantly (p=<0.001) lower than
nonseptic neonates (4449+1794). The NLR of septic neonates (3.88+1.78) was significantly higher as
compared to nonseptic (2.3404+1.98) neonates (p=0.045). The NLR at cutoff > 1.7 had a sensitivity of 68.3%
and specificity of 46.2% for the diagnosis of sepsis. Table 3 shows the sensitivity, specificity, PPV, and NPV
of both NLR and CRP for neonatal sepsis. In the ROC analysis, the AUC for CRP and NLR for the diagnosis of
neonatal sepsis were 0.918 (p=<0.001) and 0.623 (p=0.042), respectively (Figure I).

Diagnostic test Cut-off point Sensitivity Specificity PPV NPV
CRP (>=6 mg/dl) 78.05% 92.31% 88.88% 84.21%
N/L (>1.7) 68.3% 46.2% 50% 64.86%

TABLE 3: The sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) of the CRP and N/L ratio

CRP - C-reactive protein, N/L - neutrophil/lymphocyte
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FIGURE 1: Receiver operating curve of CRP and NLR in neonatal sepsis

CRP - C-reactive protein, NLR - Neutrophil lymphocyte ratio

Discussion

In context to previous studies, the inclusion of NLR as a newer diagnostic marker in the early diagnosis of
neonatal sepsis was supported in this study. In neonatal care, diagnostic tests are utilized in asymptomatic
neonates with high risk for early-onset sepsis and symptomatic babies to confirm the presence or absence of
infective condition based on sensitivity, specificity, positive predictive value, and negative predictive values
in the early stages of the disease [6].

The sensitivity of NLR (68%) was similar to CRP (78%) for the diagnosis of neonatal sepsis but NLR (46%)
had lower specificity as compared to CRP (92%) in this study. Dynamic changes in neutrophils and
lymphocytes occur during neonatal sepsis. Based on bone marrow production, they are deployed during
infection to the tissue site. Apoptosis of the involved cell line is also affected. During sepsis, the lifespan of
neutrophils increases due to decreased apoptosis process mediated by a decreased caspase3 level and NF-kB
activation [7-8].

Neutrophils act as the first-line defense after the invasion of microbes. They function through phagocytosis
and are modulated at various steps by multiple factors. The body controls immune-mediated tissue damage
by lymphocyte by apoptosis. Due to the migration of lymphocytes to the site of infection, lymphocytopenia
is also seen in sepsis [9-10].

The majority of septic neonates had a normal total leukocyte count, so the presence of a normal white blood
cell (WBC) count cannot rule out sepsis. This finding is incongruous to Sucilathangam et al., where they
found that 85% of culture-positive neonates had a normal WBC count [11]. Similarly, Sumitro et al. reported
in their study that around 90% of septic neonates had a WBC count within the normal range [12]. In two
multicentric studies, the WBC count and ANC count were studied, and they did not perform well as a
standalone diagnostic tool for early-onset neonatal sepsis in late-preterm and term neonates. The extreme
value of WBC <1000/uL and ANC <100/uL had a high likelihood ratio for EOS but with very low sensitivity
[13-14].

As per some authors, with a decreasing incidence of EOS in developed countries, the utility of WBC count in
the early neonatal period is trending down [15]. Clinicians used to follow the Manroe and Mouzinho
postnatal age nomogram for total leucocyte count using specified cutoffs after >34 weeks of
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gestation and for preterm neonates, respectively [16-17]. The normal range of leukocyte count varies with
gestational age, mode of delivery, site of sampling, and altitude while many perinatal conditions like
maternal pregnancy-induced hypertension, birth asphyxia, and hemolytic disease influence neutrophil
count [18-19].

A higher NLR in septic groups as compared to healthy neonates was previously reported in both the preterm
and term populations. In a study by Omran et al., NLR values of septic term neonates (2.9 * 1.7) were higher
compared to nonseptic term neonates (1.6 * 0.4) and NLR at a cutoff of 2.7 diagnosed sepsis with sensitivity
80% and 57.1% specificity [20]. Can et al. found the neutrophil count and NLR in term onset septic groups
were higher as compared to healthy neonates. The mean * SD of NLR in term sepsis and nonseptic neonates
was 2.88 +0.16 and 0.21 £ 0.12, respectively. NLR at a cutoff value of 1.76 diagnosed term neonatal early-
onset sepsis with sensitivity 97.4% and specificity 100% and had a good diagnostic yield with AUC =0.99 in
ROC analysis [21].

Ozdemir et al. studied and found preterm late-onset sepsis neonates had a higher mean NLR (3.69 £ 3.0) as
compared to cultures negative babies (1.56 = 1.83) and NLR at cutoff 1.7 had a sensitivity of 73.1%

and specificity of 78.7% for length of stay (LOS) [22]. In adults, severe sepsis and septic shock NLR was
measured at admission and was seen as a significant predictor of mortality [23].

In this study, the NLR of septic neonates was 3.88 +1.78 and was significantly higher as compared to
nonseptic neonates, which was 2.34+1.98. This study was different from the above studies since here the
neonatal population had enrolled term, preterm, early-onset, and late-onset sepsis neonates. Babies who
presented within the first 72 hours of birth with signs of sepsis were diagnosed as early-onset sepsis while
those who presented later were classified as late-onset sepsis. In a similar kind of study population from
Indonesia, the median NLR value of septic neonates 3.63 was higher compared to an NLR of 2.12 in the
suspected sepsis group, with an AUC of 0.63 [12].

CRP is an acute-phase reactant. It belongs to the pentraxin family and is produced in the liver and rises after
10-12 hours of infection. CRP has been proved over the years to have good sensitivity and specificity for the
diagnosis of neonatal sepsis. Various studies have reported the sensitivity and specificity of CRP in the range
of 35%-94% and 60%-96%, respectively [24]. In this study, the AUC for CRP and NLR was statistically
significant for the diagnosis of sepsis. The AUC of CRP was higher compared to NLR AUC, suggesting a better
diagnostic yield of CRP over NLR. In a study by Hamiel et al., better diagnostic validity was obtained by
combining CRP and NLR in comparison to CRP or NLR alone too [25].

Conclusions

The study was a monocentric retrospective study with relatively small sample size. The maternal
characteristics, neonatal clinical characteristics, and timing of neonatal sepsis were not stratified. The
strength of the study was that all septic neonates were blood culture-positive sepsis and all non-septic
babies were discharged from the hospital in stable condition without receiving any antibiotics. Hence, the
diagnostic yield of NLR for neonatal sepsis could be researched further in a prospective multicentric study
separately in early and late-onset neonatal sepsis.

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1. LiuL, Oza S, Hogan D, et al.: Global, regional, and national causes of child mortality in 2000-13, with
projections to inform post-2015 priorities: an updated systematic analysis. Lancet. 2015, 31:430-440.
10.1016/S0140-6736(14)61698-6

2. Hornik CP, Benjamin DK, Becker KC, et al.: Use of the complete blood cell count in early-onset neonatal
sepsis. Pediatr Infect Dis J. 2012, 31:799-802. 10.1097/INF.0b013e318256905¢

3. Iroh Tam PY, Bendel CM: Diagnostics for neonatal sepsis: current approaches and future directions . Pediatr
Res. 2017, 82:574-583. 10.1038/pr.2017.134

4. Dijordjevic D, Rondovic G, Surbatovic M, et al.: Neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte
ratio, platelet-to-lymphocyte ratio, and mean platelet volume-to-platelet count ratio as biomarkers in
critically ill and injured patients: which ratio to choose to predict outcome and nature of bacteremia?.
Mediators Inflamm. 2018, 15:3758068. 10.1155/2018/3758068

2021 Panda et al. Cureus 13(1): €12891. DOI 10.7759/cureus.12891 50f6


https://dx.doi.org/10.1016/S0140-6736(14)61698-6
https://dx.doi.org/10.1016/S0140-6736(14)61698-6
https://dx.doi.org/10.1097/INF.0b013e318256905c
https://dx.doi.org/10.1097/INF.0b013e318256905c
https://dx.doi.org/10.1038/pr.2017.134
https://dx.doi.org/10.1038/pr.2017.134
https://dx.doi.org/10.1155/2018/3758068
https://dx.doi.org/10.1155/2018/3758068

Cureus

10.

11.

12.

13.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tamelyteé E, Vaicekauskiené G, Dagys A, Lapinskas T, Jankauskaité L: Early blood biomarkers to improve
sepsis/bacteremia diagnostics in pediatric emergency settings. Medicina (Kaunas). 2019, 10:99-10.
10.3390/medicina55040099

Sharma D, Farahbakhsh N, Shastri S, Sharma P: Biomarkers for diagnosis of neonatal sepsis: a literature
review. | Matern Fetal Neonatal Med. 2018, 31:1646-1659. 10.1080/14767058.2017.1322060

Remick DG: Pathophysiology of sepsis. Am | Pathol. 2007, 170:1435-1444. 10.2353/ajpath.2007.060872
Hotchkiss RS, Monneret G, Payen D: Sepsis induced immunosuppression: from cellular dysfunction to
immunotherapy. Nat Rev Immunol. 2013, 13:862-872. 10.1038/nri3552

Ley K, Laudanna C, Cybulsky MI, Nourshargh S: Getting to the site of inflammation: the leukocyte adhesion
cascade updated. Nat Rev Immunol. 2007, 7:678-689. 10.1038/nri2156

Shubin NJ, Monaghan SF, Heffernan DS, Chung CS, Ayala A: B and T lymphocyte attenuator expression on
CD4+ T-cells associates with sepsis and subsequent infections in ICU patients. Crit Care. 2013, 17:276.
10.1186/cc13131

Sucilathangam G, Amuthavalli K, Velvizhi G, Ashihabegum MA, Jeyamurugan T, Palaniappan N: Early
diagnostic markers for neonatal sepsis: comparing procalcitonin (pct) and c-reactive protein (CRP). J Clin
Diagnostic Res. 2012, 6:627-631.

Sumitro KR, Utomo MT, Wahyu Widodo AD: Neutrophil-to-lymphocyte ratio as an alternative marker of
neonatal sepsis in developing countries. Oman Med J. 2021, 36:e214. 10.5001/0m;j.2021.05

Christensen RD, Rothstein G, Hill HR, Hall RT: Fatal early onset group B streptococcal sepsis with normal
leukocyte counts. Pediatr Infect Dis. 1985, 4:242-245. 10.1097/00006454-198505000-00006

Newman TB, Puopolo KM, Wi S, Draper D, Escobar GJ: Interpreting complete blood counts soon after birth
in newborns at risk for sepsis. Pediatrics. 2010, 126:209747824. 10.1542/peds.2010-0935

Karen M. Puopolo, William E. Benitz, Theoklis E. Zaoutis, Committee on Fetus and Newborn and Committee
on Infectious Diseases: Management of neonates born at >35 0/7 weeks’ gestation with suspected or proven
early-onset bacterial sepsis. Pediatrics. 2018, 142:20182894. 10.1542/peds.2018-2894

Mouzinho A, Rosenfeld CR, Sdnchez PJ, Risser R: Revised reference ranges for circulating neutrophils in
very-low-birth-weight neonates. Pediatrics. 1994, 94:76-82.

Manroe BL, Weinberg AG, Rosenfeld CR, Browne R: The neonatal blood count in health and disease. I.
Reference values for neutrophilic cells. ] Pediatr. 1979, 95:48002320. 10.1016/S0022-3476(79)80096-7
Christensen RD, Henry E, Jopling ], Wiedmeier SE: The CBC: reference ranges for neonates . Semin
Perinatol. 2009, 33:3-11. 10.1053/j.semperi.2008.10.010

Schmutz N, Henry E, Jopling J, Christensen RD: Expected ranges for blood neutrophil concentrations of
neonates: the Manroe and Mouzinho charts revisited. ] Perinatol. 2008, 28:18200025. 10.1038/sj.jp.7211916
Omran A, Maaroof A, Saleh MH, Abdelwahab A: Salivary C-reactive protein, mean platelet volume and
neutrophil lymphocyte ratio as diagnostic markers for neonatal sepsis [Article in Portuguese]. ] Pediatr (Rio
1). 2017, 10:1016. 10.1016/j.jpedp.2017.07.004

Can E, Hamilcikan §, Cen C: The value of neutrophil to lymphocyte ratio and platelet to lymphocyte ratio
for detecting early-onset neonatal sepsis. | Pediatr Hematol Oncol. 2018, 40:229-232.
10.1097/MPH.0000000000001059

Ozdemir SA, Ozer EA, Ilhan O, Sutcuoglu S: Can neutrophil to lymphocyte ratio predict late-onset sepsis in
preterm infants?. J Clin Lab Anal. 2018, 32:e22338. 10.1002/jcla.22338

Hwang SY, Shin TG, Jo I], et al.: Neutrophil-to-lymphocyte ratio as a prognostic marker in critically-ill
septic patients. Am ] Emerg Med. 2017, 35:234-239. 10.1016/j.ajem.2016.10.055

Ng PC, Lam HS: Diagnostic markers for neonatal sepsis. Curr Opin Pediatr. 2006, 18:125-131.
10.1097/01.mop.0000193293.87022.4c

Hamiel U, Bahat H, Kozer E, Hamiel Y, Ziv-Baran T, Goldman M: Diagnostic markers of acute infections in
infants aged 1 week to 3 months: a retrospective cohort study. BMJ Open. 2018 Jan, 24:018092.
10.1136/bmjopen-2017-018092

2021 Panda et al. Cureus 13(1): €12891. DOI 10.7759/cureus.12891

6 0of 6


https://dx.doi.org/10.3390/medicina55040099
https://dx.doi.org/10.3390/medicina55040099
https://dx.doi.org/10.1080/14767058.2017.1322060
https://dx.doi.org/10.1080/14767058.2017.1322060
https://dx.doi.org/10.2353/ajpath.2007.060872
https://dx.doi.org/10.2353/ajpath.2007.060872
https://dx.doi.org/10.1038/nri3552
https://dx.doi.org/10.1038/nri3552
https://dx.doi.org/10.1038/nri2156
https://dx.doi.org/10.1038/nri2156
https://dx.doi.org/10.1186/cc13131
https://dx.doi.org/10.1186/cc13131
https://www.jcdr.net/article_fulltext.asp?id=2150#12
https://dx.doi.org/10.5001/omj.2021.05
https://dx.doi.org/10.5001/omj.2021.05
https://dx.doi.org/10.1097/00006454-198505000-00006
https://dx.doi.org/10.1097/00006454-198505000-00006
https://dx.doi.org/10.1542/peds.2010-0935
https://dx.doi.org/10.1542/peds.2010-0935
https://dx.doi.org/10.1542/peds.2018-2894
https://dx.doi.org/10.1542/peds.2018-2894
https://pubmed.ncbi.nlm.nih.gov/8008542/
https://dx.doi.org/10.1016/S0022-3476(79)80096-7
https://dx.doi.org/10.1016/S0022-3476(79)80096-7
https://dx.doi.org/10.1053/j.semperi.2008.10.010
https://dx.doi.org/10.1053/j.semperi.2008.10.010
https://dx.doi.org/10.1038/sj.jp.7211916
https://dx.doi.org/10.1038/sj.jp.7211916
https://dx.doi.org/10.1016/j.jpedp.2017.07.004
https://dx.doi.org/10.1016/j.jpedp.2017.07.004
https://dx.doi.org/10.1097/MPH.0000000000001059
https://dx.doi.org/10.1097/MPH.0000000000001059
https://dx.doi.org/10.1002/jcla.22338
https://dx.doi.org/10.1002/jcla.22338
https://dx.doi.org/10.1016/j.ajem.2016.10.055
https://dx.doi.org/10.1016/j.ajem.2016.10.055
https://dx.doi.org/10.1097/01.mop.0000193293.87022.4c
https://dx.doi.org/10.1097/01.mop.0000193293.87022.4c
https://dx.doi.org/10.1136/bmjopen-2017-018092
https://dx.doi.org/10.1136/bmjopen-2017-018092

	The Utility of the Neutrophil-Lymphocyte Ratio as an Early Diagnostic Marker in Neonatal Sepsis
	Abstract
	Aim
	Methodology
	Result
	Conclusion

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	TABLE 1: Demographic profile of septic and control neonates
	TABLE 2: Comparison of hematological parameters of CBC and CRP between sepsis and nonseptic neonates
	TABLE 3: The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of the CRP and N/L ratio
	FIGURE 1: Receiver operating curve of CRP and NLR in neonatal sepsis

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


