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   ABSTRACT 

 
Background: Accurate early detection of 
bacteriemia plays an important role in the 
treatment and prognosis of infected neonates, 
but is constrained by the limitations of specific 
sepsis markers for detecting bacteriemia. NLCR 
or neutrophil to lymphocyte count ratio in adult 
population shows a more sensitive parameter in 
predicting infection and has the advantage of 
being economical and widely available. The role 
of NLCR in the neonatal population has not 
been widely studied. The purpose of this study 
was to analyze NLCR versus CRP as a predictor 
of neonatal sepsis. 
Subjects and Method: This study take ana-
lytic observatinal with diagnostic test approach 
to subject with sepsis risk factor and neonatal 
sepsis at dr. Moewardi hospital from April until 
May 2017. Characteristics data as gestational 
age, gender, birth weight, IT ratio, leucocyte 
count, neutrophil and lymphocyte count, 
NLCR, CRP and blood culture. Data presented 
descriptively and statistical analysis was 
performed. 

Results: No significant correlation between 
subject’s characteristics and neonatal sepsis. 
NLCR with cutoff point for 2.22 has sensitivity, 
specificity, positive and negative predictive 
value for 87.5%, 75%, 70% and 90%, respecti-
vely. CRP with cutoff point for 0.25 has sensi-
tivity, specificity, positive and negative predic-
tive value for 83.3%, 55.6%, 55.6% and 83.3% 
respectively. While IT-rasio has sensitivity, spe-
cificity, positive and negative predictive value 
for 29.2%, 91.7%, 70% and 66%, respectively. 
Conclusion: NLCR has a satisfactory pre-
dictive value for neonatal sepsis that widely 
available and economic predictor alternative 
with cutoff point for 2.22. 
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BACKGROUND 

In newborns, infection that progresses to 

sepsis is a clinical symptom of systemic 

disease accompanied by bacteriemia occur-

ring in the early months of life (Gomella et 

al., 2013). In developing countries, nearly 

the majority of inpatient newborns have 

sepsis-related morbidity and mortality. The 

incidence of sepsis is still quite high in 

developing countries when compared to 

developed countries (Gerdes, 2004). The 

risk of sepsis is increased in preterm infants 

and infants with low birth weight when 

compared to term infants with moderate 

body weight (Aminullah, 2010; Puspone-

goro, 2000; Stoll and Shane, 2016). 

Accurate early detection of bacteri-

emia plays an important role in treatment 

and patient prognosis. Sepsis markers such 

as leukocyte count, absolute neutrophil 
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count (ANC) and C-reactive protein (CRP) 

are well known markers for detecting bac-

teriemia. However, these markers cannot 

precisely distinguish between infections 

caused by bacteria, fungi or severe viral 

infections. Additional infection markers 

such as procalcitonin (PCT) can predict 

bacteriemia accurately but are constrained 

by availability and relatively high cost 

(Auriti et al., 2012; da Silva et al., 1995; de 

Jager et al., 2010; Holub et al., 2012; 

Rruntunuwu et al., 2008). 

In infections caused by bacteria, phy-

siological immunity will respond, one of 

which is by increasing the value of nephro-

phils and decreasing the value of lympho-

cytes. The phenomenon of absolute lym-

phocytopenia to immune response in sys-

temic infections is not well understood but 

neutrophilia and lymphocytopenia in recent 

studies combined with other markers of 

infection have shown good results in 

predicting bacteriemia. This suggests the 

role of neutrophils and lymphocytes in 

detecting the early stages of the immune 

response against bacteriemia. The ratio of 

neutrophil to lymphocyte count or neutro-

phil to lymphocyte count ratio (NLCR) in 

the adult population shows a more sensitive 

parameter than the leukocyte count in 

predicting infection and has the advantage 

of being inexpensive and widely available 

when compared to other markers. NLCR in 

the neonatal population has not been 

widely studied. 

This study aims to analyze the value 

of NLCR compared to CRP as a predictor of 

neonatal sepsis, to analyze the NLCR and 

CRP cutoff points and to analyze the 

sensitivity, specificity, positive predictive 

value, negative predictive value, and 

accuracy of NLCR and CRP as predictors of 

neonatal sepsis. 

 

 

 

SUBJECTS AND METHOD 
1. Study design 

This was an analytic observational study 

with a diagnostic test approach. The study 

was conducted at the Regional General 

Hospital (RSUD) Dr. Moewardi, Surakarta. 

2. Study sample 

Infants treated in the neonatal HCU room 

and the NICU at dr. Moewardi Surakarta 

between April 2018 and May 2018 was 

selected for this study by consecutive sam-

pling. The inclusion criteria were all pati-

ents with potential infection or had clinical 

neonatal sepsis while the exclusion criteria 

were parents with acquaired immunon-

deficiency syndrome (AIDS), surgery, his-

tory of previous antibiotics, major conge-

nital anomalies, severe the body is born less 

than 1000 grams. 

3. Definition operational of variables 

Infected neonatal was defined as a newborn 

with risk factors for sepsis in which condi-

tion it is predicted that infection has 

occurred but has not shown neonatal 

sepsis. These risk factors are labor with 

action, premature rupture of membranes 

for more than 18 hours, intrapartum infec-

tion, chorioamnionitis, fever in mothers 

with a temperature of more than 38.4oC, 

perinatal asphyxia, prematurity and low 

birth weight (Gomella et al., 2013; 

Aminullah, 2010). 

Meanwhile, neonatal sepsis is based 

on finding at least 2 clinical signs and 2 

laboratory signs from the following criteria, 

namely systolic blood pressure less than 40 

mmHg, heart rate less than 50 or more 

than 220 times per minute, cardiac arrest 

occurs, poor perfusion, cyanosis or mott-

ling, pH blood less than 7.2 at normal 

PaCO2, need for inotropic agents to main-

tain blood pressure or cardiac output, respi-

ratory rate more than 90 times per minute, 

PaCO2 more than 65 mmHg, PaO2 less 
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than 40 mmHg, require mechanical ventila-

tion, oxygen fraction less than 200 without 

abnormality cyanotic heart, hemoglobin 

below 5 g/ dl, leukocyte count less than 

9000 cells / mm3, platelet count less than 

150,000 cells/ mm3, decreased conscious-

ness with pupil dilatation, lethargy, irrita-

bility more than 100 mg/ dL or plasma 

creatinine more than 20 mg/ dL, gastro-

intestinal bleeding accompanied by decre-

ased hemoglobin more than 2 g/ dL in 24 

hours, need for blood transfusion, hypo-

tension with blood pressure less than the 

3rd percentile for age and gastrointestinal 

surgery, intake intolerance, diarrhea, abdo-

minal distension, total bilirubin more than 

3 mg/ dL and jaundice, hypoglycemia, 

hyperglycemia and metabolic acidosis 

(Gomella et al., 2013; Gerdes, 2004). 

Based on the results of blood culture, 

all subjects were classified into 2 groups, 

namely the group of infected neonates who 

developed confirmed sepsis with positive 

culture results, hereinafter referred to as 

the culture-confirmed group of sepsis and 

the group of infected neonates with nega-

tive culture results, hereinafter referred to 

as the infected neonatal group. 

4. Data analysis 

Data analysis using SPSS version 17.0 

program. The baseline characteristics of the 

subjects were described as percentages and 

these variables were divided into culture-

confirmed sepsis groups and infected neo-

natal groups then compared and statistical 

correlation analysis was performed. P value 

<0.05 was considered significant. The opti-

mal intercept will be determined using 

Microsoft Office Excel by taking the output 

of the Coordinates of the Curve from the 

ROC. The cut point data for NLCR and CRP 

and IT-ratio with cut point 0.2 were 

tabulated and entered into a 2x2 table of 

blood culture results and calculations were 

performed to find sensitivity, specificity, 

positive predictive value, negative predic-

tive value, positive likelihood ratio, ratio 

negative possibilities and accuracy. Diag-

nostic ability is considered good when the 

diagnostic parameters >80% (Dahlan, 

2009). 

5. Research ethics 

The data recorded were patient identity, 

gender, maternal age, history of premature 

rupture of membranes (PROM) more than 

18 hours, chorioamnionitis, birth weight, 

results of routine blood tests, leukocyte 

count, IT-ratio, NLCR, CRP and blood 

culture examination. This research was 

conducted with the approval of the Ethics 

Committee of RSUD Dr. Moewardi 

Surakarta. 

 

RESULTS 
Of the total 60 study subjects, divided into 

2 groups, namely the culture-confirmed 

sepsis group, 24 subjects (40%) and the 

unconfirmed culture group, called neonatal 

infected, were 36 subjects (60%). Then the 

characteristics of the study subjects such as 

gender, gestational age, history of PROM, 

chorioamnionitis, birth weight, leukocytes 

and platelets are demographed in Table 1. 

In a diagnostic test, the optimal inter-

section point for NLCR and CRP will be 

determined using Microsoft Office Excel by 

taking the output of the Coordinates of the 

Curve from the ROC. The results of this 

study were 24 patients with positive cul-

tures and 36 patients with negative cul-

tures. Based on these results, which are 

compared with the results of NLCR and 

CRP measurements, the results of the ROC 

curve and the optimal intersection point are 

obtained in Figure 1. 
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Table 1. Sample characteristics  

Characteristics 
Blood culture 

p 
Positive (n= 24) Negative (n= 36) 

Sex     
Female  8 14 0.662 
Male  16 22  
Gestational age    
<37 weeks 16 22 0.662 
≥37 weeks 8 14  
History of premature rupture 
membrane 

   

Positive 8 15 0.515 
Negative  16 21  
Chorioamniotic     
Positive  8 11 0.821 
Negative  16 25  
Low birth weight    
Severe low birth weight 6 9 0.888 
Low birth weight 10 13  
Normal birth weight 8 14  
Leukocyte     
Leukopenia  6 7 0.167 
Normal  16 29  
Leukocytosis 2 0  
Thrombocyte    
Thrombocytopenia 7 8 0.543 
Normal  17 28  

 

Based on the ROC curve, the AUC 

value for NLCR was 0.876 with a value of 

p<0.001. The cutoff value with the best 

sensitivity and specificity for NLCR was 

2.215, namely at Sensitivity= 0.88 and 1-

Specificity= 0.25. As for CRP, the AUC= 

0.73 with p= 0.003. The cut off value with 

the best sensitivity and specificity for CRP 

was 0.25, namely at Sensitivity= 0.83 and 

1-Specificity = 0.44. This results are shown 

in Table 2. 

Based on the cutoff value on the ROC 

curve, the NLCR is divided into 2 categories 

for screening purposes, namely NLCR 

>2.22 and <2.22. Thus, the results of cross 

tabulation were obtained with the following 

blood culture results. 

Based on the cutoff value on the ROC 

curve, the NLCR is divided into 2 categories 

for screening purposes, namely NLCR 

>2.22 and <2.22. Thus, the results of cross 

tabulation with blood culture results are 

obtained in Table 3. 

Based on the results of cross tabu-

lation of NLCR with blood culture, a diag-

nostic analysis was performed with the 

results as shown in Table 4. 

Examination of neonatal sepsis with 

NLCR at the cutoff point of 2.22 resulted in 

a sensitivity of 87.5%, a specificity value of 

75%, a positive predictive value (NDP) of 

70%, a negative predictive value (NDN) of 

90%. The positive likelihood ratio (RKP) 

was 3.25, the negative likelihood ratio 

(RKN) was 0.167. 

Based on the cutoff value on the ROC 

curve, the CRP is divided into 2 categories 

for screening purposes, namely with NLCR 
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> 0.25 and <0.25. Thus, the results of cross 

tabulation with blood culture results are 

obtained in table 5. 

 
 

Figure 1. ROC curve 
 

Table 2. Results of determining the intersection of the NLCR and CRP 
Variables AUC Sensitivity Sensitivity Cutoff p 

NLCR 0.88 0. 88 0.25 2.22 <0.001 
CRP 0.73 0.83 0.44 0.25 0.003 

 
Table 3. Cross-tabulation of NLCR with blood cultures 

NLCR 
Blood Culture 

Total 
Positive Negative 

>2.22 21 9 30 
<2.22 3 27 30 
Total 24 36 60 

 
Table 4. Diagnostic test results 

 NLCR CRP IT-ratio 
Sensitivity 87.5% 83.3% 29.2% 
Specificity 75% 55.6% 91.7% 
NDP 70% 55.6% 70% 
NDN 90% 83.3% 66% 
RKP 3.25 1.88 3.5 
RKN 0.17 0.3 0.77 

 
Table 5. Cross-tabulation of CRP with blood cultures 

CRP 
Blood Culture 

Total 
Positive Negative 

>0.25 20 16 36 

<0.25 4 20 24 
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Total 24 36 60 

 
Based on the results of cross tabula-

tion of CRP with blood culture, a diagnostic 

analysis was performed with the results as 

shown in Table 4. 

Examination of neonatal sepsis with 

CRP at the cutoff point of 0.25 obtained a 

sensitivity of 83.3%, the specificity value of 

CRP was 55.6%, NDP was 55.6%, NDN was 

83.3%. The RKP value was 1.875, the RKN 

value was 0.3 

Whereas in the diagnostic test results 

I/T the ratio based on the cutoff value I/T 

ratio is divided into 2 categories, namely 

the I/T ratio >0.2 and <0.2 where with the 

fisher exact test the value of p= 0.073 was 

obtained. cross tabulation with neonatal 

sepsis in table 6. 

Table 6. Cross-tabulation of I / T ratios with blood cultures 

I/T ratio 
Blood Culture 

Total 
Positive Negative 

> 0.2  7 3 10 

< 0.2  17 33 50 

Total 24 36 60 

 

Based on the results of cross tabula-

tion of I/T ratio with blood culture, a diag-

nostic analysis was performed with the 

results as shown in table 4. 

Examination of neonatal sepsis with 

I/T ratio at the cut point of 0.2 obtained a 

sensitivity of 29.2%, specificity of 91.7%, 

NDP of 70%, NDN of 66%, RKP value of 

3.5, and RKN value of 0.773. 

 

DISCUSSION 
Early diagnosis of neonatal sepsis has an 

important role in which delay or delay can 

determine the prognosis. The diagnosis of 

sepsis in newborns is difficult to establish 

when compared to older children because 

the clinical features of sepsis in newborns 

are not specific. The clinical picture of 

sepsis in newborns is not much different 

from non-infectious diseases that have 

severe morbidity in newborns. In addition, 

the absence of investigations can serve as 

the sole definitive examination in the diag-

nosis of sepsis (Gomella et al., 2013; 

Aminullah, 2010). 

The gold standard diagnosis in neo-

natal sepsis is blood culture, but this test 

has drawbacks such as the test results 

taking 2 to 5 days to show results. From the 

research, it was found that a minimum of 1 

ml of blood was needed for blood culture 

tests. The number of blood samples less 

than 1 ml can reduce sensitivity. Although 

0.5 ml of blood is reported to be used for 

blood culture, in vitro data from Schelonka 

et al. (1996) show that a blood sample of 

0.5 ml cannot detect bacteriemia with low 

blood levels. In addition, as many as 25% of 

newborns with sepsis have low bacteriemia 

levels (≤4 CFU/ml) and two thirds of 

newborns under 2 months of age have 

colony levels less than 10 CFU/ml. 1,3,16,17 

, 18,19 Therefore, it is necessary to have an 

early marker that has a high diagnostic and 

predictive value so that it can avoid 

delaying early treatment administration. 

The markers that have been widely 

used as parameters for bacterial infection 

are CRP, leucocyte count, procalcitonin and 

neutrophil count. However, these markers 

have their respective limitations such as not 

always giving a picture of infection caused 

by bacteria, high availability and cost. 

8,9,20 Because of these constraints, reliable 



Nugroho et al./ Comparison Neutrophil to Lymphocyte Count Ratio with C-Reactive Protein  

www.theijmed.com  141 

markers are needed that can provide an 

overview of bacterial infection and have 

wide availability and modest costs. The 

results of routine blood tests have the 

potential to fill a role as a marker.  

Early markers of neonatal sepsis 

ideally are predictors of infection and sepsis 

prior to clinical manifestations. According 

to Zahorec in a study in 2001, NLCR which 

is characterized by an increase in the 

number of neutrophils and a decrease in 

the number of lymphocytes is known to be 

detected since the first 5 hours of infection, 

even at that time there are no clinical 

manifestations of infection in neonates. 

Increased neutrophil count and decre-

ased lymphocyte count are well-known 

markers of severe bacterial infection. How-

ever, their use alone cannot be relied on as 

a marker of bacteriemia. In a 2001 study by 

Zahorec, it was found that the ratio of the 

neutrophil to lymphocyte count or the neu-

trophil to lymphocyte count ratio is a para-

meter that can show the degree of mor-

bidity of systemic inflammation and other 

stressful conditions. In this study, it was 

observed that periodic rapid changes in 

leukocytes as a response to the immune 

system to trauma stress, surgery, systemic 

inflammation and sepsis. The preliminary 

results of the study showed a correlation 

between the degree of clinical morbidity 

with an increase in neutrophil values and a 

decrease in lymphocyte values. The NLCR 

in this case is an easy parameter to use to 

express this morbidity (Holub et al., 2012; 

Zahorec, 2001; Rainer et al., 1999). 

Increased neutrophils show a res-

ponse to microbial infection and then 

migrate rapidly to specific sites. At the 

same time, there is phagocytosis, release of 

cytokines and activation of T cells. On the 

other hand, some anti-inflammatory agents 

cause margination and redistribution of 

lymphocytes within the lymphatic system 

characterized by accelerated apoptosis. A 

study conducted by Jilma in 1999 that 

administered lipopolysaccharide substrates 

as endotoxin to volunteers showed a 

decrease in lymphocytes up to 85%, a 

decrease in monocytes up to 96% and an 

increase in neutrophils up to 300% at 4-6 

hours after the endotoxin administration 

(Holub et al., 2012; Zahorec, 2001; Rainer 

et al., 1999). 

Increased neutrophils show a respon-

se to microbial infection and then migrate 

rapidly to specific sites. At the same time, 

there is phagocytosis, release of cytokines 

and activation of T cells. On the other hand, 

some anti-inflammatory agents cause mar-

gination and redistribution of lymphocytes 

within the lymphatic system characterized 

by accelerated apoptosis. A study by Jilma 

in 1999 which gave lipopolysaccharide sub-

strates as endotoxins to volunteers showed 

a decrease in lymphocytes up to 85%, a 

decrease in monocytes up to 96% and an 

increase in neutrophils up to 300% at 4-6 

hours after giving these endotoxins 

(Zahorec, 2001; Jilma et al., 1999; Hwang 

et al., 2017; Laukemann et al., 2015). 

Omran et al. (2017) conducted a study 

on the value of NLCR in newborns with 

sepsis and fit newborns. It was found that 

the NLCR in septic infants had a higher 

NLCR value than in fit infants. With a 

cutoff point value of 2.7, it was found that a 

sensitivity value was 80% and a specificity 

value was 57.1% (Omran et al., 2017). 

In this study, NLCR could predict 

neonatal sepsis with a good diagnostic 

value. With a cutoff point of 2.22, the NLCR 

has a sensitivity of 87.5%, which means that 

87.5% of patients with positive cultures can 

be predicted by NLCR >2.22, a specificity of 

75% which means that 75% of the chances 

of a patient diagnosis with negative cultures 

can be ruled out in patients who have a 

negative culture. NLCR >2.22. An NDP of 
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70% means that the NLCR if the result is 

>2.22 then there is a 70% chance that the 

patient will have a positive culture. 90% 

NDN means that the NLCR if the result is 

<2.22 then there is a 90% chance of the 

patient with a negative culture. A RKP value 

of 3.25 means that the probability ratio of 

patients who have an NLCR > 2.22 will get 

a positive culture result of 3.25 times 

greater than that of patients who have an 

NLCR <2.22. An RKN value of 0.17 means 

that the ratio of the likelihood that patients 

with NLCR <2.22 will get a positive culture 

patient is 0.167 times smaller than that of 

patients with an NLCR >2.22. 

On the results of CRP, this examina-

tion can predict neonatal sepsis with 

confirmed blood culture with a diagnostic 

value that is quite good but not better than 

the NLCR examination. With a cut point of 

0.25, the CRP has a sensitivity of 83.3%, 

which means 83.3% of patients with posi-

tive cultures can be predicted with a CRP 

>0.25, a specificity of 55.6%, which means 

55.6% of the chances of diagnosis of pati-

ents with negative cultures can be excluded 

in patients who have a CRP> 0.25. An NDP 

of 55.6% means that if the CRP is >0.25, 

then there is a 55.6% chance of a positive 

culture result. NDN 83.3% means that CRP 

if the result is <0.25 then there is a possi-

bility that 83.3% of the subjects will have a 

negative culture. A RKP value of 1.88 

means that the likelihood ratio of patients 

who have CRP >0.25 will have a positive 

culture result of 1.875 times greater than 

that of patients who have CRP <0.25. An 

RKN value of 0.3 means that the ratio of 

the likelihood that patients with CRP <0.25 

will have a positive culture result is 0.3 

times smaller than that of patients with 

CRP >0.25. 

Even when compared with the IT 

ratio that is routinely used as an early 

marker of neonatal sepsis, NLCR has a 

better sensitivity value. This is consistent 

with the research of Ozdemir et al. (2017) in 

preterm infants with neonatal sepsis where 

the cutoff point of the NLCR was 1.71, the 

sensitivity was 73% and specificity was 78% 

(Ozdemir et al., 2017). These results suggest 

a good diagnostic NLCR result as an early 

marker of neonatal sepsis in preterm 

infants. 

Although in this study it was found 

that the IT ratio had a higher specificity 

value than NLCR and CRP, in the applica-

tion of early markers to provide early treat-

ment, the diagnostic value of NLCR and 

CRP was more important than the I/T ratio. 

When considering examination costs and 

availability, the NLCR examination is 

cheaper and easier than the CRP 

examination. 

The weakness of this study is that the 

analysis of procalcitonin as a predictor of 

neonatal sepsis has not been carried out 

due to the high cost of testing, but the slow 

onset of procalcitonin value makes this 

examination less appropriate in patients 

with fast onset neonatal sepsis. 
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