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ABSTRACT

Coronavirus Disease 2019 (COVID-19) is an infectious disease caused by Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2). Respiratory disorders were the most common sign and symptom of COVID-19. Inflammation 

on SARS-CoV-2 infection is presumed to play a role in the pathogenesis of COVID-19. The Neutrophil Lymphocyte Ratio 

(NLR) is one of many biomarkers that has been widely used to assess the risk factors of COVID-19. The derived Neutrophil 

Lymphocyte Ratio (d-NLR) is a simple, inexpensive, and widely available inflammation biomarker. However, its usage for 

COVID-19 remains to be further studied. This study aimed to determine the NLR and d-NLR ratio as a risk factor of      

COVID-19. This study was a retrospective study with a study population of 84 subjects, consisting of 33 patients with positive 

COVID-19 and 51 patients with negative COVID-19.  The result showed that the odds ratio of NLR to COVID-19 was 2.665 

with the p-value of 0.047 and confidence interval of 95% 0.998-7.038 at cut-off ≥ 3.1. The odd ratio of d-NLR to COVID-19 

was 2.808 with the p-value of 0.026 and confidence interval of 95% 1.129-7.038 at cut-off ≥ 2.0. In conclusion, despite a 

higher odd ratio of d-NLR compared to NLR, both NLR and d-NLR can be used as a biomarker for the risk factor of COVID-19.
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INTRODUCTION

       

Coronavirus Disease 2019 (COVID-19) is an 
infectious disease caused by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). 
SARS-CoV-2 is a new type of Coronavirus that has 
never been identified in humans. There are at least 
two types of Coronavirus known to cause diseases 
with severe symptoms, such as Middle East 
Respiratory Syndrome (MERS) and Severe Acute 
Respiratory Syndrome (SARS). Common signs and 
symptoms of COVID-19 infection include acute 
respiratory symptoms such as fever, cough, and 
shortness of breath. The average incubation period is 
5-6 days, with the most extended incubation period 
of 14 days. Severe cases of COVID-19 can cause 
pneumonia, acute respiratory syndrome, kidney 

1failure, and even death.

Coronaviruses can only reproduce through their 
host cells. The viruses are unable to live without a 
host cell. The following is the life cycle of the 
Coronavirus after finding host cells according to their 
tropism. First, the attachment of the virus to the host 
cell is mediated by S Protein on the surface of the 
virus. At the beginning of infection, the S protein in 
SARS-CoV-2 binds to a receptor on the host cell, the 
Angiotensin-Converting Enzyme 2 (ACE-2). The  

ACE-2 receptors can be found on the oral and nasal 
mucosa, nasopharynx, lung, stomach, small intestine, 
large intestine, skin, thymus, bone marrow, spleen, 
liver, kidney, brain, pulmonary alveolar epithelial 
cells, small intestine enterocytes, arterial-venous 
endothelial cells, and smooth muscle cells. After 
successful entry, the translation of the gene 
replication from the viral RNA genome takes place. 
The next step is to penetrate the host cell by fusing 
the viral envelope with the cell membrane through a 
process known as Type 2 Transmembrane Serine 
P ro tease  (TMPRSS2)  receptor -med ia ted  
endocytosis. After the virus enters the cytoplasm, the 
RNA genome will come out as the envelope (coat) 
peels off. The viral RNA genome exits the viral 
membrane, partly as a template for RNA synthesis 
and partly as mRNA. The genome that functions as 
mRNA will be translated into various proteins with 
the help of the host cell's ribosomes. One of the 
proteins formed is the RNA-dependent RNA 
polymerase (RdRP) used for RNA replication. 
Another part of the RNA genome is used to 
synthesize negative RNA, which will be used for the 
template for subsequent RNA synthesis.  
Furthermore, maturation occurs, and positive RNA 
will be covered by proteins that make up the body of 
the virus. The glycoproteins in the newly formed viral 
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envelope enter the endoplasmic reticulum 
membrane or Golgi cells. The nucleocapsid is then 
formed, composed of the RNA genome and 
nucleocapsid proteins. The last stage is a release, a 

2-5process at which the virus is removed from the cell.

Inflammation due to infectious diseases plays a 
vital role in pneumonia caused by viruses, including 
COVID-19. A severe inflammatory response 
contributes to a weak adaptive immune response, 
resulting in an immune response imbalance. 
Therefore, inflammatory biomarkers can indicate risk 
factors in COVID-19 patients. The number of 
leukocytes, the number of neutrophils, the number 
of lymphocytes, NLR, and d-NLR are the systemic 

3inflammatory response indicators.

Neutrophil Lymphocyte Ratio (NLR) is the ratio 
between the absolute value of absolute neutrophils 
and absolute lymphocytes. Neutrophil lymphocyte 
ratio has been widely used to assess risk factors for 
COVID-19. Several studies related to NLR have been 
carried out. Liu et al. in 2020 concluded that NLR was 
an independent risk factor for the mortality of 
COVID-19 patients in hospitals, especially males. The 
NLR assessment can help the identification of    

6high-risk individuals with COVID-19.  

Kerboua et al. suggested that combining the two 
parameters as the NLR aids the formation of a solid 
predictive and prognostic nomogram. It is an 
assessment tool that enables clinicians to stratify the 
severity of COVID-19 on admission and guide early 
intervention to accelerate recovery and shorten the 
course of the disease to reduce shortages of medical 

7resources and reduce mortality.

Derived Neutrophil Lymphocyte Ratio (d-NLR) is 
absolute neutrophils count divided by leukocytes 
minus absolute neutrophils. There have not been 
many studies on d-NLR as a risk factor for COVID-19. 
However, similar to NLR biomarkers, d-NLR is also a 
simple, inexpensive, and widely available 
inflammatory biomarker that is widely investigated 
as a helpful predictor for the prognosis of patients 
with viral pneumonia.

The neutrophil-lymphocyte ratio and derived 
neutrophil-lymphocyte ratio were not statistically 
different  between patients  with  benign,       
premalignant and malignant laryngeal neoplasms. 
Both neutrophil-lymphocyte ratio and derived      
neutrophil-lymphocyte ratio were predictive       
factors for stage, lymph node metastasis, and  distant 
metastasis. Patients with high  neutrophil-lymphocyte 

ratio value (≥ 4) had a poor prognosis when compared 
with patients with low neutrophil-lymphocyte ratio 
value  (5 year, overall survival: 69.0% vs. 31.1%,             
p < 0.001; 5 year, disease free survival: 70.0% vs. 32.7%, 
p < 0.001; 5 year, locoregional recurrence free survival: 

69.7% vs. 32.0%, p < 0.001). Furthermore, NLR was an 
independent prognostic factor for 5 year: overall 
survival (hazard ratio = 2.396; 95% CI 1.408-4.077; 
p=0.001), disease free survival (hazard ratio = 2.246; 
95% CI 1.322-3.816; p=0.006) and locoregional 
recurrence free survival (hazard ratio = 2.210; 95% CI 

81.301-3.753; p=0.003).  Li et al. found that dNLR prior to 
treatment and BI-RADS classification are independent 
prognostic factors in patients with HER2+ breast cancer 

9receiving neoadjuvant chemotherapy.

This study aimed to determine the comparison 

between NLR and d-NLR as a risk factor for     

COVID-19.

METHODS

This research was performed at the Clinical 

Pathology Installation of Sleman Hospital in June 

2020. This research was a retrospective study using 

data from the patient medical record. Inclusion 

criteria were patients suspected with COVID-19 from 

whose a swab specimen is taken for PCR test. 

Exclusion criteria were patients suspected of   

COVID-19 and with incomplete laboratory data. This 

research was approved by the Health Research Ethics 

Committee of the Sleman Hospital with number 

180/2282. In addition, a hematological test was 

carried out with Sysmex XN-L.

The primary characteristics of the research 

subjects were presented descriptively in means and 

standard deviations if the data distribution was 

normal. However, data were delivered in median, 

maximum, and minimum if the distribution was not 

normal. The normality test for continuous data was 

carried out using the Kolmogorov-Smirnov test, with 

a significance value of p < 0.05. Unpaired T-test was 

used for the different tests if the numerical variables 

and data distribution were standard. Still,         

Mann-Whitney U-test was used if the data 

distribution was not normal or categorical variables. 

The p-value < 0.05 indicated a significant difference 

between variables. Bivariate analysis was carried out 

using Chi-Square. The data were then processed 

using SPSS 23.

RESULTS AND DISCUSSIONS

In June 2020, 114 subjects who underwent swab 

sampling for PCR test of SARS-CoV-2 were found. A 

total of 30 subjects were excluded from the analysis 

due to incomplete medical records. In this study, 84 

subjects met the inclusion and exclusion criteria. 

Characteristics of research subjects such as gender, 

age, and laboratory parameters can be seen in Table 1.
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Table 1. Characteristics of research subjects 

Variable Value 

Gender n (%) 

   Male 

   Female 

 

46(54.8%) 

38(45.2%) 

Age years, mean (SD) 42.4(16.356) 

Hemoglobin (Hb) gr/dL, median (min-max) 13.90(10.2-17.3) 

Leukocyte count 10
3
/µL, mean (SD) 8.25(2.55) 

Absolute neutrophil 10
3
/µL, mean (SD) 5.08(1.90) 

Absolute lymphocyte 10
3
/µL, median (min-max) 2.15(0.41-8.51) 

Absolute monocyte 10
3
/µL, median (min-max) 0.48(0.12-1.88) 

Absolute eosinophil 10
3
/µL, median (min-max) 0.09(0-1.1) 

Absolute basophil 10
3
/µL, median (min-max) 0.03(0-0.11) 

Erythrocyte count 10
3
/µL, mean (SB) 4.97(0.56) 

Platelet count 10
3
/µL, median (min-max) 295(77-690) 

NLR, median (min-max) 2.16(0.38-6.21) 

d-NLR, median (min-max) 1.66(0.33-6.21) 

The results showed that the research subjects 

were 46 (54.8%) male and 38 (45.2%) female subjects. 

The age of the youngest issues was three years, and 

the oldest was 83 years, with a mean of 42.5 years. 

This result was following the research of Usul et al., 

which involved 177 (62.8%) male and 105 (37.2%) 

female subjects and obtained the mean age of 
1047.6±16.9 years.  Liao et al. reported that 206 (54%) 

and 174 (46%) of the study subjects were male and 
11female, respectively.

Liao et al. in his study included 380 study subjects 

and reported laboratory test results as            

follows: median of leukocyte counts of 5.89                    
3(4.40-8.27)x10 /µL; median of absolute neutrophils 

3of 4.19 (2.71-6.37)x10 /µL; median of absolute 
3lymphocytes of 0.95 (0.59-1.47)x10 /µL; median      

3of absolute monocyte of 0.47 (0.30-0.62)x10 /µL; 

Table 2. Difference test of research variables between subjects with positive and negative PCR test results 

 
Variable Positive PCR (n=33) Negative PCR (n=51) p 

Age (years) 38.27(16.333) 45.08(15.96) 0.064
* 

Hemoglobin (Hb) (gr/dL) 13.60(10.60-17.30) 14.10(10.20-16.20) 0.555
** 

Leukocyte count 10
3
/µL 8.63(2.35) 8.01(2.66) 

*
0.282

 

Absolute neutrophil 10
3
/µL 5.59(1.76) 4.74(1.93) 0.045

* 

Absolute lymphocyte 10
3
/µL 1.83(1.20-6.15) 2.18(0.41-8.51) 0.108

** 

Absolute monocyte 10
3
/µL 0.57(0.33-1.88) 0.44(0.12-167) 0.001

** 

Absolute eosinophil 10
3
/µL 0.06(0-1.1) 0.03(0-0.11) 0.037

* 

Absolute basophil 10
3
/µL 0.03(0.01-0.1) 0.03(0-0.11) 0.558

** 

Erythrocyte count 10
3
/µL 4.99(0.63) 4.95(0.52) 0.765

* 

Platelet count 10
3
/µL 296(129-676) 294(77-690) 0.819

** 

NLR (T) 0.41(0.18) 0.28(0.25) 0.012
* 

d-NLR (T) 0.28(0.19) 0.16(0.25) 0.031
* 

Note: (T) = data transformation with log 10, (*) = T-test, (**)= Mann-Whitney

3median of eosinophil absolute of 0.03 (0.01-0.09)x10 /µL; 
3median of absolute basophils of 0.01 (0.01-0.03)x10 /µL; 

median Hb of 11.9 (10.7-13.1) gr/dL; median platelet 
3count of 189.5 (121.5-271.0)x10 /µL; median NLR of 4.14 

11(2.25-9.08).  In addition, there were close similarities 

between characteristics of routine bood test results in 

this study and research by Liao et al. 

This study carried out a different test of research 

variables between 33 subjects with positive and 51 

subjects with negative PCR test results.

Table 2 showed the different test results between 

subjects with positive and negative PCR test that has  

a difference in absolute neutrophils, absolute 

monocytes, absolute eosinophils, NLR, and d-NLR  

Contrastingly, there was no significant difference in 

age, hemoglobin, total leukocytes, absolute 

lymphocytes, absolute basophils, erythrocyte 
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counts, and platelet counts between subjects with 

positive PCR and negative PCR tests.

Usul et al. reported in his study that there was a 

significant difference in hemoglobin, leukocyte 

count, platelet count, absolute neutrophils and NLR, 

but no significant difference of age and total 

lymphocytes was found between 163 subjects with 

positive COVID-19 and 119 subjects with negative 
10COVID-19.  A study by Nalbat et al. involving 54 

research subjects with positive COVID-19 and 26 

subjects with negative COVID-19 reported a 

significant difference of hemoglobin, absolute 

lymphocytes, and NLR but no significant difference 

of age and platelet count was found between 
12subjects with positive and negative COVID-19.

 A study by Yan et al. on 964 survivors and 40   

non-survivors of patients confirmed with COVID-19 

showed a significant difference in age, leukocyte 

count, platelet count, absolute neutrophils, and 

absolute lymphocytes NLR. However, there was no 
13significant difference in hemoglobin.  A study by 

Yang et al. on positive COVID-19 patients, 69 

subjects experienced mild symptoms, and 24 

subjects experienced severe symptoms. In addition, 

a significant difference in age, leukocyte count, 

absolute neutrophils, absolute monocytes, absolute 
5lymphocytes, NLR, and d-NLR was found.

 

Table 3. Bivariate Analysis of COVID-19

Variable 
PCR  OR CI 95% p 

Pos  Neg    
Gender Male 19 27 1.206 0.499–2.916 0.677 

Female 14 24   
Hemoglobin (gr/dL) < 12 4 6 1.034 0.269–3.984 0.961 

≥ 12 29 45   
Leukocyte count (10

3
/µL) < 5 0 4 1.702 1.147–2.045 0.099 

≥ 5 33 47 
Absolute neutrophil (10

3
/µL) ≥ 4.5 23 25 2.392 0.950–6.022                 0.061 

< 4.5 10 26     
Absolute monocyte (10

3
/µL) ≥ 0.5 22 18 3.667 1.455 – 9.237                0.005

* 

< 0.5 11 33     
Absolute lymphocyte (10

3
/µL) < 2.1 13 29 1.386 0.157–0.949                  0.036

*
 

≥ 2.1 20 22     
Platelet count (10

3
/µL) < 150 1 2 0.766 0.067–8.787 0.830 

≥ 150 32 49     
Erythrocyte count (10

3
/µL) < 4.5 7 6 2.019 0.613–6.654 0.242 

≥ 4.5 26 45     
NLR ≥ 3.1 13 10 2.665 0.998–7.119 0.047

*
 

< 3.1 20 41     
d-NLR

 
≥
 

2.0
 

17
 

14
 

2.808
 

1.120–7.038
 

0.026
*
 

<
 

2.0
 

16
 

37
     

There were variations of significance in the 

variables between this study and previous studies. 

This might be influenced by the number of research 

subjects and the degree of disease severity. 

However, there was a significant difference of NLR 

variable in this study and previous studies, 

suggesting a consistent considerable difference in 

both positive and negative COVID-19 cases or 

survivor and non-survivor COVID-19 patients.

A bivariate analysis was carried out to determine 

the risk factors for the incidence of COVID-19. In this 

bivariate analysis, cut-off ≥ 3.1 and cut-off ≥ 2.0 were 

used for NLR and d-NLR, respectively. The Odds 

Ratio (OR) of each variable was then calculated 

(Table 3).

According to the results of bivariate analysis, the 

variables that showed a significant OR were absolute 

monocytes, absolute lymphocytes, NLR, and d-NLR. 
3Absolute monocytes showed cut-off ≥  0.5x10 /µL 

and OR 3.667; absolute lymphocytes showed a     
3cut-off < 2.1x10 /µL and OR of 1.386; NLR showed a 

cut-off ≥ 3.1 and OR of 2.665 and d-NLR showed a 

cut-off ≥ 2.0 and OR of 2.808.

A study by Yang et al. about the risk of death in 

COVID-19 patients showed that only NLR had a 

significant hazard ratio against death in COVID-19 

patients by 2.462 times. Contrastingly, no significant 
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hazard ratio values were found in leukocyte count 

and d-NLR. The cut-off of NLR and d-NLR in a study 
5by Yang was ≥ 3.3 and ≥ 2.8, respectively.  A study by 

Liu et al. involved 245 COVID-19 patients and 

evaluated OR for death, showed that only absolute 

neutrophils had a significant OR for death. In 

contrast, total lymphocytes, hemoglobin, and 
6platelets had no significant OR for death.  The results 

of this study are that NLR and d-NLR in patients with 

COVID-19 are different from Yang et al. The cut-off 

NLR and d-NLR used are different, and the research 

subjects are suspected of COVID-19, in a Yang et al. 

study that was COVID-19.

Research at a hospital in China's Hubei province 

on COVID-19 patients consisting of those with 32 

moderate and 31 severe cases showed that NLR with 
14a cut-off > 4.7 was a risk factor for disease severity.  

A study by Cox et al. showed a cut-off > 2.0 and 

hazard ratio 1.74 (95% CI 1.29–2.35], p < 0.001) in 

multivariate analysis and hazard ratio 1.64 

[1.17–2.29], p=0.004) on mortality in patients with 
15esophageal cancer.

CONCLUSIONS AND SUGESSTIONS

There was a significant difference in the d-NLR 

and NLR values in patients with positive and negative 

COVID-19. Increased d-NLR and NLR values were risk 

factors for COVID-19 in patients with suspected 

COVID-19. An increase in d-NLR led to a higher odds 

ratio compared to the rise in NLR.

The derived neutrophil-lymphocyte ratio in 

suspect COVID-19 patients became one of many 

parameters considered a risk factor of COVID-19.
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