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ABSTRACT
Introduction: The COVID-19 pandemic has shown that patients should be categorized according to their risk group, patient 
follow-up and the use of health resources should be arranged according to this categorization. Therefore, practical and 
inexpensive biomarkers are needed. In this study, the relationship between neutrophil to lymphocyte ratio (NLR), platelet 
to lymphocyte ratio (PLR), mean platelet volume (MPV) and red blood cell distribution width (RDW) levels, which can be 
easily calculated by complete blood count, with mortality and intensive care unit (ICU) admission in COVID-19 disease was 
evaluated.
Material and Method: 748 inpatients with positive COVID-19 PCR test were evaluated retrospectively. The NLR, PLR, 
MPV and RDW levels calculated from the complete blood count parameters of the patients at hospital admissions and their 
relationship with the mortality and the ICU admission in COVID-19 disease were evaluated.
Results: In terms of mortality, a statistically significant difference was found between RDW levels in the evaluation performed 
in the patient groups who survived and died (p: 0.014). No statistically significant difference was found in NLR, PLR and 
MPV levels. In the evaluation performed in the patient groups who were and were not referred to the intensive care unit, a 
statistically significant difference was found between the two groups in RDW and NLR levels (p: 0.042, p: 0.01, respectively). 
There was no statistically significant difference between PLR and MPV levels for ICU admission.
Conclusion: RDW level was found to be associated with COVID-19 related mortality and ICU admission.
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INTRODUCTION 
After the SARS-Cov-2 virus was first detected in China 
in December 2019, it has spread to more than 100 
million people in more than 200 countries, causing 
a global pandemic. The World Health Organization 
(WHO) declared an emergency in January 2020 and a 
pandemic on March 11, 2020, and the disease name was 
determined as COVID-19. COVID-19 is a disease that 
can progress in a broad spectrum from asymptomatic 
illness to severe lung disease (1,2). Inflammation and 
its control play an important role in the prognosis of 
viral pneumonias (3). Dysregulation of the immune 
response and uncontrolled inflammation are the main 
determinants of prognosis in COVID-19. Inflammation 
markers such as NLR PLR and potential predictors of 
viral infections have been confirmed to be associated 

with serious illness and mortality in COVID-19 (4,5). 
Lymphocytopenia is also a confirmed independent 
mortality risk factor in COVID-19 (6). Platelets play a 
critical role in the inflammatory response in addition to 
hemostasis, and platelet count and volume can change 
with infection (7). It has been shown that MPV changes 
in many clinical conditions such as sepsis, infective 
endocarditis and pneumonia (8). Anisocytosis is defined 
as volume heterogeneity in erythrocytes and is expressed 
as RDW (9). RDW has been shown to predict mortality 
in respiratory tract infections. In addition, RDW is 
associated with poor prognosis in sepsis (10). The 
COVID-19 pandemic has shown that patients should be 
categorized according to their risk group, patient follow-
up and the use of health resources should be arranged 
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according to this categorization. Therefore, practical and 
inexpensive biomarkers are needed. In this study, we 
evaluated the relationship between NLR, PLR, MPV and 
RDW levels, which can be easily calculated by complete 
blood count, with mortality and ICU admission in 
COVID-19 disease. 

MATERIAL AND METHOD 
The study was conducted retrospectively, using hospital 
medical records of patients with positive COVID-19 Real 
time PCR test and treated as inpatient at Health Sciences 
University Kanuni Sultan Süleyman Training and Research 
Hospital between September 1, 2020 and December 31, 
2020. 748 patients were included in the study. Hemoglobin, 
neutrophil, lymphocytes, platelet, RDW, MPV levels at 
the hospitalization of the patients were recorded and 
evaluated. ICU admission and mortality due to the disease 
were recorded. The relationship between NLR, PLR, 
RDW and MPV levels with ICU admission and mortality 
was evaluated. Complete blood count parameters were 
determined by a hematology analyzer (mindray BC-
6800Plus). Permission was obtained from the Ethics 
Committee of Health Sciences University Kanuni Sultan 
Süleyman Training and Research Hospital for the study 
(Date: 11.03.2021, Decision No: KAEK/2021.03.70) and 
the study is conducted in accordance with the Declaration 
of Helsinki. 

Statistical Study 
All analyses were performed using SPSS version 21.0 for 
Windows (IBM Inc, Chicago, Illinois, USA) and  using 
GraphPad Prism version 8.0.0 for Windows (GraphPad 
Software, San Diego, California, USA).  The variables 
were investigated using visual (histograms) and analytical 
methods (Kolmogorov-Smirnov /Shapiro-Wilk tests) to 
determine whether or not they were normally distributed. 
Chi-square test was used for comparisons of categorical 
variables. Continuous variables were shown as mean  ± 
standard deviation or median (interquartile range) 
according to their distribution pattern. Ordinal variables 
and continuous variables that do not have normal 
distribution were compared by the Mann-Whitney U 
test. The Student t-test was used to evaluate differences 
between the two groups in normally distributed 
continuous variables. A value of p<0.05 (2-sided) was 
considered statistically significant.

RESULTS 
In our study, data of 748 patients with a total of 410 men 
and 338 women diagnosed with COVID-19 were analyzed. 
The mean age of the patients included in the study was 
62.5±15.3. The data of the hematological parameters of the 
patients are presented in Table 1. In our study, the number 

of patients referred to the ICU was 68 (9.1%). The disease 
resulted in mortality in 47 (6.2%) of 748 patients. While 
the patients included in the study were grouped as survival 
and death in terms of mortality, they were grouped as 
patients who were referred to the intensive care unit or not, 
according to the intensive care admissions. Statistically 
significant difference was found between RDW levels 
in the evaluation of survival and death groups in terms 
of mortality (p: 0.014). For mortality, no statistically 
significant difference was found between the two groups 
in NLR, PLR and MPV levels (p: 0.12, p: 0.79 and p: 0.33, 
respectively). The clinical and laboratory parameters of 
the two patient groups classified according to mortality 
are presented in Table 2. In the evaluation performed in 
the patient groups who were and were not referred to the 
intensive care unit, a statistically significant difference was 
found between the two groups in RDW and NLR levels 
(p: 0.042, p: 0.01, respectively). There was no statistically 
significant difference between the PLR and MPV levels of 
the two groups (p: 0.79 and p: 0.17, respectively). Clinical 
and laboratory parameters in two patient groups classified 
according to ICU admission are given in Table 3.

Table 1. Hematological parameter data of all patients
Patients (n:748)

Age 62.5±15.3
 Female/Male (n) 338/410
WBC (103/µL) 7.4±3.4
Neutrophil (103/µL) 4.7 (3.3-7.0)
Lymphocyte (103/µL) 1.3±0.6
HGB (g/dL) 12.7±1.9
PLT (103/µL) 219±91
MPV (fL) 10±1.1
RDW (%) 13.4 (12.8-14.4)
NLR 4.0 (2.5-6.5)
PLR 170 (119-244)
Values are presented using means ± standard deviations for normally distributed and 
medians and first and third quartiles in the brackets for the non-normally distributed 
variables; WBC: White blood cell; HGB: Hemoglobin; PLT: Platelet; MPV: Mean platelet 
volume; RDW: Red blood cell distribution width; NLR: Neutrophil to lymphocyte ratio; 
PLR: Platelet to lymphocyte ratio

Table 2. Laboratory data of survival and death groups
Survival (n:701) Death (n:47) p

Gender F/M (n) 319/382 19/28 0.54
Age 61±15.1 74±12.7 0.001
WBC (103/µL) 7.4±3.4 7.6±3.9 0.71
Neutrophil (103/µL) 4.7 (3.3-7.0) 5.2 (3.2-7.4) 0.48
Lymphocyte (103/µL) 1.3±0.6 1.1±0.7 0.09
HGB (g/dL) 12.7±1.9 12.3±1.8 0.15
PLT (103/µL) 221±90 185±91 0.009
MPV (fL) 10.6±1.1 10.8±1.1 0.33
RDW (%) 13.4 (12.8-14.3) 13.8 (13.3-14.6) 0.014
NLR 4 (2.4-6.3) 4.3 (2.6-9.4) 0.12
PLR 172 (119-242) 157 (110-297) 0.79
Values are presented using means ± standard deviations for normally distributed 
and medians and first and third quartiles in the brackets for the non-normally 
distributed variables; WBC: White blood cell; HGB: Hemoglobin; PLT: Platelet; MPV: 
Mean platelet volume; RDW: Red blood cell distribution width; NLR: Neutrophil to 
lymphocyte ratio; PLR: Platelet to lymphocyte ratio
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DISCUSSION
The rapid spread of the disease in pandemic conditions 
requires categorizing patients according to risk groups, 
therefore regulating the patient follow-up and use of 
medical resources accordingly. Effective, practical and 
inexpensive biomarkers are needed for this grouping. 

Thrombocytopenia is seen at a rate of 5-41% in the course 
of COVID-19 and is typically at the level of mild (100-
150×10⁹/L) thrombocytopenia (11). Low platelet count 
is associated with severe disease and mortality (12,13). 
This thrombocytopenia can be explained by clearance 
from the reticuloendothelial system, endothelial 
damage, platelet autoantibody formation, spleen and 
hepatic sequestration, and bone marrow megakaryocyte 
suppression (14). 

Neutrophil is the major component of the leukocyte 
population and triggers humoral immunity by playing 
a role in the cellular response against the virus (15). It 
makes the production of virus-related inflammatory 
factors such as IL-6, IL-8 and TNF-alpha from 
endothelium and lymphocyte (16). The neutrophil levels 
are detected higher than normal in COVID-19 patients 
(17). Lymphocytopenia is associated with overactivation 
of the inflammatory cascade (18). Lymphocyte apoptosis 
develops due to increased TNF-alpha and IL-6 in 
cytokine storm, as well as COVID-19 disease down-
regulates genes that cause T lymphocyte proliferation 
(19,20). Lymphocytopenia is detected in 80% of critically 
ill COVID-19 patients and 25% of mild disease (18,21). 

In the literature, NLR and PLR are associated with 
severe disease in the course of COVID-19. In addition, 
a relationship has been shown between NLR with 
hospitalization time and mortality (16,22). According to 

these data, in our study, platelet and lymphocyte levels 
were significant for mortality, while the PLR level was not 
statistically significant, which can be explained by the co-
occurrence of thrombocytopenia and lymphocytopenia 
in the course of COVID-19. In our study, while NLR 
level was not associated with mortality, it was found to be 
associated with ICU admission. Favipiravir, an antiviral 
drug also used in the treatment of COVID-19, can 
cause neutropenia (23). This limited association can be 
explained by the fact that the majority of the study group 
used favipiravir. In our study, MPV level was not found to 
be associated with mortality in the course of COVID-19, 
similar to the literature (24). 

Proinflammatory cytokines such as TNF-alpha and IL-1 
released in the cytokine storm due to COVID-19 reduce 
the level of erythropoietin and cause a change in the level 
of RDW (25). Disease-related hypoxia may also cause 
changes in RDW levels (26). SARS virus affects growth 
and apoptosis by directly affecting hematopoietic stem 
cells (27). Increase in the RDW level has been shown 
to be associated with both sepsis and mortality due to 
COVID-19 (28,29). In our study, similar to the literature, 
we found RDW level to be statistically significantly 
associated with mortality and ICU admission.

CONCLUSION
Risk grouping with simple and practical markers makes 
it easier to determine the patient follow-up and treatment 
approach in COVID-19. NLR, PLR, MPV and RDW are 
simple, inexpensive and reproducible tests calculated on 
complete blood count devices. Among these parameters, 
RDW level is associated with mortality and ICU 
admission due to COVID-19 disease. 
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Table 3. Laboratory parameters and demographic data of patient 
groups in terms of admission to the intensive care unit

Patients 
referred to ICU 

(n: 68)

Patients not 
referred to ICU 

(n: 680)
p

Gender F/M 26/42 312/368 0.22
Age 71±13.1 61±15.2 0.001
WBC (103/µL) 7.6±3.4 7.4±3.4 0.59
Neutrophil (103/µL) 5.4 (3.5-7.3) 4.6 (3.3-7) 0.17
Lymphocyte (103/µL) 1.1±0.66 1.3±0.65 0.028
HGB (g/dL) 12.4±2 12.7±1.9 0.14
PLT (103/µL) 189±83 222±91 0.005
MPV (fL) 10.8±1.2 10.6±1.1 0.17
RDW (%) 13.8 (13.3-14.6) 13.4 (12.8-14.3) 0.014
NLR 4.8 (2.9-9.1) 3.8 (2.4-6.2) 0.011
PLR 165 (121-286) 171 (118-242) 0.79
Values are presented using means ± standard deviations for normally distributed 
and medians and first and third quartiles in the brackets for the non-normally 
distributed variables; WBC: White blood cell; HGB: Hemoglobin; PLT: Platelet; MPV: 
Mean platelet volume; RDW: Red blood cell distribution width; NLR: Neutrophil to 
lymphocyte ratio; PLR: Platelet to lymphocyte ratio
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