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SUMMARY
OBJECTIVE: This study investigates whether C-reactive protein, platelet–lymphocyte ratio, and neutrophil–lymphocyte ratio could be 

useful to predict mortality in COVID-19. 

METHODS: Data of 635 patients with COVID-19 followed up in Sinop Ataturk State Hospital from February to May 2020 were evaluated 

retrospectively. Diagnosis of COVID-19 was made according to the interim guidance of the World Health Organization. Patients were 

grouped into two groups based on mortality as survived and non-survived patients. Age, gender, neutrophil–lymphocyte ratio, platelet–

lymphocyte ratio, and C-reactive protein of the groups were investigated and compared.

RESULTS: The mean age of the participants was 55.8±22.3 years. Among the patients, 584 survived and 51 patients died. Age was 

significantly different between the groups, 54.2±22.3 in the survived group and 75.6±11.1 in the dead group (p=0.000). In addition, 

neutrophil, C-reactive protein, and neutrophil–lymphocyte ratio values were significantly higher in the dead group (p=0.000). platelet–

lymphocyte ratio was slightly higher in the dead group, but this difference was not significant (p=0.42). The area under the curve values 

for age, lymphocyte, platelet, C-reactive protein, and neutrophil–lymphocyte ratio are 0.797, 0.424, 0.485, 0.778, and 0.729, respectively. 

CONCLUSIONS: Our results showed that neutrophil–lymphocyte ratio and C-reactive protein are significantly higher in patients leading to 

death and could be effective biomarkers in predicting COVID-19 fatality. Furthermore, C-reactive protein could be used as an independent 

biomarker to predict death in patients with COVID-19, regardless of gender and age (p=0.000).
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INTRODUCTION
The first case of the spread of abnormal pneumonia was observed 
on December 29, 2010, in Wuhan, China, and the first case 
of which was discovered on December 12 in the same year1. 
Later, an abnormal outbreak was reported to the World Health 
Organization (WHO) on December 31. After various speculations 
about the origin of the disease, China CDC has introduced a new 
coronavirus called 2019-novel coronavirus disease (nCoV-2019) 
or  COVID-192. The first nCoV-2019 genomic sequence went 

online one day after Zhang et al. approved it at Fudan University 
in Shanghai3. Isolation and successful genomic sequencing of 
COVID-19 have helped understand the virus’s origin and its 
infectious properties4. The new coronavirus outbreak has been 
declared a public health emergency worldwide, posing a threat 
to China and all countries5. However, many ambiguities remain, 
and scientists are conducting extensive research on this new virus.

If the disease progresses, it will cause the immune sys-
tem to overreact4,6. The chemical signals of cytokines cause 
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inflammation that must be regulated2. Inflammation of the 
lungs causes pneumonia, leading to multiple organ failure and 
subsequent mortality7. If the immune system fails to resist the 
virus, it spreads to every organ of the body, causing further 
damage3. Inflammatory processes usually cause changes in the 
body’s biomarkers that can be measured to determine the state 
of inflammation and subsequent prognosis8. Some of these bio-
markers are the neutrophil–lymphocyte ratio (NLR), platelet–
lymphocyte ratio (PLR), and C-reactive protein (CRP), which 
are used as biomarkers predicting pneumonia. This study aimed 
to investigate the relationship of NLR, PLR, and CRP with 
COVID-19 mortality.

METHODS
This is a retrospective study of data from 635 patients with 
COVID-19 referred to Sinop State Hospital from March 
to November 2020. The diagnosis of COVID-19 was made 
according to the WHO interim guidance. Only patients whose 
COVID-19 were confirmed by the laboratory participated in 
this study. Fifty-one participants died, and 584 patients sur-
vived. Patients were grouped into two groups based on fatality. 
Due to anonymous, retrospective, and observational nature of 
this study, patients’ informed consent was waived.

Exposure history records, clinical signs, epidemiological char-
acteristics, and laboratory data of patients were obtained from 
their electronic records and telephonic confirmation. Admission 
white blood cell (WBC), lymphocyte (LYM), neutrophil (NEU), 
NLR, platelet, PLR, and CRP were important variables selected 
from patients’ records. Other laboratory data obtained from the 
records included complete blood count and blood chemistry. 
Based on the patient’s death or survival, this study group was 
divided into two groups. The exitus group included 51 patients, 
and the survivor group included 584 patients.

χ² test and Fisher’s exact test were used to compare categor-
ical variables, while Wilcoxon rank-sum test was used to com-
pare continuous variables. Received operational curve (ROC) 
analysis was used to obtain the optimal cutoff values of PLR, 
CRP, and NLR variables to determine the mortality. 95% con-
fidence interval (CI) and hazard risk (HR) were used to assess 
the relevant risks. Binary logistic regression analysis was used 
to determine the effect of age, gender, and some other factors 
on mortality. p<0.05 was considered as a statistically signif-
icant value. All statistical calculations were performed using 
SATA 14 software.

RESULTS
Demographic information and clinical characteristics of patients 
are given in Table 1. The mean age of the participants was 
55.8±22.3 years. This value was significantly different between 
the groups (p=0.000), 54.2±22.3 in the survived group and 
75.6±11.1 in the exitus group. There was a significant difference 
between the survivor and the exitus groups with respect to gen-
der, and men had a higher death rate than women (p=0.008). 
The WBC was 9.4±31.6 in the survivor group and 12.6±7.04 
in the exitus group, which was significantly higher than the 
exitus group (p=0.000). NEU, CRP, and NLR values were also 
significantly higher in the exitus group (p=0.000). PLR was 
a little higher in the exitus group, but this difference was not 
significant (p=0.42).

To determine the relationship between these biomarkers 
and COVID-19 fatality, the optimal cutoff values were calcu-
lated by ROC analysis, and the results are shown in Table 2. 
As shown in Table 2, the area under the curve (AUC) val-
ues for age, LYM, platelet, CRP, and NLR are 0.797, 0.424, 
0.485, 0.778, and 0.729, respectively. LYM and platelet levels 
cannot be used as diagnostic biomarkers for patients’ risk of 

Table 1. Characteristics of the study population.

Total Survived Dead p-value

Age (M±SD) 55.8±22.3 54.2±22.3 75.6±11.1 0.000

Sex (M/F) 322/313 287/297 35/16 0.008

WBC (M±SD) 9.6±29.8 9.4±31.6 12.6±7.04 0.000

LYM 2.01±7.5 2.04±8.02 1.7±2.5 0.1

NEU 7.09±15.7 6.9±16.5 10.4±5.9 0.000

Platelet 224.4±85.8 224.4±82.3 230.1±106.4 0.9

CRP 48.2±63.9 43.08±58.6 112.4±91.2 0.000

NLR 6.1±12.01 5.9±12.3 10.8±9.6 0.000

PLR 182.3±150.8 180.02±147.5 229.1±198.7 0.42

M: mean; SD: standard deviation; M: male; F: female; WBC: white blood cell; LYM: lymphocyte; NEU: neutrophil; CRP: C-reactive protein; NLR: neutrophil–
lymphocyte ratio; PLR: platelet–lymphocyte ratio.
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death because their AUC<0.50. However, Table 2 shows that 
CRP and NLR could be used as diagnostic biomarkers for 
COVID-19 fatality. 

The Kaplan–Meier curve and the univariate Cox regres-
sion model were used to examine the factors that could lead 
to the death from COVID-19. The variables of NLR and 
PLR were included in univariate analyses to determine their 
effect on the death of patients with COVID-19. The anal-
ysis result shows that NLR can be considered an inde-
pendent factor associated with the death of patients with 
COVID-19. However, PLR did not show any correlation 
with COVID-19 fatality. 

The crude odds ratio (OR) was calculated through logistic 
regression analysis to evaluate the predictability of death due to 
COVID-19 by the investigated parameters (Table 3). Due to the 
age and gender effect on parameters, their effect was adjusted 
and presented in a separate column. The OR p-values of CRP, 
NLR, and PLR were 0.000, 0.004, and 0.02, respectively. As 
shown in Table 3, CRP, NLR, and PLR can effectively pre-
dict mortality by COVID-19 by considering age and gender. 
However, only the adjusted odds ratio (ORa) CRP was p>0.05, 
which means that only CRP could be used as an independent 
biomarker to predict death in COVID-19 patients, regardless 
of age and gender (p=0.000).

DISCUSSION
COVID-19, also commonly known as coronavirus, is an infec-
tious disease caused by coronavirus (2019-nCoV) acute respi-
ratory disease infections9,10. Our knowledge of this disease is 
incomplete and is developing. Also, coronaviruses are often 
known to combine mutations and openings, posing an ongo-
ing challenge to our understanding and clinical management.

Apart from clinical symptoms, immunological features in 
patients can be warning signs of disease deterioration. This 
study showed that increased NLR in patients could sign the 
progression of pneumonia and an increased risk of death in 
patients with COVID-19. This finding was consistent with 
previous studies11-17. The relationship between NLR and infec-
tious diseases is well-known. An explanation for this relation-
ship may be that the NEU is a part of leukocytes that arises 
from the venous system and is transmitted to the immune sys-
tem11. NEU generates large amounts of reactive oxygen spe-
cies and could save the cell from the virus by inducing DNA 
damage12. Our results showed that increased NLR is a sign of 
 COVID-19 progress and can lead to more severe disease and 
eventually death. In this study, a threshold of 3.3 was consid-
ered for NLR via the ROC, which showed that it could predict 
the severity of the disease well, and these results are consistent 
with the findings of other studies13-15.

Table 2. Area under the curve values of age, lymphocyte, platelet, C-reactive protein, and neutrophil–lymphocyte ratio.

Test result variable(s) Area Standard errora Asymptotic 
Significanceb

Asymptotic 95%CI

Lower bound Upper bound

Age 0.797 0.030 0.000 0.739 0.855

LYM 0.424 0.054 0.094 0.318 0.530

Platelet 0.485 0.054 0.743 0.380 0.590

CRP 0.778 0.035 0.000 0.708 0.847

NLR 0.729 0.040 0.000 0.651 0.808
aUnder the nonparametric assumption. bNull hypothesis: true area=0.5. AUC: area under the curve; LYM: lymphocyte; CRP: C-reactive protein; NLR: 
neutrophil–lymphocyte ratio.

Table 3. The crude odds ratio and adjusted odds ratio for variables.

Indicators OR p-value ORa* p-value

WBC 1 (0.99–1) 0.1 1 (0.97–1.02) 0.9

LYM 0.99 (0.91–1.08) 0.9 0.99 (0.95–1.04) 0.8

NEU 1 (0.99–1.01) 0.08 0.99 (0.94–1.04) 0.9

Platelet 1 (0.99–1) 0.6 1.001 (0.99–1.004) 0.2

CRP 1.008 (1–1.01) 0.000 1.007 (1.004–1.01) 0.000

NLR 1.01 (1–1.02) 0.004 1.01 (0.93–1.1) 0.8

PLR 1 (1–1.002) 0.02 0.99 (0.99–1.003) 0.7

*Adjustment for age and gender. WBC: white blood cell; LYM: lymphocyte; NEU: neutrophil; CRP: C-reactive protein; NLR: neutrophil–lymphocyte ratio; 
PLR: platelet–lymphocyte ratio.
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Another notable biomarker in our results was CRP, which is 
positively correlated with the level of inflammation in the body18. 
Studies have shown that factors such as gender, age, or physi-
cal condition of the patient do not impact the CRP concentra-
tion level18-20, which is consistent with our findings. This study 
found that CRP could be used as an independent biomarker 
for COVID-19 fatality, regardless of age and gender. Previous 
studies have shown that CRP levels can be used for the early 
detection of patients with pneumonia, which had higher levels 
of CRP than others18,21. In line with these findings, in this study, 
CRP levels were significantly correlated with disease severity and 
patient death. This means that CRP levels can be considered a 
warning factor for the progression and mortality by COVID-19.

One of the limitations of this study is that the study data are taken 
from a single clinical research center, which may reduce the accuracy 
of conclusions due to demographic and local conditions. Future stud-
ies are needed to demonstrate the results of several clinical research 
centers with different demographic and influential clinical data.

CONCLUSIONS
Our results showed that NLR and CRP are significantly 
higher in patients who died from COVID-19, and they could 
be effective biomarkers in predicting COVID-19 mortality. 
Our results also showed that CRP could be used as an age- 
and gender-independent biomarker to predict disease pro-
gression and mortality.
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