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Abstract 

Background: In this study, it was aimed to evaluate the factors affecting the prognosis and mortality of patients hospitalized for 
coronavirus disease 2019 (COVID-19).

Methods: Patients hospitalized with COVID-19 infection between March and November 2020 were examined retrospectively. The 
Systemic Immune-Inflammation Index (SII), platelet lymphocyte ratio (PLR), and neutrophil-lymphocyte ratio (NLR) values were 
evaluated for their effect on prognosis.

Results: Of the 1013 patients included in the study, 204 (20.1%) had a severe infection. In the multivariate analysis, it was 
determined that the prognosis was significantly worse in patients who were >65 years of age, had a Charlson Comorbidity Index 
(CCI) score of >2, and had a high NLR rate. The C-reactive protein (CRP), PLR, SII values were detected as insignificant variables. 
Mortality was found to be statistically significant in patients with a CCI score of 2 or more and in patients with high CRP, NLR, 
PLR, and SII values at the time of admission (p<0.05) in the multivariate analysis.

Conclusions: It was found that the most important factor affecting the severity of the disease was advanced age and high 
comorbidities, and a high NLR value. The most important prognostic factors affecting mortality were high levels of comorbidities, 
and high NLR, PLR, SII, and CRP values.
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INTRODUCTION

The new coronavirus disease 2019 (COVID-19), which 
is also known as severe acute respiratory syndrome 2 
(SARS-CoV-2), has caused unpredictable high morbidity 
and mortality rates in many countries. The clinical 
spectrum of COVID-19 ranges from asymptomatic 
infection to multiorgan failure. In fact, the basic clinical 
picture is manifested by pneumonia and acute respiratory 
failure syndrome (ARDS) that develops in lung tissue and 
thromboembolic events in vital organs, such as the heart 
and brain (1).

Routine blood test results are generally used to diagnose 
inflammatory periods of infectious diseases. It is easy to 
perform inexpensive complete blood tests and provides 
blood cell types and morphological parameters such as 
White blood count, lymphocytes, neutrophils, monocytes, 
platelet count (PLT), and mean platelet volume (2). In 
addition, combined ratios of these parameters are also 
used as inflammation indexes and have been used to 
predict the diagnosis and progress of inflammatory/
infectious diseases (3). Neutrophil to lymphocyte ratio 
(NLR), platelet to lymphocyte ratio (PLR), and systemic 
inflammation response index (SII) can be helpful for the 
diagnosis and severity assessment of COVID-19 patients. 
The exaggerated and uncontrolled inflammatory response 
is one of the main reasons for COVID-19 disease severity. 
Systemic immune-inflammatory index (SII) is another 
parameter that reflects the immune and inflammatory 
status of the organism (4). Although there are many 
retrospective studies in the literature on COVID-19, there is 
still no clear consensus on prognostic factors affecting the 
disease (5). To date, there have been publications showing 
parameters such as leukocytosis, lymphopenia, increased 
lactate dehydrogenase, C-reactive protein (CRP), and 
increased interleukin 6 (IL-6) levels are factors that increase 
the mortality risk of the disease. However, studies on the 
effect of the Systemic Immune-Inflammation Index (SII) 
and neutrophil-lymphocyte ratios (NLR) on mortality and 
prognosis are still controversial (6).

This study aimed to evaluate the factors affecting the 
prognosis and mortality of patients hospitalized with 
COVID-19, as well as examine whether the SII is a useful 
tool in predicting 30-day mortality and identify other 
factors associated with higher mortality in COVID-19 
patients.

MATERIALS AND METHODS

This study was conducted retrospectively with patients 
hospitalized with COVID-19 between March and 
November 2020, who were diagnosed with RT-PCR (real-
time reverse transcriptase-polymerase chain reaction), or 
diagnosed with COVID-19 with radiological and clinical 
features. The epidemiological characteristics, clinical 
symptoms, and laboratory findings of the patients were 
taken from the patient files. Hemogram, biochemical 
tests, inflammation markers, and coagulation tests were 
conducted for each patient.

The criteria set by the World Health Organization (WHO) 
were used in the diagnosis of COVID-19 (7). The patients 
were diagnosed using the standard diagnostic method 
of studying RT-PCR in respiratory samples, such as 
nasopharyngeal swabs or sputum, as the test protocols 
defined by the WHO in the diagnosis of the disease (8). In 
patients with typical COVID-19 symptoms but negative test 
results for RT-PCR, a diagnosis of COVID-19 was made in 
the presence of diffuse ground-glass opacities or multiple 
viral pneumonic foci on chest computed tomography 
(CT) radiologically. Severity criteria were defined as set 
by WHO (9). In non-severe patients, their epidemiological 
history, fever or other respiratory symptoms, typical CT 
images of viral pneumonia, and positive RT-PCR results 
were available. Patients with severe infections had at 
least one of the following criteria: respiratory distress, a 
respiratory rate that was ≥30, oxygen saturation (on room 
air) that was ≤93%, PaO2/FiO2 ≤300 mmHg (9).

Systemic Immune-Inflammation Index (SII): Calculated 
with the formula (neutrophil × platelet count)/
lymphocyte. neutrophil-lymphocyte ratio (NLR): 
calculated as neutrophil/lymphocyte. The 
Charlson Comorbidity Index (CCI) was used for the 
comorbidities (10).

The study was approved by the institutional review board 
and was conducted in accordance with the principles of 
the Declaration of Helsinki. (Bakirkoy Dr. Sadi Konuk 
Eğitim ve Arastırma Hastanesi/ 20-14-12/06-07-2020)

Statistical Analysis

Statistical analyses were conducted using IBM SPSS 
Statistics for Windows 22.0 (IBM Corp., Armonk, NY, 
USA). The numerical variables were expressed as the 
mean ± standard deviation and median (min-max), and 
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the categorical variables were expressed as numbers and 
percentages. Parametric test assumptions (normality 
and homogeneity of variances) were checked before 
comparing the groups in terms of numerical variables. 
The Mann-Whitney U test was used to compare the 
continuous variables. Binary logistic regression analysis 
was performed among the statistically important factors. 
The optimal cut-off values of the continuous NLR, PLR, 
and SII were calculated by applying the receiver operating 
curve (ROC) analysis. The significance level was accepted 
as p<0.05.

RESULTS

Of the 1013 patients included in the study, 552 (54.5%) 
were male, 461 (45.5%) were female, and their mean age 
was 54.31 ± 16.20 years (range: 16–95). While 734 (72.5%) 
of the patients were ≤65 years of age, 279 patients (27.5%) 
were >65. While there were 288 patients (28.4%) with a CCI 

score of 0 and 1, there were 725 (71.6%) patients with a 
CCI score of 2 or above. The median lymphocyte count 
of the patients was 1.23 (1000/µL), median neutrophil 
count was 3.93 (1000/µL), median platelet count was 195 
(1000/µL), median CRP level was 44.87 mg/dL. While the 
median NLR rate was 3.12, the median SII rate was 598.51. 
The median PLR   of the patients was 157.89. The mean 
hospitalization period of the patients was 9.58 ± 6.88 days.

The disease category of 204 patients (20.1%) was a severe 
infection. In the univariate analysis, the prognosis of 80 
patients (39.2%) who were >65 was significantly worse 
than those who were ≤65 (p<0.001). 170 (83.3%) patients 
with a CCI of 2 and above had a significantly more severe 
prognosis than patients with a CCI of 0 to 1. At the same 
time, the CRP, NLR, SII, and PLR values were significantly 
higher in the patients with poor prognoses (p<0.05). 
Univariate analyses of the factors affecting the prognosis 
of the disease are shown in Table 1. 

Table 1. Factors affecting the severity of the disease

Variables Non-severe Severe Univariate 
p-value

n (%) n (%)
Age (Year) <65 610 (75.4) 124 (60.8) <0.001

>65 199 (24.6) 80 (39.2)
Gender Women 443 (54.8) 109 (53.4) 0.734

Men 366 (45.2) 95 (46.6)
CCI 0-1 254 (31.4) 34 (16.7) <0.001

≥2 2.85±0.57 2.34±0.37
CRP (mg/L) (Median) 38.0 65.4 <0.001
NLR (Median) 2.9 4.0 <0.001
PLR (Median) 152.6 175.4 0.004
SII (Median) 576.9 744.1 0.009

NLR: neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, SII: systemic immune inflammation index, CCI: Charlson Comorbidity Index 
Bold entries are statistically significant values.
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Due to the absence of a reference cut-off value on NLR 
mortality, the area under the curve (AUC) of the NLR 
value   was determined as 0.614 in the ROC curve analysis 

(Figure 1). The optimal NLR cut-off value   was 3.38. The 
highest specificity and sensitivity were 0.585 and 0.603 for 
the NLR. 

In the multivariate analysis, it was determined that the 
prognosis was significantly worse in the patients who 
were >65 years of age, and had a CCI score that was >2 and 

a high NLR rate. The CRP, PLR, SII values were detected 
as insignificant variables (Table 2). 

Table 2. Multivariate analysis of factors affecting the severity of the disease

Variables 95% CI HR Multivariate 
p-value

Lower Upper

Age >65 1.1 2.2 1.5 0.011
CCI ≥2 199 (24.6) 80 (39.2) 0 (3 0 (3
CRP 0.9 1.0 1.0 0.514
NLR 1.0 1.1 1.0 0.001
PLR 1.0 1.0 1.0 0.151
SII 1.0 1.0 1.0 0.585

NLR: neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, SII: systemic immune inflammation index, CCI: Charlson Comorbidity Index  Bold 
entries are statistically significant values.

Figure 1. The ROC curve analysis of NLR
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Mortality was observed in the first 30 days in 52 patients 
(5.1%). In the univariate analysis, having a CCI score that 
was >2, and high CRP, NLR, PLR, and SII values were 
significant in terms of mortality. Mortality was observed 

in 45 patients (86.5%) with a CCI index that was >2 
(p=0.014). The CRP, NLR, PLR, and SII values were higher 
in the patients with mortality (p<0.001) (Table 3). 

Table 3. Factors affecting the mortality of the disease 

Variables No Mortality With Mortality Univariate 
p-value

n (%) n (%)
Age (Year) <65 694 (72.2) 40 (76.9) 0.459

>65 267 (27.8) 12 (23.1)
Gender Men 524 (54.5) 28 (53.8) 0.924

Women 437 (45.5) 24 (46.2)
CCI 0-1 281 (29.2) 7 (13.5) 0.014

≥2 2.85±0.57 2.34±0.37
CRP (mg/L) (Median) 41 126 <0.001
NLR (Median) 3.0 6.64 <0.001
PLR (Median) 155.2 226.1 <0.001
SII (Median) 578.4 1437.6 <0.001

NLR: neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, SII: systemic immune inflammation index, CCI: Charlson Comorbidity Index  Bold 
entries are statistically significant values.

Mortality was found to be statistically significant in 
patients with a CCI score that was >2 and in patients 
with high CRP, NLR, PLR, and SII values at the time of 

admission (p<0.05) in the multivariate analysis affecting 
mortality (Table 4). 

Table 4. Multivariate analysis of the factors affecting the mortality of the disease

Variables 95% CI HR Multivariate 
p-value

Lower Upper

CCI ≥2 1.1 2.2 1.5 0.011
CRP 1.0 1.0 1.0 0.001
NLR 1.0 1.1 1.0 0.032
PLR 1.0 1.0 1.0 0.001
SII 0.9 1 1.0 0.038

NLR: neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, SII: systemic immune inflammation index, CCI: Charlson Comorbidity Index  Bold 
entries are statistically significant values.
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There is no reference cut-off value for the NLR, CRP, 
SII, and PLR on mortality. Therefore, in the ROC curve 
analysis, the AUC of the CRP, NLR, SII, PLR values   were 
determined as 0.734, 0.761, 0.708, and 0.723. The optimal 
cut-off values   of the CRP, NLR, SII, and PLR were 9.02, 4.15, 
909.5, and 181.5. The highest specificity and sensitivity 
were 0.981 and 0.837, 0.750 and 0.664, 0.692 and 0.683, and 
0.673 and 0.626, respectively, for the CRP, NLR, SII, PLR. 

DISCUSSION

The NLR, PLR, SII are ratios of hematological cells 
that regulate inflammatory response during infection 
and injury. The importance of these ratios has been 
researched in a wide variety of diseases, including 
malignancies (11,12). In addition to taking advantage 
of the relationship between tests such as the PLR, NLR, 
SII, CRP, and inflammatory conditions, the main benefit 
of these tests is that they are easily measurable and done 
more frequently and routinely than other tests. Most 
importantly, they are cost-effective, and they will not 
affect the already overburdened healthcare system. In 
light of this information, during the epidemic that has 
caused millions of deaths, any cost-effective method that 
could provide a prediction for the severity of the spectrum 
will significantly guide clinicians during treatment and 
follow-up. 

The NLR values in the studies conducted by Liu et 
al. (13) and Fu et al. (14) in China were found to be an 
independent predictor factor in COVID-19 patients. In 
the study conducted by Kalabin et al. (15), the NLR and 
PLR values   were significantly increased in COVID-19 
patients, although these inflammatory markers were not 
associated with disease severity. In the current study, the 
NLR value was significantly increased with the disease 
severity, while the PLR value was not significant. In the 
study of Merad et al. (16), it was found that COVID-19 
triggered hyper inflammation, and similar findings were 
found in the current study. While many inflammatory 
markers, such as CRP, erythrocyte sedimentation rate, 
lactate dehydrogenase, ferritin, and procalcitonin are 
frequently measured, the NLR and PLR values, which 
are particularly cost-effective in COVID-19 patients, can 
also be easily calculated. In the present study, patients 
with severe COVID-19 had higher NLR values   when 
compared to those without the severe disease. In a 
meta-analysis performed by Chan et al. (17), the NLR 
values   were found to be significantly higher in severe 

COVID-19. Patients with severe COVID-19 presented 
with increased leukocytosis, neutrophilia, lymphopenia, 
and thrombocytopenia when compared to those with 
non-severe disease (18). These patients are more likely to 
develop ARDS and may require intensive care unit (ICU) 
level care (19). Different mechanisms of lymphopenia in 
COVID-19 patients may be that the virus infects T-cells 
via ACE2 receptors (20). Decreased CD4 + and CD8 + T 
lymphocyte levels are associated with the severity of the 
disease, which can lead to an increased NLR (21). In the 
present study, the NLR value was significant when the 
factors affecting both the severity of the disease (p<0.001) 
and mortality (p<0.05) were considered. 

Platelets are immune cells that play an important role 
in the human body. The meta-analysis investigating the 
relationship between thrombocytopenia and COVID-19 
severity showed that the platelet count tripled the risk 
of serious illness and death in COVID-19 patients (22). 
According to another study, increased PLR levels observed 
in the follow-up of symptomatic and asymptomatic 
patients were found to be associated with the severity 
of the disease and the length of hospital stay (4). There 
have been publications stating that a new indicator can 
be obtained in the cytokine storm monitoring of patients 
with high PLR levels (23). In another study conducted 
in the USA, it was reported that the increase in the PLR 
value had no effect on the severity of the disease (15). 
In the current study, statistically, the increase in the PLR 
value was not significant in the disease severity, but it was 
significant in mortality.

As a result of our study, we found statistically significant 
results between the increase in the CRP levels and 
increased mortality (p<0.001). Zeng et al. (24) mentioned 
that inflammatory markers were important factors of the 
COVID-19 severity. In their meta-analysis, they found 
that non-severe group had lower levels for CRP (41.78 
mg/l, 95% CI = [31.1-52.4], p<0.001) compared with those 
in the severe group.  Hariyanto et al. (25) had written a 
systematic review and meta-analysis supporting data 
that elevated CRP levels can be used for predicting severe 
outcomes in COVID-19. In the data obtained by Ullah et 
al. (26), the relationship between higher CRP levels and 
COVID-19 were found to be correlated with sepsis, ICU 
admission, and increased mortality. 

In a retrospective study conducted in Italy, the SII was 
compared with other commonly used blood cell count-
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based inflammation indices, such as the NLR and PLR 
in COVID-19 patients, and was found to be the most 
significant survival factor. In the present study, the SII 
was found to be significant among the factors affecting 
mortality (p<0.05). When the CCI was first invented, it 
was used to predict the risk of death within one year 
of hospital stay. The scores are based on a series of 
comorbidities, which are each given a number from 1 
to 6, depending on the severity of the morbidity (27). 
It is a well-validated, simple, and easy-to-apply index 
for evaluating the prognosis and survival of patients. 
During the current pandemic, the severity and mortality 
of COVID-19 has often been estimated using age, gender, 
and the presence of comorbidities, such as diabetes, 
cardiovascular, cerebrovascular, and respiratory 
diseases. The mortality and risk factors in COVID-19 
patients can be evaluated by calculating the CCI score, 
age, and accompanying comorbidities together. In 
a study conducted by Imam et al. (28) in the USA, 
advanced age and multiple comorbidities were specified 
as independent mortality risk factors in patients with 
COVID-19.

In the present study, a CCI score that was ≥2 significantly 
affected both the severity of the disease and mortality 
(p<0.05). Age was found to be a significant factor affecting 
the severity of the disease, independent of the CCI score 
(p<0.001). As the pandemic continues worldwide, it 
is essential to understand the clinical characteristics 
of patients and the risk factors of worse outcomes in 
COVID-19 to be able to plan comprehensive treatment 
and appropriately allocate valuable resources (29).

Due to the nature of this study, it is retrospective 
and single-centered, which creates a major bias. The 
inflammatory factors, which were found to be significant 
regarding mortality and morbidity, constituted a bias 
in this case, because these inflammatory factors also 
increase in all infectious diseases.

As a result of the current study, it was found that the most 
important factor affecting the severity of the disease was 
advanced age and high comorbidities, and a high NLR 
value. The most important prognostic factors affecting 
mortality were high levels of comorbidities, and high 
NLR, PLR, SII, and CRP values. These analyses can be 
useful in evaluating COVID-19 patients, as they are 
simple, cost-effective, and rapid laboratory diagnostic 
tests.
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