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ABSTRACT
Aim: In recent years, inflammation-based indices obtained from hematologic parameters have been shown to have prognostic 
value in various inflammatory diseases and cancer types. In this study, we aimed to investigate whether inflammation indices 
could be used to predict mortality in patients with COVID-19.
Material and Method: A total of 295 patients with a proven diagnosis of COVID-19 who were followed up in the intensive 
care unit were included in this retrospective, cross-sectional study. The patients were divided into two groups, survivors and 
non-survivors.
Results: D-dimer (HR:1.001, 95% CI:1-1.001) and troponin (HR: 1.001 95% CI: 1-1.001)  levels of non-survivors were 
significantly higher in univariate analyses (p<0.05). Procalcitonin levels of whom were found to be high in univariate (HR: 
1.018 95% CI: 1.003 – 1.034) and multivariate (HR:1.02 95% CI: 1.004-1.037) analyses (p<0.05). There was no significant 
difference between the groups in terms of median values of PLR, SIRI, and AISI indices (p>0.05). The median NLR value of 
the survivors was 7.45, while it was 11.39 in the non-survivors, and this difference was statistically significant (p<0.001). The 
median value of the SII index of the non-survivors was found as 2421.02, which was significantly higher than the survivors 
(p<0.001). The value of NLR and SII indices in predicting mortality in COVID-19 was evaluated using ROC analysis (NLR: 
AUC=0.644, 95%CI: 0.581-0.708, p<0.001; SII: AUC=0.584, 95%CI: 0.517-0.651, p=0.017). When the cut-off value for NLR 
was accepted as 9.574, the sensitivity was 59.3% and the specificity was 67% in predicting mortality. When the cut-off value for 
SII was accepted as 2285,846, it was found that it could predict mortality with a sensitivity of 52.38% and specificity of 66.04%.
Conclusion: SII and NLR indices can predict mortality in patients with COVID-19 followed up in the intensive care unit.
Keywords: COVID-19, inflammatory index, SII, NLR
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INTRODUCTION
Coronavirus disease 2019 (COVID-19) is a global 
pandemic that emerged in the Wuhan province of 
China in December 2019 and still threatens humanity. 
It infected more than 386 million people and killed 
approximately 6 million people worldwide (1). The 
virus can cause a wide variety of symptoms with 
the involvement of multiple organs, especially the 
respiratory tract. It is well known that COVID-19–
related organ dysfunction and mortality are associated 
with an increased inflammatory response (2). 
Studies conducted in this context have shown that 
inflammatory parameters can be used as a biomarker 
to predict prognosis in patients with COVID-19 (3-5).

The complete blood count is an easy and inexpensive 
test used in clinical practice. It can provide the 
physician with extensive information about the 

cell types involved in the immune response and 
their number and morphology. In addition, it is 
also possible to obtain ratios such as neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio 
(PLR), systemic inflammation index (SII), systemic 
inflammation response index (SIRI), aggregate index 
of systemic inflammation (AISI), which are defined as 
inflammation indices, from these parameters. NLR and 
PLR reflect systemic inflammation with neutrophil and 
platelet activation. It has been associated with increased 
mortality in cardiovascular diseases and with poor 
prognosis in various cancers (6). It has been proven 
that SII and SIRI reflect the inflammatory response and 
can predict prognosis in many inflammatory diseases 
and cancer types (7-9). It has been shown that these 
indices can also have diagnostic value in COVID-19 
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and can be used to determine the severity of the 
disease (10,11). Based on these findings, we aimed 
to investigate whether these indices could be used to 
predict mortality in patients with COVID-19 followed 
up in the intensive care unit (ICU).

MATERIAL AND METHOD
The study was carried out with the permission of 
KTO Karatay University Faculty of Medicine Non-
Pharmaceutical and Non-Medical Device Researches 
Ethics Committee (Date: 14.01.2022, Decision 
No: 2022/022). All procedures were carried out in 
accordance with the ethical rules and the principles of 
the Declaration of Helsinki. 

Patients who were admitted to Konya Numune Hospital 
between March 2020 and January 2021 and were 
followed up in the ICU were included in this study. It 
was designed as a single-center, retrospective, cross-
sectional study. 

Clinical, demographic, and laboratory data of the 
patients were extracted from electronic medical records 
(Karmed) using a standardized data collection form. 
The records of a total of 312 patients aged over 18 years 
were analyzed for the study. Among these patients, a 
total of 295 patients were included in the analysis after 
the diagnosis of COVID-19 was eliminated during 
their follow-up. Those with a history of head trauma, 
malignancy, or cerebrovascular disease, and those who 
were pregnant were excluded.

The diagnosis of COVID-19 was made through 
respiratory tract swab samples (throat swabs) using real-
time qualitative polymerase chain reaction (RT-qPCR). 
Data on the main comorbidities included diabetes 
mellitus (DM), hypertension (HT), pulmonary disease, 
and history of cardiac disease. The results of complete 
blood count and serum biochemical tests (D-dimer, 
myocardial enzymes [troponin], urea, creatinine, 
procalcitonin, albumin, lactate dehydrogenase [LDH], 
and ferritin levels) were recorded.

Systemic inflammation indices were determined from 
the first complete blood count using the following 
formulae:NLR: neutrophil count/lymphocyte count; 
PLR: platelet count/lymphocyte count; SII: neutrophil 
count x platelet/lymphocyte count; SIRI: neutrophil x 
monocytes/lymphocyte; AISI: neutrophil x platelet x 
monocytes/lymphocytes.

Statistical analysis
The data were analyzed using the IBM SPSS V 23 
software package. Conformity to normal distribution 
was evaluated using the Kolmogorov-Smirnov test. The 
Mann-Whitney U test was used to compare indices 

according to mortality status. Cut-off values of indices 
for mortality were analyzed using receiver operating 
characteristics (ROC) analysis. Cox regression analysis 
was used to examine the risk factors affecting the 
survival time in the ICU. Analysis results are presented 
as mean±standard deviation and median (Q1 – 
Q3) for quantitative data, and frequency (percent) 
for categorical variables. The significance level was 
accepted as p<0.05.

RESULTS
A total of 295 patients who were diagnosed as having 
COVID-19 were included in the study and followed up 
during their stay in the ICU. All patients were divided 
into survivors and non-survivors. Of the patients,45.8% 
were female and no significant difference was observed 
between the groups in terms of sex distribution 
(p>0.05). Risk factors affecting survival time in the 
ICU were analyzed using univariate and multivariate 
models. As a result of the univariate analysis, it was 
determined that age was an independent risk factor 
that affected the mortality status (hazard ratio [HR]: 
1.017, 95% confidence intervals [CI]: 1.004-1.03). 
The mean age of the patients who died (72.51±12.58) 
was significantly older than the patients who survived 
(67.58±13.37) (p=0.009). (Table 1)

No significant difference was observed in terms of 
white blood cell count (normal range: 4.49-12.68 
10⁹/L), neutrophil count (normal range: 2.1-8.89 10⁹/L), 
lymphocyte count (normal range: 1.26-3.35 10⁹/L), 
platelet count (normal range: 173-390 10⁹/L), monocyte 
count (normal range: 0.25-0.84 10⁹/L), ferritin level 
(normal range 23.9-336.2 ng/mL), albumin level (normal 
range: 35-52 g/L), C-reactive protein (CRP) (normal 
range: 0-8 mg/L), and alanine aminotransferase(ALT) 
and aspartate transaminase(AST) values (normal range: 
3-50 IU/L)between the groups (Table 1).

D-dimer (normal range: 0-0.5 µg/mL) (HR:1.001, 
95% CI:1-1.001) and troponin (normal range: 0-19.8 
ng/L)(HR: 1.001, 95% CI: 1-1.001)levels of non-
survivors were significantly higher in univariate 
analyses(p<0.05). Procalcitonin level (normal range: 
0-0.55 µg/L) (HR:1.02, 95% CI: 1.004-1.037) was found 
to be high in multivariate analyses.

When the patients (n=256) who did not receive 
Tocilizumab treatment were taken as a reference, the 
mortality risk of patients who received treatment (n=39) 
was found 0.458 times less (p=0.004). When patients 
who were not treated with plasmapheresis were taken 
as reference, the mortality of patients who underwent 
plasmapheresis was found to be significantly lower 
(p=0.005). (Table 2).
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than in survivors (p<0.001) (Table 3). The cut-off value 
of the SII was found as 2285,846. The area under the 
ROC curve (AUC) cut-off value was 0.584,which was 
statistically significant (p=0.017). It was observed 
that the sensitivity was 52.38% and the specificity was 
66.04%. (Figure 2).

The mean length of stay in the ICU was 10.33±8.42 days 
in survivors and 13.64±13.61 days in non-survivors. 
The duration of invasive mechanical ventilation was 
1,63±7,04 days in survivors and 9.60±12.23 days in 
non-survivors, which was higher than in survivors 
(p<0.001). 

When the inflammation indices were examined to 
evaluate the mortality risk, there was no significant 
difference between the groups in terms of median 
values of PLR, SIRI, and AISI indices (p>0.05).  The 
median NLR value of the survivors was 7.45, whereas 
the median NLR value of the non-survivors was 11.39, 
which was statistically significantly different (p<0.001). 
When the cut-off value of NLR was accepted as 9.574, 
it was found that it could predict mortality with 59.3% 
sensitivity and 67% specificity. (Figure 1).

The median value of the SII index of non-survivors 
was found as 2421.02, which was significantly higher 

Table 1.
Mortality Univariate Multivariate

Survivors Non-survivors HR (95% CI) p HR (95% CI) p
Sexa

Female 45 (42.5) 90 (47.6) 0.921 (0.691 – 1.228) 0.575 0.964 (0.703 – 1.321) 0.819
Male 61 (57.5) 99 (52.4) Reference

Ageb 67.58±13.37 72.51±12.58 1.017 (1.004 – 1.03) 0.009 1.011 (0.995 – 1.027) 0.197
Neutrophil countb 7.64±3.51 9.30±4.00 1.016 (0.98 – 1.054) 0.391 1.03 (0.971 – 1.093) 0.322
Lymphocyte countb 1.02±0.42 0.95±0.70 1.09 (0.83 – 1.432) 0.534 1.136 (0.835 – 1.545) 0.417
Platelet countb 263.88±115.66 234.28±93.86 0.999 (0.998 – 1.001) 0.267 0.999 (0.998 – 1.001) 0.356
Ferritinb 417.99±429.95 656.66±808.85 1 (1 - 1) 0.166 1 (1 - 1) 0.485
D-Dimerb 244.09±918.36 834.87±3639.95 1.001 (1 – 1.001) 0.004 1 (1 - 1) 0.201
Troponinb 167.59±928.58 556.38±2692.98 1.001 (1 – 1.001) <0.001 1 (1 - 1) 0.081
Lactate dehydrogenaseb 381.25±165.38 607.60±801.69 1.002 (1 – 1.003) 0.033 1 (1 - 1) 0.188
Ureab 50.55±26.83 80.46±58.98 1.004 (1.002 – 1.006) 0.001 1.001 (0.997 – 1.004) 0.715
Creatineb 1.03±0.84 1.50±1.29 1.198 (1.084 – 1.323) <0.001 1.184 (1.009 – 1.39) 0.039
Procalcitoninb 1.74±9.55 3.31±8.80 1.018 (1.003 – 1.034) 0.018 1.02 (1.004 – 1.037) 0.016
Albuminb 2.94±0.56 2.57±0.58 1.113 (0.869 – 1.425) 0.396 1.124 (0.807 –1.564) 0.489
Monocyte countb 0.63±0.34 0.56±0.42 0.715 (0.487 – 1.049) 0.086 0.627 (0.393 – 0.999) 0.049
White blood cell countb 9.71±4.84 11.43±5.78 1.011 (0.986 – 1.037) 0.381 1.003 (0.962 – 1.047) 0.881
C-reactive proteinb 101.91±81.21 146.20±100.80 1.001 (1 – 1.003) 0.040 1.001 (0.999 – 1.002) 0.378
Aspartate aminotransferaseb 54.20±65.39 84.69±157.69 1 (1 – 1.001) 0.271 1 (0.998 – 1.003) 0.724
Alanine aminotransferaseb 48.61±81.27 61.43±122.19 1 (0.999 – 1.001) 0.547 0.999 (0.996 – 1.002) 0.668
Duration of mechanical ventilationb 1.63±7.04 9.60±12.23 0.95 (0.935 – 0.964) <0.001 0.929 (0.911 – 0.949) <0.001
Length of stay at intensive care unitb 10.33±8.42 13.64±13.61 --- ---
an (%); bMean±StandardDeviation

Table 2. Comparison of treatments according to mortality status
Mortality Univariate Multivariate

Survivors Non-survivors HR (95% CI) p HR (95% CI) p
Tocilizumaba

No 91 (85.8) 165 (87.3) Reference
Yes 15 (14.2) 24 (12.7) 0.564 (0.366 – 0.868) 0.009 0.458 (0.27 – 0.776) 0.004

Favipiravira

No 5 (4.7) 11 (5.8) Reference
Yes 101 (95.3) 178 (94.2) 0.609 (0.33 – 1.124) 0.113 1.314 (0.553 – 3.123) 0.536

Plasmapheresisa

No 44 (41.5) 85 (45) Reference
Yes 62 (58.5) 104 (55) 0.551 (0.411 – 0.738) <0.001 0.583 (0.4 – 0.849) 0.005

Steroida

No 19 (17.9) 45 (23.8) Reference
Yes 87 (82.1) 144 (76.2) 0.414 (0.293 – 0.584) <0.001 0.596 (0.371 – 0.956) 0.032

an (%)
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DISCUSSION
The COVID-19 pandemic has caused many deaths and 
severe economic consequences around the world. These 
results have led the scientific community to search for 
inexpensive and easily obtainable biomarkers that can 
be used to predict mortality. Thus, it will be possible 
to reduce mortality with an early and appropriate 
therapeutic approach. In this study, we investigated 
whether the inflammation indices obtained from the 
complete blood count could be used to predict mortality 
in patients with COVID-19.

Age-related defects in T-cell and B-cell function and 
overproduction of type 2 cytokines may lead to a defect 
in the control of viral replication and longer-lasting 
proinflammatory responses, resulting in poor outcomes 
(13). In various studies conducted on patients with 

COVID-19, age alone has emerged as a significant risk 
factor for mortality (14-16). Our study supports the 
literature by revealing a significant relationship between 
increasing age and mortality.

It has been shown that high D-dimer levels are one 
of the most common laboratory findings observed in 
hospitalized patients with COVID-19. Zhang et al. (17) 
found that in-hospital mortality was higher in patients 
with COVID-19 with D-dimer levels higher than 2.0 µg/
mL at the time of admission. This situation has been 
associated with an increased pro-inflammatory response 
due to virus infection and excessive thrombin production 
due to endothelial damage triggered by the insufficient 
anti-inflammatory response, increased blood viscosity 
secondary to hypoxia, and prolonged bed rest (17). High 
D-dimer levels were found to be associated with mortality 
in two studies examining patients with stroke who were 

Table 3. Comparison of index values according to mortality status
Survivors, n=106 Non-survivors, n=189 Total, n=295 Test statistics pb

NLRa 7.45 (4.75 – 11.64) 11.39 (6.01 – 17.9) 9.55 (5.32 – 15.78) 7129.00 <0.001
AISIa 902.22 (423.69 – 1831.61) 1137.67 (454.24 – 2062.23) 1081.93 (434.47 – 1942.72) 9500.00 0.462
SIIa 1703.73 (1036.19 – 3126.15) 2421.02 (1166.47 – 4071.58) 2072.27 (1081.65 – 3733.53) 8332.00 <0.001
SIRIa 3.79 (1.99 – 7.2) 4.96 (2.61 – 8.84) 4.52 (2.2 – 8.42) 8846.00 0.096
PLRa 237.08 (176.58 – 363.64) 286.27 (182.65 – 409.09) 260.8 (180.56 – 392.77) 9217.00 0.255
aMedian (Q1 – Q3); bMann-Whitney U test

Table 4. Examining the cut-off values of the indices for mortality status using ROC analysis
Cut-off value AUC (%95CI) p Sensitivity Specificity PPV NPV Accuracy

NLR ≥9.574 0.644 (0.581 - 0.708) <0.001 59.3% 67.0% 76.2% 48.0% 62.0%
AISI --- 0.526 (0.458 – 0.594) 0.462 --- --- --- --- ---
SII ≥2285.846 0.584 (0.517 – 0.651) 0.017 52.38% 66.04% 73.33% 43.75% 57.3%
SIRI --- 0.558 (0.491 – 0.626) 0.096 --- --- --- --- ---
PLR --- 0.540 (0.472 – 0.608) 0.255 --- --- --- --- ---
---:Cut-off values were not calculated because the AUC value was not significant.

Figure 1. ROC curve of NLR according to the groups Figure 2. ROC curve of SII
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COVID-19 positive, which might be explained by an 
increased susceptibility to thrombosis (18, 19). In our study,  
it was determined that the risk of mortality increased as the 
D-dimer value increased (HR: 1,001 %95 CI: 1 – 1,001).

It is known that COVID-19-related organ dysfunction and 
mortality are associated with the inflammatory response 
(20). In addition to high inflammatory cytokine levels 
in patients with COVID-19 (3), serologic inflammation 
parameters such as CRP, LDH, and procalcitonin also 
increased (5). Our study revealed that these serologic 
inflammatory parameters could also predict mortality in 
patients with COVID-19.

The NLR can be defined as the ratio of the neutrophil count 
to the lymphocyte count. Previous studies revealed that 
NLR was elevated in chronic conditions with low-grade 
inflammatory nature, such as obesity, HT, DM, metabolic 
syndrome, atherosclerotic events of the heart and brain, 
and various cancers (21-23). After the pandemic started, 
studies focused on patients with COVID-19 and it was 
reported that increased NLR predicted poor prognosis, 
mortality, the possibility of intubation, risk of serious 
disease in intubated patients, and longer admission to 
the ICU in these patients (24-29). In our study, when 
compared according to mortality status, the median NLR 
value of the survivors was 7.45, whereas the median value 
of the non-survivors was 11.39, and this difference was 
found to be statistically significant.

In studies related to COVID-19, SII was found to be 
a reliable biomarker. When Xue et al. (30) examined 
the relationship between various markers and disease 
severity, they found that SII could significantly predict 
disease severity in univariate analyses. In a study of 
397 patients, Doğancı et al. (31) showed that SII was 
significantly lower in surviving patients. Another study 
showed that SII was the only significant marker superior 
to NLR in predicting mortality in multivariate analyses 
(32). In our study, the median value of SII was 2421.02 
(1166.47-4071.58) in the non-survivors, which was 
significantly higher than the survivors.

The most important limitation of our study is that it is 
a retrospective study. The relatively small number of 
patients and the inability to specify the severity of illness 
during hospitalization are other limitations of our study.

CONCLUSION
Our study showed that NLR and SII could predict 
mortality in patients with COVID-19, albeit with low 
specificity and sensitivity. The most important advantage 
of these indices is that they are obtained from very cheap 
and easily accessible hematologic parameters, regardless of 
the level of development of countries and ICUs. Our study 
is a guide for more comprehensive and detailed studies.

ETHICAL DECLARATIONS
Ethics Committee Approval: The study was carried out 
with the permission of KTO Karatay University Faculty 
of Medicine Non-Pharmaceutical and Non-Medical 
Device Researches Ethics Committee (Date: 14.01.2022, 
Decision No: 2022/022).
Informed Consent: Because the study was designed 
retrospectively, no written informed consent  form was 
obtained from patients.
Referee Evaluation Process: Externally peer-reviewed.
Conflict of Interest Statement: The author have no 
conflicts of interest to declare.
Financial Disclosure: The author declared that this study 
has received no financial support.
Author Contributions: All of the authors declare that 
they have all participated in the design, execution, and 
analysis of the paper, and that they have approved the 
final version.

REFERENCES
1. WHO COVID-19 Dashboard. Geneva: World Health 

Organization Aohcwi.
2. Merad M, Martin JC. Pathological inflammation in patients with 

COVID-19: a key role for monocytes and macrophages. Nature 
Rew Immunol 2020; 20: 355-62.

3. Del Valle DM, Kim-Schulze S, Huang HH, et al. An inflammatory 
cytokine signature predicts COVID-19 severity and survival. Nat 
Med 2020; 26: 1636-43.

4. Ali N. Elevated level of C-reactive protein may be an early marker 
to predict risk for severity of COVID-19. J Med Virol 2020; 92: 
2409-11.

5. Ghahramani S, Tabrizi R, Lankarani KB, et al. Laboratory features 
of severe vs. non-severe COVID-19 patients in Asian populations: 
a systematic review and meta-analysis. Eur J Med Res 2020; 25: 30.

6. Hirahara T, Arigami T, Yanagita S, et al. Combined neutrophil-
lymphocyte ratio and platelet-lymphocyte ratio predicts 
chemotherapy response and prognosis in patients with advanced 
gastric cancer. BMC Cancer 2019; 19: 672.

7. Bartl T, Bekos C, Postl M, et al. The systemic immune-
inflammation index (SII) is an independent prognostic parameter 
of survival in patients with invasive vulvar cancer. J Gynecol 
Oncol 2021; 32: e1.

8. Mori K, Resch I, Miura N, et al. Prognostic role of the systemic 
immune-inflammation index in upper tract urothelial carcinoma 
treated with radical nephroureterectomy: results from a large 
multicenter international collaboration. Cancer Immunol 
Immunother 2021; 70: 2641-50.

9. Zhang MH, Wang H, Wang HG, Wen X, Yang XZ. Effective 
immune-inflammation index for ulcerative colitis and activity 
assessments. World J Clin Cases 2021; 9: 334-43.

10. Usul E, Şan İ, Bekgöz B, Şahin A. Role of hematological parameters 
in COVID-19 patients in the emergency room. Biomark Med 
2020; 14: 1207-15.

11. Peng J, Qi D, Yuan G, et al. Diagnostic value of peripheral 
hematologic markers for coronavirus disease 2019 (COVID-19): A 
multicenter, cross-sectional study. J Clin Lab Anal 2020; 34: e23475.

12. Smits SL, de Lang A, van den Brand JM, et al. Exacerbated innate 
host response to SARS-CoV in aged non-human primates. PLoS 
Pathog 2010; 6: e1000756.



1091

Işık ŞM. Mortality and COVID-19J Health Sci Med 2022; 5(4): 1086-1091

13. Opal SM, Girard TD, Ely EW. The immunopathogenesis of sepsis 
in elderly patients. Clin Infect Dis 2005;41 Suppl 7: S504-12.

14. Alharthy A, Aletreby W, Faqihi F, et al. Clinical Characteristics 
and Predictors of 28-Day Mortality in 352 Critically Ill Patients 
with COVID-19: A Retrospective Study. J Epidemiol Glob Health 
2021; 11: 98-104.

15. Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, 
clinical course, and outcomes of critically ill adults with 
COVID-19 in New York City: a prospective cohort study. Lancet 
2020; 395: 1763-70.

16. Li X, Xu S, Yu M, et al. Risk factors for severity and mortality in 
adult COVID-19 inpatients in Wuhan. J Allergy Clin Immunol 
2020; 146: 110-8.

17. Zhang L, Yan X, Fan Q, et al. D-dimer levels on admission to 
predict in-hospital mortality in patients with COVID-19. J 
Thromb Haemost 2020; 18: 1324-9.

18. Okuyan DY, Gölen MK. Comparison of patients with acute 
ischemic stroke with and without COVID-19. Authorea Preprints 
2021.

19. Okuyan DY, Gölen MK. Clinical and laboratory characteristics 
of patients with COVID-19 followed up due to acute ischemic 
stroke. J Surg Med 2021; 5: 1135-8.

20. Merad M, Martin JC. Pathological inflammation in patients with 
COVID-19: a key role for monocytes and macrophages. Nat Rev 
Immunol 2020; 20: 355-62.

21. Templeton AJ, McNamara MG, Šeruga B, et al. Prognostic role 
of neutrophil-to-lymphocyte ratio in solid tumors: a systematic 
review and meta-analysis. J Natl Cancer Inst 2014; 106: dju124.

22. Balta S, Celik T, Mikhailidis DP, et al. The relation between 
atherosclerosis and the neutrophil-lymphocyte ratio. Clin Appl 
Thromb Hemost 2016; 22: 405-11.

23. Karaman M, Balta S, Seyit Ahmet AY, et al. The comparative 
effects of valsartan and amlodipine on vWf levels and N/L ratio in 
patients with newly diagnosed hypertension. Clin Exp Hypertens 
2013; 35: 516-22.

24. Yang AP, Liu JP, Tao WQ, Li HM. The diagnostic and predictive 
role of NLR, d-NLR and PLR in COVID-19 patients. Int 
Immunopharmacol 2020; 84: 106504.

25. Tatum D, Taghavi S, Houghton A, Stover J, Toraih E, Duchesne 
J. Neutrophil-to-Lymphocyte Ratio and Outcomes in Louisiana 
COVID-19 Patients. Shock 2020; 54: 652-8.

26. Zhang B, Zhou X, Zhu C, et al. Immune Phenotyping Based on the 
Neutrophil-to-Lymphocyte Ratio and IgG Level Predicts Disease 
Severity and Outcome for Patients With COVID-19. Front Mol 
Biosci 2020; 7: 157.

27. Liu J, Liu Y, Xiang P, et al. Neutrophil-to-lymphocyte ratio predicts 
critical illness patients with 2019 coronavirus disease in the early 
stage. J Transl Med 2020; 18: 206.

28. Chen FF, Zhong M, Liu Y, et al. The characteristics and outcomes 
of 681 severe cases with COVID-19 in China. J Crit Care 2020; 
60: 32-7.

29. Yıldırım Ö, Bayram M, Özmen RS, et al. Evaluation of 
hematological indices in terms of COVID-19 related mortality 
and ICU admission. J Health Sci Med 2021; 4: 666-670.

30. Xue G, Gan X, Wu Z, et al. Novel serological biomarkers for 
inflammation in predicting disease severity in patients with 
COVID-19. Int Immunopharmacol 2020; 89: 107065.

31. Doganci S, Ince ME, Ors N, et al. A new COVID-19 prediction 
scoring model for in-hospital mortality: experiences from 
Turkey, single center retrospective cohort analysis. Eur Rev Med 
Pharmacol Sci 2020; 24: 10247-57.

32. Fois AG, Paliogiannis P, Scano V, et al. The systemic inflammation 
index on admission predicts in-hospital mortality in COVID-19 
patients. Molecules 2020; 25.


