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Objective: This study aimed to investigate the clinical characteristics and risk factors of death in severe coronavirus disease 2019 
(COVID-19) during the epidemic of Omicron variants, assess the clinical value of plasma cell-free DNA (cfDNA), and construct 
a prediction nomogram for patient mortality.
Methods: The study included 282 patients with severe COVID-19 from December 2022 to January 2023. Patients were divided into 
survival and death groups based on 60-day prognosis. We compared the clinical characteristics, traditional laboratory indicators, and 
cfDNA concentrations at admission of the two groups. Univariate and multivariate logistic analyses were performed to identify 
independent risk factors for death in patients with severe COVID-19. A prediction nomogram for patient mortality was constructed 
using R software, and an internal validation was performed.
Results: The median age of the patients included was 80.0 (71.0, 86.0) years, and 67.7% (191/282) were male. The mortality rate was 
55.7% (157/282). Age, tracheal intubation, shock, cfDNA, and urea nitrogen (BUN) were the independent risk factors for death in 
patients with severe COVID-19, and the area under the curve (AUC) for cfDNA in predicting patient mortality was 0.805 (95% 
confidence interval [CI]: 0.713–0.898, sensitivity 81.4%, specificity 75.6%, and cut-off value 97.67 ng/mL). These factors were used 
to construct a prediction nomogram for patient mortality (AUC = 0.856, 95% CI: 0.814–0.899, sensitivity 78.3%, and specificity 
78.4%), C-index was 0.856 (95% CI: 0.832–0.918), mean absolute error of the calibration curve was 0.007 between actual and 
predicted probabilities, and Hosmer-Lemeshow test showed no statistical difference (χ2=6.085, P=0.638).
Conclusion: There was a high mortality rate among patients with severe COVID-19. cfDNA levels ≥97.67 ng/mg can significantly 
increase mortality. When predicting mortality in patients with severe COVID-19, a nomogram based on age, tracheal intubation, 
shock, cfDNA, and BUN showed high accuracy and consistency.
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Introduction
Coronavirus disease 2019 (COVID-19) first broke out in Wuhan, China, in December 2019. Subsequently, COVID-19 
spread rapidly and widely, causing a pandemic.1 It has emerged as a well-known human pandemic over the last three 
years due to its high pathogenicity and infectivity, which posed serious risks to public health.2 According to data from the 
World Health Organization (https://covid19.who.int), there were more than 750 million confirmed cases of COVID-19 
and more than 6.94 million deaths worldwide as of May 31, 2023.
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Severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2), the pathogen that causes COVID-19, has 
been mutating throughout transmission.2 Due to the rapid spread of Omicron variants across China in late 2022, the high 
transmission of SARS-CoV-2 Omicron variants and the vast population base, the infection spread widely and resulted in 
a significant increase in hospitalizations, critically ill patients, and deaths.3 According to the data from the Chinese Center 
for Disease Control (CDC) and Prevention, the number of patients with COVID-19 hospitalized peaked at 1.625 million 
per day, with severe cases peaking at 1.280 million per day on January 5, 2023. Omicron variants caused all COVID-19 
cases from September 26, 2022 to April 27, 2023 (https://www.chinacdc.cn/).

Although COVID-19 symptoms are generally mild, mainly when caused by the Omicron variants, the disease can 
worsen in some populations, with adverse outcomes. Previous research has demonstrated that patients with cardiovas-
cular disease or increased cardiovascular risk, renal failure, cancer chemotherapy, diabetes, and hypertension are 
significantly more likely to progress to a severe form of COVID-19, even resulting in death.4–8 However, earlier reports 
of risk factors for mortality in patients with severe COVID-19 were primarily based on data collected in 2020, during 
which the Omicron variant had not yet been discovered.9–11 A better understanding of the clinical characteristics and 
prognostic risk factors of patients with severe COVID-19 caused by the Omicron variant still needs further study.

Cell-free DNA (cfDNA), an extracellular nucleic acid, was first reported in 1948. It can be secreted by cells, and it 
can be released into the bloodstream post-apoptosis and post-necrosis.12 cfDNA is only found in trace amounts and has 
a short half-life in healthy individuals.13,14 Pathological conditions can cause tissue damage and cell necrosis, leading to 
significantly higher circulating concentrations of cfDNA. CfDNA is an extremely sensitive biomarker for tissue damage. 
It has been demonstrated to be a valuable and promising non-invasive biomarker in liquid biopsy that can be used for 
diagnosing and monitoring several diseases.14–17

In this study, we analyzed the clinical data and laboratory indicators of patients with severe COVID-19, measured the 
level of cfDNA using a duplex real-time polymerase chain reaction (PCR) assay we previously developed,18 investigated 
the risk factors, and constructed a nomogram model for predicting the mortality of patients with severe COVID-19 to 
better understand the COVID-19 caused by Omicron variants and provide evidence for early clinical intervention and 
reduce mortality. Our study was approved by the Ethics Committee of Jiangsu Province Hospital, and prior to the trial, 
patients gave their informed consent. The study complied with the Declaration of Helsinki and maintained patient privacy 
and data confidentiality.

Materials and Methods
Study Population
This single-center retrospective cohort study was conducted at the Jiangsu Province Hospital from December 17, 2022 to 
January 27, 2023. Severe COVID-19 patients admitted to the hospital during this period were enrolled in this study. COVID- 
19 was confirmed based on a positive result of nucleic acid test for SARS-CoV-2 from patients’ throat swabs using PCR. The 
diagnosis of severe COVID-19 was based on the guidelines for the diagnosis and treatment of novel coronavirus infection 
(Trial 10th version), released by the National Health Commission of People’s Republic of China.19 Severe patients with 
COVID-19 included those who were severely ill or critically ill. A severely ill case was considered as meeting any of the 
following criteria: 1. Shortness of breath with a breathing rate of ≥30 beats/min; 2. oxygen saturation (SpO2, inhaling air, 
resting state) ≤93%; 3. the arterial partial pressure of oxygen (PaO2)/oxygen inhalation concentration (FiO2) ≤300 mmHg; 4. 
progressive aggravation of clinical symptoms and lung imaging demonstrated a significant lesion progression of >50% 
within 24–48 h. A critically ill case was considered as one that met one of the following criteria: 1. respiratory failure and the 
need for mechanical ventilation; 2. shock; 3. combined with other organ failures and requiring intensive care unit (ICU) 
monitoring and treatment. The patients were excluded from this study once they met the following criteria: 1. incomplete or 
missing clinical data; 2. patients who rejected or did not cooperate with active treatments; 3. patients with immunosuppres-
sion (including transplant recipients, hematologic neoplasms, chemotherapy, those on long-term use of immunosuppres-
sants); 4. patients receiving continuous renal replacement therapy (CRRT). A total of 1048 patients were deemed positive for 
SARS-CoV-2 nucleic acid from throat swab samples; from these 766 cases were excluded based on the exclusion criteria 
and, finally, 282 cases were enrolled in this study (Figure 1).
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Data Collection
Clinical data were collected by reviewing the patient’s electronic medical records. We collected the data on the age, sex, 
time from symptom onset to hospital admission, the length of stay (LOS), COVID-19 vaccine information, and ICU stay 
or not; comorbidities (including hypertension, diabetes mellitus, pulmonary diseases, cerebral infarction, coronary heart 
disease [CHD], renal diseases, and malignancy); clinical manifestations (including coughing, breathing difficulty, fever, 
chest tightness, asthma, unconsciousness, acute respiratory distress syndrome [ARDS], respiratory failure or not, and 
SpO2 value on admission); treatments (including invasive operations, and therapeutics); complications (including shock, 
cardiac insufficiency, hepatic insufficiency, renal insufficiency, hypoproteinemia, gastrointestinal bleeding [GIB], and 
combined infections), and patients’ prognoses (survival or death in 60 days). We also collected data on laboratory 
indicators at the time of admission, including white blood cell (WBC), lymphocyte (L), neutrophil (N), neutrophil to 
lymphocyte ratio (NLR), C-reactive protein (CRP), procalcitonin (PCT), prothrombin time (PT), international normalized 
ratio (INR), activated partial thromboplastin time (APTT), thrombin time (TT), fibrinogen (FIB), D dimer, Troponin T, 
creatine kinase-MB (CK-MB), myohemoglobin (Mb), brain natriuretic peptide (BNP), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), urea nitrogen (BUN), creatinine (Cr), total protein (TP), albumin (ALB), and fasting 
blood-glucose (Glu) levels.

Quantitative Detection of cfDNA
The QLAamp DNA Blood Mini Kit (50) (QIAGEN, Germany) was used to extract DNA from 200 μL of the patients’ 
plasma samples on admission as per the internal standard and as recommended by the manufacturer. A plasma cell-free 
DNA quantitative detection kit (Code Biotech, Jiangsu, China) was used to quantify the concentration of cfDNA by 
duplex real-time PCR assay; the detailed steps of the procedure have been described previously.18

Statistical Analysis
Statistical analysis and nomogram establishment were performed with SPSS 24.0 software (IBM Corp, Armonk, NY, 
USA) and the R software (version 4.2.3). Categorical variables were expressed as frequency (percentage). Continuous 
variables were expressed as the mean ± SD when normally distributed and median (Quartile 25%, Quartile 75%) when 
non-normally distributed. Categorical variables were compared by the χ2 test or Fisher’s exact test and continuous 

Figure 1 Study flow diagram of severe COVID-19 patient enrollment.
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variables were compared by Student’s t-test or Mann–Whitney U-test, as deemed appropriate. The clinical characteristics 
and laboratory findings of severe COVID-19 patients in the survival and death groups were primarily compared through 
univariate analysis, and variables with p < 0.05 were entered into forward conditional multivariate regression analyses to 
identify the independent risk factors for death in severe COVID-19 patients. A predicting nomogram model of severe 
COVID-19 patient mortality based on the above mentioned independent risk factors was established using the R software 
package with the Rms. Internal validation of the established nomogram was performed by 1000 bootstrap samples 
(repeated sampling of the original data 1000 times), C-index, calibration curve, and receiver operating characteristic 
(ROC) curve; Hosmer—Lemeshow test was used to assess the performance and accuracy of the model.

Results
Clinical Characteristics and Laboratory Findings
The clinical characteristics of 282 patients with severe COVID-19 caused by SARS-CoV-2 are shown in Table 1. The 
ages of the patients ranged from 32 to 100 years, with a median age of 80 years. One hundred ninety-one patients 
(67.7%) were male and 91 (32.3%) were female. Only 10 out of 282 patients had ever received the COVID-19 vaccine 
before infection. In addition, 90.1% (254/282) of these patients had comorbidities, such as hypertension (63.8%), 
diabetes mellitus (40.8%), CHD (29.1%), and cerebral infarction (27.3%) being the most common. Fever (61.0%), 
cough (52.5%), and respiratory failure (49.6%) were the three primary clinical manifestations. Moreover, 27.7% of the 

Table 1 Clinical Characteristics of Severe COVID-19 Patients Caused by SARS-CoV-2

Variables Total 
(n=282)

Survival Group 
(n=125)

Death Group 
(n=157)

χ2/Z P value

Age (years) 80.0 (71.0, 86.0) 75.0 (65.0, 83.0) 82.0 (75.0, 87.5) −4.805 <0.001
Age≥80 149 (52.8%) 53 (42.4%) 96 (61.1%) 9.814 0.002

Sex

Male 191 (67.7%) 82 (65.6%) 109 (69.4%) 0.466 0.495
Female 91 (32.3%) 43 (34.4%) 48 (30.6%)

Time from symptom onset to hospital 

admission(d)

7.0 (5.0, 10.0) 7.0 (5.0, 10.0) 7.0 (5.0, 10.0) −1.600 0.110

LOS(d) 16.0 (9.0, 22.0) 17.0 (12.5, 28.5) 13.0 (7.0, 20.0) −5.008 <0.001

COVID-19 vaccine 10 (3.5%) 3 (2.4%) 7 (4.5%) 0.365 0.546

ICU stay 111 (39.4%) 30 (24.0%) 81 (51.6%) 22.198 <0.001
Comorbidities 247 (95.0%) 110 (95.7%) 137 (94.5%) 0.185 0.667

Hypertension 180 (63.8%) 71 (56.8%) 109 (69.4%) 4.806 0.028

Diabetes mellitus 115 (40.8%) 54 (43.2%) 61 (38.9%) 0.544 0.461
Pulmonary Diseases 37 (13.1%) 11 (8.8%) 26 (16.6%) 3.677 0.055

Cerebral infarction 77 (27.3%) 29 (23.2%) 48 (30.6%) 1.906 0.167

CHD 82 (29.1%) 32 (25.6%) 50 (31.8%) 1.317 0.251
Renal diseases 47 (16.7%) 23 (18.4%) 24 (15.3%) 0.486 0.486

Malignancy 52 (18.4%) 26 (20.8%) 26 (16.6%) 0.832 0.362

Clinical manifestations
Cough 148 (52.5%) 67 (53.6%) 81 (51.6%) 0.112 0.737

Breathing difficulty 47 (16.7%) 21 (16.8%) 26 (16.6%) 0.003 0.957

Fever 172 (61.0%) 71 (56.8%) 101 (64.3%) 1.659 0.198
Chest tightness 60 (21.3%) 26 (20.8%) 34 (21.7%) 0.030 0.861

Asthma 55 (19.5%) 22 (17.6%) 33 (21.0%) 0.518 0.472

Unconsciousness 80 (28.4%) 19 (15.2%) 61 (38.9%) 19.161 <0.001
ARDS 78 (27.7%) 25 (20.0%) 53 (33.8%) 6.583 0.010

Respiratory failure 140 (49.6%) 48 (38.4%) 92 (58.6%) 11.358 0.001

SpO2 (%) 90 (80, 95) 93 (89, 95) 85 (80, 92) −0.5.604 <0.001

(Continued)
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patients progressed to ARDS. Treatments for patients with severe COVID-19 were generally based on symptomatic 
supportive therapy, with 62.4% (176/282) of them taking antivirals for SARS-CoV-2 such as Azvudine, Paxlovid, or 
a combination of both. The most common complications were cardiac insufficiency (52.1%), renal insufficiency (35.5%), 
and hypoproteinemia (22.3%), affecting 78.4% (221/282) of patients. During the study period, 157 patients died and 125 
patients survived; the mortality rate was 55.7% (157/282). The laboratory findings of patients with severe COVID-19 are 
shown in Table 2. The concentrations of N, CRP, PCT, APTT, FIB, D-dimer, Troponin T, Mb, BNP, BUN, and Glu were 
higher than normal. In contrast, L, TP, and ALB concentrations were lower than normal. The median value of cfDNA was 
112.98 (65.23, 233.51) ng/mL.

Comparison Between Patients in the Survival and the Death Groups
We compared the clinical characteristics, traditional laboratory findings, and cfDNA levels between the two groups. 
According to univariate analyses, age, LOS, ICU stay, hypertension, unconsciousness, ARDS, respiratory failure, SpO2 

level, tracheal intubation, mechanical ventilation, CRRT, antiviral drug use, shock, cardiac insufficiency, renal insuffi-
ciency, GIB, pulmonary fungal infections, WBC, L, N, NLR, CRP, PCT, PT, INR, D-dimer, Troponin T, CK-MB, Mb, 
BNP, AST, BUN, Cr, Glu, and cfDNA were significantly different in the two groups (Table 1 and Table 2). The results of 
the multivariate logistic regression model using significantly different variables showed that age, tracheal intubation, 
shock, cfDNA, and BUN were the independent risk factors for death in patients with severe COVID-19 (Table 3). The 
ROC curves for age, cfDNA, and BUN for predicting mortality of patients with severe COVID-19 are shown in Figure 2. 
The area under the curve (AUC) for age, cfDNA, and BUN were 0.660 (95% CI: 0.603–0.730, sensitivity 73.9%, 
specificity 52.8%, and cut-off value 76.5 years), 0.805 (95% CI: 0.713–0.898, sensitivity 81.4%, specificity 75.6%, and 
cut-off value 97.67 ng/mL), and 0.638 (95% CI: 0.573–0.703, sensitivity 73.2%, specificity 50.4%, and cut-off value 7.67 
μmol/L), respectively.

Table 1 (Continued). 

Variables Total 
(n=282)

Survival Group 
(n=125)

Death Group 
(n=157)

χ2/Z P value

Treatments
Invasive therapy

Tracheal intubation 97 (34.4%) 18 (14.4%) 79 (50.3%) 39.788 <0.001

Tracheotomy 19 (6.7%) 5 (4.0%) 14 (8.9%) 2.678 0.102
Mechanical ventilation 105 (37.2%) 21 (16.8%) 84 (53.5%) 40.115 <0.001

CRRT 45 (16.0%) 11 (8.8%) 34 (21.7%) 8.577 0.003

Antiviral drug use for anti-COVID-19
Azvudine 129 (45.7%) 51 (40.8%) 78 (49.7%) 2.212 0.137

Paxlovid 29 (10.3%) 12 (9.6%) 17 (10.8%) 0.114 0.736

Azvudine+Paxlovid 18 (6.4%) 14 (11.2%) 4 (2.5%) 8.718 0.003
Complications

Shock 38 (13.5%) 1 (0.8%) 37 (23.6%) 30.938 <0.001

Cardiac insufficiency 147 (52.1%) 51 (40.8%) 96 (61.1%) 11.545 0.001
Hepatic insufficiency 49 (17.4%) 23 (18.4%) 26 (16.6%) 0.164 0.685

Renal insufficiency 100 (35.5%) 28 (22.4%) 72 (45.9%) 16.735 <0.001

Hypoproteinemia 63 (22.3%) 31 (24.8%) 32 (20.4%) 0.783 0.376
GIB 28 (9.9%) 5 (4.0%) 23 (14.6%) 8.826 0.003

Combined infections

Pulmonary fungal infection 93 (33.0%) 32 (25.6%) 61 (38.9%) 5.531 0.019
Pulmonary bacterial infection 74 (26.2%) 37 (29.6%) 37 (23.6%) 1.309 0.253

BSIs 12 (4.3%) 3 (2.4%) 9 (5.7%) 1.897 0.168

Abbreviations: Los, length of stay; CHD, coronary heart disease; ARDS, acute respiratory distress syndrome; CRRT, continuous renal replacement 
therapy; GIB, gastrointestinal bleeding; BSIs, bloodstream infections.
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Establishment and Validation of the Nomogram for Patient Mortality
A nomogram model for predicting mortality of patients with severe COVID-19 was constructed based on the independent risk 
factors. As shown in Figure 3, the value of each variable corresponded to a specific score, the sum of which was the total score, 
and the corresponding point on the predicted probability of death axis was the probability that patients with severe COVID-19 
would die. The calibration curve revealed that the mean absolute error between the actual and predicted probabilities was 0.007, 
suggesting that the nomogram model had a high consistency between the actual and the predicted probabilities (Figure 4). The 
ROC curve (Figure 2) and C-index were used to assess the predictive ability of the established nomogram. AUC was 0.856 (95% 

Table 3 Logistic Multivariable Regression Analysis of Risk Factors for Death in Severe 
COVID-19 Patients Caused by SARS-CoV-2

B SE Wald P value OR (95% CI)

Age 0.081 0.016 26.838 <0.001 1.084 (1.052, 1.118)

Tracheal intubation 1.878 0.370 25.687 <0.001 6.538 (3.163, 13.514)
Shock 3.278 1.067 9.434 0.002 26.525 (3.275, 214.854)

cfDNA 0.006 0.002 5.796 0.016 1.006 (1.001, 1.011)

BUN 0.069 0.019 13.738 <0.001 1.072 (1.033, 1.112)

Table 2 Laboratory Findings of Severe COVID-19 Patients Caused by SARS-CoV-2

Variables Total (n=282) Survival Group (n=125) Death Group (n=157) t/Z P value

Conventional index
Inflammatory index
WBC (3.5–9.5)×109/L) 8.22(5.31, 11.52) 7.36(5.15, 10.77) 8.75(5.78, 12.50) −2.738 0.006

L (1.1–3.2)×109/L) 0.54(0.38, 0.79) 0.57(0.41, 0.88) 0.51(0.36, 0.73) −2.387 0.017
N (1.8–6.3)×109/L) 6.86(4.22, 10.16) 6.22(3.75, 9.29) 7.77(4.73, 11.08) −3.190 0.001

NLR 12.44(6.63, 21.35) 10.51(5.45, 17.41) 13.80(8.58, 25.54) −4.470 0.001

CRP (0–10mg/L) 70.45(40.70, 90.0) 61.00(27.50, 90.00) 74.65(46.90, 107.50) −3.146 0.002
PCT (0–0.05ng/mL) 0.39 (0.13, 1.52) 0.21(0.10, 0.78) 0.64(0.24, 2.93) −4.824 <0.001

Coagulation index
PT (8–14s) 13.00(12.10, 14.20) 12.60(11.93, 13.48) 13.50(12.30, 14.50) −4.260 <0.001

INR 1.14(1.06, 1.25) 1.10(1.04, 1.19) 1.19(1.07, 1.28) −4.351 <0.001

APTT (25.0–31.3s) 31.60(28.73, 35.45) 31.20(29.05, 34.43) 31.85(28.35, 36.08) −0.705 0.481
TT (15–21s) 16.40(15.70, 17.50) 16.20(15.60, 17.10) 16.60(15.80, 17.80) −1.937 0.053

FIB (2.0–4.0g/L) 4.87(3.65, 6.21) 5.00(3.85, 6.26) 4.86(3.51, 6.21) −0.609 0.542

D-dimer (<0.55mg/L) 1.80(0.85, 4.19) 1.15(0.59, 2.88) 2.41(1.10, 5.24) −4.774 <0.001
Cardiac index
Troponin T (0–14ng/L) 33.56(18.15, 79.80) 22.44(12.15, 38.94) 47.22(26.85, 110.60) −6.307 <0.001

CK-MB (0–6.22ng/mL) 2.06(1.08, 5.04) 1.61(0.86, 2.74) 2.92(1.49, 6.42) −4.507 <0.001
Mb (<72ng/mL) 86.14(26.74, 230.65) 44.99(18.78, 179.40) 116.60(50.73, 327.18) −4.179 <0.001

BNP (0–125pg/mL) 1714.60(726.35, 5425.50) 1056.00(489.60, 2982.90) 6845.00(1108.00, 6845.00) −4.974 <0.001

Biochemical index
ALT (9.0–50.0U/L) 25.65(15.43, 43.55) 22.20(13.70, 42.20) 27.50(17.35, 44.30) −1.733 0.083

AST (15.0–40.0U/L) 39.10(24.08, 59.78) 30.80(20.45, 53.35) 42.80(29.95, 63.60) −3.843 <0.001

BUN (3.1–8.0μmol/L) 9.30(6.28, 16.22) 7.65(5.63, 13.63) 11.23(7.48, 18.25) −3.989 <0.001
Cr (57.0–97.0μmol/L) 84.75(59.78, 151.18) 71.80(54.45, 106.80) 97.20(66.85, 180.55) −3.818 <0.001

TP (65.0–85.0g/L) 59.37±7.02 59.06±6.75 59.65±7.24 −0.686 0.493

ALB (40.0–55.0g/L) 29.89±4.60 30.01±5.02 29.71±4.21 0.701 0.484
Glu (3.9–6.1mmol/L) 7.68(6.00, 10.44) 7.15(5.60, 9.87) 8.51(6.36, 11.40) −2.648 0.008

Specific biomarker
cfDNA (ng/mL) 112.98(65.23, 233.51) 67.87(42.39, 102.29) 158.11(100.06, 273.38) −5.176 <0.001
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Figure 2 The ROC curves for variables predicting mortality in severe COVID-19 patients.

Figure 3 Predicting nomogram model for severe COVID-19 patient mortality. 0: No; 1: Yes.

Figure 4 The calibration curves of the nomogram.
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CI: 0.814, 0.899), sensitivity 78.3%, specificity 78.4%, the C-index of the nomogram was 0.856 (95% CI: 0.832, 0.918), and 
Hosmer-Lemeshow test showed no statistically significant difference (χ2 = 6.085, P = 0.638). The results showed high accuracy 
and uniqueness of this prediction nomogram.

Discussion
In our study, the mortality rate for patients with severe COVID-19 was 55.7%, similar to other patients with severe 
COVID-19, which ranged from 48.1% to 52.2%.20–22 The overall pooled case fatality rate of COVID-19 was only 
10.0%. Still, it varied significantly for different populations, highlighting the significance of performing stratified analysis 
to better understand the impact of the disease on other groups of patients.1

According to previous studies, age has been a significant risk factor for developing severe diseases and death in patients 
with COVID-19.10,23–25 It was once again demonstrated in our research, but interestingly, we discovered that the median age 
of patients with severe COVID-19 in this study was greater than previously reported. The findings indirectly showed the 
reduced pathogenicity of the Omicron variants compared to the original strain or other variants.23,25 In our study, male patients 
were more likely to develop severe symptoms. Tu et al incorporated gender as a risk factor into the nomogram model for 
predicting patients with severe COVID-19.26 Vaccination against SARS-CoV-2 is the most effective measure to reduce 
hospitalization, severe COVID-19, and death.27 Moghadas et al reported that vaccination can reduce the overall morbidity rate 
by 4.4%, and the effect is more obvious in people over 65 years old, meanwhile, vaccination can reduce the non-ICU 
hospitalization, ICU hospitalization rate, and mortality rate by 63.5%, 65.6%, and 69.3%, respectively.28 Only 3.5% of the 
patients in this study had received the COVID-19 vaccine prior to the infection; this finding may help to explain why these 
patients developed severe infections despite the low pathogenicity of the Omicron strain. According to research, comorbidities 
affected over 50% of inpatients with COVID-19 and increased to 75% in patients with severe COVID-19.10,29 The percentage 
in our study increased to 90.1%, this may be associated with our elderly patients, who were more likely to have underlying 
diseases. The most common comorbidities were hypertension, diabetes mellitus, and CHD, as reported in previous literature.23 

These three diseases have a history of being associated with severe infections.23,24,29 Tumor chemotherapy, renal failure, 
increased cardiovascular risk despite having no cardiovascular disease, or obesity have all been associated with serious 
COVID-19 outcomes.4–6,29 Therefore, the population at high risk of severe COVID-19 should focus on preventing and 
controlling primary diseases to reduce the incidence of severe diseases when COVID-19 occurs. This group should also be 
promptly monitored, and interventional measures should be implemented.

The rapid disease progression in patients with severe COVID-19 that resulted in ARDS, respiratory failure, other 
complications, or even multiple organ failure was identified. Angiotensin-converting enzyme 2, the primary cell entry 
receptor for SARS-CoV-2, is widely distributed in bodily tissues, which allows it to attack several other organs in addition 
to the respiratory system, such as the kidneys, liver, cardiovascular system, and gastrointestinal tract.30,31 On the other hand, 
multiple organ failure and disease aggravation were also a result of the cytokine storm caused by COVID-19.32 The use of 
broad-spectrum antibiotics also creates ideal conditions for the colonization and infection of fungi20 and other pathogen 
infections observed in patients with severe COVID-19 and inflamed alveolar space caused by SARS-CoV-2.

When patients with severe COVID-19 were admitted, laboratory results showed increased inflammatory factors, 
abnormal coagulation parameters and cardiac function parameters, decreased protein levels, and increased blood glucose 
levels, which are signs of multi-organ damage. Previous research suggested that CRP, TP, D-dimer, ALB, lymphocyte 
count and IL-6 can predict patients with severe COVID-19.2,26 Additionally, we observed high concentrations of cfDNA 
in patients with severe COVID-19.

The high concentration of cfDNA was initially observed in systemic lupus erythematosus. It was discovered that cfDNA can 
be also increased in various diseases, including tumors, trauma, infection, stroke, myocardial infarction, etc.33 According to 
studies, cfDNA levels are an independent factor of ICU admission and positively correlate with the severity of COVID-19.13 

Temesgen et al found that cfDNA hospitalized patients with COVID-19 source from hematopoietic cells and hepatocytes, 
adipocytes, vascular endothelium, lung, heart, and renal cells, indicating multi-organ damage. In addition, cfDNA may cause 
tissue injury and aggravate inflammation as a danger-associated molecular pattern by binding to toll-like receptor 9.16 Although 
cfDNA appears to be a valuable biomarker, it is not frequently used in clinical settings. The main reasons for the limitations of 
cfDNA in clinical applications are the significant discrepancies in quantitative analysis of cfDNA from various laboratories and 
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the lack of accurate and precise quantitative methods. The method presented in our study has been demonstrated to have adequate 
sensitivity, repeatability, precision, and accuracy. This duplex real-time PCR assay can also eliminate variations and have stable 
analytical performance in the quantification of cfDNA.18

Age, tracheal intubation, shock, cfDNA, and BUN were identified as the independent risk factors for death in patients with 
severe COVID-19 by multivariate logistic regression analysis findings. Age is already a known risk factor. Age >70 years old 
have been documented.10,11 The cut-off age in our study was 76.5 years. Treatment for patients with severe COVID-19 who 
developed acute hypoxemic and respiratory failure included tracheal intubation.34 However, this is a high-risk procedure, and 
peri-intubation complications such as cardiovascular instability, hemodynamic changes, ventilator-induced lung injury, and 
secondary infections may expose patients to a higher risk of mortality.35–37 Shock is a severe clinical condition that causes 
organs and peripheral tissues to receive insufficient perfusion because of acute circulatory failure.38 If not treated promptly and 
effectively, it can quickly result in multi-organ failure and, ultimately, death. In this study, shock in patients with severe 
COVID-19 can increase the risk of death by 26-fold. Early identification of the onset of shock and the type of shock, along 
with prompt and appropriate treatment measures, may significantly improve the prognosis of patients with severe diseases.39 

The AUC of cfDNA was up to 0.805, indicating a good diagnostic efficiency for predicting the death of the patient. cfDNA and 
BUN were the only two laboratory indicators included in our logistic model. Patients at risk of severe disease and death can be 
specifically identified by their cfDNA profile at admission.13,16 According to a systematic review, acute renal injury was 
a predictor of mortality in patients with COVID-19, and BUN can significantly increase in death.40

Then, to more clearly comprehend the connection between these distinct risk variables and mortality in patients with 
severe COVID-19,10 we created a prediction nomogram model for mortality based on five risk factors. A nomogram is 
a graphic representation of the outcomes of a regression model. It is a graphical tool that combines disconnected line segments 
to depict the functional relationship between various variables in a plane coordinate. Each variable is given a score based on 
how much it contributes to the outcome variable, and by adding the scores for the many variables, the probability of the 
anticipated occurrence may be easily determined. Because of its visualization function, nomogram is frequently used in tumor 
risk prediction and prognosis assessment and has a promising future in this field.41 As a new biomarker, cfDNA was initially 
included in the nomogram for predicting the mortality of patients with severe COVID-19 when compared to previously 
reported nomogram models predicting death, and this prediction model demonstrated good predictive ability.

Our research has some limitations. First, because this is a single-center retrospective study, the population may 
contain certain biases. Second, we did not compare the clinical characteristics with those of common patients with 
COVID-19, the clinical data of common COVID-19 caused by Omicron variants was relatively hard to collect as the 
shortage of medical resources resulted in most non-severe patients were not hospitalized during this period. Finally, the 
developed nomogram model was not validated using any external data.

Conclusion
This study examined severe COVID-19 infections in a tertiary general hospital in East China. Most patients with severe 
COVID-19 were elderly males with underlying diseases; they were prone to complications and had high mortality rates. 
cfDNA levels ≥97.67 ng/mg can significantly increase the mortality rate of patients with severe COVID-19. A nomogram 
based on age, tracheal intubation, shock, cfDNA, and BUN had high accuracy and consistency when predicting mortality 
in patients with severe COVID-19.
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