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Abstract

Introduction: This study aimed to investigate the clinical characteristics of patients infected with coronavirus disease 2019 (COVID-19) and to
identify risk factors associated with severe infection among Chinese patients.

Methodology: We collected demographic data, clinical characteristics, and laboratory test results at admission for COVID-19 patients
hospitalized in one of two designated tertiary hospitals in Yili Prefecture, Xinjiang Province, between July 2022 and October 2022. Patients
were categorized into Group A (asymptomatic, mild, and moderate cases) and Group B (severe and critical cases) based on disease severity.
Multivariate regression analysis was conducted to identify risk factors for severe disease, and a nomogram prediction model was developed
using these factors. Additionally, stratified analyses were performed by comorbidity status.

Results: Multivariate analysis indicated that older age, male sex, elevated urea nitrogen, higher D-dimer levels, and combined laboratory
parameters at admission were positively associated with disease severity. The predictive performance of these factors, measured by area under
the curve, was 0.872 (95% CI: 0.819-0.925), 0.613 (95% CI: 0.514-0.712), 0.813 (95% CI: 0.724-0.902), 0.790 (95% CI: 0.717-0.862), and
0.931 (95% CI: 0.891-0.971), respectively. Conversely, vaccination appeared to mitigate progression to severe disease to some extent.
Conclusions: Patient age, sex, urea nitrogen, D-dimer, and serum creatinine levels at admission, as well as vaccination status and comorbidities,
significantly influence disease progression in COVID-19 patients. Clinical management can be optimized by tailoring early warning systems
and intervention strategies based on these patient-specific risk factors, thereby supporting informed decisions for diagnosis, treatment,

prevention, and control.
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Introduction

Coronavirus disease 2019 (COVID-19) continues
to pose a global public health challenge since its
emergence in 2019. Over time, multiple mutant strains
have appeared, exhibiting varying degrees of
transmissibility, pathogenicity, and immunogenicity
[1]. The B.1.1.529 variant, first identified in South
Africa in November 2021, was classified by the World
Health Organisation (WHO) as a variant “of concern”
and named Omicron. Its numerous sublineages have
gradually become the dominant circulating severe acute
respiratory  syndrome  (SARS-CoV-2)  variants
worldwide. According to a report published on June 25,
2024, in the Health Day section of U.S. News & World
Report, COVID-19 infections are rising again in the
United States, driven by hot weather, increased travel,
and family gatherings. Data from the U.S. Centres for
Disease Control and Prevention (CDC) indicate a 25%
increase in hospitalizations from May 26 to June 1,

suggesting no clear decline in case numbers. Similarly,
Spain’s Instituto de Salud Carlos III, through its
surveillance system for acute respiratory infections,
reported that the COVID-19 incidence rate rose from
136.9 to 151 cases per 100,000 people between June 17
and 23, 2024. In China, the Chinese CDC recorded 157
new severe cases and eight deaths from May 1 to May
31, 2024, including two deaths from respiratory failure
due to COVID-19 and six deaths from COVID-19
combined with underlying conditions. The positive rate
for SARS-CoV-2 among influenza-like illness cases
also increased, from 8.9% during July 1-7 to 18.7%
during July 22-28. These data underscore that COVID-
19 remains a significant ongoing threat to global health.

The clinical severity of COVID-19 ranges from
asymptomatic or mild symptoms to severe and critical
illness [2]. Although most patients experience mild
symptoms and the overall morbidity and mortality are
lower than those of Middle East respiratory syndrome
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and SARS, COVID-19 is highly contagious, largely due
to asymptomatic and presymptomatic transmission. In
China, among 72,314 reported cases, approximately
81% were classified as mild, 14% as severe, and 5% as
critical [3]. Studies have also indicated that
asymptomatic or mildly symptomatic cases account for
30%—-60% of all infections [4,5]. While most cases are
mild and self-limiting, a subset of patients may progress
rapidly to acute respiratory distress syndrome (ARDS)
[6] and subsequently develop multiorgan dysfunction
syndrome, which can involve concurrent cardiovascular
impairment, acute kidney injury (AKI), hepatic
dysfunction, and coagulopathy. Multiple studies have
identified advanced age (> 65 years) and pre-existing
conditions such as hypertension, diabetes mellitus, or
cardiovascular disease as significant risk factors for
severe COVID-19 outcomes [7]. Vaccination has been
shown to play a critical role in reducing both morbidity
and mortality [8].

Although immunity, vaccination, and the natural
attenuation of viral virulence have reduced overall
disease severity, risk prediction remains critical for
identifying patients at high risk of developing severe
COVID-19, including ARDS [9]. Early and rapid
identification of high-risk individuals is essential to
guide timely preventive measures and therapeutic
interventions. Without prompt and appropriate care,
outcomes for these patients can be poor, underscoring
the importance of targeted risk stratification in clinical
management.

Therefore, the timely identification of clinical
warning signs is crucial for the early intervention of
patients at risk of progressing to severe or critical
illness. While previous studies have described the
epidemiological features and clinical characteristics of
COVID-19, well-defined risk factors for adverse
clinical outcomes remain limited.

Objectives

This study aimed to characterize the clinical and
laboratory features of COVID-19 patients and to
examine their association with disease severity in two
tertiary hospitals in Yili Prefecture.

Methodology
Study Design

We conducted a retrospective, multicenter study of
consecutive patients with suspected COVID-19 (n =
1,110) admitted to two national-level sentinel tertiary
hospitals between July 30 and October 19, 2022.
Inclusion criteria were: (1) positive nasopharyngeal
swab results by reverse transcriptase polymerase chain
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reaction (RT-PCR); and (2) availability of complete
clinical data. Exclusion criteria were: (1) negative RT-
PCR results from nasopharyngeal swabs; and (2)
incomplete clinical data. SARS-CoV-2 infection was
confirmed by RT-PCR using DaAn Gene assays (Cat#
DAO0931; target genes: ORFlab/N). Positivity was
defined as cycle threshold (Ct) values < 35 for the
ORF1ab and/or N gene(s), with single-target positivity
requiring retest confirmation, in accordance with the
Diagnosis and Treatment Protocol for Novel
Coronavirus Pneumonia (Trial Version 9) issued by
China’s National Health Commission [10].

All procedures involving human participants were
conducted in accordance with the ethical standards of
the Ethics Committee of the People’s Hospital of
Xinjiang Uygur Autonomous Region and the 1964
Helsinki Declaration, including its later amendments or
comparable ethical standards. The study protocol was
approved by the hospital’s ethical review board (Ethical
Approval No. KY2024051001). Written informed
consent to participate was obtained from all participants
or their legal guardians.

COVID-19 patients were classified according to the
9th edition of the Diagnosis and Treatment Protocol for
Novel Coronavirus Pneumonia issued by China’s
National Health Commission [10]. Asymptomatic
infection: Patients with a positive RT-PCR test for
SARS-CoV-2 in respiratory or other specimens, but
without clinical symptoms such as fever, sore throat, or
dry cough, and no radiological features of COVID-19
on computed tomography (CT) imaging. Mild type:
Patients exhibiting mild clinical symptoms without
evidence of pneumonia on imaging. Moderate type:
Patients presenting with fever and respiratory
symptoms, along with radiological signs of pneumonia.
Severe type: Patients meeting any of the following
criteria: (1) Respiratory rate > 30 breaths/min; (2)
Resting oxygen saturation < 93%; (3) PaO./FiO;
(partial pressure of arterial oxygen/fraction of inspired
oxygen) <300 mmHg (1 mmHg = 0.133 kPa); (4) Rapid
progression of lung lesions on imaging, with an
increase > 50% within 24-48 hours. Critical type:
Patients meeting any of the following conditions: (1)
Respiratory failure requiring mechanical ventilation;
(2) Shock; (3) Multiple organ failure requiring intensive
care unit (ICU) treatment.

Patients were discharged when they met all of the
following criteria: (1) Body temperature returned to
normal and remained stable for more than three days;
(2) Respiratory symptoms showed significant
improvement; (3) Chest CT imaging demonstrated a
reduction in pulmonary exudative lesions.
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Data Collection

Clinical, demographic, and laboratory data were
collected from electronic medical records and through
interviews with attending physicians. Data collection
was conducted by a team of trained physicians and
medical students. To protect patient privacy, each
participant was assigned a unique identifier, and all
digital records were stored on a password-protected
computer. Nasopharyngeal swab samples were
obtained from all patients at admission and tested for
SARS-CoV-2 using RT-PCR.

Demographic and laboratory variables recorded on
the first day of hospitalization included: Demographic
data: age, sex, duration of hospitalization,
comorbidities, disease-related anxiety, and vaccination
status. Vaccination status was categorized as
unvaccinated or vaccinated (at least one dose).
Hematological parameters: lymphocyte count (Lyc),
platelet count (PLT), white blood cell count (WBC),
and neutrophil count. Infection markers: procalcitonin
(PCT) and C-reactive protein (CRP). Coagulation
profile: D-dimer. Liver and kidney function: aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), serum creatinine (Cr), and blood urea nitrogen
(BUN). These variables were analyzed to evaluate their
association with COVID-19 disease severity.

Statistical Analysis

Data were entered using Microsoft Excel 2013 and
analyzed using SPSS version 24.0 and R version 4.1.0
(Vienna, Austria).

Figure 1. COVID-19 patient enrollment and group stratification.

All patients with suspected COVID-
19 between 2022/7/30-2022/10/19
(n=1777)

Exclusion
PCR result is negative (n=56)
Data insufficient for analysis (n=611)

A

Eligible patients diagnosed with
COVID-19 between 2022/7/30-
2022/10/19
(n=1110)
\ Y
A group: B group: severe/
asymptomatic/ critical severe
mild/moderate patients
patients (n=27)
(n=1083)

COVID-19: coronavirus disease 2019; PCR: polymerase chain reaction.
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Categorical variables were presented as counts and
(%), while continuous variables were expressed as
medians with interquartile ranges (IQRs). The
normality of continuous variables was assessed using
the Shapiro—Wilk test.

Univariate analyses were conducted using the Chi-
square (y°) test for categorical variables and the Mann—
Whitney U test for continuous variables to identify
statistically significant factors. Variables showing
significance in univariate analysis were then included
in multivariate logistic regression models to identify
independent risk factors associated with disease
severity. Results of the logistic regression were reported
as odds ratios (ORs) with 95% confidence intervals
(95% Cls).

Collinearity among continuous variables was
assessed using the variance inflation factor (VIF), with
a threshold of VIF < 10 indicating acceptable
collinearity. Given the substantial differences in sample
sizes between groups, a less stringent significance level
of p <0.10, rather than the conventional p < 0.05, was
adopted, consistent with recommendations for
exploratory analyses involving unequal group sizes.
Significant risk factors identified in multivariate
analysis were used to construct a nomogram predictive
model using the rms package in R. The predictive
performance of each parameter was evaluated by
plotting receiver operating characteristic (ROC) curves
and calculating the area under the curve (AUC).
Calibration curves were subsequently generated to
assess the reliability and accuracy of the predictive
model. To examine whether comorbidities, including
hypertension, diabetes mellitus, and chronic obstructive
pulmonary disease (COPD), modified these
associations, stratified analyses were performed. For
these analyses, p < 0.10 was considered statistically
significant.

Results
Patients' demographics analysis

A total of 1,777 patients suspected of having
COVID-19 were initially screened, and after applying
exclusion criteria, 1,110 patients meeting the
enrollment criteria were included in the study. Patients
were assigned to Group A
(asymptomatic/mild/moderate; coded as 0) or Group B
(severe/critical; coded as 1) based on disease severity
(Figure 1). Of these, 1,083 patients were classified into
Group A, and 27 patients into Group B. Baseline
characteristics of the two groups are summarized in
Table 1. In Group A, 568 patients (52.4%) were male
and 515 (47.6%) were female, yielding a near 1:1 male-
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Table 1. Baseline Characteristics of Patients Infected With COVID-19.

Asymptomatic / Mild / Moderate

Characteristic .
patients

Age (years) 37.00 (22.00,60.00)

Duration of treatment (days) 9.00 (7.00,12.00)

Gender, n (%)

Male 568 (52.4%)

Female 515 (47.6%)

Fear of illness

Yes 713 (65.8%)

No 370 (34.2%)

Vaccinate

Yes 946 (87.3%)

No 137 (12.7%)

J Infect Dev Ctries 2026; 20(7):932-943.

Severe / Critical Severe patients WIZ P

79.00 (65.00, 82.00) -6.803 <0.001™"

7.00 (4.00,13.00) -1.743 0.0817

20 (74.1%) .

7 (25.9%) 4.946 0.026
26 (96.3%)

1 (3.7%) 10.984 <0.001

0,

13 (48.1%) 31.191 <0.001™

14 (51.9%)

Categorical variables are presented as counts (%) and continuous variables are presented as medians (interquartile spacing, IQR). P values comparing two groups
are derived from y? test, Fisher’s exact test, or Mann-Whitney U test. Statistical significance was primarily defined as fp < 0.1 (primary threshold), with
conventional significance levels denoted as *p < 0.05, **p < 0.01, ***p <0.001. COVID-19: coronavirus disease 2019.

to-female ratio, with a median age of 37 years (IQR,
22-60). In Group B, 20 patients (74.1%) were male and
7 (25.9%) were female, with a median age of 79 years
(IQR, 65-82). The median duration of hospitalization
was 9 days (IQR, 7-12) in Group A and 7 days (IQR,
4-13) in Group B. Disease-related anxiety was reported
in 713 patients (65.8%) in Group A and 26 patients
(96.3%) in Group B. Regarding vaccination status, 946
patients (87.3%) in Group A and 13 patients (48.1%) in
Group B had received at least one dose of a COVID-19
vaccine.

Prognostic Risk Factors for disease severity in COVID-
19 patients

To identify risk factors associated with severe
COVID-19, univariate and multivariable logistic
regression analyses were performed. As shown in Table
1, patients in Group B were significantly older than
those in Group A (median age, 79 vs. 37 years) and had
a higher proportion of males (74.1% vs. 52.4%), both
statistically significant differences. Disease-related
anxiety was more prevalent in Group B than in Group
A (96.3% vs. 65.8%), whereas vaccination rates were
significantly lower in Group B (48.1% vs. 87.3%).

Table 2. Laboratory Findings of Patients Infected With COVID-19.

Test .
patients

WBC, *10°/L 5.33 (4.15,6.81)

Lyc, *10°/L 1.85(1.2,3.34)

Neutrophil count, *10%/L
D-dimer (pg/L)

3.62 (2.28,7.43)
0.36 (0.20, 0.849)

PCT (ng/mL) 0.30 (0.23, 0.47)
CRP (mg/dL) 6.14 (1.50, 13.00)
PLT, *10°L 200 (163.00, 249.00)
ALT (U/L) 19.00 (13.00, 30.00)
AST (U/L) 24.10 (18.00, 34.00)
BUN (mmol/L) 4.69 (3.70, 6.06)
Cr (umol/L) 62.00 (49.00, 79.00)

Asymptomatic / Mild / Moderate

Laboratory comparisons between the two groups are
summarized in Table 2. Compared with Group A,
patients in Group B exhibited significantly higher
median values for WBC, 6.60 vs. 5.33 x 109/L, p =
0.016), D-dimer (1.66 vs. 0.36 mg/L, p < 0.001), PCT,
0.50 vs. 0.30 ng/mL, p <0.001), AST (32.00 vs. 24.10
U/L, p = 0.002), BUN, 10.01 vs. 4.69 mmol/L, p <
0.001), and Cr, 127.00 vs. 62.00 umol/L, p <0.001). In
contrast, Lyc (1.12 vs. 1.85 x 109/L, p < 0.001) and
PLT (75.00 vs. 200.00 x 109/L, p = 0.009) were
significantly lower in Group B. These findings
highlight both demographic and laboratory factors that
are associated with progression to severe or critical
COVID-19.

Thirteen variables identified in univariate analysis
were included in the multivariate logistic regression
model. Collinearity diagnostics confirmed that all
variables had VIF < 10 (Supplementary Table 1),
indicating no significant multicollinearity. Although
BUN and Cr exhibited moderate collinearity (VIF
~5.7), sensitivity analyses excluding BUN and/or Cr
confirmed that the effect estimates for key predictors
remained robust (Supplementary Tables 2-4).
Multivariate analysis revealed that older age, higher D-

Severe / Critical Severe patients Z value )4
6.60 (4.53,9.43) -2.417 0.016"
1.12 (0.69, 1.57) -4.426 <0.001"
4.92 (291, 8.95) -1.444 0.149
1.66 (0.59, 3.24) -5.339 <0.001™
0.50(0.34, 1.7) -3.850 <0.001"
6.8 (3.03, 17.30) -1.035 0.300

175.00 (108.00, 227.00) -2.604 0.009™
19.00 (11.00, 32.00) -0.117 0.907
32.00 (23.00, 55.00) -3.027 0.002""

10.01 (8.05, 16.32) -6.026 <0.001™
127.00 (72.50, 166.00) -5.278 <0.001"

Data are presented as medians (interquartile spacing, IQR). p values comparing two groups are from Mann-Whitney U test. Statistical significance was primarily
defined as TP < 0.1 (primary threshold), with conventional significance levels denoted as *p < 0.05, **p < 0.01, ***p < 0.001. COVID-19: coronavirus disease
2019; Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein; PCT: procalcitonin; AST: alanine aminotransferase;
ALT: alanine aminotransferase; Cr: creatinine (referring to serum creatinine); BUN: urea nitrogen.
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dimer levels, and elevated BUN were associated with
increased disease severity (age: OR 1.065, 95% CI
1.032-1.098, p < 0.001; D-dimer: OR 1.187, 95% CI
0.978-1.441, p = 0.083; BUN: OR 1.291, 95% CI
1.134-1.471, p < 0.001). Interestingly, higher Cr levels
were inversely associated with disease severity (OR
0.993, 95% CI 0.989-0.997, p < 0.001). Male patients
were more likely to develop severe disease than female
patients (OR 3.924, 95% CI 1.383-11.129, p = 0.010).
Vaccination was associated with reduced disease
severity (OR 0.323, 95% CI 0.108-0.961, p < 0.001)
(Table 3). The predictive performance of each factor,
assessed by ROC curves, showed AUC values of 0.872
(95% CI 0.819-0.925) for age, 0.813 (95% CI 0.724—
0.902) for BUN, 0.784 (95% CI 0.709-0.858) for Cr,
0.613 (95% CI 0.514-0.712) for gender, and 0.790
(95% CI 0.717-0.862) for D-dimer (Figure 2).
Vaccination was excluded from the combined model
due to its negligible discriminative power in univariate
ROC analysis (AUC = 0.313; Supplementary Figure 1).
The combined model incorporating all selected
predictors achieved an AUC of 0.931 (95% CI 0.891—
0.971) (Figure 2). Collinearity diagnostics for the
predictors in the ROC model are presented
(Supplementary Table 5). Sensitivity analyses
excluding BUN and/or Cr showed no significant
decrease in AUC (all p > 0.05, DeLong’s test),
confirming the stability of the model (Supplementary
Figure 2).

A nomogram was subsequently constructed to
predict disease severity in COVID-19 patients using the
six independently identified risk and protective factors:
age, D-dimer, BUN, Cr, gender, and vaccination status

J Infect Dev Ctries 2026; 20(7):932-943.

(Figure 3). The nomogram assigns points to each
predictor based on its value, age (0-100 years, 0-33
points), D-dimer (0—16 pg/mL, 0-23 points), BUN (0-
60 mg/dL, 0-100 points), Cr (0-2400 pmol/L, 0-95
points), gender (male: 8 points; female: 0), and
vaccination status (unvaccinated: 10 points; vaccinated:
0). The total points, with a theoretical range of 0—289
(displayed as 0-200), correspond to the predicted
probability of severe outcomes. By drawing a vertical
line from the total points to the “Risk of Event” axis,
clinicians can obtain the estimated risk, which is
categorized into Low Risk ( < 5%), Medium Risk (5-

Figure 2. Receiver operating characteristic (ROC) curves for
predicting severe COVID-19 using individual biomarkers and a
combined model.

ROC Curve
I J /
ra Age (AUC:0.872)
——Cr (AUC:0.784)
P ——BUN (AUC:0.813)
Gender (AUC:0.613)
P D-dimer (AUC:0.790)
A e Age+Cr+BUN+Gender+D-dimer
/ 31)
// Reference Line

06 08 10

FP

COVID-19: coronavirus disease 2019; AUC: area under the curve; BUN:
blood urea nitrogen; Cr: creatinine (referring to serum creatinine); ROC:
receiver operating characteristic.

Table 3. Multivariate Logistic regression model for the severity of COVID-19.

Items Regression coefficient Standard error P OR value OR value with 95%CI
Age (years) 0.063 0.016 <0.001" 1.065 (1.032,1.098)
WBC, *10°/L 0.057 0.093 0.538 1.059 (0.882, 1.271)
Lye, *10°/L -0.191 0.295 0.826 0.788 (0.464, 1.473)
D-dimer (pg/L) 0.172 0.099 0.083f 1.187 (0.978, 1.441)
PCT (ng/mL) -0.001 0.021 0.954 0.999 (0.959, 1.040)
PLT, *10°/L -0.002 0.003 0.586 0.998 (0.991, 1.005)
AST (U/L) 0.003 0.005 0.517 1.003 (0.993,1.014)
BUN (mmol/L) 0.256 0.066 <0.001™" 1.291 (1.134, 1.471)
Cr (umol/L) -0.007 0.002 <0.001"™ 0.993 (0.989, 0.997)
Duration of treatment (days) -0.059 0.047 0.214 0.943 (0.860,1.034)
Fear of illness

Yes -2.330 1.836 0.204 0.097 (0.003, 3.557)
No* Reference Reference Reference Reference Reference
Vaccine

Yes -0.678 0.169 <0.001™" 0.323 (0.108, 0.961)
No* Reference Reference Reference Reference Reference
Gender

Male 1.367 0.532 0.010" 3.924 (1.383, 11.129)
Female* Reference Reference Reference Reference Reference

*: Control Group. Statistical significance was primarily defined as 7p < 0.1 (primary threshold), with conventional significance levels denoted as *p < 0.05, **p
<0.01, ¥***p <0.001. COVID-19: coronavirus disease 2019; Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein;
PCT: procalcitonin; AST: alanine aminotransferase; ALT: alanine aminotransferase; Cr: creatinine (referring to serum creatinine); BUN: urea nitrogen; CI:

confidence interval.
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Figure 3. Nomogram for predicting the risk of progression to
severe COVID-19 based on six clinical variables.

0 10 20 30 40 50 60 70 80 90 100
Points L A s . L . | s L L s
Age L e e B |
0 20 40 60 80 100
D.dimer
0 4 8 12 16
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0 5 10 15 20 25 30 35 40 45 50 55 60
Cr r T T T T T T T T T T .
2400 2000 1600 1200 800 600 400 200 0
1
Gender —

Vaccination —

Total Points r T T T r T T T T r 1
0 20 40 60 80 100 120 140 160 180 200

Low i High
; —_
0.001 00501 0407 09099

Risk of Event

AUC: area under the curve; COVID-19: coronavirus disease 2019; BUN:
blood urea nitrogen; Cr: creatinine (referring to serum creatinine).

40%), or High Risk (> 40%) zones as defined on the
nomogram. The prognostic performance of COVID-19
severity was best predicted using the combination of
age, gender, BUN, D-dimer, and Cr. Calibration curves
indicated excellent agreement between predicted and
observed outcomes, with no significant deviation from
the reference line, confirming the reliability and
accuracy of the nomogram (Figure 4).

The relationship between comorbidities and the severity
of COVID-19.

Table 4 summarizes the distribution of
comorbidities across the two groups. Among Group A
patients, 546 (50.4%) had at least one comorbidity,
compared to all 27 patients (100%) in Group B, with all
differences statistically significant. Hypertension was
the most common comorbidity in both groups, followed
by diabetes, COPD, cerebral infarction, and heart
failure (Figure 5). To assess the robustness of
associations between potential predictors and disease
severity in patients with specific comorbidities,
subgroup analyses were performed for hypertension,

Table 4. Distribution of comorbidities in patients with COVID-19.

J Infect Dev Ctries 2026; 20(7):932-943.

Figure 4. Calibration curves of the nomogram for predicting severe
COVID-19 in the modelling cohort (n=1,110). The ideal line (grey
diagonal) represents perfect agreement between predicted and
observed probabilities.
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COVID-19: coronavirus disease 2019; MAE: mean absolute error.

Figure 5. Distribution of Severe/Critical Severe Patients (Green
Bars) and Asymptomatic/Mild/Moderate Patients (Red Bars)
Across Different Comorbidities.

450

400
350
300
250
200
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100
50
0 = | [ ] J | [ |

hypertension  diabetes cerebral coronary COPD  heart failure chronic renal

infarction heart disease failure

m Severe/ Critical Severe patients m Asymptomatic/Mild/ Moderate patients

COPD: chronic obstructive pulmonary disease; COVID-19: coronavirus
disease 2019.

Asymptomatic / Mild / Moderate Severe / Critical Severe patients (n =

e 2
Comorbidities patients (n = 1083) 27) vz P

Any 546 (50.4%) 27 (100%) 25.935 <0.001°"
Hypertension 407 (40.6%) 27 (100%) 38.076 <0.001™"
Diabetes 233 (21.5%) 20 (74.1%) 41.354 <0.001™
COPD 57 (5.3%) 13 (48.1%) 74.899 <0.001"
Cerebral infarction 35 (3.2%) 15 (55.6%) 155.720 <0.001™
Heart failure 50 (4.6%) 14 (51.29%) 99.657 <0.001"

Variables are presented as counts (%). p comparing two groups are derived from y? test. Statistical significance was primarily defined as fp < 0.1 (primary
threshold), with conventional significance levels denoted as *p < 0.05, **p < 0.01, ***p < 0.001. COVID-19: coronavirus disease 2019; COPD: Chronic

Obstructive Pulmonary Disease.
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diabetes, and COPD. Hypertensive patients (Figure 6):
BUN (OR 1.27, 95% CI 1.11-1.46, p = 0.001) and D-
dimer levels (OR 1.20, 95% CI 1.00-1.45, p = 0.055)
were positively associated with disease severity,
whereas Cr levels (OR 0.99, 95% CI 0.99-1.00, p =
0.001) were negatively associated. No significant
associations were observed among non-hypertensive
patients. Diabetic patients (Figure 7): D-dimer (OR
1.33,95% CI 1.03-1.71, p = 0.029) and BUN (OR 1.26,
95% CI 1.06-1.50, p = 0.010) were positively
associated with severity, whereas Cr (OR 0.99, 95% CI
0.99-1.00, p = 0.024) was negatively associated.
Among non-diabetic patients, AST (OR 1.01, 95% CI
1.00-1.03, p = 0.095) and BUN (OR 1.31, 95% CI
0.99-1.73, p = 0.056) showed positive associations, and
Cr (OR 0.99, 95% CI 0.98-1.00, p = 0.063) was
negatively associated. COPD patients (Figure 8): BUN
(OR 2.45, 95% CI 1.15-5.24, p = 0.021) and D-dimer
(OR 4.51, 95% CI 1.14-17.93, p = 0.032) were
positively associated with severity, while PCT (OR
0.58, 95% CI 0.35-0.97, p = 0.037) and PLT, OR 0.97,
95% CI 0.94-1.00, p = 0.023) were negatively
associated. In non-COPD patients, age (OR 1.06, 95%
CI1.02-1.11, p=0.006), AST (OR 1.02, 95% CI 1.01-

Figure 7. Forest plot of odds ratios (OR) with 95% confidence
intervals (CI) and p values for indices in Diabetes and Non -
Diabetes subgroups, highlighting significant associations in each
subgroup to compare their predictive roles.

Subgroup  Variables OR (95% CI) Pvale
Diabetes Age 1.03 (0.94 to 1.12) o 0.525
WBC 1.14 (0.94 t0 1.38) Fe— 0.199

Lyc 0.79 (0.49 to 1.28) e 0.338

D-dimer 1.33(1.08t0 1.71) —e— 0.029

PCT 1.16 (0.95t0 1.42) | 0.148

PLT 1.00 (0.99 to 1.01) L] 0.545

AST 0.99 (0.98 to 1.00) L] 0.115

Cr 0.99 (0.99 to 1.00) L] 0.024

BUN 1.26 (1.06 to 1.50) —e—i 0.010

days 0.83 (0.87 t0 1.12) >~ 0.834

Non-Diabetes  Age 1.03 (0.98 to 1.09) o1 0.239
WBC 1.30 (0.92 to 1.84) —e—0.143

Lyc 0.96 (0.79 to 1.16) —— 0.660

D-dimer 1.22 (0.851t0 1.73) —e—— 0.279

PCT 0.71 (0.33to 1.50) +———t—t 0.365

PLT 0.99 (0.97 to 1.00) L 0.183

AST 1.01 (1.00 to 1.03) ) 0.095

Cr 0.99 (0.98 to 1.00) L] 0.063

BUN 1.31 (0.99 to 1.73) ——e——— 0.056

days 0.94 (0.74 10 1.18) —— 0.576

UNUSEL T

0507 1.0 1.5
Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count;
CRP: C-reactive protein; PCT: procalcitonin; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Cr: creatinine (referring
to serum creatinine); BUN: blood urea nitrogen; days: duration of treatment
days.
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Figure 6. Forest plot of odds ratios (OR) with 95% confidence
intervals (CI) and p values for indices in Hypertention and Non -
Hypertention subgroups, highlighting significant associations in
each subgroup to compare their predictive roles.

IR.indices Subgroup OR (95% CI) pval

Hypertention Age 0.98 (0.93 to 1.03) L 0.513
WBC 1.05 (0.87 to 1.26) —e— 0.618
Lyc 0.67 (0.33 to 1.37) —e—— 0.271
D-dimer 1.20 (1.00 to 1.45) —e— 0.055
PCT 0.98 (0.94 to 1.03) Ll 0.536
PLT 1.00 (0.99 to 1.00) ] 0.553
AST 1.00 (0.99 to 1.00) (] 0.592
Cr 0.99 (0.99 to 1.00) L] 0.001
BUN 1.27 (1.11 to 1.46) —e— 0.001
days 0.99 (0.89 to 1.10) gl 0.988

Non.Hypertention Age 0.91 (NA to 5.80) 0.999
WBC
Lyc 0.82 (0.00 to 1.52) ———@———— 0.999
D-dimer 0.06 (0.00 to NA) 0.997
PCT 14.25 (0.00 to NA) 0.995
PLT 0.82 (0.00to 1.38) ——o———  0.997
AST 1.13 (0.00 to 5.34) - 0.999
Cr 0.09 (0.00 to 1.26) & 0.996
BUN 0.00 (0.00 to NA) 0.996
days 0.76 (0.00 to NA) 0.999

0‘5 1l 1|5

Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count;
CRP: C-reactive protein; PCT: procalcitonin; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Cr: creatinine (referring
to serum creatinine); BUN: blood urea nitrogen; days: duration of treatment
days; NA: not applicable.

Figure 8. Forest plot of odds ratios (OR) with 95% confidence
intervals (CI) and p values for indices in COPD and Non - COPD
subgroups, highlighting significant associations in each subgroup
to compare their predictive roles.

IR.indices Subgroup OR (95% CI) pval
COPD Age 0.61(0.31t0 1.22) +H—@——— 0.611
WBC 0.95 (0.48 to 1.89) —e———— 0.953
Lyc 1.02 (0.13 to 8.80) 0.985
D-dimer 4.51(1.14 10 17.93) ——>0.032
PCT 0.58 (0.35t00.97) +—e—— 0.037
PLT 0.97 (0.94 to 1.00) E 0.023
AST 0.98 (0.95 to 1.00) L] 0.107
Cr 0.96 (0.91 to 1.01) L 0.138
BUN 2.45(1.1510 5.24) —>0.021
days 1.30 (0.94 to 1.80) ——e——  0.108
Non.COPD Age 1.06 (1.02 to 1.11) . 0.006
WBC 1.07 (0.88 to 1.31) —e— 0.493
Lyc 0.97 (0.83 to 1.13) —e— 0.699
D-dimer 1.15(0.93 to 1.44) —e— 0.203
PCT 0.97 (0.93 to 1.02) . 0.214
PLT 1.00 (0.99 to 1.01) ® 0.692
AST 1.02 (1.01 to 1.03) ] 0.001
Cr 0.99 (0.99 to 1.00) L 0.020
BUN 1.24 (1.06 to 1.44) —e— 0.006
days 0.83 (0.71 t0 0.97) —— 0.020

T | T T
0.5 1 15 1.8

Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count;
CRP: C-reactive protein; PCT: procalcitonin; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; Cr: creatinine (referring
to serum creatinine); BUN: urea nitrogen; days: duration of treatment days.
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1.03, p = 0.001), and BUN (OR 1.24, 95% CI 1.06—
1.44, p = 0.006) were positively associated, whereas
duration of treatment (OR 0.83, 95% CI10.71-0.97, p =
0.020) and Cr (OR 0.99, 95% CI 0.99-1.00, p = 0.020)
were negatively associated. These findings highlight
that the predictive value of laboratory and demographic
factors for COVID-19 severity may be modified by the
presence of specific comorbidities.

Discussion

In this retrospective cohort study, we evaluated risk
factors associated with disease severity among COVID-
19 patients admitted to two tertiary care hospitals
between July 30 and October 19, 2022. Our findings
indicate that older age, male sex, elevated D-dimer, and
increased BUN levels on admission were independently
associated with greater disease severity. Conversely,
vaccination conferred a protective effect, reducing the
risk of progression to severe or critical illness. These
risk factors were integrated into a predictive model with
direct clinical applicability, facilitating early
identification of high-risk patients and enabling timely
monitoring and intervention to improve outcomes.

Consistent with established evidence, age was a
significant predictor of COVID-19 severity in our
cohort. The median age in the severe group was
substantially higher than in the mild group (79 vs. 37
years), aligning with prior studies that reported higher
median ages in severe cases (e.g., 52 vs. 45 years [11];
60 vs. 49 years [12]). Age is a well-recognized major
risk factor for severe COVID-19 [13,14], likely
reflecting both the higher prevalence of comorbidities
and age-related declines in immune resilience observed
in older patients, as demonstrated in ICU cohorts [15].

Male sex was strongly associated with severe
disease, reinforcing its inclusion in our predictive
model. While the mild group exhibited a near-equal sex
distribution, males were significantly overrepresented
in the severe group. This observation aligns with meta-
analyses reporting that males constitute approximately
60% of hospitalized COVID-19 cases (95% CI [0.54,
0.65]) [16] and are at higher risk of infection and
progression to severe disease [17,18]. The observed sex
disparity may be attributable to biological differences,
including variations in immune and hormonal responses
[19, 20]. Mechanistic studies suggest that elevated
ACE2 receptor expression in males facilitates viral
entry [21,22], whereas estrogen has been shown to
downregulate ACE2 expression in vitro and in animal
models [23], providing a plausible biological
explanation for the lower risk of severe outcomes in
females and supporting its predictive value in clinical

J Infect Dev Ctries 2026; 20(7):932-943.

risk assessment. Although numerous biomarkers, such
as blood counts, liver and kidney function tests, and
coagulation factors, have been associated with COVID-
19 severity and poor outcomes [24-30], our multivariate
analysis identified only a subset as independent
predictors suitable for inclusion in our model.
Specifically, leukocyte, lymphocyte, and PLT did not
differ significantly between severity groups after
adjustment. This discrepancy with prior reports may
reflect the predominance of asymptomatic or mild cases
in our cohort, as well as large group sizes that could
dilute observable effects. Consistent with established
pathophysiology, univariate analysis revealed marked
alterations in Group B (severe/critical), including
significantly decreased absolute Lyc and PLT,
alongside elevated CRP, PCT, and D-dimer levels.
Lymphocytopenia is a well-documented indicator of
severity [31], associated with T-cell depletion during
the antiviral response [30], and has been reported in a
higher proportion of severe cases (e.g., 80% vs. 25% in
mild cases) [32,33], with confirmation from meta-
analyses [34]. Elevated CRP reflects intense
inflammation and cytokine storm, a critical driver of
disease progression [35], whereas increased PCT may
indicate bacterial co-infection and independently
predict progression to severe disease [36]. Notably,
although PCT and other markers were significant in
univariate analyses, they did not retain independent
predictive value in our final multivariate model.

Although  thrombocytopenia is  frequently
associated with critical illness and mortality [34,37-39],
potentially resulting from mechanisms such as bone
marrow suppression or microthrombosis [34,40], our
adjusted analysis found no significant association
between PLT and COVID-19 severity. This finding is
consistent with studies reporting either no association
or no significant differences at admission [41].
Consequently, PLT was not included [42] in our
predictive model. This discrepancy may reflect the
composition of our cohort, which was predominantly
asymptomatic or mild cases, and the large group sizes
may have diluted subtle effects. Therefore, while PLT
may be relevant in more severe populations, it was
excluded from our current prediction model.

D-dimer emerged as a robust, independent predictor
in our model. Our analysis confirmed significantly
higher D-dimer levels in patients with severe disease,
which were positively associated with COVID-19
severity. This finding aligns with prior evidence
indicating that elevated D-dimer predicts poor
prognosis, 28-day mortality in sepsis and COVID-19
[43], critical illness [44], and, specifically, in-hospital
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mortality when levels exceed 2.0 pg/mL [11]. The
inclusion of D-dimer in our predictive model enhances
its clinical utility by enabling early identification of
high-risk patients who may benefit from timely
anticoagulation assessment and intervention.
Consistent with early reports linking comorbidities
such as hypertension, diabetes mellitus, and COPD to
critical COVID-19 outcomes [45,46], our study
confirmed statistically significant differences in these
conditions between severity groups, in agreement with
prior research [47-50]. Renal dysfunction emerged as a
particularly critical factor. Pre-existing chronic kidney
disease (CKD) is a well-established risk factor for
severe COVID-19 [51-54], and renal injury occurs in
over 30% of hospitalized patients, including those
without prior kidney disease [55]. Vulnerability is
especially pronounced in dialysis patients, who
experience COVID-19 mortality rates approximately
20 times higher than the general population in Japan,
findings supported by studies from the US and Europe
[38,39]. The mechanisms linking CKD to severe
COVID-19 likely involve dysregulation of both innate
and adaptive immunity. AKI is also common at
admission; prospective studies report elevated Cr
(14.4%) and BUN (13.1%) in COVID-19 patients, with
AKI developing in 5.1%, particularly among critically
ill patients or those with elevated admission Cr [56].
Elevated baseline Cr or BUN has been identified as an
independent risk factor for mortality [57]. Beyond renal
function, BUN is increasingly recognized as a
prognostic marker in cardiovascular disease and
pneumonia [58]. Our findings reinforce this: BUN
levels differed significantly between severity groups,
and logistic regression confirmed BUN as an
independent predictor of poor prognosis. Notably, BUN
demonstrated strong predictive performance (AUC-
ROC = 0.813), supporting its inclusion in our clinical
prediction model for early identification of high-risk
patients who may benefit from intensified renal
monitoring and management. In contrast, although
elevated Cr is generally associated with AKI and
adverse outcomes [56,57], our analysis revealed a
negative correlation with disease severity (OR 0.993).
This unexpected finding may be influenced by the large
baseline differences between groups and warrants
further investigation, which likely explains why Cr was
not prioritized in the final predictive model.
Vaccination status emerged as a significant
protective factor against severe COVID-19 in our study,
reinforcing its inclusion in the clinical prediction
model.  Vaccinated patients demonstrated a
substantially reduced risk of disease progression (OR =

J Infect Dev Ctries 2026; 20(7):932-943.

0.323). This finding aligns with large cohort studies
showing that vaccination is associated with decreased
mortality [59], suggesting that immunization helps
prevent clinical deterioration and hospitalization. By
incorporating vaccination status, our model can identify
patients at lower baseline risk, potentially allowing
healthcare resources to be prioritized for unvaccinated
or otherwise high-risk individuals. Although some
studies report high rates of severe disease among
vaccinated inpatients (e.g., 45.3% [60]), this likely
reflects the wvulnerability of specific subgroups,
particularly  elderly patients and those with
comorbidities, who may have lower vaccination
coverage or diminished immune responses. These
observations underscore the importance of intensifying
vaccination efforts, especially in high-risk populations,
and highlight the utility of our model in identifying
vulnerable individuals for targeted intervention.
Importantly, evidence indicates that most COVID-19
vaccines effectively reduce hospitalization, disease
severity, and mortality, with even a single dose
generally sufficient to confer protection, though
individual immune responses may vary [61].

Strengths and Limitations

This study has several notable strengths. Its
multicenter design within the Xinjiang region and
substantial ~ sample size help address the
underrepresentation of this population in COVID-19
severity research. Additionally, the detailed subgroup
analyses of comorbidities identified specific disease-
related risks for severe illness, enhancing the clinical
utility of our predictive model by enabling early
identification and proactive management of high-risk
patients to potentially mitigate disease progression.
However, several limitations should be acknowledged.
The retrospective design limits causal inference, and the
marked imbalance in group sizes may introduce bias.
Data collection was restricted to admission parameters,
without serial measurements to capture disease
progression or dynamic predictors. Comprehensive
biomarker testing, including lactate dehydrogenase,
interleukin-6, and serum ferritin, was not uniformly
performed, potentially underestimating their predictive
contribution and limiting the model’s scope.
Furthermore, the nomogram requires rigorous internal
and external validation to confirm its generalizability
and clinical reliability; it is currently presented as an
initial tool based on readily available admission data
(age, sex, vaccination status, D-dimer, and BUN). The
absence of in-hospital mortality data also precludes
assessment of the model’s performance for this critical
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endpoint. Despite these limitations, our findings and the
proposed model provide a practical foundation for early
risk stratification. Future prospective studies
incorporating  serial  measurements, additional
biomarkers, and mortality outcomes are warranted to
refine and validate the model’s clinical applicability.

Conclusions

In conclusion, our analysis identified older age,
male sex, elevated BUN, and elevated D-dimer on
admission as key independent risk factors for severe
COVID-19. Based on these factors, we developed a
clinical prediction model that demonstrated strong
prognostic value and practical applicability. The
resulting nomogram offers clinicians a useful tool for
early identification of high-risk patients, enabling
prioritized monitoring and timely interventions, such as
intensified renal assessment for elevated BUN or
prompt anticoagulation evaluation for high D-dimer.
While comorbidities such as hypertension, diabetes,
and COPD were confirmed as risk indicators for poor
outcomes, this study primarily included patients with
asymptomatic or mild disease. Therefore, further
prospective studies are needed to validate the model’s
performance and clarify the precise impact of
comorbidities in cohorts with more severe illness.
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Annex — Supplementary Items

Supplementary Table 1. Variance Inflation Factors (VIF) and tolerance for predictors in the multivariable logistic regression model.

Items VIF 1/VIF
Age (years) 1.588 0.630
WBC, *10°/L 1.371 0.730
Lyc, *10°/L 1.852 0.540
D-dimer (pg/L) 1.200 0.833
PCT (ng/mL) 1.238 0.808
PLT, *10°/L 1.391 0.718
AST (U/L) 1.054 0.948
BUN (mmol/L) 5.752 0.174
Cr (umol/L) 5.350 0.187
Duration of treatment (days) 1.065 0.939
Fear of illness 2.526 0.396
Vaccine 1.212 0.825
Gender 1.384 0.723

Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein; PCT: procalcitonin; AST: aspartate aminotransferase; ALT:
alanine aminotransferase; Cr: creatinine (referring to serum creatinine); BUN: blood urea nitrogen.

Supplementary Table 2. Multivariate Logistic Regression Models for COVID-19 Severity (with BUN removed).

Items Regression coefficient Standard error P OR value OR value with 95% CI
Age (years) 0.047 0.017 0.005™ 1.048 (1.015, 1.083)
WBC, *10°/L 0.152 0.076 0.047" 1.164 (1.002, 1.352)
Lyc, *10°/L -0.067 0.089 0.451 0.935 (0.785,1.114)
D-dimer (ng/L) 0.164 0.090 0.068" 1.178 (0.988, 1.404)
PCT (ng/mL) -0.003 0.023 0.889 0.997 (0.953, 1.040)
PLT, *10°/L -0.005 0.004 0.175 0.175 (0.991, 1.043)
AST (U/L) 0.005 0.005 0.286 1.005 (0.996, 1.015)
Cr (umol/L) 0.000 0.001 0.667 1.000 (0.998, 1.001)
Duration of treatment(days) -0.022 0.053 0.674 0.978 (0.882, 1.084)
Fear of illness

Yes 0.207 1.541 0.893 1.230 (0.060, 25.210)
No* Reference Reference Reference Reference Reference
Vaccine

Yes -1.054 0.548 0.055" 0.349 (0.119, 1.021)
No* Reference Reference Reference Reference Reference
Gender

Male 1.229 0.519 0.018" 3418 (1.235,9.457)
Female* Reference Reference Reference Reference Reference

*: Control Group. Statistical significance was primarily defined as {p < 0.1 (primary threshold), with conventional significance levels denoted as *p < 0.05, **p
<0.01, ¥***p <0.001. COVID-19: coronavirus disease 2019; Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein;
PCT: procalcitonin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; Cr: creatinine (referring to serum creatinine); BUN: blood urea nitrogen;
CI: confidence interval.



Abudouaini et al. — Risk factors for severe COVID-19

J Infect Dev Ctries 2026; 20(7):932-943.

Supplementary Table 3. Multivariate Logistic Regression Models for COVID-19 Severity (with Cr removed).

Items

Age (years)
WBC, *10°/L
Lye, *10°/L
D-dimer (pg/L)
PCT (ng/mL)
PLT, *10°/L
AST (U/L)
BUN (pmol/L)
Duration of treatment(days)
Fear of illness
Yes

No*

Vaccine

Yes

No*

Gender

Male

Female*

Regression coefficient

0.055
0.129
-0.070
0.163
-0.012
-0.004
0.005
0.038
-0.035

0.000

Reference

-0.866

Reference

1.171

Reference

Standard error

0.016
0.080
0.090
0.089
0.023
0.004
0.005
0.026
0.053

1.567

Reference

0.525

Reference

0.520

Reference

Y
<0.001™
0.109
0.439
0.067°

0.607
0.338
0.268
<0.001
0.510

ok

1.000
Reference

0.0997
Reference

0.024™
Reference

OR value
1.057
1.137
0.932
1.178
0.988
0.996
1.005
1.039
0.966

1.000
Reference

0.421
Reference

3.227
Reference

OR value with 95%CI

(1.023, 1.092)
(0.972, 1.331)
(0.781, 1.113)
(0.989, 1.403)
(0.944, 1.034)
(0.989, 1.004)
(0.996, 1.021)
(0.987, 1.094)
(0.870, 1.071)

(0.046, 21.571)
Reference

(0.150, 1.178)
Reference

(1.163, 8.948)
Reference

*: Control Group. Statistical significance was primarily defined as {p < 0.1 (primary threshold), with conventional significance levels denoted as *p < 0.05, **p
<0.01, ¥***p <0.001. COVID-19: coronavirus disease 2019; Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein;
PCT: procalcitonin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen; Cr: creatinine (referring to serum creatinine);
CI: confidence interval.

Supplementary Table 4. Multivariate logistic regression models for COVID-19 severity (with Cr and BUN removed).

Items Regression coefficient Standard error P OR value OR value with 95% CI
Age (years) 0.050 0.016 0.002™" 1.051 (1.019, 1.084)
WBC, *10°/L 0.151 0.076 0.048" 1.163 (1.001, 1.350)
Lye, *10°/L -0.070 0.090 0.435 0.932 (0.782,1.112)
D-dimer (pg/L) 0.162 0.089 0.068" 1.176 (0.988, 1.400)
PCT (ng/mL) -0.005 0.023 0.839 0.995 (0.952,1.041)
PLT, *10°/L -0.005 0.004 0.192 0.995 (0.987, 1.003)
AST (U/L) 0.005 0.005 0.273 1.005 (0.996, 1.015)
Duration of treatment(days) -0.025 0.052 0.631 0.975 (0.880, 1.080)
Fear of illness

Yes 0.110 1.529 0.942 1.117 (0.056, 22.375)
No* Reference Reference Reference Reference Reference
Vaccine

Yes -0.998 0.528 0.059° 0.368 (0.131,1.037)
No* Reference Reference Reference Reference Reference
Gender

Male 1.213 0.518 0.019° 3.363 (1.218, 9.282)
Female* Reference Reference Reference Reference Reference

*: Control Group. Statistical significance was primarily defined as {p < 0.1 (primary threshold), with conventional significance levels denoted as *p < 0.05, **p
<0.01, ***p <0.001. COVID-19: coronavirus disease 2019; Lyc: lymphocyte count; PLT: platelet count; WBC: white blood cell count; CRP: C-reactive protein;
PCT: procalcitonin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen; Cr: creatinine (referring to serum creatinine);
CI: confidence interval.
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Supplementary Table 5. Variance Inflation Factors (VIF) and tolerance for predictors in the final ROC model.

Items VIF 1/VIF
Age (years) 1.084 0.630
BUN (mmol/L) 5.075 0.197
Cr (umol/L) 4.803 0.208
D-dimer 1.046 0.956
Gender 1.037 0.964

Cr: creatinine (referring to serum creatinine); BUN: blood urea nitrogen; ROC: receiver operating characteristic.

Supplementary Figure 1. ROC curve for vaccination status
predicting COVID-19 severity. AUC = 0.313 (95% CI: 0.198-
0.428) indicates inverse discrimination capacity.

Supplementary Figure 2. ROC curves under different models.
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COVID-19: coronavirus disease 2019; AUC: area under the curve; ROC:
receiver operating characteristic.
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