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Purpose: The aim of the present study was to identify more effective laboratory markers to assess the severity of corona virus disease
2019 and predict the progression of the disease by collecting more laboratory markers and variables.

Patients and Methods: In this study, most risk factors, including epidemiological characteristics, blood cell counts, cytokines, and
infection markers, were collected from 126 patients with COVID-19 to assess their predictive value.

Results: The area under curve (AUC) of Albumin (Alb) to fibrinogen (Fib) ratio (AFR) (0.791), Lactate dehydrogenase (LDH)
(0.792), myoglobin (MYO) (0.795), C-reactive protein (CRP) (0.801) and lymphocyte count (0.859) were higher than other markers to
distinguish severe from non-severe patients in receiver operating characteristic (ROC) analysis. In the univariate logistic regression
analysis, thirty-six out of 46 risk factors, including 34 laboratory markers, were significantly associated with increased odds of severe
patients. Multivariate logistic regression analysis showed that the CD19+ lymphocyte count, MYO, LDH, and AFR were associated
with increased odds of severe disease. Moreover, Lymphocyte count and AFR levels increased, LDH and CRP levels decreased during
hospitalization in recovered severe patients, whereas severe lymphocytopenia and continuously increasing LDH levels were observed
in deteriorated patients. AFR level increased and CRP level decreased before the disease worsened in the deteriorated patients;
however, when the patients deteriorated, AFR decreased and CRP increased significantly.

Conclusion: CD19+ lymphocyte count, MYO, LDH, and AFR are independent biomarkers for early identification of severe COVID-
19. Lymphocyte count, AFR, LDH, and CRP levels were helpful in predicting the clinical progression of the disease.\.
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Introduction
Since December 2019, an acute respiratory disease caused by the novel coronavirus (SARS-CoV-2) has occurred in
Wuhan, China and has received worldwide attention. This coronavirus was previously known as 2019-novel coronavirus
(2019-nCoV), soon after being named corona virus disease 2019 (COVID-19). Although the origin of the SARS-CoV-2
outbreak has not yet been clarified, it has been reported that SARS-CoV-2 may be transmitted from person-to-person.'
With the cooperation of departments, including government administrations, scientific research workers, and medical
workers, the outbreak was brought under control in China in 2020. However, the number of new infections and deaths
subsequently increased in many countries.By July 17, 2021, COVID-19 had caused over 190 million confirmed cases and
more than 4 million deaths globally. SARS-CoV-2 is transmitted through respiratory droplets, contact, and feces, and
aerosol transmission is highly possible.” The clinical symptoms of patients with COVID-19 mainly include fever, dry
cough, fatigue, diarrhea, and severe manifestations including ARDS, acute cardiac injury, and multiple organ failure.’
COVID-19 is classified into four levels according to the severity of its symptoms: mild, moderate, severe, and critical.
The laboratory features of COVID-19 include reduced lymphocyte count, prolonged prothrombin time, elevated lactate
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dehydrogenase (LDH), elevated creatine kinase (CK), elevated myoglobin (MYO), elevated D-dimer levels, and elevated
C-reactive protein levels. The constant emergence of mutating strains of the virus renders newly developed drugs
ineffective. Therefore, the group of patients with COVID-19 and the assessment of prognosis have become more
important.

Although some studies have been published, the albumin-to-fibrinogen ratio (AFR) of COVID-19 in severe and non-
severe cases has not yet been fully reported. Many studies did not collect as much laboratory data and as many variables
as possible. In this study, we present the details of patients admitted to The First Affiliated Hospital of Nanchang
University as of April 1, 2020. We aimed to investigate the differences between severe and non-severe cases, which may
have prognostic value and help to identify important therapeutic targets.

Materials and Methods

Participants

One hundred twenty-six eligible COVID-19 patients confirmed in the First Affiliated Hospital of Nanchang University
from January 2020 to February 2020 were included according to the following inclusion and exclusion criteria: 1) All
patients were over 17 years old; 2) All patients had positive SARS-CoV-2 real-time RT-PCR results; 3) the eligible cases
were not suffered from bacterium and other virus infection, malignancies, hematonosis, mmunodeficiency and auto-
immune as well as cardiovascular and cerebrovascular disease before admission; 4) all included patients did not undergo
hormone and antiviral treatment before hospitalization; All patients were infected with the wild-type strain and had not
been vaccinated. This study was approved by the ethical committee of the local hospital.

Grouping Criteria and Data Collection

The illness severity of COVID-19 was defined according to the management guidelines for COVID-19 established by the
Chinese National Health Commission. 1) Mild: mild clinical symptoms, no pneumonia on imaging; 2) moderate: fever,
respiratory tract symptoms, and pneumonia on imaging; 3) severe: the patient met any of the following criteria:
respiratory distress (respiratory rate >30 breaths/min), blood oxygen saturation (SpO2) <93% at rest, partial pressure
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of oxygen to fraction of inspired oxygen (PaO2/Fi02) < 300 mmHg; 4) critical: the patient met one of the following
criteria: respiratory failure requiring mechanical ventilation, septic shock, and/or multiple organ dysfunction or failure
requiring ICU treatment. The mild and moderate groups were merged into a non-severe group in our study.

Laboratory findings and demographic, clinical, and medical histories were extracted from electronic medical records.
Albumin to fibrinogen ratio (AFR), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
lymphocyte-to-monocyte ratio (LMR) were calculated. SARS-CoV-2 PCR tests of throat swab specimens were repeated
daily or on other days. The standard for discharge was no fever for at least 3 days, significant improvement in the lungs
on CT, clinical relief of respiratory symptoms, and two throat swab samples SARS-CoV-2 RNA negative at least
24 h apart.

Statistics

Continuous variables are expressed as median and interquartile range (IQR) and compared between different groups
using the Mann—Whitney U-test. The optimal cutoff points of laboratory markers and the calculated ratios for distin-
guishing the severe group from the non-severe group were determined by analyzing the ROC curve. Significant variables
in the univariate logistic regression analysis were chosen as candidates for the multivariate logistic regression analyses.
Highly collinear variables are not included in the model. To avoid overfitting, the number of variables in the model was
less than four. All statistical analyses were performed using the SPSS software. 22.0 (IBM Corp, Armonk, NY, USA). All
analyses were two sided.

Results

The 126 enrolled patients, 53% of whom were men, were divided into three groups according to illness severity: non-
severe (n=90), severe (n =28), and critical (n=8). The median age of the patients was 45 years. The severe (52.5, IQR
44-66) and critical (66, IQR 51.75-75) groups were significantly older than the non-severe group (42, IQR 30-50). The
most common comorbidities were hypertension (7.9%) and diabetes mellitus (8.7%). The proportion of hypertension in
critical patients was higher than that in non-severe patients (»p=0.021). The most common symptoms are fever, cough,
sputum production, and fatigue. Other symptoms observed included a runny nose, myalgia, nausea or vomiting, diarrhea,
chills, headache, dizziness and chest distress. Patients with severe pneumonia had acute respiratory distress syndrome
(ARDS) and refractory hypoxemia, causing symptoms such as chill (critical vs non-severe, p<0.001; critical vs severe,
p=0.005), fatigue (critical vs non-severe, p=0.011; critical vs severe, p=0.015) and dyspnea (severe vs non-severe:
p<0.001). The median duration of viral shedding after illness onset was 15 days (IQR 10-21). The severe (16, IQR
14-23.5) and critical groups (23, IQR 16.25-28.5) last longer than the non-severe group (13, IQR 9-19.25) (severe vs
non-severe: p=0.042, critical vs non-severe: p=0.004). The median hospital stay was 16 days. The median hospital stay of
the non-severe, severe, and critical groups was 13, 20.5, 33.5 days, respectively. Hospital stay was related to illness
severity; the more severe the illness, the longer the hospital stay (severe vs non-severe, p<0.001; critical vs non-severe,
p<0.001; critical vs severe, p=0.015) (Table 1).

Fibrinogen, CRP, D-dimer, high-sensitivity cardiac troponin T(hs-cTNT), erythrocyte sedimentation rate (ESR), Urea,
IL-6, IL-10, NLR were significantly increased, while lymphocyte count, Albumin, LMR and AFR were significantly
decreased in the severe and critical groups compared with those in the non-severe group. The fibrinogen, LDH, D-dimer,
PLR, CRP, and procalcitonin (PCT) levels significantly increased with disease severity. Lymphocyte subsets, including
CD3'CD4", CD3'CDS8", CD56 'CD16" (NK cells), CD19" (B cells), and CD3"CD4'CD25'CD127" lymphocytes, were
significantly lower in the severe and critical groups than in the non-severe group. IL-2R and MYO levels were
remarkably increased in severe patients compared to those in the non-severe group (Table 2). ROC analysis showed
that the AUCs of AFR (0.791), LDH (0.792), MYO (0.795), CRP (0.801), and lymphocyte count (0.859) were higher
than those of the other markers for differentiating between severe and non-severe patients (Figure 1).

In the univariate logistic regression analysis, 36 of 46 risk factors, including 34 laboratory markers, were significantly
associated with increased odds of severe disease. Older age, longer time from onset to admission, elevated white blood
cell count, neutrophil granulocyte count, CRP, D-dimer, ESR, PCT, hs-TNT, creatine kinase(CK), CKMB, MYO, LDH,
creatinine, urea, IL-2r IL-6, IL4, ILS, IL10, IL17, IFN-y, fibrinogen, PLR, NLR, decreased platelet count, albumin,
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Table | Clinical Characteristics of Patients with COVID-19

Total Non severe Severe Ceritical P value
(n=126) (n=90) (n=28) (n=8) N vs N vs S vs
S C C
Age(years) 45.00(31.00-54.00) 42.00 52.50(44.00-66.00) 66.00(51.75-75.0) <0.001 0.001 0.118
(30.00-50.00)
Body mass index 23.9(17.6-39.0) 23.7(17.6-39.0) 25.8(21.0-29.4) NA 0.234 NA NA
Sex
Female 53.0(42.1%) 42.0(46.7%) 9.0(32.1%) 2.0(25.0%) 0.177 0.240 | 0.703
Male 73.0(57.9%) 48.0(53.3%) 19.0(67.9%) 6.0(75.0%)
Smoking 7(5.6) 7(7.8%) 0 0 0.130 0.415 NA
Alcohol 10(7.9%) 5(5.6%) 3(10.7%) 2(25%) 0.345 0.042 | 0310
Chronic medical illness
Hypertension(yes) 10.0(7.9%) 4.0(4.4%) 4.0(14.3%) 2.0(25.0%) 0.072 0.021 0.480
Diabetes mellitus(yes) 11.0(8.7%) 6.0(6.7%) 3.0(10.7%) 2.0(25.0%) 0.483 0.071 0.310
Symptom
Fever 111.0(88.1%) 76.0(84.4%) 27.0(96.4%) 8.0(100.0%) 0.098 0.231 0.593
Cough 75.0(59.5%) 50.0(55.6%) 19.0(67.9%) 6.0(75.0%) 0.251 0.289 | 0.703
Expectoration 30.0(23.8%) 22.0(24.4%) 6.0(21.4%) 2.0(25.0%) 0.744 0.972 | 0.833
Fatigue 20.0(15.9%) 13.0(14.4%) 3.0(10.7%) 4.0(50.0%) 0.616 0.011 0.015
Throat discomfort 26.0(20.6%) 20.0(22.2%) 4.0(14.3%) 2.0(25.0%) 0.364 0.858 | 0.480
Dyspnea 13.0(10.3%) 2.0(2.2%) 10.0(35.7%) 1.0(12.5%) <0.001 | 0.108 | 0.215
Polypnea 5.0(4.0%) 2.0(2.2%) 3.0(10.7%) 0 0.052 0.672 | 0.340
Runny nose 6.0(4.8%) 5.0(5.6%) 1.0(3.6%) 0 0.678 0.496 | 0.593
Myalgia 12.0(9.5%) 8.0(8.9%) 3.0(10.7%) 1.0(12.5%) 0.773 0.736 | 0.889
Nausea or vomiting 5.0(4%) 4.0(4.4%) 1.0(3.6%) 0 0.842 0.545 | 0.593
Diarrhea 9.0(7.1%) 6.0(6.7%) 3.0(10.7%) 0 0.483 0.453 0.340
Chill 23.0(18.3%) 11.0(12.2%) 6.0(21.4%) 6.0(75%) 0.228 | <0.001 | 0.005
Headache or dizziness 10.0(7.9%) 9.0(10.0%) 1.0(3.6%) 0 0.288 0.350 | 0.593
Chest distress 14.0(11.1%) 7.0(7.8%) 7.0(25.0%) 0 0.014 0.415 0.120
Time from illness onset to first negative result of pharyngeal 15.00(10.00-21.00) 13.00(9.00-19.25) 16.00(14.00-23.50) 23.00(16.25-28.5) 0.042 0.004 | 0.105
swab(days)
Length of stay(days) 16.00(10.75-21.25) 13.00(8.75-19.00) 20.5(18.00-25.75) 33.5(20.75-44.75) <0.001 | <0.001 | 0.015

Abbreviations: N, non-severe; S, Severe; C, Critical; NA, not available.
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Table 2 Laboratory Indexes of Patients with COVID-19

Total (n=126) Non severe (n=90) Severe (n=28) Critical (n=8) P value
NvsS Nvs C SvsC
Cell count
White blood cell count(x 10 cells per L) 5.17(3.77-7.12) 5.06(3.79-6.67) 4.83(3.63-8.52) 7.64(4.54-14.50) 0.793 0.049 0.202
Platelet count (x10° per L) 170.5(133.3-220.3) 174.5(147.3-223.3) 147.0(121.0-189.8) 162(117.8-245.5) 0.012 0.707 0.493
Neutrophil count (x 10 cells per L) 3.72(2.39-5.30) 3.47(2.29-4.85) 3.98(2.64-7.40) 5.98(3.88-9.20) 0.109 0.007 0.209
Lymphocyte count (x 107 cells per L) 1.03(0.68—1.48) 1.20(0.91-1.65) 0.69(0.41-0.87) 0.36(0.30-0.67) <0.001 <0.001 0.052
Monocyte count (x 107 cells per L) 0.33(0.24-0.45) 0.34(0.26-0.46) 0.30(0.18-0.40) 0.27(0.20-0.59) 0.029 0.240 0.924
NLR 3.40(1.91-5.99) 2.58(1.72-4.19) 6.47(3.28-13.37) 12.07(8.30-21.69) <0.001 <0.001 0.062
PLR 170.8(122.8-247.7) 153(109.5-210.5) 210.4(167.6-336.9) 450(346.5-540.2) <0.001 <0.001 0.011
LMR 3.20(2.36-4.27) 3.60(2.55-4.64) 2.69(1.48-3.35) 1.36(1.07-3.03) <0.001 0.006 0.305
Nutrition and Coagulation index
Albumin (g/L) 44.40(40.60—47.53) 45.80(42.65—48.15) 39.65(36.38—44.38) 30.95(29.45-34.4) <0.001 <0.001 <0.001
Fibrinogen (g/L) 3.62(2.78-4.91) 3.40(2.67-4.25) 4.71(3.72-5.74) 5.14(2.92-6.07) <0.001 0.051 0.775
AFR 11.93(8.21-15.93) 13.09(10.20-17.62) 8.14(6.84-11.29) 7.16(5.12-10.04) <0.001 <0.001 0.171
D-dimer (ug/mL) 0.33(0.20-0.60) 0.27(0.18-0.46) 0.55(0.29-1.12) 2.47(1.26-3.56) <0.001 <0.001 0.004
Biochemical test
Lactate dehydrogenase(U/L) 216.0(183.5-282.0) 204.0(176.5-230.5) 273.0(236.3-356.0) 377(336.0-691.0) <0.001 <0.001 0.017
Urea (mmol/L) 4.10(3.20-5.20) 3.90(3.00-4.80) 4.90(4.05-6.13) 7.20(2.90-15.80) 0.002 0.022 0.132
Creatine kinase (U/L) 85.0(60.0-130.0) 81.0(58.5-122.0) 111.0(70.0-194.0) 61.00(23.0-160.0) 0.025 0.477 0.136
High-sensitive cardiac troponin I(ng/mL) 7.96(5.81-10.11) 6.89(4.99-9.19) 10.20(8.12-13.41) 10.59(7.03-38.30) <0.001 0.009 0.518
Myoglobin (ng/mL) 29.30(21.00—43.55) 22.70(21.00-36.30) 52.70(34.80-76.80) 27.1(21.00-33.20) <0.001 0.832 0.088
ESR (mm/h) 33.00(21.00-63.00) 27.50(14.00-51.25) 63.00(28.50-99.25) 59.5(41.75-101.5) <0.001 0.012 0.864
C-reactive protein (mg/L) 13.03(2.81-49.73) 7.77(1.56-23.56) 46.8(18.1-105.5) 111.3(87.1-155.3) <0.001 <0.001 0.026
Procalcitonin (ng/mL) 0.04(0.02-0.08) 0.03(0.02-0.05) 0.07(0.05-011) 0.17(0.13-0.21) <0.001 <0.001 0.004
Lymphocyte subgroup
CD3 Lymphocyte (per uL) 560.0(363.0-898.3) 696.5(497-1022.8) 333.5(155.0-505.3) 189(104.8—433.8) <0.001 <0.001 0.183
CD3+ CD4+ Lymphocyte (per pl) 364.5(208.8-539.0) 413.5(283.3-617.5) 207.0(102.5-301.0) 133.0(69.0-204.3) <0.001 <0.001 0.209
CD3+ CD8+ Lymphocyte (per pl) 184.5(104.0-291.3) 230.0(136.5-344.3) 101.0(53.5-169.25) 43.0(34.0-118.8) <0.001 0.001 0.133
CD56+CD16+ Lymphocyte (per plL) 109.5(72.8-176.25) 142.0(87.8-192.5) 76.0(53.0-103.25) 81.0(51.75-95.25) <0.001 0.004 0.970
CD19+ Lymphocyte(per pL) 106.0(69.50-173.0) 127.0(83.0-210.25) 69.0(40.5-108.5) 71.5(32.9-107.75) <0.001 0.016 0.985
CD3+CD4+CD25+CD127+ Lymphocyte (per plL) 32.37(17.10-58.35) 44.18(29.16-72.08) 21.60(10.54-33.75) 10.61(4.50-13.07) <0.001 0.003 0.047
Cytokine
IL-2r 508.0(408.3-611.0) 471.5(400.8-577.8) 689.0(518.5-780.5) NA 0.006 NA NA
IL-6 5.67(2.55-12.05) 4.57(2.46-10.50) 10.13(2.41-26.74) 33.0(12.56-94.41) 0.077 0.005 0.053
IL-10 2.36(1.50—4.26) 1.78(1.26-2.47) 3.41(1.72-4.77) 5.80(4.21-10.84) 0.036 0.005 0.066

Abbreviations: AFR, albumin/fibrinogen ratio; PLR, Platelet/lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte/monocyte ratio; ESR, erythrocyte sedimentation rate; IL-2r, interleukin-2 receptor; IL-6, interleukin-
6; IL-10, interleukin-10; N, non-severe; S, Severe; C, Critical; NA, not available.
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Figure | The ROC analysis of laboratory markers to differentiate severe from non-severe patients. (A) The ROC analysis of MYO; (B) The ROC analysis of AFR; (C) The
ROC analysis of Lymphocyte; (D) The ROC analysis of LDH; (E) The ROC analysis of CRP.
Abbreviations: MYO, Myoglobin; AFR, albumin/fibrinogen ratio; LDH, Lactate dehydrogenase; CRP, C-reactive protein.

lymphocytes, AFR, and LMR were significantly associated with severe disease. In multivariate logistic regression
analysis to predict patients with severe COVID-19, we found that B cell count, MYO, LDH, and AFR are associated
with increased odds of severe disease (Table 3). The prediction model had a sensitivity of 73.9% and a specificity of
94.9% for distinguishing between severe and non-severe patients, with the AUC of 0.916. Moreover, the AFR was
positively correlated with lymphocyte count (p<0.001) and negatively correlated with age (p<0.001), CRP (p<0.001),

Table 3 Univariate and Multivariate Logistic Analyses of Risk Factors for Severe Group

Variables Univariate analysis Multivariate analysis
OR (95% CI) p-value OR (95% CI) p-value
Sex(male) 1.155 (0.711-4.308) 0.223 - -
Age(years)* 1.065(1.029—-1.102) <0.001 - -
Body mass index(kg/m?)* 1.051(0.924-1.195) 0.452 - -
Alcohol(yes) 2.040(0.456-9.135) 0.351 - -
Hypertension(yes) 3.583(0.834-15.397) 0.086 - -
Diabetes(yes) 1.680(0.392-7.206) 0.485 - -
Time from onset to admission(days)* 1.155(1.017-1.312) 0.026 - -
White blood cell count(x10° per L)* 1.164(1.003-1.352) 0.046 - -
Neutrophil granulocyte(x 10° per L)* 1.302(1.096-1.547) 0.003 - -
Lymphocyte count(x 10° per L)* 0.016(0.003-0.097) <0.001 - -
(Continued)
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Table 3 (Continued).

Variables Univariate analysis Multivariate analysis
OR (95% ClI) p-value OR (95% CI) p-value

CD3 Lymphocyte(>473 per ul) 0.101(0.037-0.272) <0.001 - -
CD3" CD4" Lymphocyte(>268 per L) 0.091(0.034-0.244) <0.001 - -
CD3" CD8" Lymphocyte(>174 per pL) 0.132(0.048-0.361) <0.001 - -
CD56"CDI6" Lymphocyte(>83 per pL) 0.125(0.049-0.324) <0.000 - -
CDI19" Lymphocyte(>116 per pL) 0.120(0.038-0.376) <0.001 0.190(0.040-0.911) 0.038
CD3*CD4"CD25"CD 127 Lymphocyte(>24 per pL) 0.077(0.022-0.276) <0.001 - -
Platelet count(>150% 10 per L) 0.273(0.113-0.659) 0.004 - -
C-reactive protein(>17.6 mg/L) 10.733(3.693-31.199) <0.001 - -
D-Dimer(>0.48 mg/L) 7.100(2.801-17.997) <0.001 - -
ESR(>62.5 mm/h) 7.897(3.049-20.454) <0.001 - -
Procalcitonin(>0.04 ng/mL) 8.653(2.980-25.124) <0.001 - -
High-sensitive troponin T(>8.8 pg/mL) 6.400(2.497—-16.404) <0.001 - -
Creatine kinase(>97.5 U/L) 3.343(1.364-8.193) 0.008 - -
Creatine kinase-MB(>15.5 U/L) 4.286(1.658-11.078) 0.003 - -
Myoglobin(>36.8 ng/mL) 9.693(3.352-28.029) <0.001 | 5.645(1.373-23.206) | 0.016
Lactate dehydrogenase(>244 U/L) 11.211(4.149-30.290) | <0.001 | 4.829(1.233-18911) | 0.024
Creatinine(>52.3 pmol/L) 5.319(1.149-24.623) 0.033 - -
Urea(>4.4 mmol/L) 4.472(1.604-12.472) 0.004 - -
IL-2r(>615 U/mL) 18.667(3.390-102.772) | 0.001 - -
IL-6(>12.25 pg/mL) 4.431(1.505-13.048) 0.007 - -
IL-1B(>11.8 pg/mL) 1.894(0.713-5.034) 0.200

IL-2(>1.99pg/mL) 2.000(0.430-9.293 0.376

IL-4(>1.31pg/mL) 6.000(1.052-34.212) 0.044

IL-5(>1.86 pg/mL) 7.467(1.385—40.245) 0.019

IL-8(>20.5 pg/mL) 0.390(0.079-1.931) 0.248

IL-10(>2.82 pg/mL) 9.000(1.550-52.266) 0.014

IL-17(>1.48 pg/mL) 9.917(1.747-56.304) 0.010

IL-12p70(>0.52 pg/mL) 4.667(0.916-23.785) 0.064

IFN-o(>1.98 pg/mL) 4.400(0.749-25.842) 0.101

IFN-y(>1.41 pg/mL) 0.167(0.029-0.950) 0.044

TNF(>2.58 pg/mL) 6.750(0.719-63.372) 0.095

Albumin(>40.2 g/L) 0.062(0.020-0.188) <0.001 - -
Fibrinogen(>4.3 g/L) 7.283(2.855-18.577) <0.001 - -
PLR(>165.9) 5.252(1.941-14.214) 0.001 - -
NLR(>6.31) 11.857(4.069-34.551) | <0.001 - -
LMR(>3.41) 0.190(0.066-0.547) 0.002 - -
AFR (>11.67) 0.105(0.036-0.304) <0.001 0.116(0.026-0.512) 0.005

Note: *Per | unit increase.

Abbreviations: OR, Odd ratio; Cl, confidence interval; AFR, albumin/fibrinogen ratio; PLR, Platelet/lymphocyte ratio; NLR, Neutrophil granulo-
cyte/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; ESR, erythrocyte sedimentation rate; IL-2r, interleukin-2 receptor; IL-6, interleukin-6; IL-
1B, interleukin- I B; IL-2, interleukin-2; IL4, interleukin-4; IL-5, interleukin-5; IL-8, interleukin-8; IL-10, interleukin-10; IL-17, interleukin-17; IL-12p70,
interleukin-12p70; IFN-a, interferon-a; IFN-y, interferon-y; TNF, Tumor Necrosis Factor.

LDH (»<0.001), ESR (p<0.001), PCT (p<0.001), hs-cTNT (p=0.018), MYO (»p<0.001), IL10 (p=0.002) and IL6
(»<0.002).

Furthermore, we tracked changes in lymphocyte count, LDH, AFR, and CRP levels from illness onset in patients with
severe disease (Figure 2). In recovered patients, the lymphocyte count increased and LDH levels decreased during
hospitalization, whereas severe lymphopenia and continuously increased LDH levels were observed in deteriorated

patients. AFR level increased and CRP level decreased before the disease worsened in deteriorated patients and
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Figure 2 Dynamic changes in CRP, AFR, Lymphocyte, LDH levels in patients with severe disease. |: Time on admission; 2:2-5 days after admission; 3: The time of previous
test before time point 4; 4: The time when disease deteriorated to a critical condition or the last data point before discharge if patients recovered.

throughout the clinical course in recovered patients; However, AFR decreased and CRP level increased significantly
when the disease deteriorated.

Discussion

Accumulating evidence has confirmed the transmission of SARS-COV-2 through asymptomatic patients via person-to-
person contact; this patient showed no symptoms during the entire period of monitoring and isolation.*> Individuals
showing symptoms of the disease, COVID-19 is now classified into four levels based on the severity of their symptoms:
mild, moderate, severe, and critical. Mild patients presented with low fever, mild fatigue, and no pneumonia. In severe
cases, the symptoms usually include dyspnea/hypoxemia. Critically ill patients can rapidly develop ARDS, shock,
metabolic acidosis, coagulation dysfunction, and multiple organ failure. Many potential approaches have been developed
to fight COVID-19, including small-molecule drugs, interferon therapies, vaccines, oligonucleotides, peptides and
monoclonal antibodies.® Unfortunately, no approach has shown significant efficacy in patients with COVID-19. Our
findings help to estimate the development trend and prognosis of the disease at an early stage.

In our study, we enrolled 126 patients infected with SARS-COV-2, of which 53% were men, 71.4% were considered
mild/common (non-severe) pneumonia, 22.2% were severe cases, and 6.34% were critical cases. The confirmed patients
were aged between 17 and 88 years old. Patients in the severe and critical groups were older than those in the non-severe
group. The most common comorbidities were hypertension (7.9%) and diabetes mellitus (8.7%). The proportion of
hypertension in critical patients was higher than that in non-severe patients, which may be related to the different ages of
the two groups of patients. Studies have already stated that blood pressure control remains an important approach to
reduce the burden of COVID-19 infection, even if it has no effect on susceptibility to viral infection.” In the early phase
of the disease, patients can only exhibit chills and respiratory symptoms including fever, cough, and sore throat. Patients
with severe pneumonia suffer from acute respiratory distress syndrome (ARDS) and refractory hypoxemia, causing
symptoms such as fatigue, which are similar to previous reports.® The table show that median duration of viral shedding
after illness onset was 15 days (IQR 13-16), and the duration of viral shedding in the severe and critical groups was
longer than that in the non-severe group. The median hospital stay of the non-severe, severe, and critical groups was 13,
20.5, 33.5 days, respectively. This result indicates that hospitalization time is strongly related to disease severity.

The laboratory evaluation of the patients in our study mostly consisted of complete blood count, coagulation testing,
nutrition index, and serum biochemical tests. Many basic laboratory tests, such as white blood cell count, neutrophil
count, monocyte count, Urea, CK, LDH, hs-cTNT, MYO, PCT, CRP, ESR, and D-dimer levels, were elevated in severe
and critical patients. A significant decrease in the total number of lymphocytes in severe and critical groups compared
with non-severe cases and absolute numbers of CD4'T cells (Th cells), CD8'T cells (Ts cells), NK cells, and B cells
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showed similar trends, suggesting that lymphocytes are likely targets of SARS-CoV-2. IL-2r, IL-6, and IL-10 levels were
higher in patients with severe disease than in those with non-severe disease. A cytokine storm caused by virus infection
was present in patients with COVID-19, and the decreased number of circulating lymphocyte counts and subgroups could
be considered as a diagnostic marker for SARS-CoV-2 infection and provide insights into distinct severities of the
disease.”'® Cytokines such as IL-2r, IL-6, and IL-10 were increased in more serious cases. These results suggest that the
host immunity of COVID-19 patients differs depending on the severity of the disease.!' A decreased platelet count was
observed in the severe cases compared with the non-severe group. A lower platelet count usually implies serious organ
malfunction, and is associated with an increased risk of severe COVID-19."2 NLR and LMR were elevated, whereas PLR
was decreased in severe and critical cases, similar to those reported in previous studies.'*'*

In the univariate logistic regression analysis, many factors were associated with severe disease. In the multivariate
logistic regression analysis, B cell count, MYO, LDH, and AFR were independent predictors for severe patients, and the
prediction model had high sensitivity and specificity for distinguishing severe patients from non-severe patients. The
AUC of the prediction model is higher than that of many previous reports.'>"'” To the best of our knowledge, our results
proved our hypothesis and indicated that AFR was prognostic biomarkers for predicting the severity of pneumonia in
COVID-19 patients. Albumin is synthesized exclusively in the liver and plays an important role in a number of
physiological mechanisms, including the regulation of osmotic pressure and the transport of poorly water-soluble
molecules. Albumin level is usually regarded as an indicator of nutritional status. A previous study showed that low
serum albumin levels are associated with poor outcomes in patients with COVID-19.'® 2% Recent studies have shown that
increased fibrinogen levels are associated with severe COVID 19.'>2! Fibrinogen is a predictor of thromboelastography
maximum amplitude, which has been demonstrated to correlate with the degree of hypercoagulability in multiple clinical
conditions.”? Emerging evidence shows that patients with severe COVID-19 have prothrombotic characteristics and
a high risk of venous thromboembolism.>* Fibrinogen plays an important role in many diseases as a key regulator of
inflammation. Our previous work reported that AFR could be a promising biomarker for predicting the clinical outcomes
of patients with non-small cell lung cancer individuals.**** In this study, we found that circulating AFR gradually
increased to its highest value from the time of admission to the following days, and decreased before the disease
deteriorated in severe patients, indicating that the indicator could effectively monitor disease progression in COVID-19
patients. The AFR at admission was associated with inflammatory markers; low albumin and high fibrinogen levels can
predict disease progression and may be early biomarkers for admission to the intensive care unit.

The study that included almost all risk factors is the first time for us to evaluate the predictive and monitoring role of
AFR in COVID-19 patients. Our study had some limitations. First, it was a single-center study used wide-type strain, and
the accuracy of the data required more multicenter data support. Then for we just displayed the changes of laboratory
index and explored possible explanations, more mechanism researches are needed to confirm our hypothesis in the future.

In conclusion, thirty-six risk factors, including 34 laboratory markers, were associated with COVID-19 severity. AFR,
LDH, MYO, CRP and lymphocyte count had higher AUCs than other markers to differentiate severe from non-severe
patients Multivariate logistic regression model including AFR, B cells count, MYO and LDH had a sensitivity of 73.9%
and a specificity of 94.9% to distinguish severe patients from non-severe patients. Continuous monitoring of AFR, LDH,
CRP, and lymphocyte counts may indicate changes in illness severity.

Ethical Approval and Informed Consent

The study was approved by the Ethics Committee of The First Affiliated Hospital of Nanchang University. Informed
consent was waived by the Ethics Committee due to the retrospective study. All patient data were collected anonymously
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