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Objective: To identify the risk factors for predicting the dynamic progression of COVID-19.
Methods: A total of 2321 eligible patients were included in this study from February 4 to 
April 15, 2020. Two illness conditions, including mild/moderate (M/M) subtype to severe/ 
critical (S/C) and S/C to fatality, were classified. Clinical message was collected and 
compared, respectively. Kaplan–Meier method, Cox regression model and risk score system 
were used to predict disease progression in S/C COVID-19.
Results: A total of 112 of 1761 patients with M/M subtype were progressors (P) and 1649 non- 
progressors (NP). Increasing disease progression associated with higher levels of neutrophils 
count (HR=1.958, 95% CI=1.253–3.059, P=0.003), CK (HR=2.203, 95% CI=1.048–4.632, 
P=0.037), LDH (HR=3.309, 95% CI=2.083–5.256, P<0.001) and CRP (HR=2.575, 95% 
CI=1.638–4.049, P<0.001), and lower level of lymphocytes count (HR=1.549, 95% 
CI=1.018–2.355, P=0.041), as well as total lesion volume ratio greater than ≥10% (HR=2.286, 
95% CI=1.451–3.601, P<0.001) on admission. In progression to fatality, 56 of the 672 S/C cases 
died and 616 survived. Increasing fatality associated with lower level of lymphocytes count 
(HR:2.060, 95% CI:1.000–4.242, P=0.050), higher levels of BUN (HR:2.715, 95% CI:1.539– 
4.790, P<0.001), CK-MB (HR:3.412, 95% CI:1.760–6.616, P<0.001), LDH (HR:5.578, 95% 
CI:2.317–13.427, P<0.001), and PT (HR:3.619, 95% CI:2.102–6.231, P<0.001). Furthermore, 
high risk of neutrophils count, lymphocytes count, CK, LDH, CRP, and total lesion volume ratio 
was powerfully correlated with the incidence of progression to S/C in patients with NS COVID- 
19 and high odds of lymphocytes count, BUN, CK-MB, LDH, and PT were significantly 
associated with death in patients with S/C COVID-19. In addition, the progression and mortality 
rates increased with increasing risk scores.
Conclusion: Elevated LDH level and lymphopenia were independent predictors for 
COVID-19 sustainable management in classifying non-severe patients who progressed to 
severe condition and identifying S/C patients who deteriorated to fatal outcomes as well. 
Total lesion volume ratio ≥10% may provide early predictive evidence with COVID-19 
patients at high risk of developing into S/C to improve prognosis.
Keywords: COVID-19, mild/moderate, severe/critical, progression, fatality, risk factors

Introduction
In December, 2019, a coronavirus disease 2019 (COVID-19) caused by acute 
respiratory syndrome coronavirus 2 (SARSCoV-2) occurred.1–3 Due to its rapid 
spread throughout China and subsequently around the world, COVID-19 has been 
declared as a pandemic by the World Health Organization (WHO).4,5 The clinical 
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spectrum of COVID-19 varied degrees, which ranging 
from mild to critically ill.6 Although the majority of 
patients suffer with mild syndrome from the onset of 
symptoms and have good prognosis, some cases experi
ence progressive disease deterioration, resulting in persis
tently increased fatal outcomes daily.7

Accumulating studies have described clinical manifes
tations and underlying risk factors affecting the prognosis 
of COVID-19 patients, include older age, complications 
with hypertension, lymphopenia,8–10 etc. However, the 
majority of these reports have focused on predictors of 
disease progression or fatality in COVID-19 patients, 
while neglecting risk indicators associated with the 
whole dynamical clinical deterioration process of 
COVID-19 from non-severe to S/C and S/C to death. 
Moreover, total lesion volume ratio of CT scans analyzed 
by the uAI Intelligent Assistant Analysis System is of 
great significance to assess the association with severity 
grading of COVID-19.11,12 However, few studies have 
suggested whether it may provide the early identification 
information for patients with COVID-19 as the disease 
developed. In order to implement timely individualized 
therapeutics and allocate medical resources more reason
ably, it is awfully important to recognize potentially S/C 
developing combined clinical manifestations and labora
tory variables, along with radiologic features.

In this study, we retrospectively collected the accurate 
information from COVID-19 patients who were admitted to 
Huo Shen-Shan hospital. It concentrates on the clinical indi
cators in forecasting and monitoring disease dynamic devel
opment of these patients in diverse stages, aiming to identify 
independent predictors of clinical progression in initially M/ 
M-progression patients at admission along with the prog
nosis in patients initially S/C condition upon admission and 
derived from M/M-progression during the hospitalization, so 
as to optimize management of the epidemic.

Methods
Study Design and Participants
This single-center, retrospective study was done at Huo 
Shen-Shan hospital in Wuhan city, China, which is a 
designated hospital to cure patients with COVID-19. 
From February 4 to April 15, 2020, we retrospectively 
analyzed 3050 patients with COVID-19 who had been 
diagnosed with COVID-19, of whom 729 were excluded 
for lack of complete clinical data and inaccurate time of 
progression into severe or critical COVID-19. Assessment 

of illness changeable course for COVID-19 ranges from 
M/M to S/C and S/C to death. For the first period of 
disease progression in non-severe COVID-19, we col
lected 1761 eligible patients with COVID-19 infection, 
112 of whom with disease progression (Figure 1). In the 
second phase of prognostic outcomes in severe to critical 
cases, we analyzed 672 qualified patients with severely or 
critically ill, who comprised of 560 cases with S/C condi
tion upon admission and 112 cases rapidly developed from 
M/M subtype of COVID-19, of whom 56 were developing 
into fatal outcomes (Figure 1). The criteria reference for 
diagnosis, clinical classification of COVID-19 was based 
on guidance developed by the National Health 
Commission of China (Version 7).13 The study was 
approved by the Ethics Committee of Tangdu hospital 
(Take over an intensive care unit of Huo Shen-Shan 
Hospital temporarily) of Xi’an city and the requirement 
for informed consent was waived due to the rapid emer
gence of COVID-19. The patients’ data in the present 
study were in accordance with the Declaration of Helsinki.

COVID-19 Clinical Classification
The severity of COVID-19 is classified into four types, 
including mild type, moderate type, severe type, and 
critical type. Mild type refers to the clinical symptoms 
as mild with no abnormal radiological findings. 
Moderate type refers to fever, cough and other symp
toms that are presented with pneumonia on chest com
puted tomography. The diagnosis is determined to be of 
severe type if one of the following conditions is pre
sent: respiratory distress, respiratory frequency ≥30 per 
min; oxygen saturation in room air at rest ≤93%; or 
partial pressure of oxygen in arterial blood (PaO2)/ 
fraction of inspired oxygen (FiO2) ≤300 mmHg. Any 
of the following conditions results in a diagnosis of 
critical type: Respiratory failure occurs and mechanical 
ventilation is required; shock; or patients with other 
organs dysfunction needing intensive care.

Data Collection
The data of general personal information, clinical 
characteristic, laboratory examinations, radiologic 
assessments, and outcomes were extracted and cross
checked from clinical electronic medical records for 
all patients confirmed COVID-19. Clinical characteris
tics included age, gender, symptoms (fever, cough, 
sputum, dyspnea, myalgia, fatigue, nausea or vomiting, 
diarrhea, headache), and comorbidities (hypertension, 
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diabetes, cardiovascular disease, respiratory disease, 
endocrine system disease, liver disease, cerebrovascu
lar disease, malignancy, kidney disease, and other) on 
admission. The length of hospitalization of enrolled 
patients was collected. Laboratory findings comprised 
blood routine, liver and renal function, serum bio
chemistry, coagulation profile, and C-reactive protein. 
Total lesion volume and total lesion volume ratio of 
pulmonary were evaluated by chest computed tomo
graphy together with intelligent software. Definite 
diagnosis of COVID-19 was achieved by throat-swab 
specimens from the upper respiratory tract according 
to the protocol established by the Chinese CDC. 
Laboratory confirmation of COVID-19 and exclusion 
of other respiratory virus infections were performed 
using Real-time Reverse Transcription Polymerase 
Chain Reaction Assay (RT-PCR). All tests were per
formed using commercial kits at the Department of 
Clinical Laboratory of Huo Shen-Shan Hospital, 
according to the product manual.

Statistical Analysis
Continuous variables were presented as mean (standard 
deviation, SD) or median (interquartile range, IQR). The 
Student’s t-test and the Mann–Whitney U-test were used 
for normally distributed and non-normally distributed vari
ables, respectively. Categorical variables were presented as 
number (percentage), and the chi-squared test and Fisher’s 
exact test were performed as appropriate. Survival curves 
were described using the Kaplan–Meier method and com
pared using the Log rank test. Cox regression analysis of 
univariate and multivariate was applied to estimate risk 
factors associated with the dynamic development of 
COVID-19. Risk-score systems were constructed using 
the significant independent clinical variables to predict 
progression and mortality. The risk score ranged from 0 
to 6 for progression and 0 to 5 for mortality (which were 
chosen based on statistical significance). A value of P < 
0.05 was considered statistically significant. All statistical 
analysis was performed using SAS (version 9.4) and R 
package (version 3.5.2).

Figure 1 Flow chart of cases selection.
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Results
Clinical Characteristics in COVID-19 
with Distinct Severity Classification
1761 patients with mild/moderate COVID-19 included in 
the process of disease deterioration, 112 (6.36%) patients 
were grouped into progression to severe COVID-19 and 
1649 (93.64%) patients were progression-free cases. The 
mean age was 57.26 years (SD 14.29). Patients from the 
progression to severe group were older than those from the 
progression-free group. Male patients accounted for 
49.86% of all patients. The most common symptoms of 
patients on admission were fever (72.57%) and cough 
(70.13%), followed by fatigue (54.29%), dyspnea 
(47.25%), myalgia (29.64%), and expectoration 
(16.41%). Less common clinical symptoms including diar
rhea (5.85%), nausea or vomiting (3.80%), and headache 
(2.84%). Various comorbidities including hypertension 
(27.77%), diabetes (12.15%), and cardiovascular disease 
(5.68%) were the most frequent coexisting conditions. 
Compared with patients with moderate COVID-19 who 
did not deteriorate to severe type, patients who developed 
progressive state were significantly older (aged ≥80 years, 
15.18% vs 4.31%, P<0.001), and had more likelihood of 
dyspnea symptom (61.61% vs 46.27%, P=0.002), and 
were more likely to have underlying comorbidities, includ
ing hypertension (45.54% vs 26.56%, P<0.001), diabetes 
(18.75% vs 11.70%, P=0.027), respiratory disease (8.93% 
vs 2.91%, P<0.001), cerebrovascular disease (15.18% vs 
4.31%, P<0.001) on admission. No significant differences 
were observed between the two groups in terms of gender 
(P = 0.821). By comparing between the length of hospita
lization in two groups, progressive patients had longer 
duration than non-progressive patients (P<0.001), as 
shown in Table 1.

As illness condition continued to worsen, 672 
(22.03%) S/C ill patients were incorporated, involving 56 
patients who have died and 616 patients who survived. 
The median age was 64.50 years (SD 13.13), and 461 
(68.60%) were older than 60 years, and those with older 
age were more likely to have had a death outcome 
(P<0.001). More than half of the infected patients were 
men (54.32%). Common symptoms include more common 
symptoms such as fever (77.83%), cough (73.69%), dys
pnea (64.58%), and fatigue (59.38%) and less common 
symptoms such as myalgia (32.89%), expectoration 
(20.24%), headache (3.87%). At the same time, a propor
tion of patients presented with atypical symptoms, such as 

diarrhea (6.40%) and nausea or vomiting (4.32%). And the 
absence of dyspnea (P<0.001, 89.29% vs 62.34%), nausea 
or vomiting (P=0.014, 10.71% vs 3.73%), and headache 
(P=0.040, 8.93% vs 3.41%) were higher among patients 
who died in hospital compared with those survived. The 
median length of hospital stay was 15 days (IQR, 8–23). 
By comparing gender (P=0.118) and the length of hospital 
stay (P=0.498) in severely ill patients, there were no 
statistical difference between NS and S, as shown in 
Table 2.

Laboratory Finding and CT Imaging in 
Different Clinical Stage of COVID-19
Laboratory finding and CT imaging on admission are 
listed in Table 3. In comparison with NP, P had higher 
leucocytes count ([6.83±2.61] vs [5.97±2.09], P<0.001), 
and higher neutrophils count ([5.02±2.45] vs [3.73±1.78], 
P<0.001), lower lymphocytes count ([1.20±0.71] vs [1.62 
±0.78], P<0.001), lower haemoglobin ([121.86±18.67] vs 
[125.29±16.76], P=0.038). Admission levels of TBIL 
([11.86±6.12] vs [10.51±5.28], P=0.009), DBIL ([4.96 
±3.36] vs [3.72±2.79], P<0.001), BUN ([5.46±2.51] vs 
[4.62±4.31], P<0.001), CK-MB (9.20[7.45–11.75] vs 
8.30[6.80–10.40], P=0.004), LDH (240.85[177.40– 
316.55] vs 170.30[148.40–199.50], P<0.001), D-dimer 
([2.13±3.42] vs [0.65±1.39], P<0.001), fibrinogen ([3.39 
±0.90] vs [3.02±0.85], P<0.001), PT ([13.76±3.62] vs 
[12.93±1.44], P<0.001), and CRP (16.50[2.68–73.96] vs 
1.70[0.67–5.30], P<0.001) were also significantly higher, 
whereas level of ALB ([34.08±4.70] vs [38.27±4.04], 
P<0.001) was significantly lower in the P than in the NP. 
At hospital admission, lower platelets count (platelets 
count <125×109/L, 10.71% vs 4.55, P=0.004), higher CK 
level (CK ≥200 IU/L, 8.74% vs 1.82, P<0.001), as well as 
higher APTT level (APTT ≥37 s, 4.46% vs 1.46%, 
P=0.042) were more common in progressive patients 
than in NP. Compared with NP, patients who progressed 
to severe COVID-19 were also likely to have bigger total 
lesion volume (721.75 [226.55–1090.60] vs 145.80[23.10– 
404.90], P<0.001) and total lesion volume ratio (22.35 
[7.10–38.65] vs 3.70[0.60–11.20], P<0.001) at presenta
tion. The ALT and creatinine levels were not statistically 
different between the two groups (P>0.05).

There were numerous differences in laboratory findings 
between NS and S, including increased leucocyte ([10.79 
±8.19] vs [6.59±2.58], P<0.001) and neutrophil ([9.54 
±7.97] vs [4.58±2.48], P<0.001) counts, reduced 
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lymphocytes ([0.74±0.46] vs [1.27±0.68], P<0.001), plate
lets ([165.88±114.93] vs [225.75±80.62],P<0.001) and 
ALB (30.67±4.87 vs 35.81±4.65, P<0.001), as well as 
higher levels of TBIL (12.60[9.90–19.90] vs 9.80[7.40– 
12.80], P<0.001), DBIL (6.80[4.50–10.70] vs 3.60[2.60– 
5.00], P<0.001), BUN ([9.53±5.20] vs [5.33±3.03], 
P<0.001), creatinine (76.40[60.65–102.40] vs 64.40 
[54.30–76.55], P<0.001), CK (78.95 (34.20–174.65) vs 
44.90[30.05–66.35], P<0.001), CK-MB (16.50[11.00– 
23.95] vs 9.05[7.15–12.00], P<0.001), LDH (441.60 
[342.80–600.30] vs 199.65[165.95–258.25], P<0.001), 
D-dimer ([5.65±5.63] vs [1.58±2.94], P<0.001), PT 
([16.02±3.55] vs [13.38±4.00], P<0.001), APTT ([35.54 
±24.48] vs [28.35±5.62], P<0.001), CRP (85.69[33.00– 

148.74] vs 4.28[1.38–21.49], P<0.001). The levels of hae
moglobin (P=0.267, [116.96±21.70] vs [119.93±18.91]), 
ALT (P=0.354, 25.95[15.75–48.45] vs 21.90[14.95– 
3.50]), and fibrinogen (P=0.097, [3.04±1.31] vs [3.22 
±0.71]) did not differ between patients who died and 
patients who survived, as shown in Table 4.

Predictive Factors for Distinguishing 
Patients with COVID-19 in Dynamic 
Development
On the Cox univariate analysis, the risk factors associated 
with progression into severe severity in moderate COVID-19 
were older age, comorbidities including hypertension, dia
betes, cardiovascular disease, respiratory disease, and 

Table 1 Clinical Characteristics of Mild/Moderate COVID-19 Patients on Admission

Characteristics Total (n=1761) Progressors (n=112) Non-Progressors (n=1649) P-value

Age, median±SD, years 57.26±14.29 65.13±13.23 57.72±14.21 <0.0001*

Age, range, years <0.0001*

<60 907(51.50) 33(29.46) 874(53.00)
60–79 766(43.50) 62(55.36) 704(42.69)

≥ 80 88(5.00) 17(15.18) 71(4.31)

Gender 0.821

Male 878(49.86) 57(50.89) 821(49.79)
Female 883(50.14) 55(49.11) 828(50.21)

Signs
Fever 1278(72.57) 86(76.79) 1192(72.29) 0.302

Cough 1235(70.13) 86(76.79) 1149(69.68) 0.112

Expectoration 289(16.41) 20(17.86) 269(16.31) 0.669
Dyspnea 832(47.25) 69(61.61) 763(46.27) 0.002

Myalgia 522(29.64) 36(32.14) 486(29.47) 0.549

Fatigue 956(54.29) 65(58.04) 891(54.03) 0.411
Nausea or vomiting 67(3.80) 61(3.70) 6(5.36) 0.375

Diarrhea 103(5.85) 6(5.36) 97(5.88) 0.819

Headache 50(2.84) 4(3.57) 46(2.79) 0.642

Comorbidities

Hypertension 489(27.77) 51(45.54) 438(26.56) <0.0001*
Diabetes 214(12.15) 21(18.75) 193(11.70) 0.027*

Cardiovascular disease 100(5.68) 11(9.82) 89(5.40) 0.050

Respiratory disease 58(3.29) 10(8.93) 48(2.91) 0.0006*
Endocrine system disease 55(3.12) 3(2.68) 52(3.15) 0.775

Liver disease 56(3.18) 6(5.36) 50(3.03) 0.175

Cerebrovascular disease 45(2.56) 9(8.04) 36(2.18) 0.0001*
Malignancy 25(1.42) 3(2.68) 22(1.33) 0.295

Kidney disease 24(1.36) 2(1.79) 22(1.33) 0.702

Others 149(8.46) 21(18.75) 128(7.76) <0.0001*
Hospitalization, days 13.00(8.00–19.00) 21.00(14.00–31.50) 12.00(8.00–18.00) <0.0001*

Notes: Data are n (%), mean (SD), and median (IQR). *P-value <0.05. Others included gastrointestinal disease, blood system disease, gallbladder disease, nervous system 
diseases, connective tissue disease, thrombosis, mental illness, electrolyte disturbance.
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cerebrovascular disease, increased leucocytes count and neu
trophils count, lymphopenia, thrombocytopenia, decreased 
level of ALB, elevated levels of DBIL, BUN, CK, LDH, 
D-dimer, fibrinogen, PT, APTT, and CRP, as well as total 
lesion volume ratio ≥10%. Thereafter, a Cox multivariable 
model, risk of the disease deterioration of COVID-19 from 
non-severe to severe or critical condition was independently 
associated with neutrophils (HR=1.958, 95% CI=1.253– 
3.059, P=0.003), lymphocytes (HR=1.549, 95% CI=1.018– 
2.355, P=0.041), CK (HR=2.203, 95% CI=1.048–4.632, 
P=0.037), LDH (HR=3.309, 95% CI=2.083–5.256, 
P<0.001), CRP (HR=2.575, 95% CI=1.638–4.049, 
P<0.001), total lesion volume ratio ≥10% (HR=2.286, 95% 
CI=1.451–3.601, P<0.001), as shown in Table 5.

As with mortality, the Cox univariate analysis identi
fied 17 significant risk factors for S/C group, as follows: 
older age and more significant laboratory abnormalities 
including raised leucocyte and neutrophil counts, lympho
penia, thrombocytopenia, reduced ALB level, elevated 
TBIL, DBIL, BUN, creatinine, CK, CK-MB, LDH, 
D-dimer, PT, APTT, and CRP levels. The multivariate 
Cox regression analysis eventually suggested that lympho
cytes <1.1×109/L (HR:2.060, 95% CI:1.000–4.242, 
P=0.050), BUN ≥8.8 mmol/L (HR:2.715, 95% CI:1.539– 
4.790, P<0.001), CK-MB ≥24 IU/L (HR:3.412, 95% 
CI:1.760–6.616, P<0.001), LDH ≥250 IU/L (HR:5.578, 
95% CI:2.317–13.427, P<0.001), PT ≥15 s(HR:3.619, 
95% CI:2.102–6.231, P<0.001) were markedly 

Table 2 Clinical Features of Severe/Critical COVID-19 Patients

Characteristics Total n=672) Non-Survivor (n=56) Survivor (n=616) P-value

Age, median±SD, years 64.50±13.13 70.54±11.78 63.95±13.12 0.0003*

Age, range, years 0.002*

<60 211(31.40) 8(14.29) 203(32.95)
60–79 381(56.70) 35(62.50) 346(56.17)

≥ 80 80(11.90) 13(23.21) 67(10.88)

Sex 0.118

Male 365(54.32) 36(64.29) 329(53.41)
Female 307(45.68) 20(35.71) 287(46.59)

Signs
Fever 523(77.83) 46(82.14) 477(77.44) 0.417

Cough 497(73.96) 42(75.00) 455(73.86) 0.853

Expectoration 136(20.24) 9(16.07) 127(20.62) 0.418
Dyspnea 434(64.58) 50(89.29) 384(62.34) <0.0001*

Myalgia 221(32.89) 17(30.36) 204(33.12) 0.674

Fatigue 399(59.38) 36(64.29) 363(58.93) 0.435
Nausea or vomiting 29(4.32) 6(10.71) 23(3.73) 0.014*

Diarrhea 43(6.40) 3(5.36) 40(6.49) 0.733

Headache 26(3.87) 5(8.93) 21(3.41) 0.040*

Comorbidities

Hypertension 273(40.63) 22(39.29) 251(40.75) 0.831
Diabetes 125(18.60) 9(16.07) 116(18.83) 0.611

Cardiovascular disease 62(9.23) 5(8.93) 57(9.25) 0.936

Respiratory disease 57(8.48) 5(8.93) 52(8.44) 0.900
Endocrine system disease 29(4.32) 0(0.00) 29(4.71) 0.023

Liver disease 17(2.53) 1(1.79) 16(2.60) 0.697

Cerebrovascular disease 33(4.91) 4(7.14) 29(4.71) 0.446
Malignancy 16(2.38) 0(0.00) 16(2.60) 0.093

Kidney disease 11(1.64) 2(3.57) 9(1.46) 0.295

Others 99(14.73) 6(10.71) 93(15.10) 0.376
Hospitalization, days 15.00(8.00–23.00) 14.50(7.00–23.00) 15.00(8.00–23.00) 0.498

Notes: Data are n (%), mean (SD), and median (IQR). *P-value <0.05. Others included gastrointestinal disease, blood system disease, gallbladder disease, nervous system 
diseases, connective tissue disease, thrombosis, mental illness, electrolyte disturbance.
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Table 3 Laboratory Finding and CT Imaging of Mild/Moderate COVID-19 Patients on Admission

Normal Range Total (n=1761) Progressors (n=112) Non-Progressors (n=1649) P-value

Leucocytes, ×109/L 3.5–9.5 6.03±2.14 6.83±2.61 5.97±2.09 <0.0001*
<9.5 1662(94.38) 95(84.82) 1567(95.03) <0.0001*

≥9.5 99(5.62) 17(15.18) 82(4.97)

Neutrophils, ×109/L 1.8–6.3 3.81±1.85 5.02±2.45 3.73±1.78 <0.0001*

<6.3 1625(92.28) 79(70.54) 1546(93.75) <0.0001*
≥6.3 136(7.72) 33(29.46) 103(6.25)

Lymphocytes, ×109/L 1.1–3.2 1.59±0.79 1.20±0.71 1.62±0.78 <0.0001*
<1.1 371(21.07) 55(49.11) 316(19.16) <0.0001*

≥1.1 1390(78.93) 57(50.89) 1333(80.84)

Haemoglobin, g/L 115–150 125.07±6.91 121.86±18.67 125.29±16.76 0.038*

<115 426(24.19) 35(31.25) 391(23.71) 0.071

≥115 1335(75.81) 77(68.75) 1258(76.29)

Platelets, ×109/L 125–350 233.18±78.18 223.56±78.94 233.83±78.11 0.179

<125 87(4.94) 12(10.71) 75(4.55) 0.004*
≥125 1674(95.06) 100(89.29) 1574(95.45)

ALT, IU/L 7–40 22.30(14.30–36.10) 24.75(16.05–40.45) 22.20(14.20–35.60) 0.050
<40 1388(78.82) 83(74.11) 1305(79.14) 0.207

≥40 373(21.18) 29(25.89) 344(20.86)

TBIL, μmol/L 0–21 10.59±5.35 11.86±6.12 10.51±5.28 0.009*

<21 1686(95.74) 105(93.75) 1581(95.88) 0.281

≥21 75(4.26) 7(6.25) 68(4.12)

DBIL, μmol/L 0–8 3.80±2.84 4.96±3.36 3.72±2.79 <0.0001*

<8 1707(96.93) 104(92.86) 1603(97.21) 0.010*
≥8 54(3.07) 8(7.14) 46(2.79)

ALB, g/L 40–55 38.01±4.21 34.08±4.70 38.27±4.04 <0.0001*
<40 1171(66.50) 97(86.61) 1074(65.13) <0.0001*

≥40 590(33.50) 15(13.39) 575(34.87)

BUN, mmol/L 3.1–8.8 4.67±1.93 5.46±2.51 4.62±4.31 <0.0001*

<8.8 1692(96.08) 97(86.61) 1595(96.73) <0.0001*

≥8.8 69(3.92) 15(13.39) 54(3.27)

Creatinine, μmol/L 41–81 68.67±35.27 70.40±18.31 68.56±36.13 0.593

<81 1473(83.65) 89(79.46) 1384(83.93) 0.216
≥81 288(16.35) 23(20.54) 265(16.07)

CK, IU/L 40–200 49.60(36.10–71.30) 44.10(29.85–72.55) 49.80(36.40–71.20) 0.077
<200 1723(97.84) 104(92.86) 1619(98.18) 0.0002*

≥200 38(2.16) 8(7.14) 30(1.82)

CK-MB, IU/L 0–24 8.40(6.80–10.50) 9.20(7.45–11.75) 8.30(6.80–10.40) 0.004*

<24 1722(97.79) 110(98.21) 1612(97.76) 0.742
≥24 39(2.21) 2(1.79) 37(2.24)

LDH, IU/L 120–250 172.10(149.50–202.80) 240.85(177.40–316.55) 170.30(148.40–199.50) <0.0001*
<250 1566(88.93) 58(51.79) 1508(91.45) <0.0001*

≥250 195(11.07) 54(48.21) 141(8.56)

(Continued)
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Table 3 (Continued). 

Normal Range Total (n=1761) Progressors (n=112) Non-Progressors (n=1649) P-value

D-dimer, mg/L 0–0.55 0.75±1.63 2.13±3.42 0.65±1.39 <0.0001*

<0.55 1165(66.16) 36(32.14) 1129(68.47) <0.0001*

≥0.55 596(33.84) 76(67.86) 520(31.53)

Fibrinogen, g/L 2–4 3.04±0.85 3.39±0.90 3.02±0.85 <0.0001*

<4 1625(92.28) 85(75.89) 1540(93.39) <0.0001*
≥4 136(7.72) 27(24.11) 109(6.61)

PT, s 9.2–15 12.89±1.68 13.76±3.62 12.93±1.44 <0.0001*
<15 1679(95.34) 97(86.61) 1582(95.94) <0.0001*

≥15 82(4.66) 15(13.39) 67(4.06)

APTT, s 21–37 28.43±3.94 28.33±4.35 28.43±3.91 0.797

<37 1732(98.35) 107(95.54) 1625(98.54) 0.042*

≥37 29(1.65) 5(4.46) 24(1.46)

CRP, mg/L 0–4 1.82(0.70–6.26) 16.50(2.68–73.96) 1.70(0.67–5.30) <0.0001*

<4 1198(68.03) 34(30.36) 1164(70.59) <0.0001*
≥4 563(31.94) 78(69.64) 485(29.41)

Total lesion volume NA 157.50(26.10–450.30) 721.75(226.55–1090.60) 145.80(23.10–404.90) <0.0001*

Total lesion volume ratio NA 4.00(0.60–12.80) 22.35(7.10–38.65) 3.70(0.60–11.20) <0.0001*

<10% 1213(68.88) 33(29.46) 1180(71.56) <0.0001*
≥10% 548(31.12) 79(70.54) 469(28.44)

Notes: Data are n (%), mean (SD), and median (IQR). *P-value <0.05. 
Abbreviations: ALT, alanine transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; ALB, albumin; BUN, blood urea nitrogen; CK, creatine kinase; LDH, lactate 
dehydrogenase; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein; NA, not available.

Table 4 Laboratory Finding of Severe/Critical COVID-19 Patients

Laboratory Finding Normal Range Total (n=672) Non-Survivor (n=56) Survivor (n=616) P value

Leucocytes, ×109/L 3.5–9.5 6.94±3.60 10.79±8.19 6.59±2.58 <0.0001*

<9.5 570(84.82) 34(60.71) 536(87.01) <0.0001*
≥9.5 102(15.18) 22(39.29) 80(12.99)

Neutrophils, ×109/L 1.8–6.3 5.00±3.56 9.54±7.97 4.58±2.48 <0.0001*
<6.3 523(77.83) 23(41.07) 500(81.17) <0.0001*

≥6.3 149(22.17) 33(58.93) 116(18.83)

Lymphocytes, ×109/L 1.1–3.2 1.32±0.69 0.74±0.46 1.27±0.68 <0.0001*

<1.1 274(40.77) 46(82.14) 228(37.01) <0.0001*
≥1.1 398(59.23) 10(17.86) 388(62.99)

Haemoglobin, g/L 115–150 119.68±19.16 116.96±21.70 119.93±18.91 0.267
<115 246(36.61) 26(46.43) 220(35.71) 0.111

≥115 426(63.39) 30(53.57) 396(64.29)

Platelets, ×109/L 125–350 220.76±85.52 165.88±114.93 225.75±80.62 <0.0001*

<125 78(11.61) 24(42.86) 54(8.77) <0.0001*

≥125 594(88.39) 32(57.14) 562(91.23)

ALT, IU/L 7–40 22.15(15.00–38.95) 25.95(15.75–48.45) 21.90(14.95–3.50) 0.354

<40 515(76.64) 39(69.64) 476(77.27) 0.196
≥40 157(23.36) 17(30.36) 140(22.73)

(Continued)
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Table 4 (Continued). 

Laboratory Finding Normal Range Total (n=672) Non-Survivor (n=56) Survivor (n=616) P value

TBIL, μmol/L 0–21 10.10(7.50–13.10) 12.60(9.90–19.90) 9.80(7.40–12.80) <0.0001*

<21 630(93.75) 45(80.36) 585(94.97) <0.0001*

≥21 42(6.25) 11(19.64) 31(5.03)

DBIL, μmol/L 0–8 3.70(2.65–5.40) 6.80(4.50–10.70) 3.60(2.60–5.00) <0.0001*

<8 618(91.96) 41(73.21) 577(93.67) <0.0001*
≥8 54(8.04) 15(26.79) 39(6.33)

ALB, g/L 40–55 35.38±4.88 30.67±4.87 35.81±4.65 <0.0001*
<40 556(82.74) 55(98.21) 501(81.33) 0.002*

≥40 116(17.26) 1(1.79) 115(18.67)

BUN, mmol/L 3.1–8.8 5.68±3.46 9.53±5.20 5.33±3.03 <0.0001*

<8.8 571(84.97) 24(42.86) 547(88.80) <0.0001*

≥8.8 101(15.03) 32(57.14) 69(11.20)

Creatinine, μmol/L 41–81 65.30(54.50–77.90) 76.40(60.65–102.40) 64.40(54.30–76.55) 0.0001*

<81 533(79.32) 33(58.93) 500(81.17) <0.0001*
≥81 139(20.68) 23(41.07) 116(18.83)

CK, IU/L 40–200 45.50(30.25–71.55) 78.95(34.20–174.65) 44.90(30.05–66.35) <0.0001*
<200 635(94.49) 48(85.71) 587(95.29) 0.003*

≥200 37(5.51) 8(14.29) 29(4.71)

CK-MB, IU/L 0–24 9.30(7.35–12.95) 16.50(11.00–23.95) 9.05(7.15–12.00) <0.0001*

<24 641(95.39) 42(75.00) 599(97.24) <0.0001*
≥24 31(4.61) 14(25.00) 17(2.76)

LDH, IU/L 120–250 205.50(168.35–274.40) 441.60(342.80–600.30) 199.65(165.95–258.25) <0.0001*
<250 455(67.71) 6(10.71) 449(72.89) <0.0001*

≥250 217(32.29) 50(89.29) 167(27.11)

D-dimer, mg/L 0–0.55 1.92±3.43 5.65±5.63 1.58±2.94 <0.0001*

<0.55 260(38.69) 2(3.57) 258(41.88) <0.0001*

≥0.55 412(61.31) 54(96.43) 358(58.12)

Fibrinogen, g/L 2–4 3.20±0.78 3.04±1.31 3.22±0.71 0.097

<4 572(85.12) 43(76.79) 529(85.88) 0.067
≥4 100(14.88) 13(23.21) 87(14.12)

PT, s 9.2–15 13.60±4.03 16.02±3.55 13.38±4.00 <0.0001*
<15 593(88.24) 24(42.86) 569(92.37) <0.0001*

≥15 79(11.76) 32(57.14) 47(7.63)

APTT, s 21–37 28.95±9.06 35.54±24.48 28.35±5.62 <0.0001*

<37 647(96.28) 45(80.36) 602(97.73) <0.0001*

≥37 25(3.72) 11(19.64) 14(2.27)

CRP, mg/L 0–4 5.18(1.50–30.03) 85.69(33.00–148.74) 4.28(1.38–21.49) <0.0001*

<4 307(45.68) 4(7.14) 303(49.19) <0.0001*
≥4 365(54.32) 52(92.86) 313(50.81)

Notes: Data are n (%), mean (SD), and median (IQR). *P-value <0.05. 
Abbreviations: ALT, alanine transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; ALB, albumin; BUN, blood urea nitrogen; CK, creatine kinase; LDH, lactate 
dehydrogenase; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein; NA, not available.
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independent risk factors for predicting disease deteriora
tion of COVID-19 from S/C to death, as shown in Table 6.

Nomogram Establishment and Risk 
Stratification of COVID-19
The nomogram was developed based on the integration of 
neutrophils, lymphocytes, CK, LDH, CRP, and total lesion 
volume ratio ≥10% count for 20-day progression, 40-day 
progression, 60-day progression, and 80-day progression to 

predict the possibility of deterioration into S/C for each non- 
severe COVID-19 (Figure 2). We used Kaplan–Meier analysis 
to stratify patients according to risk, and the initial time is 
calculated from the onset of symptom (Figure 3). All patients 
were divided into two strata according to the cutoff value of 
neutrophils count (low risk: <6.3, high risk: ≥6.3), lympho
cytes count (low risk: ≥1.1, high risk: <1.1), CK level (low 
risk: <200, high risk: ≥200), LDH level (low risk: <250, high 
risk: ≥250), CRP level (low risk: <4, high risk: ≥4), and total 

Table 5 Univariate and Multivariate COX Analysis of Progression of Mild/Moderate COVID-19

Univariate COX Analysis Multivariate COX Analysis

HR (95% CI) P value HR (95% CI) P value

Age, years

60–79 (vs 60) 1.638(1.080–2.485) 0.020* – –
≥80 (vs 60) 2.940(1.594–5.293) 0.0005* – –

Male sex (vs female) 0.982(0.658–1.408) 0.922 – –

Comorbidity with (vs without)

Hypertension 2.171(1.497–3.149) <0.0001* – –
Diabetes 1.638(1.019–2.633) 0.042* – –

Cardiovascular disease 1.842(0.988–3.432) 0.054 – –

Respiratory disease 2.909(1.519–5.572) 0.001* – –
Endocrine system disease 0.785(0.249–2.474) 0.680 – –

Liver disease 1.794(0.788–4.084) 0.164 – –

Cerebrovascular disease 3.697(1.870–7.308) 0.0002* – –
Malignancy 2.211(0.702–6.965) 0.175 – –

Kidney disease 1.368(0.338–5.537) 0.660 – –

Leucocytes ≥9.5 (vs <9.5), ×109/L 3.359(2.004–5.630) <0.0001* – –
Neutrophils ≥6.3 (vs <6.3), ×109/L 5.753(3.830–8.639) <0.0001* 1.958(1.253–3.059) 0.003*

Lymphocytes <1.1 (vs ≥1.1), ×109/L 0.251(0.174–0.364) <0.0001* 1.549(1.018–2.355) 0.041*

Haemoglobin ≥115 (vs <115), g/L 0.705(0.473–1.052) 0.087 – –
Platelets ≥125 (vs <125), ×109/L 0.385(0.212–0.701) 0.002* – –

ALT ≥40 (vs <40), IU/L 1.356(0.888–2.070) 0.159 – –
TBIL ≥21 (vs <21), μmol/L 1.533(0.713–3.295) 0.274 – –

DBIL ≥8 (vs <8), μmol/L 2.586(1.260–5.308) 0.009* – –

ALB ≥40 (vs <40), g/L 0.283(0.164–0.487) <0.0001* – –
BUN ≥8.8 (vs <8.8), mmol/L 4.440(2.577–7.651) <0.0001* – –

Creatinine ≥81 (vs <81), μmol/L 1.362(0.861–2.154) 0.187 – –

CK ≥200 (vs <200), IU/L 5.003(2.433–10.286) <0.0001* 2.203(1.048–4.632) 0.037*
CK-MB ≥24 (vs <24), IU/L 0.888(0.219–3.598) 0.868 - -

LDH ≥500 (vs <500), IU/L 9.698(6.680–14.081) <0.0001* 3.309(2.083–5.256) <0.0001*

D-dimer ≥0.55 (vs <0.55), mg/L 4.444(2.988–6.608) <0.0001* - -
Fibrinogen ≥4 (vs <4), g/L 4.447(2.881–6.863) <0.0001* - -

PT ≥15(vs <15), s 3.563(2.068–6.140) <0.0001* - -

APTT ≥37(vs <37), s 2.884(1.176–7.071) 0.021* - -
CRP ≥4(vs <4), mg/L 5.717(3.819–8.560) <0.0001* 2.213(1.381–3.546) 0.001*

Total lesion volume ratio ≥10% (vs <10%) 5.170(3.444–7.763) <0.0001* 2.286(1.451–3.601) 0.0004*

Note: *P-value <0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ALT, alanine transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; ALB, albumin; BUN, blood urea nitrogen; 
CK, creatine kinase; LDH, lactate dehydrogenase; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein.
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lesion volume ratio (low risk: <10%, high risk: ≥10%). High 
risk of neutrophils count (P<0.001), lymphocytes count 
(P<0.001), CK (P<0.001), LDH (P<0.001), CRP (P<0.001) 
level, and total lesion volume ratio (P<0.001) were associated 
with the incidence of S/C COVID-19. A risk score system was 
constructed using six statistically significant clinical variables 
to predict progression. Figure 4 shows progression rate 
increased with increasing risk scores.

Furthermore, a nomogram based on lymphocytes, BUN, 
CK-MB, LDH, and PT was established to predict 20 days, 40 

days, 60 days, and 80 days survival probability for each S/C 
COVID-19 (Figure 5). And Kaplan–Meier survival plots for 
markedly prognostic factors in our study are shown in 
Figure 6. All patients were divided into two strata according 
to the cutoff value of lymphocyte counts (low risk: ≥1.1×109/ 
L, high risk: <1.1×109/L), BUN level (low risk: <8.8 mmol/L, 
high risk: ≥8.8 mmol/L), CK-MB level (low risk: <24 IU/L, 
high risk: ≥24 IU/L), LDH level (low risk: <250 IU/L, high 
risk: ≥250 IU/L), and PT (low risk: <15 s, high risk: ≥15 s). We 
identified five laboratory variables that improved risk 

Table 6 Univariate and Multivariate COX Analysis of Survival of Severe/Critical COVID-19

Univariate COX Analysis Multivariate COX Analysis

HR (95% CI) P value HR (95% CI) P value

Age, years

60–79 (vs 60) 2.025(0.939–4.368) 0.072 – –
≥80 (vs 60) 3.856(1.598–9.307) 0.003* – –

Male sex (vs female) 1.363(0.789–2.355) 0.268 – –

Comorbidity with (vs without)

Hypertension 0.832(0.486–1.423) 0.502 – –
Diabetes 0.765(0.375–1.561) 0.461 – –

Cardiovascular disease 0.995(0.397–2.495) 0.991 – –

Respiratory disease 0.862(0.343–2.170) 0.753 – –
Endocrine system disease 0.000(0.000-) 0.983 - -

Liver disease 0.553(0.076–3.997) 0.557 - -

Cerebrovascular disease 1.644(0.594–4.548) 0.339 - -
Malignancy 0.000(0.000-) 0.983 - -

Kidney disease 2.642(0.643–10.854) 0.178 - -

Leucocytes ≥9.5 (vs <9.5), ×109/L 3.267(1.910–5.589) <0.0001* - -
Neutrophils ≥6.3 (vs <6.3), ×109/L 4.307(2.528–7.341) <0.0001* - -

Lymphocytes <1.1 (vs ≥1.1), ×109/L 5.433(2.739–10.780) <0.0001* 2.060(1.000–4.242) 0.050

Haemoglobin <115 (vs <115), g/L 1.424(0.842–2.408) 0.188 - -
Platelets <125 (vs ≥125), ×109/L 5.339(3.143–9.068) <0.0001* - -

ALT ≥40 (vs <40), IU/L 1.277(0.722–2.258) 0.401 - -
TBIL ≥21 (vs <21), μmol/L 3.636(1.879–7.036) 0.0001* - -

DBIL ≥8 (vs <8), μmol/L 4.484(2.479–8.109) <0.0001* - -

ALB ≥40 (vs <40), g/L 0.109(0.015–0.786) 0.028* - -
BUN ≥8.8 (vs <8.8), mmol/L 7.023(4.135–11.929) <0.0001* 2.715(1.539–4.790) 0.0006*

Creatinine ≥81 (vs <81), μmol/L 2.873 (1.686–4.893) 0.0001* - -

CK ≥200 (vs <200), IU/L 3.175(1.501–6.717) 0.003* - -
CK-MB ≥24 (vs <24), IU/L 8.950(4.881–16.410) <0.0001* 3.412(1.760–6.616) 0.0003*

LDH ≥500 (vs <500), IU/L 14.497(6.212–33.831) <0.0001* 5.578(2.317–13.427) 0.0001*

D-dimer ≥0.55 (vs <0.55), mg/L 12.641(3.080–51.888) 0.0004* - -
Fibrinogen ≥4 (vs <4), g/L 1.407(0.756–2.617) 0.281 - -

PT ≥15(vs <15), s 8.901(5.238–15.125) <0.0001* 3.619(2.102–6.231) <0.0001*

APTT ≥37(vs <37), s 8.059(4.140–15.687) <0.0001* - -
CRP ≥4(vs <4), mg/L 9.746(3.524–26.952) <0.0001* - -

Note: *P-value <0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ALT, alanine transaminase; TBIL, total bilirubin; DBIL, direct bilirubin; ALB, albumin; BUN, blood urea nitrogen; 
CK, creatine kinase; LDH, lactate dehydrogenase; PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein.
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stratification in fatal outcome. Integration of high risk of 
lymphocyte counts (P<0.001), BUN (P<0.001), CK-MB 
(P<0.001), LDH (P<0.001), and TP (P<0.001) were asso
ciated with the fatality in severe COVID-19. Comparison 
between nomogram-predicted and observed Kaplan–Meier 
estimates of survival probability shows that it is consistent. 
Figure 7 shows the results for the five statistically significant 
clinical variables using the risk score system. The mortality 
rate increased with increasing risk scores.

Discussion
Our study aimed to describe both the disease progression 
into being S/C during admission and mortality evolved 
from patients who were S/C ill on admission or deterio
rated to during hospitalization of 2321 patients affected 
with COVID-19 admitted at Huo Shen-Shan hospital in 
Wu Han.

Our report on the disease dynamic development of 
COVID-19 patients in diverse stages contributes to early 

identification and prompt intervention to delay illness pro
gression. Since there is no effective treatment for COVID- 
19, slowing the development of the disease is key to 
survival. Majority of mild to moderate patients (93.64%, 
1649/1761) did not deteriorate to S/C subtype and recov
ered from COVID-19 suffering in 12.00 (8.00–18.00) days 
after admission. And among those who did die, they wor
sened from S/C state to fatal outcome within a brief period 
of 15.00 (8.00–23.00) days. Once a patient progressively 
comes up with the S/C condition, the chance of mortality 
is 8.33% (56/672) at short notice. This emphasizes the 
significance of intensive monitoring of critical hazards 
factors for throughout the disease deterioration in the 
early stages of COVID-19 infection.

In the present study, the significantly independent risk 
factors we explored for the disease's continuable progression 
are similar to previous reports with immune dysfunction and 
inflammatory responses, coagulopathy, liver damage, myo
cardial injury, and kidney injury.9,10,14–20 However, older age 

Figure 2 Nomogram predicting 20-day, 40-day, 60-day, and 80-day progression probability of patients with non-severe COVID-19.
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Figure 3 Kaplan–Meier curves of risk group stratification for non-progression to severe illness. (A) The cutoffs of neutrophils for each risk group were as follows: low risk: 
<6.3, and high risk: ≥6.3. (B) The cutoffs of lymphocytes for each risk group were as follows: low risk: ≥1.1, and high risk: <1.1. (C) The cutoffs of CK for each risk group 
were as follows: low risk: <200, and high risk: ≥200. (D) The cutoffs of LDH for each risk group were as follows: low risk: <250, and high risk: ≥250. (E) The cutoffs of CRP 
for each risk group were as follows: low risk: <4, and high risk: ≥4. (F) The cutoffs of total lesion volume ratio for each risk group were as follows: low risk: <10%, and high 
risk: ≥10%.

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S325112                                                                                                                                                                                                                       

DovePress                                                                                                                       
4361

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 5 Nomogram predicting 20-day, 40-day, 60-day, and 80-day survival probability of patients with COVID-19.

Figure 4 Risk score for progressor. Scores ranged from 0 to 6, with 0 indicating the lowest risk and 6 being the highest risk of progression. The numbers in the bar indicate 
the number of patients in the NP (red) and P (green) that were correctly predicted in the dataset.
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Figure 6 Kaplan–Meier curves of risk group stratification for survival probability. (A) Lymphocytes: low risk: ≥1.1, and high risk: <1.1. (B) BUN: low risk: <8.8, and high risk: 
≥8.8. (C) CK-MB: low risk: <24, and high risk: ≥24. (D) LDH: low risk: <250, and high risk: ≥250. (E) PT: low risk: <15, and high risk: ≥15.
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has been recommended as an essential independent predictor 
of mortality in SARS and MERS.21,22 Our study suggested 
that SARS-CoV-2 is susceptible to all aged groups, and the 
elderly patients have a higher possibility of disease progres
sion to severe in moderate COVID-19 patients, consistent 
with earlier research.23,24 However, older age is not a risk 
factor accounting for the progression of moderate COVID-19 
based on the multivariate Cox regression analysis. Several 
reasons can be proposed to explain this result. First, older 
population may have other comorbid medical conditions that 
could increase the severity and mortality of infections.25 

Patients of older age tend to present with atypical symptoms 
of COVID-19. They may present afebrile with non-respira
tory symptoms, such as delirium or isolated functional 
decline without any obvious physical symptoms.26–28 These 
atypical presentations of COVID-19 may impede the early 
recognition of the disease, increase COVID-19 spread, and 
mortality. Additionally, although some comorbidities have 
been reported to be associated with critical illness and mor
tality, most previous studies did not rank their importance 
with respect to other laboratory variables.29,30 We speculate 
that this might be due to variability in triage decision-making 
among frontline clinicians.

The multivariate Cox regression analysis eventually 
suggested that higher levels of neutrophils count, CK, 
LDH and CRP, lymphopenia and total lesion volume 
ratio greater than 10% increased risk of disease progres
sion into severe or critical states in M/M patients, which 
was consistent with literate reports.25,26,31 And our study 

also identified the elevated BUN, CK-MB, and LDH 
levels, and prolonged PT, together with lymphopenia as 
five value prognostic factor affecting the fatality for 
severely/critically ill patients with COVID-19. At the sys
temic level, elevated neutrophils count is an obvious fea
ture of a high viral load exposure or cytokine storms 
induced by virus invasion.3,31 Increased serum CRP level 
is an early indication of the systemic inflammatory 
response syndrome, whereas lymphopenia is a prediction 
of immune dysfunction against the infection.14,31 In addi
tion, some laboratory parameters may be associated with 
multiple organ dysfunction or tissue damage. Acute myo
cardial injury is marked by increased serum CK-MB and 
CK levels.32,33 Consistently, the elevated level of BUN is a 
marked manifestation of kidney injury.34,35 Further, 
increased LDH level is also a predictive factor of endothe
lial injury, which can lead to microvascular thrombosis 
and is related to renal failure.36 Besides, prolonged PT 
(≥15s) is related to increased exogenous coagulation activ
ity, due to the release of tissue factors as the tissue 
damage, in patients with SARS-CoV-2 infection or sepsis.
37,38 Therefore, maintaining an effective systemic immune 
response against the SARS-CoV-2 infection and prevent
ing multiple organ failure is the top priority for the treat
ment of patients with COVID-19.

Surprisingly, decreased lymphocyte count and 
increased LDH level are identified to be important predic
tive factors for both disease progression from M/M to S/C 
and fatal outcome in severe or critical illness. Further, 

Figure 7 Risk score for mortality. Scores ranged from 0 to 5, with 0 indicating the lowest risk and 5 being the highest risk of mortality. The numbers in the bar indicate the 
number of patients in the S (red) and NS (green) that were correctly predicted in the dataset.
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COVID-19 patients with a reduced level of lymphocyte 
count <1.1×109/L had 1.549-fold higher chance of M/M-S/ 
C-progression and a 2.060-fold higher risk of mortality in 
S/C states. And an elevation of LDH level (≥250 IU/L) 
increased the 2.203-fold likely to develop into S/C subtype 
and increased the 3.309-fold risk of fatality in S/C 
COVID-19 patients. Based on Kaplan–Meier analysis, 
lymphocytes count <1.1×109/L and LDH ≥ 250 IU/L 
both have a higher disease progressive possibility along 
with survival probability. LDH is present in the cytoplasm 
of all human tissues, with higher concentrations in the 
liver, heart, and skeletal muscle.41 Elevated LDH levels 
have been reported as one of the most common findings in 
patients infected with MERS-CoV-2 and are also one of 
the biomarkers most strongly associated with ARDS 
mortality.42,43 Besides, multiple organ injury and 
decreased oxygenation with upregulation of the glycolytic 
pathway can result in abnormal values because the acidic 
extracellular pH resulting from infection and tissue injury 
will activate metalloproteases and enhance macrophage- 
mediated angiogenesis.44 When the lung tissue is infected 
by SARS-CoV-2, LDH itself is released when cellular 
necrosis happens; therefore, in severe infections in which 
a large number of cells typically undergo necrosis, high 
serum LDH levels can be observed. In particular, severe 
COVID-19 infections that mainly affect the lungs will 
release a high amount of LDH isozyme commonly found 
in lung tissue (LHD isoenzyme 3). Thus, closely detecting 
the dynamic change of lymphocyte count and LDH level is 
of great significance to provide important evidence to 
timely determine disease tendency and give patients the 
best medical care possible.

Radiological tests, particularly thin-slice chest com
puted tomography (CT) scans, play a crucial role in iden
tifying the early stage of pulmonary infection, monitoring 
disease development and guiding clinical treatment plan
ning for patients with COVID-19.45,47 In particular, we 
identified the total lesion volume ratio based on intelligent 
software to be a significant predictor for disease progres
sion in non-severe patients with COVID-19. And patients 
with the total lesion volume ratio greater than 10% had 
2.286-fold higher risk of disease progression into being S/ 
C during admission. This is supplementary knowledge to 
the previous articles that the percentage of infection in the 
whole lung contributes to the diagnosis and severity grad
ing of COVID-19 patients.11,12 SARS-CoV-2 spike protein 
depends on the binding to angiotensin-converting enzyme 
II (ACE2) receptor to enter cells in the lung, which may 

lead to the down-regulating of ACE2, elevated pulmonary 
capillary permeability, and diffuse alveolar damage.48,49 

We speculate that progressors have increased expression 
of ACE2 receptors, making them more vulnerable to 
SARS-CoV-2 infection. The chest CT, featuring together 
with intelligent software analysis, tends to manifest in 
different features in different phases of disease onset 
among various severity subtype patients, and the total 
lesion volume ratio is rapidly increased in COVID-19 
patients with non-severe-progression, indicating that 
early identification and timely intervention could not be 
more important.

While a large number of studies have previously identi
fied clinical variables associated with the severity of 
COVID-19 infection, only a few studies have attempted to 
develop a predictive or risk score model to predict mortality 
and disease progression. Previous studies have indicated 
that deep learning and the resultant risk score have the 
potential to provide frontline physicians with quantitative 
tools to stratify patients more effectively in time-sensitive 
and resource-constrained circumstances.50–52 In the present 
study, a risk score system was constructed using the statis
tically significant clinical variables to predict progression 
and mortality. The progression and mortality rates increased 
with increasing risk scores, which is consistent with recent 
research.30

There are some limitations in our study. First, this 
study is a retrospective single-center study, and a multi- 
center study is needed to verify our conclusion. Second, 
due to the emergency circumstances, not all laboratory 
findings were done in all cases, including high-sensitivity 
cardiac troponin I, myoglobin, IL-6, PCT, BNP and serum 
ferritin. Therefore, their effects might be underestimated in 
predicting the dynamic development of COVID-19. Third, 
this study only concentrated on the impact of laboratory 
indicators and total lesion volume rate in the COVID-19 
clinical course, whereas other factors, such as hospital 
admission time, treatment strategy, and the heterogeneities 
of medical level in different hospitals, cannot be ignored. 
Finally, due to early clinical intervention, only 3 patients 
developed into S/C in M/M and eventually progressed to 
death, which has a certain impact on the continuity of the 
two processes in this study. So, these findings need to be 
further confirmed by large sample data.

In conclusion, our study indicated that increased neu
trophils count, lower lymphocytes count, elevated levels of 
CK, LDH, and higher total lesion volume ratio are con
firmed to be reliable predictors for clinical progression in 
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non-severe patients with COVID-19. The elevated BUN, 
CK-MB, and LDH levels, and prolonged PT are impor
tantly independent risk factors associated with fatality in 
clinical courses of severely ill patients. In particular, 
reduced lymphocytes count and elevated LDH level may 
serve as predictive factors associated with a thorough 
clinical course of COVID-19, which provides significant 
evidence to assess disease development trends and timely 
intervention.
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