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Abstract
Objective: To describe the clinical characteristics and outcomes of ordinary COVID-19 when admitted, to
describe how these patients were treated and risk factors for in-hospital progression.

Methods: In this retrospective study, we included 291 adult patients diagnosed as ordinary COVID-19 on
admission who had been discharged or had died between Jan 20, 2020 and Mar 16, 2020 from General
Hospital of Central Theatre Command (Wuhan, China).

Results: Of the 291 patients diagnosed as ordinary COVID-19 when admitted, 65 (22.34%) had been
recorded COVID-19 progressing at least once, and 226 (77.66%) had been recorded COVID-19 improving
during hospitalization. The median time from admission to disease progressed was 5.0 days (2.0-7.0).
Multivariable regression showed increasing odds of in-hospital progression associated with male (odds
ratio 2.333, 95% CI 1.135-4.395; P=0.020), preexisting cardiovascular diseases (2.433, 1.044-5.671;
P=0.039), and lymphopenia (3.482, 1.783-6.799; P<0.001), elevated IL-6 (2.669, 1.084-6.574; P=0.033), d-
dimer (2.829, 1.420-5.636; P=0.003) and lactate dehydrogenase (2.855, 1.458-5.591; P= 0.002) on
admission.

Conclusions: The potential risk factors of male, preexisting cardiovascular disease, lymphopenia,
elevated IL-6, and lactate dehydrogenase, d-dimer could help clinicians to identify in-hospital progression
among ordinary COVID-19 at early stage to optimize medical treatment.

Introduction
In December 2019, a group of patients with acute respiratory illness of unknown cause appeared in
Wuhan, China, which was con�rmed to be caused by a novel corona virus. Full-genome sequencing and
phylogenic analysis indicated that the novel corona virus is closely related to bat-derived SARS-like
corona viruses1 and o�cially named as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
by International Committee on Taxonomy of Viruses. WHO declared the disease caused by SARS-CoV-2
was o�cially named as corona virus disease 2019 (COVID-19). Epidemiological studies con�rmed
human-to-human transmission of COVID-192,3. As of Apr 5, 2020, COVID-19 has been described in 208
countries, areas or territories, involving 1,093,349 individuals and causing 58,620 deaths. COVID-19
spread rapidly and has threatened global public health4.

The incubation period of COVID-19 infection was 1-14 days, mostly 3-7 days. Most severe patients
develop dyspnea and / or hypoxemia one week after onset and may lead to organ dysfunction (such as
shock, acute respiratory distress syndrome, septic shock, acute heart injury and acute kidney injury) and
death5. Huang �rst reported 41 cases of COVID-19 infection, 22(55%) developed into dyspnoea (median
time from illness onset to dyspnoea 8.0 days (IQR 5·0-13·0), 13 (32%) patients were admitted to an
Intensive Care Unit (ICU) and six (15%) died6. In another single-center case series of 138 COVID-
19patients, 26% received ICU care with a median time of 8.0d for initial symptoms to acute respiratory
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distress syndrome (ARDS), and 6 deaths (mortality rate 4.3%)7. Therefore, early detection, early treatment,
prevention of disease progression to severity, and reduction of mortality are the focus of clinical
diagnosis and treatment.

Current studies have demonstrated that age, sex, comorbidities, some early onset of symptoms and
laboratory �ndings may be risk factors for poor outcome of COVID-19.7-9However, there are some
disagreements between those studies. Chen et al found older males with comorbidities were more likely
to be affected and resulted in sever and even acute respiratory ARDS8, while Wang et al found no male
difference between ICU patients and non-ICU patients7. A recent study including 78 COVID-19 patients
reported several factors led to the progression of COVID-19, but there was no signi�cance in any
comorbidities, probably because of the small sample size9. Therefore, it is necessary to include more
patients to evaluate the possible risk factors associated with COVID-19 progression. As reported that
COVID-19 patients were more common to be ordinary cases when admitted to hospital9-11, but until now,
there is no study focus on ordinary COVID-19 in-hospital progression. So, we represent a quantitative
analysis of 291 COVID-19 patients who were clinically classi�ed as ordinary cases on admission to
identify possible risk factors for in-hospital progression and hope to provide an insight into the treatment
for high-risk severe COVID-19 patients.

Methods
Ethical approval

The study was approved by the Research Ethics Commission of General Hospital of Central Theatre
Command ([2020]016-1) and the requirement for informed consent was waived by the Ethics
Commission.

Study design and participants

All adult patients included in this retrospective cohort study were diagnosed with COVID-19 laboratory-
con�rmed positive for COVID-19 by testing the nucleic acid of respiratory specimens, who were
discharged or died between Jan 20, 2020 and Mar 16, 2020. The illness severity of all patients was
evaluated and classi�ed clinically upon admission, according to the Chinese management guideline for
COVID-19 (version 7.0) 5. Our study enrolled all patients who were clinically classi�ed as ordinary cases
when admitted and had a de�nite outcome (dead or discharged). We excluded patients whose disease
has improved, meanwhile the results for COVID-19 nucleic acids have returned negative before
admission, and patients diagnosed as mild, severe or critical on the day of admission.

According to the Chinese management guideline for COVID-19 (version 7.0), the clinical classi�cations of
the disease included: (1) mild cases: the clinical symptoms are mild and no pneumonia manifestation
can be found in imaging; (2) ordinary cases: patients have symptoms like fever and respiratory tract
symptoms, etc., and pneumonia manifestation can be seen in imaging; (3) sever cases (meeting any of
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the following): respiratory distress, RR ³30 breaths/min; the oxygen saturation is less than 93% at a rest
state; arterial partial pressure of oxygen (PaO2) / oxygen concentration (FiO2) £300 mmHg (1
mmHg=0.133 kPa); (3) critical cases (meeting any of the following): respiratory failure occurs and
mechanical ventilation is required monitoring and treatment in ICU5.

All patients were evaluated and classi�ed clinically upon admission and during the treatment. Based on
the clinical records, patients were included in the disease progression group when the disease progressed
to a serious or critical state during the treatment, patients who did not progress were included in the
improvement group.

Data collection

Epidemiological, demographic, clinical, laboratory, radiological, treatment and outcomes data for all
patients with con�rmed COVID-19 were obtained from electronic medical records by a trained team. We
used a standardized case record form to collect clinical data. If information was not clear, the
investigators would contact the doctor responsible for the treatment of the patient for clari�cation.

Laboratory procedures and treatment

COVID-19 in respiratory specimens was detected by real-time RT-PCR methods. Throat-swab specimens
were collected for SARA-CoV-2 re-examination according to the condition of patients (improved or
progressive).

Blood count (white blood cell, lymphocyte count), serum biochemical tests (including liver and renal
function, myocardial enzymes, lactate dehydrogenase, troponin, myoglobin), C-reactive protein,
procalcitonin, interleukin6 (IL6), erythrocyte sedimentation rate and d-dimer were tested with routine blood
examinations. Chest imaging was done for all inpatients. The frequency of examinations was based on
the patient’s condition.

The most common treatment of antivirals included lopinavir/ritonavir, Interferon, Arbidol, and Ribavirin
combined with Traditional Chinese Medicine. Patients received glucocorticoid for 3-5 days according to
the severity of respiratory distress and the progress of chest imaging. In addition, Respiratory support
was used for preventing acute hypoxic respiratory failure.

The criteria for discharge were with normal body temperature for more than 3 days, signi�cantly
recovered respiratory symptoms, obvious absorption in both lungs in chest CT, negative results of the
nucleic acid tests of respiratory specimens for consecutive two times at least 24 h apart.

Statistical analysis

Mean, medians and inter quartile ranges (IQRs) were calculated as continuous variables. Categorical
variables were presented as percentages of patients in each category. Independent group t test or Mann-
Whitney U test were used to compare distributions of continuous variables on admission where
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appropriate. The c2 test or Fisher exact test were used to compare the proportions for categorical
variables where appropriate. Univariate and multivariate logistic regression analysis were adopted to
identify risk factors of disease progression. P< 0.05(bilateral) was considered statistically signi�cant.

We excluded variables from the univariable analysis if there were no signi�cant difference between the
two groups. All statistical analyses were performed using SPSS (Statistical Package for the Social
Science) version 22.0 software (SPSS Inc).

Results
Baseline characteristics

By Mar 16, 2020, 311 patients were identi�ed as laboratory-con�rmed COVID-19, of that 12 (3.8%) were
classi�ed as mild cases, 291(93.6%) were classi�ed as ordinary cases, and 8(2.6%) were classi�ed as
severe cases when admitted. All have been discharged or died. Finally, the 291 ordinary cases were
included in this study(Table 1).The median age of the patients was 56.0 years (IQR 40.0-67.0), ranging
from 18 years to 96 years, and most patients were male [163(56.01%)]. Comorbidities were present in
162(55.67%) patients, with hypertension being the most common comorbidity, followed by
cardiovascular disease and diabetes. The most common symptoms at onset of illness were fever, dry
cough, fatigue, chest tightness, and muscle soreness. The median time from onset of symptoms to �rst
hospital admission was 7.0 days (IQR 3.0-11.0).

Table 1: Demographics and clinical characteristics on admission.
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  Total(n=291) progression
group(n=65)

improvement
group(n=226)

P
value

Age, years 56.0 40.0,
67.0

57.0(48.0,71.0) 54.5(38.0,66.0) 0.030

Male 163(56.01%) 47(72.31%) 116(51.33%) 0.003

Duration from illness
onset

to �rst admission

7(3, 11) 6(3, 9) 7(3, 12) 0.115

Comorbidity        

Hypertension 86(29.55%) 28(43.08%) 58(25.66%) 0.007

Cardiovascular
diseases

52(17.87%) 20(30.77%) 32(14.16%) 0.002

Diabetes 35(12.03%) 9(13.85%) 26(11.5%) 0.609

Lung disease 25(8.59%) 10(15.38%) 15(6.64%) 0.027

Nephropathy 13(4.47%) 4(6.15%) 9(3.98%) 0.455

Hepatopathy 18(6.19%) 6(9.23%) 12(5.31%) 0.247

Cancer 10(3.44%) 3(4.62%) 7(3.1%) 0.554

Immunode�ciency
diseases

8(2.75%) 3(4.62%) 5(2.21%) 0.296

Initial symptom        

Fever 235(80.76%) 62(95.38%) 173(76.55%) 0.001

Dry cough 131(45.02%) 28(43.08%) 103(45.58%) 0.721

Fatigue 126(43.3%) 32(49.23%) 94(41.59%) 0.273

Muscle soreness 75(25.77%) 17(26.15%) 58(25.66%) 0.937

Stuffy nose 12(4.12%) 2(3.08%) 10(4.42%) 0.630

Runny nose 14(4.81%) 4(6.15%) 10(4.42%) 0.566

Chilling 53(18.21%) 12(18.46%) 41(18.14%) 0.953

Sore throat 41(14.09%) 6(9.23%) 35(15.49%) 0.201

Headache 33(11.34%) 13(20%) 20(8.85%) 0.012

Breath shortness 65(22.34%) 24(36.92%) 41(18.14%) 0.001

Chest tightness 85(29.21%) 30(46.15%) 55(24.34%) 0.001

Anorexia 60(20.62%) 18(27.69%) 42(18.58%) 0.110
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Vomiting 7(2.41%) 1(1.54%) 6(2.65%) 0.605

Diarrhea 47(16.15%) 9(13.85%) 38(16.81%) 0.567

Chest CT �ndings        

Unilateral lung
involvement

27(9.28%) 3(4.62%) 24(10.62%) 0.141

Bilateral lung
involvement

264(90.72%) 62(95.38%) 202(89.38%)  

 

Of the 291 patients, 65 (22.34%) patients were included in the disease progression group when the
disease progressed to a serious or critical state during the treatment; 226(77.66%) patients who did not
progress were included in the improvement group. The median time from admission to disease
progressed was 5.0 days (2.0-7.0), whereas the median time from illness onset (i.e., before admission) to
disease progressed was 10.0 days (9.0-14.0).

Compared with improvement group, the patients of progression group were signi�cantly older (P = 0.030)
and male dominated (P = 0.003). Meanwhile, the patients of progression group have more underlying
comorbidities (P<0.001) including hypertension (P=0.007), cardiovascular diseases (P = 0.002), and lung
diseases (P = 0.027), higher incidence of fever (P = 0.001), headache (P = 0.012), breath shortness (P =
0.001), and chest tightness (P = 0.001). There was no signi�cant difference in duration from illness onset
to �rst admission between the two groups (P >0.05).

Laboratory indices

Compared with the improvement group, the patients in the progression group had decreased peripheral
blood lymphocyte count ( P <0.001)(Table 2), aspartate aminotransferase(P <0.001), serum creatinine (P
= 0.001), Urea nitrogen (P <0.001),  C-reactive protein (P <0.001), interleukin-6(IL-6) (P <0.001), creatine
kinase (P <0.001), lactate dehydrogenase(P <0.001), Alpha hydroxybutyric dehydrogenase (P <0.001), and
d-dimer (P <0.001) increased. Patients enrolled in progression group who were discharged showed the
progress from progression to improvement on CT scan (Figure 1).

Table 2: Laboratory �ndings on admission.
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  Total(n=291) progression
group(n=65)

improvement
group(n=226)

P
value

White blood cell count, × 109

per L
4.85(3.80-
6.10)

4.90(3.70-6.60) 4.80(3.90-6.00) 0.814

Lymphocyte count, ×109 per L 1.19(0.88-
1.59)

0.89(0.59-1.20) 1.25(0.95-1.65) <0.001

<1.1×109/L 132(45.36%) 46(70.77%) 86(38.05%) <0.001

Alanine aminotransferase,
U/L

21.5(15-35) 25(17-35) 21(15-34) 0.078

Aspartate aminotransferase,
U/L

29(22-39) 34(25-47) 27(22-34) <0.001

>40U/L 65(22.34%) 24(36.92%) 41(18.14%) 0.001

Creatine,μmol/L 65(53-78) 72(59-89) 63(51-76) 0.001

>110μmol/L 10(3.44%) 7(10.77%) 3(1.33%) <0.001

Urea nitrogen,mmol/L 4.08(3.35-
5.16)

4.89(3.66-6.3) 3.87(3.25-4.92) <0.001

Uric acid,μmol/L 251(203-307) 254(214-326) 250(201-304) 0.304

D-dimer, ng/ml 140(81.5-
272)

258(143.5-389) 125(77-216) <0.001

>243 ng/ml 74(25.43%) 30(46.15%) 44(19.47%) <0.001

Creatine kinase, U/L 116(80-181) 207.5(97-287.5) 111(76-158) <0.001

>300U/L 28(9.62%) 12(18.46%) 16(7.08%) 0.006

Creatine kinase isoenzyme,
U/L

17(15-20) 18(15.5-20) 17(14-20) 0.091

Lactate dehydrogenase, U/L 208(179-256) 268.5(213.5-
353.5)

198(172-233) <0.001

>225U/L 114(39.18%) 44(67.69%) 70(30.97%) <0.001

Alpha hydroxybutyric
dehydrogenase,IU/L

168(143-214) 217(176.5-299) 160(141-193) <0.001

>195U/L 81(27.84%) 33(50.77%) 48(21.24%) <0.001

Troponin,ng/ml 0.006(0.004-
0.011)

0.009(0.006-
0.018)

0.006(0.004-0.009) 0.001

>0.02 ng/ml 23(7.90%) 10(15.38%) 13(5.75%) 0.011

Myoglobin,ng/ml 28.1(21-
50.93)

59.75(21-161.6) 25.835(21-40.11) <0.001
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>100 ng/ml 30(10.31%) 16(24.62%) 14(6.19%) <0.001

Interleukin-6, pg/ml 9.6(3.3-27.5) 29.8(12.7-53.1) 6.95(2.8-20) <0.001

>40 pg/ml 34(11.68%) 18(27.69%) 16(7.08%) <0.001

Procalcitonin,ng/ml 0.04(0.03-
0.07)

0.08(0.06-0.14) 0.04(0.03-0.07) <0.001

C-reactive protein,mg/L 10(4.87-
26.72)

28.2(9.3-55.06) 10(4.015-16.095) <0.001

>30 mg/L 60(20.62%) 27(41.54%) 33(14.60%) <0.001

Erythrocyte sedimentation
rate,mm/h

20(11-40) 23(11-55.5) 20(10.5-37) 0.159

 

Treatments and outcomes

Among the 291 patients, the most common treatment was antivirals including lopinavir/ritonavir,
Interferon, Arbidol, and Ribavirin combined with Traditional Chinese Medicine (Table 3). The proportion of
patients treated with lopinavir/ritonavir, glucocorticoid, and antibacterial were higher in the progression
group than improvement group (all P <0.05).

Table 3: Treatments and Outcomes.
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  Total(n=291) progression
group(n=65)

improvement
group(n=226)

P
value

Treatment        

Lopinavir/ritonavir 146(50.17%) 40(61.54%) 106(46.9%) 0.038

Interferon 175(60.14%) 45(69.23%) 130(57.52%) 0.089

Arbidol 54(18.56%) 10(15.38%) 44(19.47%) 0.455

Ribavirin 157(53.95%) 32(49.23%) 125(55.31%) 0.386

Traditional Chinese
medicine

234(80.41%) 54(83.08%) 180(79.65%) 0.539

Glucocorticoid 129(44.33%) 57(87.69%) 72(31.86%) <0.001

Antibacterial 275(94.50%) 65(100%) 210(92.92%) 0.027

Thymosin 209(71.82%) 48(73.85%) 161(71.24%) 0.681

Respiratory support        

Nasal cannula 260(89.35%) 47(72.31%) 213(94.25%) <0.001

High-�ow nasal cannula 2(0.69%) 2(3.08%) 0(0.00%)  

Noninvasive ventilator 13(4.47%) 13(20.00%) 0(0.01%)  

Invasive mechanical

ventilation

2(0.69%) 2(3.08%) 0(0.02%)  

ECMO 1(0.34%) 1(1.54%) 0(0.03%)  

Prognosis       <0.001

Discharge 279(95.89%) 53(81.54%) 226(100.00%)  

Death 12(4.11%) 12(18.46%) 0(0.00%)  

Hospitalization day 19(14, 26.5) 28(19, 35) 18(13, 23) <0.001

 

In addition, respiratory support was used for preventing acute hypoxic respiratory failure. 13 patients
used noninvasive ventilator, and two patients used invasive ventilator. Moreover, one patient was treated
with extracorporeal membrane oxygenation (ECMO). The progression group had more severe hypoxia
and was signi�cantly more likely to receive higher levels of respiratory support compared to the
improvement group (P <0.001).
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By Mar 16, 2020, 279 (95.89%) patients had been discharged and 12 (4.11%) patients had died.
Hospitalization day were longer in the progression group than that in the improvement group (P <0.001).

Risk factors for in-hospital progression in COVID-19 patients

The factors with statistical difference between the two groups included age, gender, history of
cardiovascular, lymphocyte count, IL6, d-dimer, lactate dehydrogenase on admission was included in the
multivariate logistic regression analysis. The results indicated that male (odds ratio [OR], 2.333; P =
0.020), preexisting cardiovascular disease (OR, 2.433; P =0.039), lymphopenia (OR, 3.482; P<0.001), and
elevated levels of blood IL-6 (OR, 2.669; P =0.033), D-dimer (OR, 2.829; P =0.003) , lactate dehydrogenase
(OR, 2.855; P = 0.002) were associated with in-hospital progression(Table 4).

Table 4: Risk factors associated progression of COVID-19 patients.

  P value Multivariable OR 95% CI

Age (years) 0.705 0.996 0.973-1.019

Sex (male vs. female) 0.020 2.333 1.135-4.395

Cardiovascular diseases (yes vs. no) 0.039 2.433 1.044-5.671

Lymphocyte count (<1.1×109/L vs. ≥1.1×109/L <0.001 3.482 1.783-6.799

IL-6 (>40 pg/ml vs. ≤40 pg/ml 0.033 2.669 1.084-6.574

D-dimer (>243 ng/ml vs. ≤243 ng/ml 0.003 2.829 1.420-5.636

lactate dehydrogenase (>225U/L vs. ≤ 225U/L 0.002 2.855 1.458-5.591

Discussion
We described a cohort of 291 adult patients who were ordinary COVID-19 cases when admitted and all
patients had outcomes that 279 were discharged (95.89%), 12 died (4.11%), 65 (22.3%) had been
recorded COVID-19 progressing at least once, and 226 (77.7%) had been recorded COVID-19 improving all
the time during hospitalization. The time from onset to �rst admission was 7.0 days, 19 days of
hospitalization. Common symptoms at onset of illness were fever, dry cough, and fatigue, while higher
proportion of progression cases showed fever, headache, shortness of breath, chest tightness. In this
study, we were able to identify some clinical and laboratory characteristics on presentation that were
associated with the COVID-19 progression. Considering the total number of cases in progression group
and to avoid over �tting in the model, eight variables were chosen for multivariate logistic analysis based
on previous reports and clinical constraints. Previous studies have reported that older age and elevated d-
dimer on admission can increased the risk of COVID-19 death12. Additionally, males, lymphopenia,
cardiovascular disease, and elevated levels of blood IL6, lactate dehydrogenase have been more
commonly observed in sever or critical or non-surviving patients with COVID-196,7,12,13 .Therefore, we
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chose age, male, cardiovascular disease, lymphocyte count, d-dimer, IL6, lactate dehydrogenase as the
seven variables for our multivariable logistic regression model. Finally, the results showed males,
preexisting cardiovascular disease, lymphopenia, and elevated levels of blood IL6, lactate dehydrogenase,
and d-dimer were independent predictors in the multivariable analysis.

Yang et al reported �ndings from 52 sever cases suggested that men and people of an older age are more
likely to progressive to death than women or those of a younger age14. And Fan et al reported similar
�ndings from 101 death of COVID-1913. Previous studies have also reported that advanced age, male sex
were associated with a high case-fatality rate and independent predictors of adverse outcome in SARS15-

17. The results in our study partially supported previous reports that advanced age and male sex were
associated with COVID-19 progression in univariable analysis, male sex was also independent predictor
in multivariable analysis, but advanced age was not. The age-dependent defects in physical condition
and immune system were more likely to lead to poor outcomes of viral pneumonia18,19. The probable
reason of our result maybe because only ordinary cases on admission enrolled in our study, of which 49
(16.8%) were older than 70 years. Older patients classi�ed as severe or critical cases when admitted were
excluded from our study, while they more easily progressed to adverse outcomes during hospitalization20.

Our results found that patients with preexisting cardiovascular disease more easily developed into severe
condition and showed more severe damage to heart which was evaluated by signi�cantly elevated
myoglobin and creatine kinase. Recently a meta-analysis including six studies with 1527 COVID-19
patients reported that the incidence of cardia-cerebrovascular diseases was three-folds higher in
ICU/sever cases than in non-ICU/ sever counterparts, and COVID-19 can, in turn, aggravate the damage to
the heart21. This result just proved our �ndings. Full-genome sequencing and phylogenic analysis
indicated SARS-CoV-2 has a similar receptor-binding domain structure to that of SARS-CoV, which binds
to the angiontensin-coverting enzyme 2 (ACE2) in humans1. ACE2 expressed on myocyte and vascular
endothelial cells22,23, and some studies found circulating ACE2 has been shown to be increased in
patients with cardiovascular disease and   activity increased in patients with left ventricular systolic
dysfunction24,25. So there are theoretical potential possibilities of direct cardiac involvement and severe
infection by the virus.

High initial lactate dehydrogenase, IL6, d-dimer, and lymphopenia were independent predictors for
progression in multivariable analysis. Since high lactate dehydrogenase levels are often seen in
association with tissue damage. This �nding indicates more extensive tissue injury may have happened
in progression group when admitted. Early studies have shown that increased levels of circulating
cytokines in serum, such as IL6, IL-12, MCP1, were associated with pulmonary in�ammation and
extensive lung damage in SARS patients26. Zhou et al reported �ndings from 191 COVID-19 cases
showed that elevated IL6 and lactate dehydrogenase in non-survivors happened during the whole
hospitalization, but they didn’t evaluate the role of IL6 and lactate dehydrogenase playing in predicting in-
hospital death. In our study, we found high initial lactate dehydrogenase, and IL6 are independent risk
factors to predict in-hospital COVID-19 progression. This found should be attached importance to and
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need further evaluated by more studies. It was common to be found increased coagulation activity in
patients with pneumonia, marked by increased level of d-dimer. D-dimer greater than 1mg/L was
associated with fatal outcome of COVID-1912. In this study, we found high initial d-dimer is associated
with COVID-19 progression. Lymphopenia has been reported in SARS, Ebola, and COVID-19, thus there
seems to be a connection between viral infections and lymphopenia, whether the viruses directly causes
lymphopenia is still a question27. Many studies reported that lymphopenia was a high-risk factor for
adverse outcomes of SARS15,28, and our result shows lymphopenia is an independent predictor for
COVID-19 progression.

In our study, all patients received antiviral treatment, but the types of drugs used varied. Given the
retrospective nature of our study, it is di�cult to determine whether there is any therapeutic bene�t to the
treatment regimens used in treating COVID-19, speci�cally lopinavir/ritonavir, glucocorticoids. Recently,
the result of the randomized clinical trial for lopinavir/ritonavir (ChiCTR2000029308) has been published
that no bene�t was observed among in-hospital patients with severe COVID-1929. Therefore, the
effectiveness and safety of lopinavir/ritonavir needs to be evaluated by more research. There are some
disagreements between using and not using glucocorticoids during the treatment of viral pneumonia, due
to the con�ict of anti-in�ammatory and immunosuppression30,31. So, the time and dose of
glucocorticoids use is important for disease development.

Our study still has some limitations. Firstly, certain data may have based on patient memory, such as
timing of onset of symptoms that may be affected by recall bias, and certain laboratory tests were not
done in all patients, such as troponin and myoglobin, that may be underestimated their role in predicting
disease progression. Secondly, lack of effective antivirals, and high-dose glucocorticoids use might have
contributed to the progression in some patients.

Conclusions
As we described that most COVID-19 patients were just ordinary cases when admitted, nearly 23% of
those had been recorded progressing or even death. Early detection and treatment is important for
prevention of COVID-19 progression to severity and reduction of mortality. In this study, male, preexisting
cardiovascular disease, lymphopenia, elevated IL-6, and lactate dehydrogenase, d-dimer on admission
were potential risk factors associated with progression which could help clinicians to identify in-hospital
progression at early stage to optimize medical treatment.
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Figures

Figure 1

Title: Chest computed tomography images of a 38-year-old patient with COVID-19 included in progression
group. Legend: (A) Chest computed tomography images on admission day; (B) Chest computed
tomography images on day 11 after admission; (C) Chest computed tomography images 17 day after
admission; (D) Chest computed tomography images 18 day after discharge.


