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 Background: Early and rapid identification of severe coronavirus disease 2019 (COVID-19) cases is important. The present 
study aimed to investigate the predictors of disease severity and thus determine the trends for disease pro-
gression early.

 Material/Methods: Patients with COVID-19 were recruited from Fuyang Second People’s Hospital from January to February 2020. 
Patients’ demographic, epidemiological, and clinical data were collected, and the relationships between these 
variables and disease severity were analyzed.

 Results: A total of 158 cases were included according to COVID-19 diagnosis, and the treatment schemes were ana-
lyzed for identification of early indicators affecting COVID-19 progression. Severe cases accounted for 18.99% 
of the diagnosed cases. Analysis showed that patients’ age (c2=10.640,=0.041); the time interval between on-
set and diagnosis (c2=7.278, P=0.026); the source of cases (c2=5.557, P=0.018); fever (c2=5.676, P=0.014); dys-
pnea (c2=113.085, P<0.001); muscle or joint pain (c2=3.900, P=0.048); chest pain (c2=13.446, P=0.006); the 
levels of lymphocytes (t=2.917, P=0.014), C-reactive protein (U=730.00, P<0.001), and aspartate aminotrans-
ferase (U=1235.00, P=0.002); damage in both lungs within 3 days of admission (c2=7.632, P=0.003); and dia-
betes (c2=6.675, P=0.010) were significantly correlated with the trend of intensification.

 Conclusions: Older age, a long time interval from onset to diagnosis, imported cases from an affected area, dyspnea, mus-
cle or joint pain, chest pain during the course of the disease, reduced lymphocytes, elevated C-reactive protein, 
computed tomography scan showing damage to both lungs within 3 days of admission, and diabetes mellitus 
are predictors for severe COVID-19.
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Background

In December 2019, coronavirus disease 2019 (COVID-19), 
caused by a novel coronavirus (severe acute respiratory syn-
drome coronavirus 2 [SARS-CoV-2]), emerged in Wuhan and 
subsequently spread rapidly throughout China and the world. 
COVID-19 was designated a global pandemic by the World 
Health Organization on March 1, 2020. As of July 15, 2020, a 
total of 13.11 million COVID-19 cases, including 573 752 deaths 
(case fatality rate 4.4%), have been reported worldwide [1]. A 
study on the clinical course and prognosis for severe COVID-19 
showed that the fatality rate for these cases was higher than 
50% [2]. It is estimated that severe disease occurs in approxi-
mately 20% of COVID-19 cases [3]. Current evidence suggests 
that severe COVID-19 rapidly progresses to acute respiratory 
distress syndrome over an average of 9 days from the time of 
symptom onset [4]. Severe COVID-19 cases have been the fo-
cus of intense investigation in public health, and early identi-
fication of the factors affecting the severity of COVID-19 could 
contribute to preventing adverse outcomes by allowing time-
ly intervention. At present, many basic, clinical, and epidemi-
ological studies have provided important direct guidance or 
reference for real-time field disease prevention, control, and 
treatment for COVID-19. However, early and rapid identifica-
tion of patients with severe COVID-19 requires more attention.

In the present study, a detailed investigation was performed on 
the epidemiological and clinical characteristics of 158 patients 
with COVID-19 who were hospitalized in Fuyang Second People’s 
Hospital from January to February 2020. This investigation placed 
particular emphasis on the predictors of disease severity.

Material and Methods

Study Participants

The Fuyang Second People’s Hospital, as the only designated treat-
ment institution for COVID-19 patients in the city, is responsible 
for the centralized isolation treatment of COVID-19. All patients 
with COVID-19 admitted to Fuyang Second People’s Hospital 
from January to February 2020 were included as study subjects. 
The diagnostic criteria and clinical classification were based on 
the COVID-19 diagnosis and treatment scheme released by the 
National Health Commission of the People’s Republic of China [5].

During the COVID-19 outbreak in January to February 2020, 
all patients with fever, cough, and other symptoms in the city 
were treated at the fever clinic of the local county hospital or 
Fuyang Second People’s Hospital. Upper respiratory tract sam-
ples (nose swab, throat swab), lower respiratory tract samples 
(deep cough sputum), and anticoagulant blood samples were 
collected from patients with suspected COVID-19 and sent to 

Fuyang Center for Disease Control and Prevention for testing for 
the novel coronavirus nucleic acid. All patients with confirmed 
COVID-19 were immediately sent to the Infection Department 
of Fuyang Second People’s Hospital for isolation and treatment.

Data collection and management

A case-control study design was applied in the present study. 
A structured questionnaire was used to obtain necessary data 
for each participant. After admission, the resident physicians 
collected participants’ sociodemographic, epidemiological, and 
clinical data and provided examinations and treatment. The 
patients were evaluated and clinically classified according to 
their disease progression. Patients with severe and critical ill-
ness were admitted to the intensive care unit, while those 
with mild and moderate illness were treated in the general 
ward. Furthermore, the following data were also collected at 
the time of discharge: clinical, laboratory, and imaging data as 
well as information on disease progression. Severe and non-
severe cases were determined upon discharge from the hos-
pital, with patients with severe and critical illness being re-
garded as the case group, while those with mild and moderate 
illness were classified as the control group.

In imported cases, the patient had a clear history of travel and 
residence in the epidemic area (Wuhan) within 14 days before 
the onset of the disease, was infected in the epidemic area, 
and became ill after returning to the local area.

Statistical analysis

Data were entered using EpiData 3.1 and proofed for entry er-
rors. Statistical analysis was done using SPSS 20.0 statistical 
software. The collected data are described in terms of frequen-
cy, percentage (%), mean, and standard deviation. Categorical 
variables were compared using c2 tests, with a P-value of <0.05 
being considered statistically significant.

Ethical statement

The study was approved by the local Medical Ethics Committee 
of the Fuyang Second People’s Hospital. All subjects gave in-
formed consent to the purpose and methods of the survey and 
agreed to the use of their biological specimens for the study 
of prevention, control, and treatment of COVID-19.

Results

Epidemiological characteristics of all cases

A total of 158 cases were selected in the present study, with 
128 (81.01%) mild/ordinary cases in the control group and 30 
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(18.99%) severe/critical cases in the case group. The sex ratio 
of males (89 cases) to females (69 cases) was 1.29: 1. The me-
dian age of the study population was 43 years, with a range 
from 1 to 82 years. The interval time from onset to diagnosis 
varied from 0 to 21 days, with an average of 6.5±3.7 days. The 
composition of the age group and the interval time from onset 
to diagnosis are shown in Table 1. Among all cases, imported 
cases accounted for 50.6% and 49.4% were local infections.

General clinical characteristics of all cases

The top 3 initial symptoms were fever (118, 74.7%), cough 
(23, 14.6%), and fatigue (7, 4.4%). The most common symp-
toms in the course of the COVID-19 were fever (86.7%) and 
cough (81.6%). Other common symptoms included diarrhea/
vomiting (39.2%), fatigue (34.8%), dyspnea (21.5%), and sore 
throat (17.7%). Data from laboratory tests showed that 28.5% 
of patients had a white cell count below the normal range and 
25.9% had a lower than normal lymphocyte count. Additionally, 
20.3% had abnormally elevated liver enzymes, and 56.3% had 
increased concentrations of C-reactive protein (CRP).

All patients had a chest computed tomography (CT) scan. The 
majority of patients (94.9%) had obvious imaging changes in 
the lungs. Furthermore, participants with damage in only one 
lung accounted for 12.0%, whereas those with damage in both 
lungs accounted for 82.9%.

Sociodemographic and epidemiological characteristics of 
patients

To detect differences in sociodemographic and epidemiolog-
ical characteristics between severe and nonsevere cases, we 
conducted a further analysis, and the findings are present-
ed in Table 2. The results showed that age, the time from on-
set to diagnosis, and the source of the cases were associated 
with the intensification of COVID-19, with severe cases being 
more likely to be among older patients, to be imported, and to 
have a longer time interval from onset. Considering the possi-
ble sociodemographic differences between the imported cas-
es and the local infection cases, we further analyzed the cas-
es from the 2 sources and found a statistical difference in sex 
ratio between the 2 sources, but no statistical difference for 
age and time from onset to diagnosis (Table 3).

Clinical characteristics of severe and nonsevere cases

Clinical characteristics, including fever, dyspnea, muscle or joint 
pain, and chest pain, were significantly different between se-
vere and nonsevere cases. In addition, the CT results showed 
that lung damage within 3 days of admission was a predictor 
for severe cases (Table 4). With regard to laboratory parame-
ters, the lymphocyte levels in the severe case group were sig-
nificantly lower than those in the nonsevere case group with-
in 3 days after admission, and the aspartate aminotransferase 
(AST) and CRP levels were significantly higher than those in 
the nonsevere case group (Table 5).

Chronic disease in severe and nonsevere cases

We further analyzed data on chronic diseases to explore wheth-
er any of these diseases represents a risk factor for COVID-19. 
The prevalence of diabetes mellitus differed significantly be-
tween 2 groups, but there was no significant difference for 
other chronic diseases. All details are presented in Table 6.

Discussion

In this study, we provided a relatively comprehensive estima-
tion for the early identification indicators affecting COVID-19 
disease status. In our study, all mild cases tended to have mi-
nor symptoms and a good prognosis; in addition, they most-
ly recovered within 1 to 2 weeks. However, the sudden dete-
rioration of most severe cases appeared within 1 to 2 weeks 
after admission, with rapid disease progression and high fa-
tality. Therefore, risk assessment at the early stage of disease 
is important for predicting intensification and enabling effec-
tive interventions to improve the cure rate and reduce case 
fatality rate.

Factors The number of cases Percentage (%)

Sex

 Male 89 56.33

 Female 69 43.67

Age (years)

 £15 8 5.06

 16~ 26 16.46

 31~ 79 50.00

 50~ 45 28.48

The time interval from onset to diagnosis (days)

 £4 58 36.71

 5~ 65 41.14

 11~21 35 22.15

The source of the cases

 Imported cases 80 50.63

 Local cases 78 49.37

Table 1. Basic characteristics of 158 COVID-19 patients.
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The proportion of severe cases was 18.99% in the current 
study, which was similar to the national severe disease rate of 
19.9% as of February 27, 2020, and lower than that of 22.3% 
in Chongqing [3]. Relevant studies have shown that older age 
is a risk factor for severe COVID-19, with 80% of deaths oc-
curring in individuals over 60 years old [2,6]. This association 
is believed to be related to the weakened immune function in 
the elderly population [3,7]. However, we found that the rate 

of severe disease increased with age, suggesting that it was 
not only related to the weakened immune function of the el-
derly population, but also to variable susceptibility to the vi-
rus in different age groups. The age-related associations need 
to be further studied.

The time interval from onset to diagnosis is related to the trend 
in intensification. When COVID-19 is diagnosed early, patients 

Factors
Severe cases No-severe cases

c2-value P-value
N=30 Constituent ratio (%) N=128 Constituent ratio (%)

Sex

 Male 19 21.35 70 78.65
0.739 0.390

 Female 11 15.94 58 84.06

Age (years)

 £15 0 0.00 8 100.00

10.640 0.014
 16~ 1 3.85 25 96.15

 31~ 17 21.52 62 78.48

 50~ 12 26.67 33 73.33

The time interval from onset to diagnosis (days)

 £4 5 8.62 53 91.38

7.278 0.026 5~ 18 27.69 47 72.31

 11~21 7 20.00 28 80.00

The source of the cases

 Imported cases 21 26.25 59 73.75
5.557 0.018

 Local cases 9 11.54 69 88.46

Table 2. The sociodemographic and epidemiological characteristics of severe cases and nonsevere cases.

Factors
Imported cases Local cases

c2-value P-value
N=80 Constituent ratio (%) N=78 Constituent ratio (%)

Sex

 Male 53 59.55 36 40.45
6.484 0.011

 Female 27 39.13 42 60.87

Age (years)

 £15 2 25.00 6 75.00

4.750 0.191
 16~ 14 53.85 12 46.15

 31~ 45 56.96 34 43.04

 50~ 19 42.22 26 57.78

The time interval from onset to diagnosis (days)

 £4 26 44.83 32 55.17

1.870 0.393 5~ 37 56.92 28 43.08

 11~21 17 48.57 18 51.43

Table 3. The sociodemographic and epidemiological characteristics of imported cases and local cases.
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can receive effective treatment as soon as possible, especially 
antiviral treatment, which can limit disease progression and 
significantly improve the prognosis [7]. The proportion of se-
vere cases among imported cases was higher than among lo-
cal cases. Further analysis showed that there were no statis-
tically significant differences in age and time from onset to 
diagnosis between the 2 sources. These results suggest that 
the inherent virulence of the virus may change in the process 
of transmission.

Fever cannot be used as the basis for early identification of 
severe disease because it is one of the most common symp-
toms of COVID-19. Symptoms such as dyspnea and chest pain 
occurred less in the early stage of COVID-19 among control 
patients, but were more likely among patients with severe 
COVID-19. Studies have shown that 17% of COVID-19 patients 
develop acute respiratory distress syndrome, which is the lead-
ing cause of death [8]. Patients with severe COVID-19 may ex-
perience myocardial damage due to hypoxemia or virulence of 

Clinical characteristics
Severe cases No-severe cases

c2-value P-value
N=30 Constituent ratio (%) N=128 Constituent ratio (%)

Fever

 Yes 30 21.90 107 78.10
5.676 0.014

 No 0 0.00 21 100.00

Fatigue

 Yes 14 25.45 41 74.55
2.294 0.130

 No 16 15.53 87 84.47

Cough

 Yes 26 20.16 103 79.84
0.623 0.602

 No 4 13.79 25 86.21

Dyspnea

 Yes 28 82.35 6 17.65
113.085 ＜0.001

 No 2 1.61 122 98.39

Diarrhea or vomiting

 Yes 8 12.90 54 87.10
2.456 0.147

 No 22 22.92 74 77.08

Muscle or joint pain

 Yes 3 50.00 3 50.00
3.900 0.048

 No 27 17.76 125 82.24

Chest pain

 Yes 3 100.00 0 0.00
8.231 0.004

 No 27 18.24 128 81.76

Sore throat

 Yes 7 25.00 21 75.00
0.800 0.426

 No 23 17.69 107 82.31

CT scan of the lungs

 No damage/damage to one lung 0 0.00 27 100.00
7.632 0.003

 Damage to both lungs 30 22.90 101 77.10

Table 4. The clinical characteristics of severe cases and nonsevere cases.
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Items Total Severe group No-severe group Statistics P-value

WBC (×109/L)  5.41±2.11  5.32±2.30  5.43±2.07 0.258# 0.797

lymphocytes(×109/L)  1.17±0.63  0.88±0.35  1.24±0.66 2.917# 0.014

ALT (U/L)  24.00 (14.00, 37.25)  27.00 (20.25, 39)  23.00 (13.00, 37.00) 1551.00* 0.102

AST (U/L)  26.00 (20.00, 33.25)  29.50 (26.00, 39.75)  25.00 (19.00, 33.00) 1235.00* 0.002

C-reactive protein (mg/L)  12.50 (2.68, 33.55)  49.70 (20.53, 85.95)  7.95 (1.83, 23.28) 730.00* <0.001

Table 5. Laboratory indices of COVID-19 patients in the severe group and nonsevere group.

Data were shown as mean±standard deviation, median (Q1, Q3). * U value; # t test; WBC – white blood cell; ALT – alanine 
aminotransferase; AST – aspartate aminotransferase.

Chronic disease 
Severe cases No-severe cases

c2-value P-value
N=30 Constituent ratio (%) N=128 Constituent ratio (%)

Liver diseases 

 No
5.676 0.014

 Yes

Diabetes

 No
2.294 0.130

 Yes

Cadio-cerebrovascular diseases

 No
0.623 0.602

 Yes

Tumour

 No
113.085 <0.001

 Yes

Bronchopulmonary disorders

 No
2.456 0.147

 Yes

Immune disorders

 No
3.900 0.048

 Yes

Obesity

 No
8.231 0.004

 Yes

Table 6. The chronic disease of severe cases and nonsevere cases.
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the virus and develop symptoms of chest pain [9]. Therefore, 
great attention should be paid to COVID-19 patients with 
dyspnea, chest pain, and other symptoms in the early onset.

Lymphocytes are important immune cells because they deter-
mine the specificity of the immune response. The reason for 
the decrease in peripheral lymphocyte count in COVID-19 pa-
tients is the excessive consumption of immune cells caused 
by an overly strong immune response. However, a large num-
ber of lymphocytes typically migrate to an inflammatory site 
during the course of a disease. Studies have shown that SARS-
CoV-2 may overconsume the immune cells and reduce the cel-
lular immune function in patients, and the decrease of lympho-
cytes is an important indicator of the deterioration of COVID-19 
patients [10]. Evidence from previous studies suggested that 
the rate of lymphocyte decline is more rapid in patients with 
severe disease than that in those with mild or moderate dis-
ease [8], which is consistent with the findings of our study. 
CRP is an important marker of systemic inflammation during 
infection or tissue damage. Of note, an elevated CRP level and 
the degree of elevation are closely related to the severity of 
the disease due to SARS-CoV-2 infection and can cause a sys-
temic inflammatory response [11]. In addition, the CRP level 
is positively correlated with the severity of acute lung dam-
age [12]. Previous literature has shown that there is no sig-
nificant change in the level of liver enzymes in patients with 
severe COVID-19 [13,14]. In our study, although the AST level 
was higher in the case group than in the control group, it was 
still within the normal range. Therefore, it appeared to have 
little significance as a predictor of the trend in disease severity.

Most of the COVID-19 patients had significant changes in the 
lungs based on chest CT scans, indicating that SARS-CoV-2 in-
fection was strongly associated with lower respiratory tract dis-
ease. The range of pulmonary lesions determined the sever-
ity of the disease and affected prognosis. COVID-19 patients 
with multiple lesions in both lungs are more likely to be se-
vere cases, and the changes in the lungs on chest CT scans 
are more pronounced in patients with severe disease than in 
those with mild disease [10].

Previous studies have shown that diabetes is an important risk 
factor for acute exacerbation of lower respiratory tract infec-
tion [15]. For COVID-19, around 75% of deaths have one or more 
chronic diseases, mainly diabetes and hypertension [16,17]. 
The exact underlying mechanisms between blood glucose lev-
els and infectious diseases are not yet fully understood. It is 
worth noting that abnormal blood glucose levels can disrupt 
immunity in diabetic patients, resulting in abnormal immune 
regulation and a decreased immune response.

Several potential limitations in the current study should be 
acknowledged. First, the small number of severe cases in this 
study limits further multifactor analysis, such as multivariate 
logistic regression analysis, and controlling for confounding fac-
tors may not be adequate. Second, the investigation of each 
case was time intensive and was not completed by the same 
individual. Consequently, there is a risk of bias in the results.

Conclusions

We provided a relatively comprehensive estimation for the 
early identification indicators that are closely associated with 
COVID-19 disease status. We found several predictors for se-
vere COVID-19 cases, including older age, long time inter-
val from onset to diagnosis, imported cases from an affected 
area, dyspnea, muscle or joint pain, chest pain, reduced lym-
phocyte, elevated C-reactive protein, damage in both lungs 
within 3 days of admission, and diabetes. The patients with 
severe COVID-19 tend to have a high mortality rate, so it is 
very important to identify the early predictors of severe dis-
ease, assess the trend in disease progression, and to take in-
tervention measures.
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