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Background

In December 2019, the outbreak of a novel fatal zoonotic 
disease, Coronavirus Disease 2019 (COVID-19), appeared in 
Wuhan, Hubei Province, China [1-3]. The disease spread all over 
the world and rapidly caused a pandemic. As of 13 December 
2020, 73 235 212 COVID-19 cases with 1 625 160 deaths have 
been verified worldwide. COVID-19 can cause many kinds of 
respiratory symptoms, including fever, cough, fatigue, dys-
pnea, and coma [4-8]. Some severe patients with COVID-19 
develop multifunctional organ damage, including kidney [9], 
liver [10], and acute cardiac damage [11]. Because COVID-19 
can spread among people quickly, it has now become a huge 
threat to the world and the latest reported mortality rate is 
2.3% [12]. Because the symptoms of COVID patients are non-
specific, early detection is very important and can reduce mor-
tality. With the effective control by the government and other 
sectors, the epidemic was quickly controlled in China. However, 
there are still many new cases in the world every day, so it is 
imperative and significant to show Chinese data and experi-
ence to help other countries.

We retrospectively analyzed the clinical data of laboratory-di-
agnosed COVID-19 cases at 16 hospitals in Jiangsu Province 
from January to April 2020 in our study. Then, we aimed to 
determine the role of laboratory indexes in diagnosis and the 
relationship between laboratory indicators and disease sever-
ity to help diagnose COVID-19 infection early and evaluate the 
severity of disease.

Material and Methods

Patients and Data Collection

This was a retrospective, multi-center study based on labora-
tory data from patients diagnosed with COVID-19. The data 
for this retrospective observational study were obtained by 
the Health Information Center of Jiangsu Provincial Health 
Commission through a private health network. All the patients 
with COVID-19 infection were admitted from 1 January 2020 
to 30 April 2020 in 16 Jiangsu provincial hospitals.

All COVID-19 patients were defined according to the diag-
nostic and treatment guideline for SARS-CoV2 issued by the 
National Health Commission of China (version 7) [13]. All con-
firmed COVID-19 patients were diagnosed by a positive result 
for real-time polymerase chain reaction (RT-PCR) assay from a 
throat swab. Nasopharyngeal swab specimens collected from 
all cases were assessed by RT-PCR for diagnosis.

Diagnosis of 2019‑nCoV pneumonia was based on presence 
of any 1 of 3 epidemiology criteria and any 2 of 3 clinical 

manifestations. Epidemiological history criteria were: (1)14 
days before the onset in the Wuhan area or other areas with 
local cases of continuous transmission or travel history or res-
idence history; (2) previous contact with patients with fever 
or respiratory symptoms from Wuhan or other areas with per-
sistent transmission of local cases within 14 days before on-
set; and (3) a cluster of disease or an epidemiological associ-
ation with 2019‑nCoV infection. Clinical manifestations were: 
(1) fever; (2) with the above imaging characteristics of pneu-
monia; and (3) total number of white blood cells was normal 
or decreased in the early stage of disease, or the lymphocyte 
count was reduced.

Confirmed COVID-19 patients had: (1) 2019‑nCoV pneumonia 
suspected case of pneumonia; (2) Real-time fluorescence RT-PCR 
test results of nasopharyngeal swabs show 2019-nCoV nucleic 
acid positive. Patients meeting the above 2 conditions can be di-
agnosed with 2019-nCoV pneumonia. Real-time fluorescence RT-
PCR test method was carried out in accredited laboratories and in 
accordance with the plan set by the World Health Organization.

According to the guideline criteria, all the patients were di-
vided into 4 types: mild, moderate, severe, and critical illness. 
Because there were fewer patients with severe and critical ill-
ness, we put them into a single category to facilitate analy-
sis. The control group consisted of suspected cases who had 
a history of close contact, but had a negative result for re-
al-time fluorescence RT-PCR assay of nasopharyngeal swabs.

This study was approved by the Ethics Committees of the 16 
hospitals, but written informed consent was not obtained be-
cause of the urgent conditions. Data on age, sex, time of ad-
mission, time of diagnosis, discharge time, basic diseases, first 
symptoms, signs, and laboratory tests were collected for all cas-
es. Due to the obvious fluctuation of various indicators in the 
course of disease, the respiratory specimens, the basic data, 
and laboratory tests of all patients included in this study were 
the results of the examination on the first day after admission.

Laboratory blood tests included hepatorenal function (al-
anine aminotransferase [ALT], aspartate aminotransferase 
[AST], total bilirubin [TBil], LDH, urea nitrogen [BUN] and cre-
atinine [CRE]), coagulation function, myocardial enzyme, pro-
calcitonin (PCT), and blood routine examination (white blood 
cell count [WBC], neutrophils [NEUT], lymphocyte [LYM], he-
moglobin [HGB], thrombocyte [PLT], C-reactive protein [CRP]). 
An immunofluorescence dye quantitative detector was used 
to detect procalcitonin.

Detection of Lymphocyte Subsets

A blood cytometer was used to count the total number of lym-
phocytes in the peripheral blood of patients when they were 
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fasting. A DXFlex flow cytometer and CellQuest software (BD 
Bioscience) were used to analyze the percentage of lympho-
cyte subsets of patients. The absolute number of different lym-
phocyte subsets was calculated by multiplying the total num-
ber of lymphocytes by the percentage of lymphocyte subsets. 
Flow cytometry was used to determine the peripheral blood T 
lymphocyte subsets of immune typing, using counts of CD3+ 
T cell, CD4+ T cell, CD8+ T cell, and CD4+/CD8+.

Statistical Analysis

Statistical analysis was performed using SPSS version 21 soft-
ware (IBM, Inc., Armonk, NY, USA). Measurement data conform-
ing to normal distribution were described as mean±standard 
deviation, and the independent-sample t test or single-fac-
tor group design variance distribution difference were used. 
Measurement data not conforming to normal distribution were 
expressed as median (interquad interval), and analyzed by in-
dependent-sample nonparametric test method. The statisti-
cal data were expressed as the number of cases (percentage). 
The c2 test was used to compare the demographic character-
istics, clinical characteristics, and the distribution of labora-
tory test results between the 2 groups. One-way ANOVA was 
used for comparison between 3 independent normal and ho-
mogeneous datasets. P<0.05 indicates that the difference is 
statistically significant.

Results

Laboratory Risk Factors for COVID-19 Infection

The laboratory results of the COVID-19 patients and healthy 
subjects on admission are presented in Table 1. The results 
showed that COVID-19 patients had lower white cell count, 
lymphocyte count, C-reactive protein, CK-MB, CD3+ T cell, 
CD4+ T cell, CD8+ T cell, and PT, but higher APTT and D-dimer 
levels. Cough, fever, and dyspnea could be helpful to diagnose 
COVID-19 infection. These results differ significantly between 
the COVID-19 group and control group.

Differences in Clinical Characteristics and Laboratory 
Findings of Patients with COVID-19 Illness

Table 2 shows the general characteristics of 217 patients with 
COVID-19 illness (54.8% male, 45.2% female, median age 48 
years). Of all the COVID-19 patients, 18.9% had mild illness, 
74.2% had moderate illness, and 6.9% had severe or critical ill-
ness. The median age of severe and critical COVID-19 patients 
was higher than that of the mild and moderate patients (61 
years, 46 years, and 45 years, respectively, P<0.001). Among 
those with severe and critical illness, 73.3% were males. A his-
tory of close contact with COVID-19 cases was found in 63.1% 

of the COVID-19 patients, and chronic medical illness was pres-
ent in 73.7% of patients. The most common chronic diseases 
were hypertension (21%), diabetes (19.8%), and COPD (8.3%). 
The incidence of these chronic diseases was higher among se-
verely and critically ill patients than among patients with mild 
and moderate COVID-19 illness.

Laboratory Findings at Presentation Among Different 
Types of COVID-19 Patients

As shown in Table 3, among all the patients, the most obvi-
ous abnormal laboratory indexes were higher neutrophil count, 
CRP, total bilirubin, BUN, CRE, APTT, PT, and D-dimer, and lower 
blood platelet and lymphocyte count. The differences among 
the 3 types of patients were increasingly obvious with disease 
progression. CD3+ T cell, CD4+ T cell, and CD8+ T cell counts de-
creased gradually with exacerbation of the disease.

Discussion

A novel coronavirus, SARS-CoV-2, was isolated from Wuhan in 
December 2019 [4] and quickly spread to other Chinese cit-
ies and many foreign countries. On 12 January, WHO named it 
“2019 new coronavirus (COVID-19)”. It had 85% or more homol-
ogy to bat SARS-like coronavirus (bat-SL-COVZC45) [14], which 
was transmitted rapidly from human to human by close con-
tacts and was classified by the government as a B infectious 
disease [15]. Simultaneously, the disease progresses rapidly; 
about 30% of patients developed severe and critical illness, 
even those transferred to ICU treatment [16]. Therefore, in clin-
ical practice, we are actively looking for meaningful laboratory 
examination results which can provide help for clinical diag-
nosis, treatment, and disease assessment as soon as possible.

The present multi-center, retrospective, observational study 
described the epidemiological and laboratory characteristics 
of COVID-19 patients and identified the risk factors for dis-
ease severity. These patients all received centralized treat-
ment at various infectious disease hospitals or municipal-lev-
el COVID-19 treatment centers in Jiangsu Province. Most of 
the enrolled patients were residents infected by coming into 
close contact with imported cases or with a history of travel 
to or residence in Wuhan.

Previous studies showed the most common symptoms of pa-
tients with COVID-19 were fever and cough and had certain 
diagnostic significance, which was consistent with the re-
sults of our study. Our findings suggested dyspnea occurred 
in severe and critically ill patients, which indicated a serious 
condition of disease. Sore throat also has a certain reference 
significance for clinical diagnosis. Although there was no sta-
tistically significant difference in symptoms such as diarrhea, 
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Control group (n=66) COVID-19 group (n=217) F/c2 P

Sex

	 Female 	 38	 (57.6) 	 120	 (58.0)
0.01 0.75

	 Male 	 28	 (42.4) 	 97	 (42.0)

Age 46 48 1.63 0.20

Signs and symptoms

	 Cough 	 24/66	 (36.4) 	 136/217	 (55.4) 8.42 0.01

	 Fever 	 31/66	 (47.0) 	 155/217	 (71.4) 14.26 0.00

	 Sore throat 	 10/66	 (15.2) 	 34/217	 (15.7) 0.10 0.90

	 Dyspnoea 	 0/66	 (0.0) 	 15/217	 (6.9) 4.82 0.02

	 Fatigue 	 10/66	 (15.2) 	 45/217	 (20.7) 1.01 0.32

	 Diarrhea 	 5/66	 (7.6) 	 32/217	 (12.3) 1.17 0.28

	 Vomiting 	 3/66	 (4.5) 	 12/217	 (5.5) 0.09 0.75

	 Headache 	 5/66	 (7.1) 	 38/217	 (17.5) 0.83 0.36

	 Other 	 8/66	 (12.1) 	 38/217	 (17.5) 1.08 0.30

Laboratory findings

White cell count, ×109/L 6.26±2.19 5.18±2.05 7.00 0.00

Neutrophil, ×109/L 3.76±1.73 3.26±1.93 1.55 0.21

Lymphocyte, ×109/L 2.00±1.07 1.42±0.68 18.77 0.00

Hemoglobin (g/l) 137.48±17.28 133.18±20.90 0.87 0.34

Blood platelet, ×109/L 225.24±76.56 196.62±69.52 0.06 0.81

C-reactive protein (mg/l) 11.64±4.48 44.33±9.40 3.54 0.03

Procalcitonin (ng/ml) 0.40±1.79 0.41±2.28 0.13 0.90

ALT (u/l) 34.23±44.15 30.00±23.73 0.78 0.43

AST (u/l) 29.60±27.75 27.37±15.64 0.56 0.58

Total bilirubin (umol/l) 11.97±6.09 15.39±28.44 0.67 0.51

BUN (umol/l) 4.46±3.83 4.51±4.57 0.10 0.92

CRE (umol/l) 4.46±3.84 4.39±4.16 1.90 0.06

CK (u/l) 98.08±144.33 101.00±315.86 0.06 0.96

CK-MB (u/l) 6.55±6.70 3.65±5.56 2.75 0.00

CD3+ T cell 1352.71±542.93 1003.07±512.99 5.36 0.02

CD4+ T cell 625.14±289.92 487.34±208.20 4.93 0.02

CD8+ T cell 436.07±209.95 319.64±149.24 3.29 0.04

CD4+/CD8+ 1.66±0.72 1.84±0.86 0.05 0.82

APTT (s) 30.43±5.87 34.63±17.31 4.94 0.00

PT (s) 10.53±4.48 8.37±5.59 3.37 0.03

Fig (g/l) 3.15±1.39 3.51±1.15 1.21 0.23

D-dimer (mg/l) 0.22±0.24 1.35±2.21 5.60 0.00

Table 1. Clinical characteristics and laboratory findings on admission to hospital between control group and COVID-19 group.
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vomiting, fatigue, and headache between the control group 
and the COVID-19 group, it may be related to the inconsistent 
immune function of each patient and the above different clin-
ical manifestations appeared in each patient.

According to the latest guide on COVID-19 diagnosis from the 
National Health Commission of China [17] and severity degree, 
new COVID-19 pneumonia was divided into 4 categories: mild, 
moderate, severe, and critical. Because there were fewer critical 
cases, we classified critical patients and severe patients into a 
single category. Previous studies have reported that older pa-
tients are more likely to get COVID-19 pneumonia, and their 
prognosis is worse [18]. In addition, our study showed older 
patients with chronic comorbidity had more severe condition, 
especially those with hypertension, COPD, and heart and brain 
diseases. Therefore, age and comorbidities are risk factors for 
COVID-19, which is consistent with previous research [19]. 
Based on the clinical manifestations and laboratory test re-
sults of the patients upon admission, we found that the symp-
toms of cough, fever, dyspnea, and fatigue in the 3 groups of 
patients became more obvious and more serious. The labora-
tory results of this study showed that with the aggravation of 
the disease, WBC count and neutrophils increased, and lym-
phocyte count and blood platelets decreased, suggesting that 
the cellular immune system can be inhibited by COVID-19, and 
the results showed that critical and severe patients were more 
susceptible to bacterial infections. Therefore, the decreased 
lymphocyte count and increased WBC, neutrophils, and CRP 
may be related to the infection of patients, but the change in 

PCT was not obvious. COVID-19 can cause damage to organs 
such as the liver, kidneys, and myocardium, and then develop 
into multifunction organ failure [20]. Our study also showed 
that the levels of total bilirubin, urea nitrogen, and creatinine 
were significantly different among the 3 groups, and gradual-
ly increased with progression of the disease, which is consis-
tent with previous research results [21]. However, there was no 
significant difference in the results of alanine aminotransfer-
ase (ALT) and glutamic oxaloacetic transaminase (AST) among 
the 3 groups. The renal function damage occurred in the se-
vere and critical patients group, which in extrapulmonary or-
gans indicates the severity of the disease.

The majority of COVID-19 cases may be due to failure of the 
body to clear SARS-CoV-2 in time, the persistent immune cell 
damage caused by the over-active immune response, and 
then the falling CD4+ T and CD8+ T cell counts [22]. Our study 
showed that the levels of CD3+ T cells, CD4+ T cells, and CD8+ 
T cells were significantly different between the patients with 
COVID-19 and the control group. Moreover, the lower the ex-
pression level was, the more severe the disease was, which 
has a certain reference value for clinical classification. These 
results were in accordance with the patients in Wuxi Hospital, 
which were reported by doctor Chen’s team [23]. The decrease 
of T lymphocyte count suggests that SARS-CoV-2 consumes a 
large number of immune cells and inhibits the cellular immune 
function of the body, which is a major factor in the pathogen-
esis of COVID-19 [24]. Therefore, T lymphocyte subsets can 
be used as an index to evaluate the condition of COVID-19 

Characteristics
Mild 

(n=41)
Moderate 
(n=161)

Severe+critical 
illness (n=15)

Total 
(n=217)

F P value

Sex

Male 	 20	 (48.8) 	 88	 (54.7) 	 11	 (73.3) 	 119	 (54.8)
0.45 0.79

Female 	 21	 (51.2) 	 73	 (45.3) 	 4	 (26.7) 	 98	 (45.2)

age 	 45	 (20-70) 	 46	 (21-89) 	 61	 (37-86) 	 48 7.71 0.00

History of close contact 	 22	 (53.7) 	 100	 (62.1) 	 9	 (60.0) 	 131	 (60.3) 0.98 0.61

Co-morbidities 	 25	 (61) 	 120	 (74.5) 	 15	 (100) 	 160	 (73.70) 8.84 0.01

hypertension 	 3	 (7.3) 	 45	 (27.9) 	 9	 (60.0) 	 57	 (21.0) 16.65 0.00

Diabetes 	 6	 (14.6) 	 32	 (19.9) 	 5	 (33.3) 	 43	 (19.8) 2.42 0.30

COPD 	 0	 (0) 	 13	 (8.1) 	 5	 (26.7) 	 18	 (8.3) 16.08 0.00

Cerebrovascular disease 	 2	 (4.9) 	 3	 (1.9) 	 3	 (20.0) 	 8	 (3.7) 12.91 0.00

Liver and kidney disease 	 2	 (4.9) 	 10	 (6.2) 	 3	 (20.0) 	 15	 (6.9) 4.38 0.11

Hematological Disease 	 2	 (4.9) 	 3	 (1.2) 	 1	 (6.7) 	 6	 (2.8) 3.28 0.19

Cancer 	 4	 (9.75) 	 12	 (7.5) 	 1	 (6.7) 	 17	 (7.8) 0.338 0.84

Table 2. Baseline characteristics of patients with COVID-19.
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Mild 
(n=41)

Moderate 
(n=161)

Severe+critical 
(n=15)

F P value

Signs and symptoms

Fever 	 11/41	 (26.8) 	 101/161	 (62.7) 	 11/15	 (73.3) 18.97 0.00

Cough 	 4/41	 (36.6) 	 100/161	 (62.1) 	 10/15	 (66.7) 13.90 0.00

Sore throat 	 4/41	 (9.8) 	 15/161	 (9.3) 	 2/15	 (13.3) 0.25 0.88

Dyspnoea 	 0/41	 (0.0) 	 7/161	 (4.3) 	 11/15	 (73.3) 90.42 0.00

Fatigue 	 2/41	 (4.9) 	 37/161	 (23.3) 	 6/15	 (40.0) 10.15 0.01

Diarrhea 	 1/41	 (2.4) 	 20/161	 (12.4) 	 3/15	 (20.0) 4.62 0.09

Vomiting 	 1/41	 (2.4) 	 9/161	 (5.6) 	 2/15	 (13.3) 2.50 0.28

Headache 	 2/41	 (4.9) 	 7/161	 (5.0) 	 1/15	 (6.7) 0.08 0.96

Other 	 4/41	 (9.8) 	 9/161	 (5.6) 	 3/15	 (20) 4.59 0.10

Laboratory findings

White cell count, (WBC, ×109/L) 5.77±1.94 4.83±2.02 5.69±3.10 3.70 0.03

Neutrophil, (×109/L) 3.75±1.82 2.99±1.81 4.75±3.09 5.35 0.02

Lymphocyte, (×109/L) 1.48±0.54 1.37±0.63 0.64±0.23 7.27 0.00

Hemoglobin (g/l) 134.03±16.48 133.38±22.79 127.78±13.75 0.33 0.72

Blood platelet, (×109/L) 227.56±75.22 189.84±65.93 150.11±37.53 7.14 0.00

C-reactive protein (CRP, mg/l) 9.81±12.22 24.78±27.56 78.73±62.37 19.06 0.00

Procalcitonin (PCT, ng/ml) 0.04±0.06 0.33±1.96 2.15±5.76 2.69 0.07

ALT (U/L) 24.91±13.62 32.34±27.88 25.21±15.11 1.33 0.27

AST (U/L) 22.08±6.16 29.47±18.93 35.28±10.59 3.04 0.06

Total bilirubin (umol/l) 10.02±4.66 13.18±12.02 69.43±107.57 19.10 0.01

BUN (umol/l) 4.05±1.29 4.21±2.82 11.60±17.89 8.46 0.01

CRE (umol/l) 59.00±16.05 64.75±29.20 91.45±23.35 1.58 0.02

CD3+ T cell count(/ul) 1355.33±871.15 884.8±346.96 567.25±226.22 3.80 0.03

CD4+ T cell count(/ul) 555.67±147.23 561.88±205.60 276.25±94.44 3.82 0.03

CD8+ T cell count(/ul) 192.50±83.24 359.22±210.34 192.50±83.24 3.51 0.04

CD4+/CD8+ 1.20±0.64 1.87±0.86 1.97±0.96 0.91 0.41

APTT (s) 31.53±7.74 32.96±6.37 40.48±14.86 7.30 0.00

PT (s) 4.33±5.21 8.96±5.46 9.19±5.77 11.71 0.00

FIB (g/l) 3.52±0.78 3.47±1.17 3.84±1.82 0.57 0.55

D-dimer (mg/l) 0.58±0.44 1.21±1.76 6.83±4.25 60.89 0.00

Table 3. Clinical characteristics and laboratory findings on admission to hospital among the 3 groups.

Reference normal ranges: CD3+ T cell (1441±388/μl), CD4+ T cell (763±249/μl), CD8+ T cell (548±231/μl), CD4+/CD8+(1.6±0.8).
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patients. Our study also found that an important reason for 
the critical condition of patients with COVID-19 was the dete-
rioration of the patient’s condition, coagulation dysfunction, 
and even DIC, which eventually leads to death [25]. Elevated 
levels of D-dimer indicate hypercoagulability and secondary 
hyperfibrinolysis, which is of great significance in the diagno-
sis, efficacy evaluation, and prognosis prediction of throm-
botic diseases. The results of this study suggested that the 
expression levels of D-dimer, partial prothrombin time, and 
prothrombin time were significantly different between the 
COVID-19 patient group and the control group. The expression 
levels of D-dimer, partial prothrombin time, and prothrombin 
time indicated the aggravation of the disease (P<0.01), which 
was consistent with the research of Huang [26]. Zhou showed 
the D-dimer level of COVID-19 patients was related with the 
severity of illness [27], which was consistent with our study. 
These results suggested that coagulation function monitoring 
should be routinely carried out in COVID-19 patients for ear-
ly prediction of prognosis.

Conclusions

Our study highlighted the clinical features of patients with 
COVID-19 of various degrees of severity. COVID-19 was more 
likely to occur in a population with comorbidities and in older 
patients, especially in severe and critical patients. The most 
obvious differences in indexes were lower lymphocyte count, 
blood platelet, higher PT, APTT, D-dimer, CRE, and CRP among 
the 3 groups. Other indexes, such as lower CD3+ T cell, CD4+ 
T cell and CD8+ T cell, and higher total bilirubin, were also im-
portant. Some clinical manifestations and specific laborato-
ry indicators are helpful to diagnose and evaluate COVID-19.

Conflict of interest

None declared.

References:

	 1.	Wu F, Zhao S, Yu B, et al. A new coronavirus associated with human respi-
ratory disease in China. Nature 2020;579(7798):265-69

	 2.	 Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with 
pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-33

	 3.	Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 
2019 in China. N Engl J Med. 2020;382(18):1708-20

	 4.	 Lu H, Stratton CW, Tang YW. Outbreak of pneumonia of unknown etiology in 
Wuhan, China: The mystery and the miracle. J Med Virol. 2020;92(4):401-2

	 5.	Hui DS, I Azhar E, Madani TA, et al. The continuing 2019-nCoV epidemic 
threat of novel coronaviruses to global health-The latest 2019 novel coro-
navirus outbreak in Wuhan, China. Int J Infect Dis. 2020;91:264-66

	 6.	 Ludvigsson JF. Systematic review of COVID-19 in children shows milder cas-
es and a better prognosis than adults. Acta Paediatr. 2020;109(6):1088-95

	 7.	Molloy EJ, Bearer CF. COVID-19 in children and altered inflammatory re-
sponses. Pediatr Res. 2020;88(3):340-41

	 8.	Wölfel R, Corman VM, Guggemos W, et al. Virological assessment of hos-
pitalized patients with COVID-2019. Nature. 2020;581(7809):465-69

	 9.	Ronco C, Reis T, Husain-Syed F. Management of acute kidney injury in pa-
tients with COVID-19. Lancet Respir Med. 2020;8(7):738-42

	10.	 Jothimani D, Venugopal R, Abedin MF, et al. COVID-19 and the liver. J Hepatol. 
2020;73(5):1231-40

	11.	 Zheng YY, Ma YT, Zhang JY, et al. COVID-19 and the cardiovascular system. 
Nat Rev Cardiol. 2020;17(5):259-60

	12.	Wu Z, McGoogan JM. Characteristics of and important lessons from the 
coronavirus disease 2019 (COVID-19) outbreak in China: Summary of a 
report of 72314 cases from the Chinese Center for Disease Control and 
Prevention. JAMA. 2020;323(13):1239-42

	13.	Diagnosis and treatment protocol for novel coronavirus pneumonia (Trial 
Version 7). China NHCOTPSRO (2020-03-29) http://en.nhc.gov.cn/2020-
03/29/c_78469.htm

	 14.	Cui J, Li F, Shi ZL. Origin and evolution of pathogenic coronaviruses. Nat 
Rev Microbiol. 2019;17(3):181-92

	15.	 Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan, China, of nov-
el coronavirus-infected pneumonia. N Engl J Med. 2020;382(13):1199-1207

	16.	Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics 
of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: A de-
scriptive study. Lancet. 2020;395(10223):507-13

	17.	 Jin YH, Cai L, Cheng ZS, et al. A rapid advice guideline for the diagnosis 
and treatment of 2019 novel coronavirus (2019-nCoV) infected pneumo-
nia (Standard version). Mil Med Res. 2020;7(1):4

	18.	Dang JZ, Zhu GY, Yang YJ, et al. Clinical characteristics of coronavirus disease 
2019 in patients aged 80 years and older. J Integr Med. 2020;18(5):395-400

	19.	Hu X, Hu C, Yang Y, et al. Clinical characteristics and risk factors for severity 
of COVID-19 outside Wuhan: A double-center retrospective cohort study of 
213 cases in Hunan, China. Ther Adv Respir Dis. 2020;14:1753466620963035

	20.	 Rodriguez-Morales AJ, Bonilla-Aldana DK, Balbin-Ramon GJ, et al. History is 
repeating itself: Probable zoonotic spillover as the cause of the 2019 nov-
el Coronavirus Epidemic. Infez Med. 2020;28(1):3-5

	21.	 Lins PRG, de Albuquerque CCC, Assis CF, et al. Cov-hep study: heparin in 
standard anticoagulation based on citrate for continuous veno-venous he-
modialysis in patients with COVID-19: A structured summary of a study 
protocol for a randomized controlled trial. Trials. 2020;21(1):920

	22.	Gan J, Li J, Li S, et al. Leucocyte subsets effectively predict the clinical out-
come of patients with COVID-19 pneumonia: A retrospective case-control 
study. Front Public Health. 2020;8:299

	23.	Chu M, Bian L, Huang J, et al. Clinical characteristics and outcomes of 48 
patients hospitalized for COVID-19 infection in Wuxi: A retrospective co-
hort study. Medicine (Baltimore). 2021;1005(5):e2399

	24.	Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics 
of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a de-
scriptive study. Lancet. 2020; 395(10223):507-13

	25.	Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 
2019 in China. N Engl J Med. 2020;382(18):1708-20

	26.	Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 
novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497-506

	27.	 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of 
adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort 
study. Lancet. 2020;395(10229):1054-62

e930853-7
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Zhou J. et al: 
Epidemiological and clinical characteristics of COVID-19 patients
© Med Sci Monit, 2021; 27: e930853

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


