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Abstract
BACKGROUND 
Pneumonia of uncertain cause has been reported in Wuhan, China since the 
beginning of early December 2019. In early January 2020, a novel strain of β-
coronavirus was identified by the Chinese Center for Disease Control and 
Prevention from the pharyngeal swab specimens of patients, which was recently 
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). There is 
evidence of human-to-human transmission and familial cluster outbreak of SARS-
CoV-2 infection. The World Health Organization(WHO) recently declared the 
SARS-CoV-2 epidemic a global health emergency. As of February 17, 2020, 71329 
laboratory-confirmed cases (in 25 countries, including the United States and 
Germany) have been reported globally. Other than its rapid transmission, the 
epidemiological and clinical characteristics of coronavirus disease 2019 (COVID-
19) remain unclear. In December 2019, coronavirus disease (named COVID-19 by 
the WHO) associated with the SARS-CoV-2 emerged in Wuhan, China and spread 
quickly across the country.
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AIM 
To analyze the epidemiological and clinical characteristics of confirmed cases of 
this disease in Liaoning province, a Chinese region about 1800 km north of 
Wuhan.

METHODS 
The clinical data of 56 laboratory-confirmed COVID-19 cases due to 2019-nCoV 
infection were analyzed. The cases originated from eight cities in Liaoning 
province.

RESULTS 
The median age of the patients was 45 years, and 57.1% of them were male. No 
patient had been in direct contact with wild animals. Among them, 23 patients 
(41.1%) had resided in or traveled to Wuhan, 27 cases (48.2%) had been in contact 
with confirmed COVID-19 patients, 5 cases (8.9%) had been in contact with 
confirmed patients with a contact history to COVID-19 patients, and 1 case (1.8%) 
had no apparent history of exposure. Fever (75.0%) and cough (60.7%) were the 
most common symptoms. The typical manifestations in lung computed 
tomography (CT) included ground-glass opacity and patchy shadows, with 67.8% 
of them being bilateral. Among the patients in the cohort, 78.6% showed reduction 
in their lymphocyte counts, 57.1% showed increases in their C-reactive protein 
levels, and 50.0% showed decreases in their blood albumin levels. Eleven patients 
(19.6%) were admitted to intensive care unit, 2 patients (3.5%) progressed to acute 
respiratory distress syndrome, 4 patients (7.1%) were equipped with non-invasive 
mechanical ventilation, and 1 patient (1.8) received extracorporeal membrane 
oxygenation support. There were 5 mild cases (5/56, 8.9%), 40 moderate cases 
(40/56, 71.4%), 10 severe cases (10/56, 17.9%), and 1 critical case (1/56, 1.8%). No 
deaths were reported.

CONCLUSION 
SARS-CoV-2 can be transmitted among humans. Most COVID-19 patients show 
symptoms of fever, cough, lymphocyte reduction, and typical lung CT 
manifestations. Most are moderate cases. The seriousness of the disease (as 
indicated by blood oxygen saturation, respiratory rate, oxygenation index, blood 
lymphocyte count, and lesions shown in lung CT) is related to history of living in 
or traveling to Wuhan, underlying diseases, admittance to intensive care unit, and 
mechanical ventilation.

Key Words: SARS-CoV-2; COVID-19; Epidemiological characteristics; Clinical 
characteristics; Hypoxemia; Acute respiratory distress syndrome

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective, single-center study on the clinical characteristics of 
laboratory-confirmed coronavirus disease 2019 (COVID-19) cases caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. We summarized 
the clinical data of 56 patients with COVID-19 diagnosed and treated in Liaoning. The 
main conclusion is SARS-CoV-2 can be transmitted among humans, and cases were 
mainly imported and were moderate. Severe cases were characterized by severe 
hypoxemia, lymphocytopenia, pulmonary consolidation, admittance to intensive care 
unit, and mechanical ventilation. Infection of SARS-CoV-2 and seriousness of 
COVID-19 are related to old age and underlying diseases.
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INTRODUCTION
Pneumonia of uncertain cause has been reported in Wuhan, China since the beginning 
of early December 2019[1]. Most of the cases had a history of living in or working at the 
local Huanan Seafood Wholesale Market[2,3]. In early January 2020, a novel strain of β-
coronavirus was identified by the Chinese Center for Disease Control and Prevention 
(CDC) from the pharyngeal swab specimens of patients, which was recently named 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)[4,5]. This virus bears 
similarities to SARS-CoV. It has an enveloped virion that measures approximately 50-
200 nm in diameter with positive-sense, single-stranded ribonucleic acid, belongs to 
family Coronaviridae of order Nidovirales, and is the seventh member of the 
coronavirus family[6]. Coronavirus can cause multiple-system infections in various 
animals. In humans, it mainly infects the respiratory system, similar to the infections 
caused by SARS and Middle East respiratory syndrome (MERS). Most patients show 
mild symptoms and have a good prognosis; however, some may progress to severe 
pneumonia and/or acute respiratory distress syndrome (ARDS) or even die as a result 
of multiple-organ failure[7-9].

There is evidence of human-to-human transmission and familial cluster outbreak of 
SARS-CoV-2 infection[10-14]. The World Health Organization (WHO) recently declared 
the SARS-CoV-2 epidemic a global health emergency[15]. As of February 17, 2020, 71329 
laboratory-confirmed cases (in 25 countries, including the United States and Germany) 
have been reported globally[11,12,15,16]. As of February 17, 2020, 70635 laboratory-
confirmed cases have been reported in China, with 1772 deaths[17]. Other than its rapid 
transmission, the epidemiological and clinical characteristics of COVID-19 remain 
unclear. In two recent studies, 41 and 99 laboratory-confirmed clinical cases admitted 
to hospitals in Wuhan were included, with some presenting severe symptoms similar 
to those caused by SARS-CoV[1,18]. Another study followed 1099 laboratory-confirmed 
cases, most of which came from southern provinces and cities around Hubei province, 
with some from the northern city of Beijing, and analyzed the epidemiological and 
clinical characteristics of COVID-19[19]. At present, there is an urgent need to update 
the analysis with a focus on imported cases, second-generation cases, and, in the 
future, third-generation cases, to compare epidemiologically and clinically the 
different manifestations of this disease in the climates of North China and Wuhan. 
Such knowledge would help the research community form a bigger picture of the 
epidemiological and clinical features of COVID-19 in China.

MATERIALS AND METHODS
Data source
This is a retrospective, single-center study on the clinical characteristics of laboratory-
confirmed COVID-19 cases caused by SARS-CoV-2 infection. COVID-19 patients 
admitted to The Sixth People’s Hospital of Shenyang from January 24, 2020 to 
February 17, 2020 were enrolled as the study subjects. The Sixth People’s Hospital of 
Shenyang is a specialized hospital for infectious diseases and a designated hospital for 
COVID-19 in Liaoning province by the provincial government. All the confirmed cases 
from the eight cities of the province were sent here for centralized treatment. Patients 
enrolled consisted exclusively of confirmed cases of SARS-CoV-2 infection as per the 
WHO interim guidelines. The study was approved by the Ethics Committee of the 
hospital, but written informed consent was not obtained due to the urgent need for 
clinical data.

Procedures
Epidemiological, demographic, clinical, laboratory, and imaging data were obtained 
from progress notes and medical examination reports of patients during their 
hospitalization. The following laboratory examinations were performed: Complete 
blood count, coagulation function, liver and kidney function, electrolytes, C-reactive 
protein, procalcitonin, lactate dehydrogenase, and creatine kinase. Lung computed 
tomography (CT) scans were performed for imaging. The clinical outcomes were 
followed up until February 21, 2020. Data were confirmed as necessary by direct 
communication with the attending doctors and nurses. All data were checked by two 
clinicians.
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Basis for diagnosis of suspected cases
The basis for the diagnosis of suspected cases was two-fold: (1) Cases with any one of 
the four epidemiological features: (a) Having traveled to or resided in Wuhan, its 
surrounding areas, or areas with confirmed cases during the past 2 wk; (b) Having 
been in contact with fever patients or patients with respiratory disease symptoms from 
Wuhan, its surrounding areas, or areas with confirmed cases during the past 2 wk; (c) 
Having been in contact with infected cases of SARS-CoV-2 during the past 2 wk; and 
(d) Having been to a location of cluster outbreak during the past 2 wk; and (2) Cases 
with any two of the three clinical manifestations: (a) Fever and/or respiratory 
symptoms; (b) Multiple patchy opacities or ground-glass opacities or infiltration; and 
(c) Normal or reduced white blood cell count or reduced lymphocyte count[20]. 
Confirmed cases were diagnosed following the specifications of the WHO interim 
guidelines[5] and tested positive for 2019-nCoV nucleic acid by real-time reverse 
transcription polymerase chain reaction (RT-PCR) of their respiratory tract specimens 
or blood specimens.

Classification of clinical cases 
Mild cases presented light clinical symptoms and no signs of pneumonia in the lung 
CT images. Moderate cases had a fever, respiratory symptoms, and visible signs of 
pneumonia in lung CT images. Severe cases showed one of the following three 
conditions: respiratory distress (respiratory rate ≥ 30 times/min), resting-state oxygen 
saturation ≤ 93% (as measured by fingertip pulse oximeter), and arterial partial 
pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2) ≤ 300 mmHg (1 mmHg = 
0.133 kPa). Critical cases were those showing one of the following three conditions: 
respiratory failure with the need for mechanical ventilation; shock or complications by 
other types of organ failure; and the need for intensive care unit monitoring and 
treatment. Only laboratory-confirmed cases were analyzed. The incubation period was 
defined as the time between exposure to the infection source and the appearance of 
symptoms. A primary endpoint event is one marked by the occurrence of ARDS or the 
need for mechanical ventilation.

Laboratory diagnosis was performed in the SARS-CoV-2 laboratory of Shenyang 
CDC. Pharyngeal swabs and sputum samples were collected from all patients and 
kept in culture medium for the virus during transportation. RT-PCR was performed as 
specified by the WHO protocol[21]. Other viruses of the respiratory system, such as 
influenza A viruses (H1N1, H3N2, and H7N9), influenza B virus, respiratory syncytial 
virus, parainfluenza viruses, adenovirus, SARS-CoV, and MERS-CoV, were also tested 
using real-time RT-PCR.

Statistical analysis
SPSS (version 26.0, Armonk, NY, United States) was used for the statistical analysis. 
Continuous variables are presented as the mean and standard deviation if they were 
normally distributed and as the median if they were not. Categorical variables are 
presented as the number and percentage (%). Independent-sample Student’s t-test was 
applied to all the continuous variables, whereas Chi-squared test and Fisher’s exact 
test were used for the categorical variables. All laboratory results were assessed to 
determine whether the measurements fell outside the normal range. Potential risk 
factors included exposure history, old age, abnormal imaging and laboratory test 
results, and comorbidities. Differences were considered statistically significant if P < 
0.05.

RESULTS
Demographic and clinical characteristics
The demographic and clinical characteristics of our cohort are listed in Table 1. No 
medical staff was found among the 56 confirmed cases. Among them, 6 patients 
(10.7%) had a history of long-term residence in Wuhan, 17 (30.4%) had traveled to or 
resided in Wuhan for a short time, 27 (48.2%) had been in contact with confirmed 
COVID-19 patients, 5 (8.9%) were infected by contact with confirmed patients who 
had been in contact with COVID-19 patients, and 1 (1.8%) had no clear exposure 
history. The median incubation period was 5 d (range, 1-15 d). The median age of 
patients was 45 years, with 57.1% of them being male. Among all the age groups, most 
of the enrolled COVID-19 patients were in the 15-49 age group (35 cases, accounting 
for 62.5%), with no patients under 15 years. At least one underlying disease (such as 
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Table 1 Clinical characteristics 56 patients of coronavirus disease 2019

Clinical characteristics, 
symptoms or signs Disease severity Composite endpoint

All patients, n = 
56

Non-severe, n 
= 45 Severe, n = 11 P value Yes, n = 5 No, n = 51 P value

Age, median (range), yr 45.0 (21.0-80.0) 45.4 (21.0-80.0) 46.1 (26.0-70.0) 0.689 43.8 (26.0-
70.0)

45.6 (21.0-
80.0)

0.601

Age groups, n (%)

0-14 yr 0/56 (0.0) 0/45 (0.0) 0/11 (0.0) 0.780 0/5 (0.0) 0/51 (0.0) 0.280

15-49 yr 35/56 (21.0-49.0) 29/45 (21.0-49.0) 6/11 (26.0-45.0) - 4/5 (26.0-45.0) 31/51 (21.0-
49.0)

-

50-64 yr 15/56 (50.0-64.0) 11/45 (50.0-64.0) 4/11 (50.0-57.0) - 0/5 (0.0) 15/51 (50.0-
64.0)

-

≥ 65 yr 6/56 (66.0-80.0) 5/45 (66.0-80.0) 1/11 (70.0) - 1/5 (70.0) 5/51 (66.0-
80.0)

-

Female sex, n (%) 32/56 (57.1) 24/45 (53.3) 8/11 (72.7) 0.319 3/5 (60.0) 29/51 (56.9) 1.000

Smoking history, n (%)

Never smokers 45/56 (80.3) 38/45 (84.4) 7/11 (63.6) 0.170 4/5 (80.0) 41/51 (80.3) 0.450

Long-term smoking 6/56 (10.7) 4/45 (8.9) 2/11 (18.2) - 0/5 (0.0) 6/51 (11.8) -

Occasionally smoking 5/56 (8.9) 3/45 (6.7) 2/11 (18.2) - 1/5 (20.0) 4/51 (7.8) -

Exposure to source of transmission 
within 14 d, n (%)

Local residents of Wuhan 6/56 (10.7) 4/45 (8.9) 2/11 (18.2) 0.129 2/5 (40.0) 4/51 (7.8) 0.125

Wuhan short-term tourism history 17/56 (30.4) 12/45 (26.7) 5/11 (45.4) 0.280 1/5 (20.0) 16/51 (31.4) 1.000

NCP patient exposure history 27/56 (48.2) 24/45 (51.1) 3/11 (27.3) 0.181 1/5 (20.0) 26/51 (50.9) 0.353

Contacted NCP patients and 
confirmed diagnosis

5/56 (8.9) 4/45 (8.9) 1/11 (9.1) 1.000 1/5 (20.0) 4/51 (7.8) 0.385

No explicit exposure history 1/56 (1.8) 1/45 (2.2) 0/11 (0.0) 1.000 0/5 (0.0) 1/51 (1.9) 1.000

Symptoms or signs, n (%)

Fever 42/56 (75.0) 31/45 (68.9) 11/11 (100.0) 0.049 5/5 (100.0) 37/51 (72.5) 0.316

Temperature on admission, °C 37.4 (36.1-39.8) 37.3 (36.1-39.8) 38.3 (36.7-39.7) - 38.3 (37.7-
38.9)

37.0 (36.1-
39.8)

-

< 37.5 22/56 (39.3) 21/45 (46.7) 1/11 (9.1) 0.000 0/5 (0.0) 29/51 (56.8) 0.007

37.5-38.0 22/56 (39.3) 21/45 (46.7) 1/11 (9.1) - 1/5 (20.0) 13/51 (25.5) -

38.1-39.0 10/56 (17.8) 2/45 (4.4) 8/11 (72.7) - 4/5 (80.0) 8/51 (15.7) -

> 39.0 2/56 (2.5) 1/45 (2.2) 1/11 (9.1) - 0/5 (0.0) 1/51 (2.0) -

Highest temperature during 
hospital admission

37.8 (36.4-39.8) 38.1 (36.4-39.8) 38.4 (37.7-39.8) 0.025 38.5 (37.7-
39.8)

38.1 (36.4-
39.8)

0.391

< 37.5 18/56 (32.1) 17/45 (37.8) 1/11 (9.1) 0.017 0/5 (0.0) 16/51 (31.4) 0.008

37.5-38.0 12/56 (21.4) 11/45 (24.4) 1/11 (9.1) - 1/5 (20.0) 11/51 (21.5) -

38.1-39.0 16/56 (28.6) 9/45 (20.0) 7/11 (63.6) - 3/5 (60.0) 15/51 (29.4) -

> 39.0 10/56 (17.8) 8/45 (17.8) 2/11 (18.2) - 1/5 (20.0) 9/51 (17.6) -

Fever duration, d 7.0 (0-17) 2.4 (0-17) 11.0 (7-13) - 10.4 (7-13) 2.8 (0-17) -

Cough 34/56 (60.7) 29/45 (64.4) 5/11 (45.4) 0.310 4/5 (80.0) 30/51 (58.8) 0.638

Sputum 12/56 (21.4) 6/45 (13.3) 6/11 (54.5) 0.008 4/5 (80.0) 8/51 (15.7) 0.006

Breath shortness 15/56 (26.7) 5/45 (11.1) 10/11 (90.9) 0.000 5/5 (100.0) 10/51 (19.6) 0.001

Sore throat 8/56 (14.2) 6/45 (13.3) 2/11 (18.2) 0.649 1/5 (20.0) 7/51 (13.7) 0.552
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Headache 7/56 (12.5) 4/45 (8.9) 3/11 (27.3) 0.128 3/5 (60.0) 4/51 (7.8) 0.011

Myalgia 6/56 (10.7) 3/45 (6.7) 3/11 (27.3) 0.083 3/5 (60.0) 3/51 (5.9) 0.007

Chest pain 4/56 (7.1) 2/45 (4.4) 2/11 (18.2) 0.169 2/5 (40.0) 2/51 (3.9) 0.036

Fatigue 10/56 (17.8) 7/45 (15.5) 3/11 (27.3) 0.393 2/5 (40.0) 8/51 (15.7) 0.214

Diarrhea 3/56 (5.3) 2/45 (4.4) 1/11 (9.1) 0.488 1/5 (20.0) 2/51 (3.9) 0.249

Nausea or vomiting 3/56 (5.3) 2/45 (4.4) 1/11 (9.1) 0.488 1/5 (20.0) 2/51 (3.9) 0.249

Throat congestion 42/56 (75.0) 31/45 (68.9) 11/11 (100.0) 0.049 5/5 (100.0) 37/51 (72.5) 0.316

Thick lung sounds 38/56 (67.8) 27/45 (60.0) 11/11 (100.0) 0.011 5/5 (100.0) 33/51 (64.7) 0.164

Wet and dry rales in the lungs 9/56 (16.1) 5/45 (11.1) 4/11 (36.4) 0.063 5/5 (100.0) 4/51 (7.8) 0.000

Coexisting disorders, n (%)

Any 26/56 (46.4) 18/45 (40.0) 8/11 (72.2) 0.009 5/5 (100) 11/51 (21.5) 0.001

Respiratory diseases 2/56 (3.6) 0/45 (0.0) 2/11 (18.2) 0.036 1/5 (20.0) 1/51 (2.0) 0.172

Diabetes 7/56 (12.5) 6/45 (13.3) 1/11 (9.1) 1.000 0/5 (0.0) 7/51 (13.7) 1.000

Thyroid disease (hyperthyroidism 
or hypothyroidism)

3/56 (5.3) 2/45 (4.4) 1/11 (9.1) 0.488 1/5 (20.0) 2/51 (3.9) 0.249

Hypertension 9/56 (16.1) 9/45 (20.0) 0/11 (0.0) 0.180 0/5 (0.0) 9/51 (17.6) 0.580

Cardiovascular and 
Cerebrovascular diseases

4/56 (7.1) 3/45 (6.7) 1/11 (9.1) 1.000 1/5 (20.0) 3/51 (5.9) 0.320

Chronic liver diseases1 10/56 (17.8) 9/45 (20.0) 1/11 (9.1) 0.667 1/5 (20.0) 9/51 (17.6) 1.000

Nervous system disease 3/56 (5.3) 2/45 (4.4) 1/11 (9.1) 0.488 1/5 (20.0) 2/51 (3.9) 0.249

Anal fistula 1/56 (1.8) 0/45 (0.0) 1/11 (9.1) 0.196 0/5 (0.0) 1/51 (2.0) 1.000

1Chronic liver diseases include hepatitis B virus infection (4 cases), alcoholic liver disease (5 cases), fatty liver (1 case). Data are presented as medians 
(interquartile ranges, IQR) and n. P values denoted the comparison between non-severe cases and severe cases. NCP: Novel coronavirus pneumonia.

hypertension, diabetes, chronic obstructive pulmonary disease, or chronic liver 
diseases) was found in 26 patients (46.4%). The most common symptoms were fever 
(75.0%) and cough (60.7%), followed by shortness of breath (26.7%) and expectoration 
(21.4%). By contrast, diarrhea (5.3%) and nausea and vomiting (5.3%) were 
uncommon. In serious cases (severe and critical cases), fever could last for 11.0 d, 
significantly longer than the 2.4 d in non-serious cases (mild and moderate cases) (P < 
0.001). There were 45 non-serious cases and 11 serious cases. Exposure to Wuhan was 
the most common feature among the serious cases compared to that among the non-
serious cases (63.6% vs 35.5% P < 0.001). The only patient (a critical case) receiving 
extracorporeal membrane oxygenation (ECMO) support lived 3 km away from the 
Huanan Seafood Market in Wuhan. The two groups showed significant differences 
(72.2% vs 46.4%, P < 0.001) in terms of underlying diseases but no differences in terms 
of age and smoking history. Cluster outbreak was observed in 10 families, involving 25 
patients (44.6%). One family had a succession of 5 members contracting the disease.

Imaging and laboratory test results
The imaging and laboratory test results are provided in Table 2. All 56 patients 
underwent lung CT examination upon admission to hospital. Among them, 51 (91.1%) 
showed signs of pneumonia. The typical manifestations of pneumonia in the lung CT 
images were ground-glass opacity (85.7%) and patchy opacity (78.6%), with bilateral 
lesions being the most common (67.8%). In Figure 1, the lung CT images of a serious 
case are compared to those of a mild case. In Figures 2 and 3, the development of 
pneumonia is shown, as observed in the lung CT images of the serious case and the 
mild case, respectively. The lesions shown in lung CT images are more serious and 
obvious and had progressed faster in the serious case than the non-serious case (P < 
0.05).

All 56 COVID-19 patients underwent blood tests upon admission. Among them, 44 
cases (78.6%) showed reduction in lymphocyte counts, 32 (57.1%) showed increases in 
their C-reactive protein levels, 28 (50.0%) showed decreases in their albumin levels, 
and 18 (32.1%) showed increases in their lactate dehydrogenase levels. Reduction in 
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Table 2 Radiographic and laboratory findings of 56 patients of coronavirus disease 2019

Radiographic and laboratory 
findings Disease severity Composite endpoint

All patients, n = 
56

Non-severe, n 
= 45 Severe, n = 11 P value Yes, n = 5 No, n = 51 P value 

Radiographic findings

Abnormalities on chest CT, n
/total n (%)

51/56 (91.1) 40/45 (88.9) 11/11 (100.0) 0.571 5/5 (100.0) 46/51 (90.2) 0.504

Ground-glass opacity 48/56 (85.7) 37/45 (82.2) 11/11 (100.0) 0.333 5/5 (100.0) 43/51 (84.3) 1.00

Patchy shadowing 44/56 (78.6) 33/45 (73.3) 11/11 (100.0) 0.097 5/5 (100.0) 39/51 (76.5) 0.574

Bilateral ground-glass 
opacity/bilateral patchy 
shadowing

38/56 (67.8) 27/45 (60.0) 11/11 (100.0) 0.011 5/5 (100.0) 33/51 (64.7) 0.014

Laboratory findings– n/total, n 
(%)

Blood leukocyte count 5.76 (1.8-16.7) 5.14 (1.8-13.1) 7.62 (2.96-16.7) 0.057 9.42 (3.9-16.7) 5.01 (1.8-13.1) < 0.001

> 9.5 × 109/L 10/56 (17.8) 6/45 (13.3) 4/11 (36.4) 0.093 2/5 (40.0) 8/51 (15.7) 0.214

< 3.5 × 109/L 14/56 (25.0) 10/45 (22.2%) 4/11 (36.4) 0.439 1/5 (20.0) 13/51 (25.5) 1.000

Neutrophil count 4.2 (1.34-16.08) 3.49 (0.5-11.94) 6.34 (1.77-16.08) 0.036 8.02 (2.4-16.08) 3.37 (0.5-11.94) < 0.001

< 1.8 × 109/L 12/56 (21.4) 9/45 (20.0) 3/11 (27.3) 0.686 1/5 (20.0) 11/51 (21.5) 1.000

Lymphocyte count 1.09 (0.2-2.1) 1.2 (0.2-2.1) 0.78 (0.2-1.0) 0.008 0.66 (0.2-1.0) 1.2 (0.2-2.1) < 0.001

< 1.1 × 109/L 44/56 (78.6) 34/45 (75.5) 10/11 (90.9) 0.424 5/5 (100.0) 29/51 (56.8) 0.054

Platelet count 221.4 (40-384) 214.7 (40-382) 241.4 (124-384) 1.000 247.8 (181-384) 215.6 (40-382) 1.000

< 125 × 109/L 8/56 (14.3) 6/45 (13.3) 2/11 (18.2) 0.649 0/5 (0.0) 8/51 (15.7) 1.000

Hemoglobin level, g/dL 144.1 (108-174) 144.6 (108-174) 142.7 (130-162) 0.889 141.2 (130-162) 144.8 (108-174) 0.875

C-reactive protein level 31.9 (0.17-128.32) 25.6 (0.17-128.32) 50.9 (5.43-
108.28)

0.047 51.7 (5.43-
108.28)

27.7 (0.17-
128.32)

0.046

≥ 8 mg/L, n/total, n (%) 32/56 (57.1) 23/45 (51.1) 9/11 (81.8) 0.093 4/5 (80.0) 28/51 (54.9) 0.379

Lactose dehydrogenase 563.1 (385-882) 517.2 (385-882) 700.7 (581-820) 0.048 720 (628-820) 529 (385-882) 0.047

≥ 618 U/L, n/total, n (%) 18/56 (32.1) 8/45 (17.8) 10/11 (90.9) 0.000 5/5 (100.0) 13/51 (25.5) 0.002

Procalcitonin level 0.05 (0.04-0.13) 0.05 (0.04-0.11) 0.06 (0.04-0.13) 1.000 0.06 (0.04-0.1) 0.05 (0.04-0.13) 1.000

ALT > 40 U/L, n/total n (%) 13/56 (23.2) 5/45 (11.1) 8/11 (72.7) < 0.001 5/5 (100.0) 8/51 (15.7) < 0.001

AST > 40 U/L, n /total, n (%) 16/56 (28.6) 8/45 (17.8) 8/11 (72.7) 0.001 3/5 (60.0) 8/51 (15.7) 0.047

Albumin < 35 g/L, n /total, n (%) 28/56 (50.0) 18/45 (40.0) 10/11 (90.9) 0.005 5/5 (100.0) 23/51 (45.1) 0.051

Creatinine kinase > 22 mmol/L, n
/total, n (%)

18/56 (32.1) 13/45 (28.9) 5/11 (54.4) 0.305 3/5 (60.0) 15/51 (29.4) 0.314

Creatinine kinase ≥ 170 U/L, n
/total, n (%)

8/56 (14.3) 4/45 (8.9) 4/11 (36.3) 0.057 2/5 (40.0) 6/51 (11.8) 0.144

Blood urea nitrogen ≥ 6.1 
mmol/L, n/total, n (%)

3/56 (5.3) 1/45 (2.2) 2/11 (18.2) 0.095 1/5 (20.0) 2/51 (3.9) 0.249

Creatinine ≥ 110 mmol/L, n
/total, n (%)

2/56 (3.6) 1/45 (2.2) 1/11 (9.1) 0.357 1/5 (20.0) 1/51 (2.0) 0.172

D-dimer ≥ 0.55 mg/L, n/total, n 
(%)

12/56 (21.4) 20/45 (44.4) 7/11 (63.6) 0.322 3/5 (60.0) 25/51 (49.0) 1.000

Co-infection

Other viruses 0/56 (0.0) 0/45 (0.0) 0/11 (0.0) - 0/5 (0.0) 0/51 (0.0) -

Bacterial 1/56 (1.8) 0/45 (0.0) 1/11 (9.1) 0.196 0/5 (0.0) 1/51 (2.0) 1.000

Fungus 0/56 (0.0) 0/45 (0.0) 0/11 (0.0) - 0/5 (0.0) 0/51 (0.0) -
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Mycoplasma pneumoniae 2/56 (3.6) 2/45 (4.4) 0/11 (0.0) 1.000 0/5 (0.0) 2/51 (3.9) 1.000

Lymphopenia was defined as a lymphocyte count of less than 1.1 × 109/L, and thrombocytopenia was defined as a lymphocyte count of less than 125 × 109

/L. The P values denoted the comparison between non-severe cases and severe cases. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
CT: Computed tomography.

Figure 1 Comparison of lung computed tomography images of a serious case and a mild case. A: Multiple indistinct patchy opacities in both lungs; 
large areas of ground-glass opacity and consolidative opacity; large areas of consolidative opacity in the basal segments of the lower lobes of both lungs, with air 
bronchogram visible inside. Lesions are serious in the middle and outer zones [26-year-old male patient, computed tomography (CT) taken on February 2, 2020, the 
7th d after disease onset]; B: A few indistinct patchy opacities in the upper lobe of the left lung, middle lobe and lower lobe of the right lung (47-year-old male patient, 
CT taken on February 4, 2020, the 5th d after disease onset).

platelet and leukocyte counts and rise in alanine aminotransferase, aspartate 
aminotransferase, creatine kinase, and D-dimer levels were not common. Compared to 
the non-serious cases, the serious cases displayed higher levels of indicator anomalies 
at higher degrees, such as decreases in lymphocyte counts (0.78 × 109/L vs 1.2 × 109/L, 
P < 0.001), increases in C-reactive protein levels (50.9 mg/L vs 25.6, P < 0.05), increase 
in lactate dehydrogenase level (700.7 U/L vs 517.2 U/L, P < 0.05), and an increase in 
alanine aminotransferase level and aspartate aminotransferase level (P < 0.05).

Treatment and outcome
Treatment, comorbidities, and outcomes are listed in Table 3. The percentages of 
patients receiving oxygen therapy, mechanical ventilation, intravenous antibiotics, 
glucocorticoid, and lopinavir/ritonavir treatments were 44.6%, 8.9%, 39.9%, 17.8% and 
100.0%, respectively. Among them, 4 cases (7.1%) received non-invasive mechanical 
ventilation, and 1 case (1.8%) received invasive mechanical ventilation and ECMO. The 
proportion of patients receiving these treatments was significantly higher among the 
serious cases than the non-serious cases (P < 0.05). The contrast was even starker for 
mechanical ventilation (non-invasive: 36.4% vs 0%, P < 0.001; invasive: 9.1% vs 0%, P < 
0.001, for the serious cases vs non-serious cases). This was also true for oxygen therapy 
(100.0% vs 31.1%, P < 0.001).

Pneumonia was the most common complication during treatment (91.1%), followed 
by liver injury (23.2%) and acute lung injury (7.2%). There were 2 cases (3.6%) of 
ARDS. Comorbidities were observed in all 11 serious cases, significantly higher than 
the non-serious cases (88.9%, P < 0.001). The percentages of patients admitted to 
intensive care unit and progressing to ARDS were 19.6% and 3.5% respectively, and 5 
cases (8.9%) developed primary endpoint events.

After proactive and effective treatment, all 56 patients showed a gradual recovery. 
As of February 21, 2020, 21 patients had been discharged, including 1 serious case. No 
deaths had been recorded at the time of writing.

DISCUSSION
This is a descriptive study performed using the epidemiological and clinical data of 56 
COVID-19 patients. These patients all received centralized treatment in the Sixth 
People’s Hospital of Shenyang (provincial-level COVID-19 treatment center of 
Liaoning province). Most of the enrolled patients were residents of the province and 
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Table 3 Complications, treatment, and outcomes 56 patients of coronavirus disease 2019

Disease severity Composite endpoint

All patients, n = 
56

Non-severe, n = 
45

Severe, n = 
11

P 
value

Yes, n = 
5 No, n = 51 P 

value

Complications, n (%)

Pneumonia 51/56 (91.1) 40/45 (88.9) 11/11 (100.0) 0.571 5/5 (100.0) 46/51 (90.2) 1.00

ARDS 2/56 (3.9) 0/45 (0.0) 2/11 (18.2) 0.036 2/5 (40.0) 0/51 (0.0) 0.006

Acute lung injury 4/56 (7.1) 1/45 (2.2) 3/11 (27.3) 0.026 1/5 (20.0) 3/51 (5.9) 1.00

Acute myocardial injury 2/56 (3.9) 0/45 (0.0) 2/11 (18.2) 0.056 1/5 (20.0) 1/51 (1.9) 0.172

Acute liver injury 13/56 (23.2) 7/45 (15.5) 6/11 (54.5) 0.013 3/5 (60.0) 10/51 (19.6) 0.076

Treatment, n (%)

Oxygen therapy 25/56 (44.6) 14/45 (31.1) 11/11 (100.0) 0.000 5/5 (100.0) 20/51 (39.2) 0.014

Mechanical ventilation

Invasive 4/56 (7.1) 0/45 (0.0) 4/11 (36.4) 0.001 4/5 (80.0) 0/51 (0.0) 0.000

Non-invasive 1/56 (1.8) 0/45 (0.0) 1/11 (9.1) 0.196 1/5 (20.0) 0/51 (0.0) 0.089

Use of extracorporeal membrane 
oxygenation

1/56 (1.8) 0/45 (0.0) 1/11 (9.1) 0.196 1/5 (20.0) 0/51 (0.0) 0.089

Antiviral therapy 56/56 (100.0) 45/45 (100.0) 11/11 (100.0) - 5/5 (100.0) 51/51 
(100.0)

-

Administration of antibiotics 22/56 (39.3) 13/45 (28.9) 9/11 (81.8) 0.002 5/5 (100.0) 17/51 (33.3) 0.000

Administration of glucocorticoid 10/56 (17.8) 3/45 (6.7) 7/11 (63.6) 0.000 4/5 (80.0) 6/51 (11.7) 0.003

Use of intravenous immunoglobin 7/56 (12.5) 2/45 (4.4) 5/11 (45.4) 0.002 5/5 (100.0) 2/51 (3.9) 0.000

Clinical outcomes, n (%)

Discharge from hospital 21/56 (37.5) 20/45 (44.4) 1/11 (9.1) 0.039 0/5 (0.0) 21/51 (41.2) 0.045

Death 0/56 (0.0) 0/45 (0.0) 0/11 (0.0) - 0/5 (0.0) 0/5 (0.0) -

Staying in hospital 35/56 (62.5) 25/45(55.5) 10/11 (90.9) 0.039 5/5 (100.0) 30/51 (58.8) 0.145

P values denoted the comparison between non-severe cases and severe cases. ARDS: Acute respiratory distress syndrome.

were infected by coming into close contact with imported cases with a history of travel 
to or residence in Wuhan. This study is a preliminary demonstration of the 
characteristics of COVID-19 in a northern province of China (about 1800 km from 
Wuhan).

Human coronavirus is a key type of pathogen that causes respiratory system 
infections. SARS-CoV and MERS-CoV are two highly contagious viruses that have 
caused severe respiratory syndromes in humans, while four other human 
coronaviruses (HCoV-OC43, HCoV-229E, HCoV-NL63, and HCoV-HKU1) can result 
in mild upper respiratory diseases. The outbreak of SARS-CoV epidemic from 2002 to 
2003 resulted in 8422 cases of infection globally, across 29 countries[22,23]. MERS-CoV 
appeared in Middle East countries in 2012 and was also imported to China[24,25]. SARS-
CoV-2 carries very different genetic traits from those of SARS-CoV and MERS-CoV 
and is currently found to have a homology with bat SARS-like coronavirus (bat-SL-
CoVZC45) of over 85%. More importantly, the transmission routes of SARS-CoV-2 
facilitate its rapid spread. Respiratory droplets and direct contact are typical manners 
of transmission, which are the same as those of SARS-nCoV, MERS-nCoV, and highly 
pathogenic influenza viruses[26-28]. Transmission via the digestive tract and other routes 
remains to be confirmed. In recent studies, fecal samples, rectal swabs, gastrointestinal 
tract, saliva, and urine showed positive test results for SARS-CoV-2[19]. The alarm 
should be raised for possible transmission through gastrointestinal secretion, as it 
would help in improving our defense systems and the inhibition of the rapid spread of 
this virus globally.

Our research offers more definite evidence of human-to-human transmission. None 
of the 56 patients had been in direct contact with wild animals. Most had either lived 
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Figure 2 Progression of pneumonia as observed in the lung computed tomography images of a serious case (51-year-old male patient). 
A: Multiple small patchy opacities and large areas of ground-glass opacity in both lungs, particularly in the outer zones and under the pulmonary pleurae; larger area 
of lesion in the basal segment of the lower right lobe, with air bronchogram and vascular thickening visible inside [computed tomography (CT) taken on February 3, 
2020, the 7th d after disease onset]; B: Multiple small patchy opacities and large areas of ground-glass opacity in both lungs, particularly in the middle and outer zones 
of bilateral lung fields and under the pulmonary pleurae; the lesions have slightly increased in number and size (CT taken on February 5, 2020, the 9th d after disease 
onset); C: Multiple small patchy opacities and large areas of ground-glass opacity in both lungs, particularly in the middle and outer zones and under the pulmonary 
pleurae; new patchy opacities and large areas of ground-glass opacity can be observed in the bilateral lower lobes and the right middle lobe (CT taken on February 
10, 2020, the 14th d after disease onset); D: Multiple small patchy opacities and large areas of ground-glass opacity in both lungs, particularly in the middle and outer 
zones and under the pulmonary pleurae; the scope of the lesions shows a clear reduction (CT taken on February 17, 2020, the 21st d after disease onset).

or traveled in Wuhan or had contact with COVID-19 patients. Only one patient had an 
unclear exposure history. In most cases, the onset of disease happened after January 
24, 2020, with the earliest on January 10, 2020. Our results show clear evidence of 
familial cluster outbreak, involving 25 patients from 10 families. One family even had 
5 successive cases of infection in family members, which is in high agreement with the 
latest reports[10,12,14]. It should be noted that infection through contact with diagnosed 
second-generation patients has appeared, namely so-called “third-generation cases.” 
In this study, research was conducted on patients living in a region distant from 
Wuhan (1800 km away), who were infected mainly through different levels of 
exposure to patients with COVID-19, with the hope of laying the foundations for 
improving the prevention and control of this infection. No infection has been 
identified in children during the course of the study, and two families with cluster 
outbreak have been found. For the same exposure time and in the same environment, 
the children in the families were not affected. The reason for this warrants in-depth 
investigation and may help uncover the pathogenesis of this disease.

In terms of its name, the disease was temporarily assigned the name of novel 
coronavirus pneumonia (NCP) on February 8, 2020 by the prevention and control task 
force for novel coronavirus-infected pneumonia of China’s State Council; it was later 
re-named as COVID-19 by WHO. Six versions of interim guidelines have been 
released at different times of the epidemic, including by WHO on January 12, 2020 for 
the clinical management of patients with severe respiratory infection possibly caused 
by the novel coronavirus and the five issued by the Chinese government for the 
diagnosis and treatment of novel coronavirus-infected pneumonia. The definition and 
diagnostic criteria for mild cases were put forward in the fifth edition of the guidelines 
by China. In our study, 5 patients (8.9%) belonged to the mild cases. They exhibited no 
clinical symptoms, and their lung CT images were normal. These patients were 
identified during the screening of personnel in contact with COVID-19 cases and 
showed a significantly lower disease severity, a shorter isolation and treatment time, 
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Figure 3 Development of pneumonia as observed on the lung computed tomography images of a mild case (39-year-old male patient). A: 
Multiple indistinct patchy opacities, ground-glass opacities, and stripe-like opacities in both lungs, particularly in the right lung [computed tomography (CT) taken on 
February 4, 2020, the 8th d after disease onset]; B: Multiple indistinct patchy opacities, ground-glass opacities, and stripe-like opacities in both lungs, particularly in the 
right lung; the lesions show a reduction in size (CT taken on February 7, 2020, the 11th d after disease onset); C: A few light patchy opacities are scattered in the 
middle and outer zones of the right upper lobe and bilateral lower lobes; the lesions show a clear reduction in size (CT taken on February 15, 2020, the 19th d after 
disease onset).

and lower treatment costs. Our results suggest the importance of the early 
identification as well as timely and accurate treatment and management of patients in 
the early stage of the disease, when pulmonary inflammation is not yet severe.

There were significantly more male patients than females in the 56 COVID-19 cases 
enrolled in this study. The reduced vulnerability of females to SARS-CoV-2 infection is 
perhaps related to the protection provided by the X chromosome and by female 
hormones, which play an important role in the innate and acquired immunity of 
humans[29]. Nearly half of the patients suffered from a chronic disease, including 
cardiovascular and cerebrovascular diseases, diabetes, and chronic liver diseases. 
These chronic health conditions are known to lower the immunity of the affected 
patients[30-32]. The condition of these 56 COVID-19 patients was also found to be 
significantly milder than cases from Wuhan reported in two recent papers[1,18]. This 
could be closely related to the appropriate prevention and control measures and the 
diagnosis and treatment plans adopted as well as the availability of healthcare 
resources. The clinical symptoms and pneumonia of the imported cases (i.e. those 
infected due to living or traveling in Wuhan) were significantly more serious than 
those of patients local to Liaoning province. The only critical case encountered in the 
study had a long history of residence in Wuhan, and lived only 3 km from Huanan 
Seafood Market at the time of the epidemic. With age (41 years) and immune function 
(no chronic disease) excluded in this case, the analysis of factors related to disease 
severity was more indicative of a large number of viruses at the center of the epidemic, 
their strong pathogenicity, and a higher possibility of immune disorder induced by 
cytokine storm in prime-age people in good health. Only 3 (9.1%) out of the 33 local 
patients of Liaoning province (i.e. patients infected by COVID-19 cases from Wuhan, 
or “third-generation cases”) were diagnosed as severe, and 2 had comorbidities of 
chronic respiratory diseases. The latter is an indication for the COVID-10 diagnosis 
and treatment centers in Liaoning province to remain alert to COVID-19 patients with 
chronic respiratory conditions, as they are at much higher risk of disease progression. 
In this study, a 17-wk pregnant woman was diagnosed with mild COVID-19. The 
reduced immunity yet only mild illness observed in this patient will require an in-
depth investigation from multiple aspects, such as virus, host, and the interaction 
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between the two.
In this study, the clinical characteristics of 56 COVID-19 patients were analyzed. 

Fever and cough were common, while symptoms affecting the digestive system were 
rare. This suggests that unlike SARS-nCoV, MERS-nCoV, and influenza viruses, 
respiratory epithelial cells are the primary target of SARS-CoV-2[33-36]. As 58.9% of local 
NCP patients only showed mild symptoms, a comprehensive evaluation, including 
lung CT and nucleic acid tests, should be used when monitoring cases outside of 
Wuhan to avoid omission. As shown in our laboratory test results, over 3/4 of the 
cases showed a decrease in lymphocyte count. It is thus speculated that SARS-CoV-2 
mainly attacks lymphocytes, especially T-lymphocytes, which can be used as a 
reference indicator in clinical diagnosis. The reduction in lymphocyte count is even 
more prominent in serious cases. The lowest lymphocyte count was 0.2 × 109/L in the 
critical case. None of the 10 severe cases progressed to a critical state, and all recovered 
gradually after proactive and comprehensive treatment[37]. Hence, the early 
identification and timely treatment of infection are very important for serious cases. 
No deaths were recorded in this study for of 56 COVID-19 patients. The death rate was 
remarkably lower than the recently reported mortality rates of 15% and 11%[1,18]. This 
could be related to the early isolation, early identification, early treatment, and 
centralized management of the patients in this cohort.

The limitations of this study are two-fold: (1) This study only includes 56 confirmed 
COVID-19 cases in Liaoning province, while more cases from cities outside of Wuhan 
and even from other countries should be included; Such an inclusive investigation 
would provide a deeper understanding of COVID-19; and (2) As some patients are still 
in the hospital, information on their outcomes is not available at the time of data 
analysis. However, the data used and analyzed in this study provide a preliminary 
assessment of the epidemiological and clinical characteristics of COVID-19 in areas 
outside of Wuhan.

The transmission of SARS-CoV-2 virus has been explosive, with a recent increase in 
the rate of human-to-human transmission. This virus strain is highly infectious and 
more likely to affect males with underlying diseases. Moreover, familial cluster 
outbreak is possible. Pneumonia is the most common comorbidity. Bilateral ground-
glass opacity and patchy opacity are typically observed in lung CT images. Cases 
infected via contact with COVID-19 patients without any history of travel or residence 
in Wuhan usually show mild symptoms, a good prognosis, and a relatively low 
mortality. The strict, timely, and effective prevention and control of the disease in a 
comprehensive manner is essential to curb the rapid spread of this virus. More efforts 
will be needed to study the infection mechanism of SARS-CoV-2 and explore effective 
treatments.

CONCLUSION
SARS-CoV-2 can be transmitted among humans. Most COVID-19 patients show 
symptoms of fever, cough, lymphocyte reduction, and typical lung CT manifestations. 
Most are moderate cases. Infection of SARS-CoV-2 and seriousness of COVID-19 is 
related to old age and underlying diseases.

ARTICLE HIGHLIGHTS
Research background
In December 2019, coronavirus disease 2019 (COVID-19) associated with the severe 
acute respiratory coronavirus 2 (SARS-CoV-2) emerged in Wuhan and spread quickly 
across China and world. The World Health Organization declared the SARS-CoV-2 
epidemic a global health emergency. Other than its rapid transmission, the 
epidemiological, pathogenesis, and clinical characteristics of COVID-19 remain 
unclear.

Research motivation
By analyzing clinical cases, we summarized the risk factors, clinical manifestations, 
and curative treatment of COVID-19. More efforts will be needed to study the basic 
and clinical research related to the infection of SARS-CoV-2.
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Research objectives
We analyzed the epidemiological and clinical characteristics of confirmed cases of 
COVID-19 in Liaoning province, a Chinese region far north of Wuhan. The research 
would help provide measures for controlling the spread of SARS-CoV-2 and clinical 
diagnosis and treatment of COVID-19.

Research methods
The clinical data of 56 laboratory-confirmed COVID-19 cases due to 2019 novel 
coronavirus infection were collected from eight cities in Liaoning Province. Laboratory 
diagnosis was performed in the SARS-CoV-2 laboratory of Shenyang Center for 
Disease Control and Prevention. Epidemiological characteristics were analyzed. SPSS 
(version 26.0) was used for the statistical analysis of clinical, laboratory, and imaging 
data.

Research results
Most patients had resided in or traveled to epidemic area and had contact with 
confirmed COVID-19 patients. Fever and cough were the most common symptoms. 
The typical manifestations in lung computed tomography (CT) included bilateral 
ground-glass opacity and patchy shadows. Severe cases and critical cases were 
respectively 10 (17.9%) and 1 (1.8%). No deaths were reported.

Research conclusions
SARS-CoV-2 can be transmitted among humans. This virus strain is highly infectious 
and more likely to affect males with underlying diseases. Most COVID-19 patients are 
mild cases or moderate cases. The risk factors for seriousness of the disease included 
old age, underlying diseases, significant lymphocytopenia, and serious lesions shown 
in lung computed tomography.

Research perspectives
More efforts will be needed to study the infection mechanism of SARS-CoV-2, early 
identification of severe cases, and effective treatments.
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