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			ABSTRACT

		

		
			In this paper, an epidemiological study was performed by focusing on all confirmed patients with COVID-19 in Xuzhou, a prefecture-level city, and a transportation hub with 10.44 million population in the east region of China. The median age of the patients is 42-year-old and 45.57% are male; 25 cases (31.65%) are imported. 23 cases (29.11%) were confirmed between January 26 to 31, 2020 while 56 cases (70.89%) were from February 1 to 16, 2020. Among the ten administrative divisions of Xuzhou city, Suining county (n=31) and Pizhou City (n=15) have the most cases while Tongshan district has none. A representative familial cluster with 6 cases was analyzed in detail in order to get a better understanding of the transmission routes of the virus. Furthermore, we performed a retrospective, single-centre study of 41 COVID-19 patients at Xuzhou Infectious Diseases Hospital in terms of clinical findings, which provided an insightful understanding of the disease.
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			Introduction

			The outbreak of 2019 novel coronavirus disease (COVID-19) officially named by WHO (Heymann and Shindo, 2020) has been traced back to Huanan (Southern China) seafood wholesale market in Wuhan, China (Huang et al., 2020). In addition, the novel coronavirus has been entitled by WHO as severe acute respiratory syndrome-related coronavirus 2, or SARS-CoV-2 because it is confirmed as a variant of the SARS-CoV (Enserink, 2020). So far, SARS-CoV-2 has caused a severe impact  on global public health and economies, which makes it necessary to get a deep understanding of its epidemiology. The urgently locked down in Wuhan, a megacity with 11 million people in the epicentre of the outbreak on Jan 23, 2020, greatly delayed the growth of the infection and limited the size of the epidemic (Tian et al., 2020).However, the virus still spread rapidly both domestically and overseas, which may be partially due to Wuhan as the provincial capital city and the largest highway, railway and air transportation hub in central China, as well as the annual spring festival travel rush starting from Jan 10, 2020, during which there are typically 3 billion travel movements across China.

			Unbiased whole genome sequencing of samples from patients with pneumonia, via a combination of Illumina and Nanopore platforms, revealed that SARS-CoV-2 is similar with some beta-coronavirus detected in bats and forms a clade within the subgenus Sarbecovirus, Orthocoronavirinae subfamily (Zhu et al., 2020). Further sequencing analysis decoded another ten complete SARS-CoV-2 genome, revealing that the virus is about 88% similar to bat-SL-CoVZC45 and bat-SL-CoVZXC21, two bat-derived severe acute respiratory syndrome (SARS)-like coronaviruses while more distantly related with SARS-CoV and MERS-CoV (Lu et al., 2020). Thus, it was indicated that the original host of SARS-CoV-2 could be bats. Normally, intermediate host is likely to be involved in the cross-species transmission of novel human viruses, which is the case for 2003 SARS-CoV outbreak (Chan and Chan, 2013). A new study focusing on the recombination of spike glycoprotein in SARS-COV-2 indicated that intermediate host for SARS-CoV-2 could be snake (Ji et al., 2020) while another metagenomics study suggested that pangolin facilitates the cross-species transmission, both of which, however, caused concerns and criticism due to lack of solid scientific evidence (Yranoski, 2020). In addition, during the viral transmissions among and interactions with hosts, multiple variants of SARS-CoV-2 have been identified. Except for the origin, transmission, and evolution of the novel coronavirus, some studies also pay close attention to the infection mechanisms of the virus and it is currently proposed that binding of the virus to the angiotensin-converting enzyme 2 (ACE2) receptor in humans leads to infection (Lu et al., 2020).

			R0, a parameter for describing the contagiousness or transmissibility of an infectious agent (Delamater et al., 2019), was estimated by using exponential growth model method (Zhao et al., 2020). However, the estimations might be biased due to insufficient data and the ongoing nature of the outbreak (Frieden and Lee, 2020). Based on current research findings, SARS-CoV-2 is highly contagious with estimated basic reproduction number R0 ranging from 2.24 to 3.58 (Zhao et al., 2020), which is generally similar with SARS-CoV (Jiang et al., 2020). As for the death toll of COVID-19, previous epidemiological analysis showed that case-fatality rate of SARS-CoV-2 (2%) is much lower than SARS-CoV (9.6%) (Jiang et al., 2020). However, there are still many uncertainties and the real number is unclear due to the ongoing nature of the pandemic. As far as we know, case-fatality rate varies and it is rather high in some countries such as Italy and Spain for now (Lazzerini and Putoto, 2020).

			Although the research on its transmission, toxicity and immune mechanism has been relatively in-depth, the virus is still mutating and the pandemic is not over so far. Thus, research on the initial transmission and tracking of epidemics in the region based on epidemiological study remains of vital significance. Most of the epidemilogical studies on COVID-19 focus on cases in megacities (Huang et al., 2020; Zhu et al., 2020; Jiang et al., 2020; Chan et al., 2020) while less about other areas such as prefecture-level cities. Xuzhou, is a major prefecture-level city with around 10.44 million registered population and 8.8 million resident population; its GDP in 2018 reaches 680 billion yuan and ranks 33 out of 100 major cities in China. As one of the high-speed railway hub, Xuzhou forms a one-hour living circle with 4 provincial capitals: Nanjing, Zhengzhou, Jinan and Hefei. It is also noteworthy that there are multiple trains between Xuzhou and Wuhan each day within a three-hour driving distance. Thus, it would be meaningful to explore the outbreak of COVID-19 in Xuzhou. Since the outbreak, a total of 79 COVID-19 cases were reported in Xuzhou, together with 2097 close contacts. No new cases have been added since Feb 16, 2020.

			In this study, we performed a descriptive study of all confirmed cases in Xuzhou and provided an epidemiological overview of the disease in the prefecture-level city. A representative familial cluster was reported in detail in order to better understand how the virus is transmitted. In addition, clinical findings of 41 confirmed COVID-19 cases admitted to a single hospital were also present. Through this study, a better understanding of the COVID-19 disease in Xuzhou was achieved, which might facilitate epidemic prevention of COVID-19 in local areas in future.

			MATERIALS AND METHODS

			Epidemiological study

			A total of 79 cases confirmed from Jan 26 to Feb. 16, 2020 at Xuzhou, no new cases were reported except for two discharged patients re-appearing as SARS-CoV-2 positive. It is noteworthy that one patient was a high-speed passenger that was reported symptoms when the train stopped at Xuzhou station, then urgently taken to a designated hospital; thus, is not included in the geographic study. Patients confirmed as local cases were those without known travel history out of Xuzhou while other patients were considered as imported cases. 

			Case data were collected from both Xuzhou Statistical Bureau and Xuzhou Centre for Disease Control and Prevention (CDC), the intra-urban population migration data from Wuhan to other cities (Top 100) was obtained from Baidu Migration Map (https://qianxi.baidu.com/). Clinical characterization, laboratory diagnosis, chest CT scanning and medical treatments of all COVID-19 patients were sourced from Xuzhou Infectious Diseases Hospital.

			Pathogen detection, laboratory tests, and chest CT

			Laboratory confirmation of SARS-CoV-2 was stipulated via nucleic acid test (real-time fluorescent RT-PCR). Laboratory diagnoses including routine blood test (RBT), blood biochemistry, and infection test were performed for the clustered cases. Imaging features of pneumoniae (Chest CT) were used as clinical diagnosis and confirmation. A series of CT images were recorded to show how the ground glass patches in lungs change during hospitalization, which were described in detail for the 41 COVID-19 patients in Supplementary Table SI.

			Medical treatments and discharge standards

			Medical treatment during hospitalization follows the COVID-19 treatment plan of Complementary and Natural Healthcare Council (CNHC), which includes: antiviral medicines lopinavir/ritonavir (400 mg/100 mg bid po), oseltamivir, arbidol, and interferon alfa-2b (5 MIU, aerosolized inhalation); antibacterial drugs moxifloxacin hydrochloride (400 mg, ivgtt, qd), biapenem (300 mg, ivgtt, q8h), and/or linezolid (600 mg, ivgtt, q12h). Immunoglobulin (20g/day) was given to a couple of patients. Drugs prescribed for glucocorticoid therapy include methylprednisolone (20~60 mg bid ivgtt), ketotifen fumarate (1 mg, qd, qn) and/or budesonide inhalation (1 mg, qd). Traditional Chinese medicine (TCM) Xuebijing injection was also used when necessary. Other medicines such as magnesium isoglycyrrhizinate, thymalfasin, adenosylmethionine succinate, and ambroxol were also used infrequently. All patients received oxygen therapy. Specific treatments for the 41 patients are described in detail in Supplementary Table SII.

			Patients were discharged home by following the COVID-19 treatment plan of China National Health Commission. In particular, patients were discharged when their body temperatures returned to normal for more than 3 consecutive days with improved respiratory symptoms, and pulmonary imaging shows significant absorption of inflammation. Meanwhile, nuclei acid detection for the pathogen SARS-CoV-2 needs to be negative for two consecutive tests at least one day apart.

			Statistical analysis

			All statistical analyses such as cumulative growth curve, average, mean, and histogram were performed in R package and Excel. P-values were calculated by using two-tailed unequal variance Student’s t-test. R and Excel were used for all data visualization and transmission route illustration.

			Results

			Epidemiological study

			Geographic analysis

			Geographic analysis of the 79 confirmed COVID-19 patients reveals that these cases are not evenly distributed among the 10 administrative divisions in Xuzhou (Supplementary Fig. S1a). Suining County was the area most affected by the outbreak, having 31 confirmed cases, among which only two cases were imported (#23 and #52). Further survey revealed that the high number was due to nosocomial infection of nurses and doctors. Pizhou City has 15 patients, the second highest among all divisions, among which 9 cases were imported. Both Pei County and Jiawang District have 7 cases, with 4 and 2 imported cases, respectively. They are then followed by Yunlong District and Quanshan District with 5 cases each. Both of them have 2 imported cases. In addition, Gulou District has 3 cases with 1 imported case while all 3 cases in Feng County were locally transmitted. As for Xinyi City, it has 2 confirmed cases, both cases were imported, while Tongshan District has none with no clear reason. The resident population for each administrative division in terms of the number of all confirmed cases and the number of imported cases were also compared in Supplementary Fig. S1b. In addition, all the 9 clustered cases were present in Supplementary Fig. S1c, which included asymptomatic and human-to-human transmissions in familial and hospital settings via close contacts (Li et al., 2020).

			Demographic analysis

			Demographic analysis in terms of age and gender of all the patients were performed. In addition, whether the cases were imported or infected locally due to close contact with confirmed case(s) were also analyzed. According to the result in Figure 1, the ages of the infected people range from 13 to 80 years old with most cases (n=22) at the age of 40-50, with the median age at 42. As for the gender, there are as many males (total 36, accounting for 45.57%) as females (total 43, 54.43%) in the confirmed cases. In terms of the infection types, 25 cases (31.65%) were imported while 54 cases (68.35%) were locally transmitted.
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			Fig. 1. Demographic analysis of 79 confirmed COVID19 cases in Xuzhou in terms of age, gender, and transmission routes. (a) age distribution, (b) sex ratio, (c) number of local and imported cases. 

			Cumulative growth

			The number of daily new cases (from Jan. 26 to Feb. 16, 2020) and the discharged patients (from Feb. 5 to March 12, 2020) were analyzed (Fig. 2). The general trend of daily confirmed cases showed an approximately linear relationship with time (no. of cases=3.91×time) and the R-squared value (R2) is equal to 0.9862 (Fig. 2a), indicating that 3.91 new cases emerge every day theoretically. R2 is a statistical measure that represents the proportion of the variance for a dependent variable that is explained by an independent variable in this linear regression model. Here, it means that time and no. of cases are highly correlated in a linear mode. On the other hand, linear, polynomial, and logarithmic regressions show no specific patterns for the changing dynamics among daily-added new cases due to very small R2 values. As for the relationship between time and discharged patients, linear regression showed no apparent correlation (R2= 0.3295). The first 3 were  discharged on Feb. 5, 2020, on Feb. 17 reached the greatest, 14 patients were discharge home.
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			Fig. 2. Cumulative growth curve of new COVID19 cases and discharged patients in Xuzhou, China. (a) Daily new cases and cumulative sum curve. Continuously increasing trend of confirmed cases was observed. The first 3 cases (#P1, #P2, #P3) reported on Jan 26 were all imported and had Wuhan travel history. (b) Daily discharged cases and cumulative sum curve. On Feb 5, first 3 recovered patients (#P10, #P15, #P31) were discharged from hospital. All the patients were finally discharged and recovered from the disease.

			Transportation analysis

			A set of national transportation data from Jan 10 to Jan 24, 2020 were collected, revealing that the number of confirmed cases in a city is positively correlated with the percentage of input population from Wuhan city in a linear relationship (R2=0.9332) (Fig. 3a), rather than from Hubei province (R2=0.4825) (Fig. 3b). The top 3 cities with most confirmed cases had the highest percentage of input population from Wuhan. In addition, around 0.5 million people left Wuhan before the lockdown on Jan 23, 2020 (Chen et al., 2020), among which 0.15% of population that left Wuhan had entered into Xuzhou, meaning that theoretically there were around 7500 people from Wuhan entered into Xuzhou. Thus, even all imported 25 patients having Wuhan travel history, the actual infection rate could be very low at 0.33%.
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			Fig. 3. Interurban population migration from (a) Wuhan city or (b) Hubei province to other cities in China from January 10 to the lockdown on January 24, 2020.

			Familial cluster analysis

			Among the 79 confirmed cases, we identified 11 clusters with clear case contact history (Supplementary Fig. S1c). To get a better look at how the virus transmits among cases, we studied in detail a representative familial cluster in Pizhou City, Xuzhou (Supplementary Fig. SII). A family of three (#P8: Father, #P45: Mother, #P13: Child) drove from Wuhan back to Pizhou on Jan. 20, 2020. They had a family gathering with #P11 (Mother of #P8), #P12 (Father of #P8), and #P14 (Sister of #P8) on Jan. 21. #P8 felt uncomfortable on Jan. 22, took medical treatment at local clinics on Jan. 23, and was isolated on Jan 24 due to lung infection. #P8 was finally confirmed positive through nucleic acid test of SARS-CoV-2 on Jan. 27. As a close contact of #P8, #P45 was isolated on Jan 26 and tested positive on Feb 04. As for #P11, #P12, #P13, and #P14, they were all tested positive on Jan 29.

			Clinical findings

			As the data provided and clinical findings were still lacking, we performed a single-centre analysis by focusing on patients admitted to Xuzhou Infectious Diseases Hospital only. As for 41 confirmed cases, average age is 42.16 ± 15.08 while male (n=24) and female (n=17) ratio is 1.41:1 (Supplementary Table SI), the average length of stay at hospital is 19 (7.0-39.0) days. Based on severity, these cases were classified into four categories: mild (n=1), moderate (n=35), severe (n=4), and critical (n=1). Before hospitalization, major clinical symptoms of the patients included cough (70.73%), fever (70.73%), throat congestion (70.73%), chest tightness (51.22%), sputum (46.34%), and fatigue (39.02%) while minor symptoms were sore throat (21.95%), diarrhea (26.83%), headache (14.63%), shiver (19.51%), nausea and vomiting (7.32%), myalgia/arthralgia (7.32%), and haemoptysis (2.44%). As for those with fever, peak body temperature ranges from 37.4 to 40 °C with the average at 38.4 °C. The pulse oxygen on admission ranges from 96 to 99% above the normal threshold of 94%. No cases were reported to have symptoms like tonsil enlargement, lymphadenopathy, and rash. In addition, no patients had hepatitis B. Underlying diseases in patients were also investigated, which showed that 7.32% of patients had diabetes, 17.07% hypertension, 4.88% coronary heart disease and 7.32% cerebrovascular disease; one patient was also diagnosed with hyperthyroidism (2.44%).

			Laboratory tests

			The 41 cases in terms of routine blood test (6 parameters), blood biochemistry test (16 parameters), and infection test (1 parameter) were retrospectively investigated, and the differential changes of each parameter at two time points with at least 7 days apart (earliest test date T1 and latest test date T2) were compared, 13 parameters of tests with significant changes were identified (Supplementary Table SII). Among which, those increased after medical treatment includes lymphocytes, platelet count, alanine aminotransferase, total cholesterol, triglycerides, potassium, chloride, and calcium while those decreased after medical treatments are lactate dehydrogenase, creatine kinase, total protein, creatinine, and C-reactive protein. Among these parameters, 4 of them were out of normal range, which were lymphocytes, creatinine, triglycerides, and C-reactive protein. In particular, lymphocytes count was lower than normal range at early infection probably due to the functional exhaustion of antiviral lymphocytes, which is consistent with early infection of SARS-CoV-2 (Zheng et al., 2020) and then increased to normal range later after medical treatment, indicating improved immunity. It has been reported that elevated creatinine level is correlated with COVID-19 death due to kidney damage (Zhou et al., 2020). In this study, creatinine changed from high level within normal range into lower out of range value, which might also indicate improved conditions of hospitalized patients. As for triglycerides, their level increased out of normal range after medical treatment, which might be linked with potential heart injury (Guo et al., 2020). In addition, during early infection, C-reactive protein increased to abnormally high level (median=9.4 mg/L), which indicated high inflammation in the body. After treatment, the value returned to normal range with a median of 0.7 mg/L. Hence improved conditions. In sum, these laboratory test results provided an overview of how patients responded toward medical treatment. For illustrative comparisons of the 13 significantly changed parameters, please refer to Figure 4.
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			Fig. 4. Comparison of 13 parameters of laboratory tests in 41 COVID19 patients that were significantly changed after medical treatments for more than 7 days. 

			Notes: T1: first test. T2: second test. (A) Alanine Aminotransferase (normal range=950 U/L). (B) Calcium (mmol/L). (C) Chloride (mmol/L). (D) Creatine kinase (U/L). (E) Creatinine (umol/L). (F) CRP (mg/L). (G) Lactate dehydrogenase (U/L). (H) Lymphocytes (109/L). (I) Platelet count (109/L). (J) Potassium (mmol/L). (K) Total dholesterol (mmol/L). (L) Total protein (g/L). (M) Triglycerides (mmol/L). T1: Red dots. T2: Blue dots. Out of normal range: Green dots. Statistical significance was found in comparison via two tailed unequal variance Student’s t test (P value: *, <0.05, **, <0.01, ***, <0.001).

			Chest CT scanning

			Of the 41 patients, 40 (97.56%) showed abnormal chest CT images, consisting 31 (75.61%) of bilateral pneumonia and 9 (21.95%) of unilateral pneumonia (Supplementary Table SI). Only 1 case (2.44%) had no abnormal density shadow, according to the clinical reports. During hospitalization, conditions of lung infection in some patients kept changing better. 34 out of 41 patients showed reduced inflammation and absorbed lesions. However, in some patients the situations of lung infection fluctuated or kept worsening.

			 

			Medical treatments

			All patients were treated empirically by following the COVID-19 Treatment Plan of CNHC, received oxygen therapy and inhaled nebulized interferon, 32 patients took antibiotics to prevent secondary bacterial infection while 27 patients used HIV drugs lopinavir/ritonavir (Supplementary Table SII). In addition, 23 patients received arbidol treatment while 4 patients took oseltamivir. Both oseltamivir and arbidol were antiviral drugs specifically for treating influenza. 22 patients were also given injection treatment of Xuebijing, which was used to as antagonism of endotoxin and suitable for systemic inflammatory response syndrome induced by infection. Moreover, 9 patients were given hormone therapy, though the treatment could lead to significant side effects based on the SARS treatment experience (Russell et al., 2020). Several other medicines were also prescribed for treating patients during hospitalization. However, due to limited data access, we did not have detailed medication plan. The cure rate for COVID-19 patients was 100%, all were discharged home when fulfilling the discharge standards, the average length of stay at hospital was 19 days.

			DISCUSSION

			An epidemiological analysis of 1099 cases from 552 hospitals in 31 provinces/provincial municipalities until January 29th, 2020 in China showed an overview of the infected population as median age 47 years, ratio of male and female cases 1.39, and mortality rate of 1.36% (Guan et al., 2020a). In addition, the median incubation period ranges from 0 to 24 days with a median of 3 days (Guan et al., 2020b). A more comprehensive study of 44,672 confirmed cases by China CDC revealed that case-fatality rate was 2.9% while the male-to-female ratio was 0.99:1 in Wuhan, 1.04:1 in Hubei, and 1.06:1 in China overall (The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team, 2020). In this study, a similar epidemiological findings was conclude. In addition, an unevenly geographic distribution of the COVID-19 cases in 10 administrative regions in Xuzhou were identified, the reasons included nosocomial infection in Suining and high number of imported cases in Pizhou. Clustered cases have also been reported in China and overseas (Chan et al., 2020; Phan et al., 2020). In this study, 11 clustered among the 79 cases were identified and one representative familial cluster was reported in detail, which indicated the importance and necessity of the isolation/quarantine policy during the pandemic in order to control the number of the infected cases (Guan et al., 2020b).

			In terms of clinical findings, previous study confirmed that common symptoms at onset of illness due to SARS-CoV-2 infection include fever (40 [98%] of 41 patients), cough (31 [76%]), and fatigue (18 [44%]) while sputum (11 [28%] of 39), headache (3 [8%] of 38), haemoptysis (2 [5%] of 39), and diarrhoea (1 [3%] of 38) are less common. In our study, we found out that cough (70.73%), fever (70.73%), and throat congestion (70.73%) were the top 3 symptoms in 41 patients, which indicated that not all patients were guaranteed to have certain symptoms. In addition, it was found that there were around 1.2% asymptomatic patients in a group of 44,672 confirmed cases (The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team, 2020). These results indicated that asymptomatic cases or cases with mild symptoms could pose a high risk to COVID-19. Through the analysis of the laboratory tests, we observed that 13 parameters were significantly changed after receiving medical treatments for more than 7 days. The changing patterns of some of the parameters such as WBC and CRP were consistent with previous reports, which reflected the intrinsic responses of immune systems (Wu et al., 2020). In addition, these parameters could be used as biomarkers to assist the confirmation of the disease. However, due to the limited number of patients, these parameters need to be further verified by large samples and multi-centre data. As for chest CT scanning, it is of great significance for the diagnosis of COVID-19, which also facilitates the understanding of how the disease progresses during lung infection of SARS-CoV-2 (Wu et al., 2020). As for medical therapy, we followed the COVID-19 Treatment Plan by CNHC. Nucleic acids tests of all the patients turned into negative for two consecutive times, which indicated the effectiveness of the empirical therapy. Currently, there is still no drugs for the disease (Wu et al., 2020). However, several studies showed that hydroxychloroquine and Remdesivir could be promising potential treatment, although there are reported side effects and more clinical trials are required for further validation (Owens, 2020; Wang et al., 2020). In vitro study has confirmed that hydroxychloroquine could inhibit SARS-CoV-2 (Liu et al., 2020). A recent small-sized trial of the combination of hydroxychloroquine and azithromycin suggested that the treatment could reduce or eliminate the virus load in COVID-19 patients and FDA has authorized emergency use of this unapproved drugs (Liu et al., 2020). However, the treatment is still very controversial and strict clinical trials are urgently needed to verify efficacy and safety of the drugs.

			CONCLUSIONS

			In this study, a comprehensive epidemiological study and clinical characterization of 79 COVID-19 cases in Xuzhou were performed, the geographic distributions, demographic features, inter-urban migration, clustered cases, and clinical findings of the confirmed cases were investigated. Clinical studies revealed that 13 laboratory test parameters changed significantly after more than 7-day hospitalization. Analysis of chest CT images provided insights into how lungs were influenced during the infection. Moreover, description of medical therapy also provided empirical experience. This study aims to summarize the initial outbreak of Covid-19 in a prefecture level city, and provide experience for further epidemiological investigation.
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ABSTRACT

In this paper, an epidemiological study was performed by focusing on all confirmed patients with
COVID-19 in Xuzhou, a prefecture-level city, and a transportation hub with 10.44 million population in
the east region of China. The median age of the patients is 42-year-old and 45.57% are male; 25 cases
(31.65%) are imported. 23 cases (29.11%) were confirmed between January 26 to 31, 2020 while 56 cases
(70.89%) were from February 1 to 16, 2020. Among the ten administrative divisions of Xuzhou city,
Suining county (n=31) and Pizhou City (n=15) have the most cases while Tongshan district has none. A
representative familial cluster with 6 cases was analyzed in detail in order to get a better understanding of
the transmission routes of the virus. Furthermore, we performed a retrospective, single-centre study of 41
COVID-19 patients at Xuzhou Infectious Diseases Hospital in terms of clinical findings, which provided

an insightful understanding of the disease.

INTRODUCTION

he outbreak of 2019 novel coronavirus disease

(COVID-19) officially named by WHO (Heymann and
Shindo, 2020) has been traced back to Huanan (Southern
China) seafood wholesale market in Wuhan, China (Huang
et al., 2020). In addition, the novel coronavirus has been
entitled by WHO as severe acute respiratory syndrome-
related coronavirus 2, or SARS-CoV-2 because it is
confirmed as a variant of the SARS-CoV (Enserink, 2020).
So far, SARS-CoV-2 has caused a severe impact on global
public health and economies, which makes it necessary to
get a deep understanding of its epidemiology. The urgently
locked down in Wuhan, a megacity with 11 million people
in the epicentre of the outbreak on Jan 23, 2020, greatly
delayed the growth of the infection and limited the size
of the epidemic (Tian et al., 2020).However, the virus
still spread rapidly both domestically and overseas, which
may be partially due to Wuhan as the provincial capital
city and the largest highway, railway and air transportation
hub in central China, as well as the annual spring festival

travel rush starting from Jan 10, 2020, during which there
are typically 3 billion travel movements across China.

Unbiased whole genome sequencing of samples
from patients with pneumonia, via a combination of
[llumina and Nanopore platforms, revealed that SARS-
CoV-2 is similar with some beta-coronavirus detected in
bats and forms a clade within the subgenus Sarbecovirus,
Orthocoronavirinae subfamily (Zhu ef a/., 2020). Further
sequencing analysis decoded another ten complete SARS-
CoV-2 genome, revealing that the virus is about 88%
similar to bat-SL-CoVZ(C45 and bat-SL-CoVZXC21, two
bat-derived severe acute respiratory syndrome (SARS)-
like coronaviruses while more distantly related with
SARS-CoV and MERS-CoV (Lu et al., 2020). Thus, it was
indicated that the original host of SARS-CoV-2 could be
bats. Normally, intermediate host is likely to be involved
in the cross-species transmission of novel human viruses,
which is the case for 2003 SARS-CoV outbreak (Chan and
Chan, 2013). A new study focusing on the recombination
of spike glycoprotein in SARS-COV-2 indicated that
intermediate host for SARS-CoV-2 could be snake (Ji et
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