
Journal Pre-proof

Lessons learned from the 2019-nCoV epidemic on prevention of future infectious
diseases

Xingchen Pan, David M. Ojcius, Tianyue Gao, Zhongsheng Li, Chunhua Pan,
Chungen Pan

PII: S1286-4579(20)30032-0

DOI: https://doi.org/10.1016/j.micinf.2020.02.004

Reference: MICINF 4692

To appear in: Microbes and Infection

Received Date: 11 February 2020

Accepted Date: 12 February 2020

Please cite this article as: X. Pan, D.M. Ojcius, T. Gao, Z. Li, C. Pan, C. Pan, Lessons learned from
the 2019-nCoV epidemic on prevention of future infectious diseases, Microbes and Infection, https://
doi.org/10.1016/j.micinf.2020.02.004.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.

https://doi.org/10.1016/j.micinf.2020.02.004
https://doi.org/10.1016/j.micinf.2020.02.004
https://doi.org/10.1016/j.micinf.2020.02.004


Minireview 1 

 2 

Lessons learned from the 2019-nCoV epidemic on prevention of future infectious 3 

diseases 4 

 5 

Xingchen Pan a, David M. Ojcius b, Tianyue Gao c, Zhongsheng Li d, Chunhua 6 

Pan e*, Chungen Pan d** 7 

  8 

a Department of Human Resources, Shanghai University of Finance and Economics, 9 

Shanghai, China;  10 

b Department of Biomedical Sciences, University of the Pacific, School of Dentistry, 11 

San Francisco, USA; 
12 

c Earl Haig Secondary School, North York, Ontario, Canada;     13 

d Guangdong Haid Institute of Animal Husbandry & Veterinary, Guangdong 14 

Provincial Key Laboratory of Research on the Technology of  Pig-breeding and  Pig-15 

disease prevention, Haid Research Institute, Guangdong Haid Group Co., Ltd, 16 

Guangzhou, China;  17 

e The 1st Ward of the Medical Department, Affiliated Cancer Hospital and Institute of 18 

Guangzhou Medical University, Guangzhou, China. 19 

 20 

Corresponding authors: *The 1st Ward of the Medical Department, Affiliated Cancer 21 

Hospital and Institute of Guangzhou Medical University, No. 78, Heng Zhi Gang 22 

Road, Yuexiu District, Guangzhou 510000, China (Chunhua Pan); ** Haid Research 23 



Institute, Guangdong Haid Group Co., Ltd, 5 Eighth Street, Fu Ping Road, Guangzhou 24 

511400, China (Chungen Pan). 25 

E-mail address: chungenp@163.com (Chungen Pan); chhpan@163.com (Chunhua 26 

Pan) 27 

 28 

  29 



Abstract 30 

Only a month after the outbreak of pneumonia caused by 2019-nCoV, more than 31 

forty-thousand people were infected. This put enormous pressure on the Chinese 32 

government, medical healthcare provider, and the general public, but also made the 33 

international community deeply nervous. On the 25th day after the outbreak, the 34 

Chinese government implemented strict traffic restrictions on the area where the 35 

2019-nCoV had originated—Hubei province, whose capital city is Wuhan. Ten days 36 

later, the rate of increase of cases in Hubei showed a significant difference (p = 37 

0.0001) compared with the total rate of increase in other provinces of China. These 38 

preliminary data suggest the effectiveness of a traffic restriction policy for this 39 

pandemic thus far. At the same time, solid financial support and improved research 40 

ability, along with network communication technology, also greatly facilitated the 41 

application of epidemic prevention measures. These measures were motivated by the 42 

need to provide effective treatment of patients, and involved consultation with three 43 

major groups in policy formulation—public health experts, the government, and the 44 

general public. It was also aided by media and information technology, as well as 45 

international cooperation. This experience will provide China and other countries with 46 

valuable lessons for quickly coordinating and coping with future public health 47 

emergencies.  48 
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 52 

1.  Introduction53 

Human history is littered with wars and pandemics, but the death and fear caused 54 

by some pandemics cannot be matched by any war. The one with the largest number 55 

of deaths in recent human history, the Spanish flu caused by the H1N1 influenza A 56 

virus, had infected 500 million people (almost 1/3 of the world population in 1918 57 

[1]) and killed 25 to 50 million people [2, 3]. In the 21st century, human epidemics 58 

caused by viruses have continuously appeared in the public eye. Among them, the 59 

new infectious diseases caused by wild animal coronavirus infections in humans have 60 

attracted the most attention, reminding us that people should be fully prepared to 61 

respond to a larger pandemic that may occur at any time in the future. 62 

Coronaviruses of wild animal origin have caused 3 serious human infectious 63 

diseases in less than 20 years. The first infectious disease was reported in November 64 

2002, in Guangdong Province, China [4]. While the source of the virus was not 65 

identified yet, this disease spread quickly, infecting many medical staff. On February 66 

21, 2003, an infected Guangdong doctor travelled to Hong Kong, leading to spread of 67 

the virus globally [5]. Not until March 15, after the World Health Organization 68 

(WHO) received reports of cases from Guangdong, Hong Kong, and Hanoi, was a 69 

global alert on the disease issued, which was officially named "Severe Acute 70 

Respiratory Syndrome (SARS)" [6]. The pathogen originated from bats [7] and the 71 

intermediate host was the masked palm civet [8]. At the beginning of the epidemic, 72 

the international community lacked experience for containment of this type of 73 

outbreak, and the disease was not officially diagnosed until 146 days after the first 74 

case appeared [9]. From April to May 2003, the Chinese government established a 75 

comprehensive prevention network, allocated 2 billion yuan to epidemic prevention, 76 



built a “Xiaotangshan” temporary hospital, and actively treated patients. Because of 77 

the low coverage by modern communication networks, there was difficulty in 78 

communicating information. Nevertheless, the epidemic response was generally 79 

satisfactory [10]. Although interpersonal transmission of the first SARS outbreak 80 

(November 2002 to July 2003) was successfully stopped thanks to global cooperation 81 

[11], the worldwide spread of the SARS coronavirus (SARS-CoV) still caused 8447 82 

cases and 774 deaths in 32 countries[12]. 83 

The second infectious disease was Middle East Respiratory Syndrome caused by 84 

MERS-CoV in 2012. It occurred in Saudi Arabia and spread to other countries 85 

including the United States, England, France, and South Korea. The mortality rate 86 

was as high as 34.4%. As of the end of November 2019, a total of 2468 people had 87 

been infected worldwide [13]. According to research results, this coronavirus 88 

originated from bats and was transmitted to humans through an intermediate host, the 89 

camel [14, 15]. 90 

In 2019, a new type of coronavirus, which is highly homologous to bat 91 

coronavirus, hit China again [16, 17]. At the end of December, some hospitals in 92 

Wuhan reported several cases of unexplained pneumonia in those with a history of 93 

South China seafood market exposure [18, 19]. In December 31 the pneumonia cases 94 

of unknown origin were officially reported; in early January 2020, market store 95 

owners were evacuated in succession; and Hubei Province began to investigate the 96 

source of the virus. However, after only two weeks, the number of mysterious 97 

pneumonia cases nationwide had reached 198 by January 18, then reaching 830 by 98 

January 23 [20], and Wuhan immediately began implementing traffic control to 99 

prevent the spread of the disease. The “Level 1 Emergency Response to major public 100 

health emergencies” was implemented, and comprehensive epidemic prevention 101 



began. One week later (January 30), the official reported number of confirmed 102 

domestic cases had reached 9,692, which exceeded the total number of previous cases 103 

of SARS in the world [21]. On the same day, WHO announced that 2019-nCOV 104 

constitutes a Public Health Emergency of International Concern (PHEIC) [22], which 105 

noted that this elusive disease is more dangerous than the one in 2003. The Chinese 106 

government also made a series of significant responses in a very short period of time, 107 

including the establishment of a leading group of experts for epidemic response [23], 108 

the construction of a number of temporary hospitals [24-26], the deployment of 109 

medical staff [27], and the implementation of a comprehensive national epidemic 110 

prevention policy [28]. It remains to be seen whether these measures can quickly 111 

control the spread of 2019-nCOV. 112 

The major outbreaks caused by the spread of wild animal viruses across the 113 

species barrier have raised important questions for human society. How do we learn 114 

from the experience of China and the international community in responding to the 115 

outbreak? What preparations can human society make in advance of pandemics, when 116 

faced with a potentially more dangerous pandemic in the future? This article presents 117 

the actions taken by the government, experts and international parties in response to 118 

the two outbreaks caused by SARS-CoV and 2019-nCoV, and analyzes possible 119 

preventive measures in future epidemics through a relationship diagram. 120 

 121 

2. 2020 in crisis 122 

Although the 2019-nCOV epidemic broke out rapidly in early 2020, the Chinese 123 

government and experts have responded much faster than they did to the SARS 124 

outbreak – relying on 17 years of technical and economic experience – and various 125 



measures were therefore consecutively carried out. 126 

As shown in Figure1A, the challenges brought to us by the two epidemics are 127 

quite different. By January 30, 2020, the cumulative number of 2019-nCoV cases in 128 

China had exceeded the total number of previous SARS cases worldwide [29], and 129 

many new cases appeared in only one month. Currently, there are still more than 130 

3,000 new confirmed cases of 2019-nCoV infection daily. As of the date of this 131 

publication, the total number of confirmed domestic cases has risen to 40,171 [30]. 132 

During this period, the diagnosis, isolation, admission and treatment of patients have 133 

become the biggest challenges that China and the international community need to 134 

face. It is reassuring that the vast majority of cases of 2019-nCOV are still 135 

concentrated in China, and the number of transmitting countries and regions is 136 

currently 28 (Figure 1B), slightly lower than the number of countries that reported 137 

SARS cases [12, 31]. In addition, no deaths have been reported in any country outside 138 

of China, except for the death of a pneumonia patient in the Philippines [32] (as of 139 

February 9, 2020). Since 2019-nCOV has an incubation period of 5.3 to 19 days 140 

(average of 5.2 days) [33], the effects of international traffic control measures in 2020 141 

need to be further observed.  142 

Meanwhile, the Chinese government is actively responding to the outbreak 143 

(Figure1C). On January 24, considering the rapid increase in the number of cases, 144 

China began to build several temporary hospitals, including "Huoshenshan" and 145 

"Leishenshan", in many cities of the country. Huoshenshan Hospital was successfully 146 

constructed at an astonishing speed, and started to receive patients within ten days 147 

[25]. On January 26, the Chinese government invested 11.21 billion RMB; after 11 148 

days [34], the investment increased to 66.74 billion RMB [35] in epidemic prevention 149 

and control funds, and has deployed more than 10,000 medical staff nationwide to 150 



assist Hubei Province [27]. Back in 2003, China built the Xiaotangshan Temporary 151 

Hospital in 6 days [36], with its construction starting as late as 158 days after the first 152 

case was reported, indicating that the response to the spread of SARS-CoV was far 153 

slower than for 2019-nCoV. Similarly, in the current epidemic, China implemented 154 

main domestic response measures before WHO’s announcement of the high risk of a 155 

global epidemic; while during SARS, China’s establishment of temporary hospitals 156 

and financial support came after WHO’s warning. 157 

The government's rapid response to the epidemic has benefited in part from the 158 

substantial improvement of the national scientific research ability and research 159 

equipment, as well as the efficient communication of research results. As shown in 160 

Figure1D, the disease caused by 2019-nCOV was diagnosed 8 days after the first 161 

cases appeared [37], the entire virus gene sequence was obtained on the 11th day, the 162 

virus nucleic acid diagnostic technology was established on the 14th day [38-40], the 163 

live virus was isolated on the 25th day [41], and the study on the intermediate host 164 

was reported on the 39th day [42]. In contrast, the SARS virus was isolated in 125 165 

days [43], the disease was formally diagnosed in 146 days [9], a virus nucleic acid 166 

diagnostic method was established in 151 days [44, 45], and the full gene sequence of 167 

the virus was obtained in 160 days [46]. As noted in Figure1C, during the 2019-nCoV 168 

epidemic, most of the government's major epidemic prevention measures were also 169 

implemented quickly after the disease was diagnosed.  170 

The rapid increase in the number of 2019-nCoV cases in a short period of time 171 

has forced society to respond quickly. At present, 2019-nCOV is still spreading 172 

rapidly, and the origin of the new virus, transmission modes other than saliva droplets 173 

and airborne transmission, the window period, the contagious period after clinical 174 

recovery, and patient prognosis are unknown – but the efforts of all parties have begun 175 



to bear fruit. In particular, it should be noted that on January 24, 2020, Hubei Province 176 

launched the most stringent anti-epidemic traffic control measures in human history, 177 

as measured in the number of human individuals affected. Among them, at 9 pm on 178 

January 23, Wuhan first launched traffic control [47]. On the second day, other cities 179 

in Hubei have also announced measures for epidemic prevention traffic control [48], 180 

and rail, high-speed and ordinary road traffic within the jurisdiction of the above-181 

mentioned cities have been suspended to varying degrees, and public transportation 182 

such as buses and long-distance passenger transport within the jurisdiction of the city 183 

have also been suspended. The control measures appeared to take effect within two 184 

days: the case increase rate in other provinces across the country began to be 185 

significantly slower than the case increase rate in Hubei Province, as shown in Figure 186 

2. Compared with the case number in Hubei Province, the increase in case numbers in 187 

other provinces became significantly slower (p = 0.0001). 188 

This measure established a barrier between the source of infection and healthy 189 

uninfected people, in order to block the transmission of the new coronavirus. 190 

Although the number of confirmed new cases is still a cause of worry, one can 191 

imagine what would have happened if such measures had not been implemented on 192 

January 23 or the country had not taken relevant epidemic prevention measures:  193 

given the transmission characteristics of 2019-nCOV in China, it is likely that there 194 

would have been multiple "Wuhans" by now, and the number of confirmed diagnoses 195 

would have been much larger than currently observed. Comparing domestic air 196 

passenger traffic data in 2002 and 2018 (the normal passenger traffic in the year 197 

before the current outbreak), the national passenger volume in 2018 was 7 times 198 

larger than in 2002 [49, 50]. One can thus estimate how quickly the new coronavirus 199 

would have been transmitted if drastic traffic control measures had not been 200 



implemented.  201 

3. Social cooperation during the 2019-nCoV epidemic and lessons for future 202 

epidemic prevention 203 

With the increase of the world’s population, improvements and ease of 204 

transportation, and the increase of human traffic, the threat of epidemics on human 205 

beings is constantly increasing. In addition, despite the unpredictability of each 206 

epidemic, the process of battling previous epidemics has brought with it valuable 207 

experience for responding to future epidemics. The 2019-nCOV epidemic has 208 

challenged the limits of our ability to handle it. As a viral infectious disease that can 209 

be transmitted through multiple channels, its onset time also coincided with the 210 

Spring Festival (the biggest national holiday in China), when over a billion people 211 

begin their annual migration in China. The outbreak also originated in the main traffic 212 

hub in China, Wuhan, where both resident and floating populations are dense.  213 

At early stages of the outbreak, Hubei Province had experienced a shortage of 214 

personal protection materials, such as masks and hospital supplies. Thus, it began to 215 

collect materials from other parts of the country and urgently transferred them to 216 

Hubei Province. As of February 6, 2020, there was still shortage of materials in the 217 

province [51]; this is a wake-up call for us when dealing with future outbreaks. As 218 

shown in Figure 3, during a public health emergency, the smooth coordination 219 

between the government, medical care and the masses is very important. For example, 220 

on February 3, when the number of confirmed cases in Wuhan had reached 6,384 [52] 221 

and there was a shortage of medical resources, the government promptly claimed 222 

stadiums, exhibition halls and other places to establish a number of "square cabin 223 

hospitals" for treating non-critical patients. This was done to free up important 224 

resources at Huoshenshan Hospital, Leishenshan Hospital and other sites to treat 225 



critically ill patients in a more timely manner [53]. The public was promptly guided 226 

by governments at all levels in order to maximally prevent the spread of the virus. 227 

At the same time, cooperation within the medical system enables scientific 228 

research results to be used in clinical diagnosis and treatment in a timely manner, and 229 

serves as the scientific basis for the government’s response. In addition, prompt 230 

communication between international governments served to prevent the spread of the 231 

virus worldwide. As of February 9, 2020, 40,171 cases were diagnosed globally, and 232 

only 307 cases were found in countries and regions other than China, accounting for 233 

0.76% of the total [54]. 234 

Certainly, media and information technology provided important support for 235 

societies during the 2019-nCOV epidemic (Figure 3). At the beginning of 2019, the 236 

number of Chinese internet users had reached 829 million, of which 817 million are 237 

mobile Internet users, covering almost every corner of the countryside [55]. Back in 238 

2003, there were about 80 million Chinese internet users, mostly concentrated in 239 

urban areas [56]; moreover, 63.91% of China’s population was rural [57]. In 2003, 240 

television and other media were the main communication channels for epidemic 241 

prevention information. In 2019, however, real-time information of the 2019-nCOV 242 

epidemic was transmitted in real-time through various channels throughout the 243 

country, like WeChat and Weibo like apps. This technology also allows any traveler to 244 

check the trend of population flow and exposure to pneumonia patients during their 245 

trip at any time. These technologies have greatly facilitated accurate epidemic 246 

prevention and control [58].  247 

After the epidemic broke out, the Chinese government adopted a big data 248 

platform for epidemic prevention and control —“Close Contact Meter” [59]—on 249 

February 8th. By uploading and comparing national health data, it is possible to 250 



automatically identify past contacts and potential contacts. The comparison and 251 

calculation of the resultant data model provides relative risk coefficients for people, 252 

so that the government can carry out precise measures. At the same time, China 253 

Unicom formed a joint big data team of more than 100 people, provided the 254 

government with 1,783 comprehensive epidemic analysis reports and developed 13 255 

data models for epidemic prevention [60]. In addition, e-commerce companies 256 

including Alibaba and JD.com donated funds along with a large amount of medical 257 

supplies during the epidemic [61], using their industry advantages and logistics to 258 

facilitate large-scale material delivery. This level of development in e-commerce can 259 

fully overcome logistical obstacles that do not involve direct contact between people, 260 

to prevent further viral transmission [62].  261 

Learning from the effective measures used and problems encountered in the 262 

prevention and control of this epidemic, the government is likely to set up an 263 

emergency decision-making organization when responding to future public health 264 

emergencies. Externally, the government needs to guide medical and scientific 265 

research and allocate medical care materials, and at the same time, comprehensive 266 

epidemic prevention must be implemented rapidly and efficiently. Concurrently, the 267 

government also needs to regularly disclose information and ensure international 268 

cooperation. For the general population, it is difficult to realize the limitations of 269 

government measures and medical care to deal with an emerging infectious disease. 270 

However, if the disease spreads too quickly, excessive public support and high 271 

expectations may turn into disappointment and propagation of rumors [63]. Patients 272 

and uninfected people in both epidemic and non-epidemic areas (Figure 3) also face 273 

different levels of psychological pressure, which also need to be addressed. 274 



Scientific achievements such as development of vaccines, antibodies and 275 

antiviral drugs play an important role in fighting epidemics and reducing mortality. 276 

Integrating scientific research resources, increasing research investment, 277 

strengthening direct cooperation between international and domestic scientists, and 278 

accelerating clinical applications of scientific research results enhances the ability to 279 

prevent spread of the epidemic or accelerate elimination of the virus.  280 

In summary, in the 2019-nCoV epidemic, the overall response of China and the 281 

international community is faster than it was for SARS-CoV. These responses include 282 

disease diagnosis, virus isolation, financial support, and temporary hospital 283 

construction. To deal with the increasing growth of cases, the Chinese government has 284 

adopted comprehensive traffic restrictions in the areas where the epidemic originated. 285 

After implementation of the traffic restrictions, the rate of infection in the original 286 

outbreak areas and the rest of the country showed a significant difference.  287 

How to fight pandemics will always be a major issue that needs to be addressed 288 

worldwide. In 2003, the SARS incident caused global economic losses of US$ 30 289 

billion [64], which exceeded the military expenditures of any one of 221 countries in 290 

2018 [65]. At present we do not have a clear prediction of the funds that would be 291 

required to confront a future global pandemic, but it is safe to assume that, in many 292 

cases, it would cost much less than the losses caused by the disease [66, 67]. Making 293 

advance preparations for a pandemic may bring us significant short-term benefits, 294 

such as supporting basic health care, encouraging research and development, 295 

strengthening interregional cooperation and emergency response systems and 296 

biosafety management, and promoting the balanced development of health and 297 

security of the world in general.  298 
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Figure legends 307 

 308 

Fig. 1. The major progress of research and government measures during the 309 

SARS-CoV and 2019-nCoV epidemics.  A. The rate of increase in cases during the 310 

SARS-CoV and 2019-nCoV outbreaks; B. The increase in number of countries that 311 

had cases of infection during the outbreak; C. Government measures; D. Major 312 

progress of research. The dotted line in A means that the data are unavailable, the 313 



numbers in the brackets in C and D represent the number of days after the first 314 

reported case. 315 

 316 

Fig. 2. The effect on the increasing rate of cases with strict travel restrictions. 317 

Red arrow indicates the date after which Wuhan was under strict travel restriction. It 318 

was the first time in human history that the gates of a city with a population of about 9 319 

million were almost totally closed by a virus. The data on day 19 were unavailable. 320 

The number of cases in Hubei increased much faster than in other provinces after the 321 

travel restrictions were imposed. 322 

 323 

 324 

 325 

 326 



 327 

Fig. 3. Interactions in society during the 2019-nCoV pandemic. The arrows 328 

represent the interactions between the subjects; the broader arrows indicate the more 329 

prominent interactions. Information technology (labelled as green) influences all of 330 

the subjects, dramatically improving the process of virus identification, new drug 331 

screening, and daily care of the public. 332 

 333 
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