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Abstract: The new coronavirus (2019-nCoV) in Wuhan has caused virus outbreaks in many 

provinces and cities in China, and several neighboring countries were also affected. In recent years, 

coronavirus several outbreaks around the world were reported, however researchers could not 

predict its onset. Coincidentally, the birthplace of another coronavirus (SARS-CoV) that causes 

serious public health problems is also in China. This review compares and analyzes the external 

environment, natural hosts, intermediate hosts, and susceptible populations when these two 

coronaviruses occurred. Based on the analysis results, we found that the 2019-nCov virus outbreak 

in Wuhan was not an accidental phenomenon, but a result of a combination of factors. At the same 

time, through the conclusions of these analyses, we will be able to get a glimpse of the trajectories 

of new coronaviruses and curb the virus outbreak in future. 
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1. Introduction 

The viral pneumonia that broke out in Wuhan in December 2019 was found to be caused by a 

novel coronavirus, named 2019-nCoV by the World Health Organization [1]. These viruses are called 

coronaviruses because of a corona-like protrusion appearance on the edges of virus under electron 

microscope. This type of protrusion is formed by rod-shaped envelope particles of viral spinous 

processes (S), which are used to connect with host receptor and infect host cells. In addition to 2019-

nCoV, there are six known coronaviruses that can infect humans. Four coronaviruses; HCoV-OC43, 

HCoV-NL63, HCoV-HKU1, and HCoV-229E cause common cold, and two other coronaviruses; 

SARS-CoV and MERS-CoV cause highly pathogenic respiratory infections [2].  

2. Comparative analysis of 2019-nCoV and SARS-CoV  

In this review, we addressed the environment during the virus outbreaks, source of the virus, 

and route of transmission. These information can help in preparing countermeasures against novel 

coronaviruses in future. 

2.1 Environmental factor 

First, we investigated the similarities of the environment conditions of 2019-nCoV and SARS-

CoV during the outbreak. SARS-CoV virus was found in Foshan, Guangdong Province in November 

2002, while 2019-nCov virus was found in Wuhan, Hubei Province in December 2019 [3, 4]. 

November and December are winter months and also the coldest months of the year in China [5]. 

Generally, body's innate immune response to virus will be lower during winter season. Viruses have 

a greater probability to spread into respiratory and infect host cells under the stimulation of low 
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temperature because number of immune cells decreases when blood supply reduced during capillary 

contraction in nasal mucosa [6]. 

Secondly, China Statistical Yearbook reported that the average annual precipitation in both places 

are greater than 1100 mm [5,7]. The global average annual rainfall is 990 mm, of which over land it is 

only 715 mm [8]. It indicates that the average annual rainfall in both places are higher than the world 

average. However, the annual rainfall in Foshan in 2002 reached its lowest value in just 50 years, 

which was only 393.1 mm. In fact, data showed that drought occurred in Guangdong that year, 

causing more than 1,300 reservoirs to dry up and 286,000 hectares of farmland suffered drought [9]. 

Coincidentally, Wuhan also suffered the worst drought in nearly 40 years, with rainfall only 26 mm 

totally in December 2019 [10,11].  

Many studies have shown that temperature and absolute humidity are correlated with risk of 

virus infection [12,13]. During the cold winter, air-dried virus particles are not only the most 

dangerous form of virus, but also survive longer and more likely to float around with airflow or dust 

[14]. Low humidity can reduce the capacity of cilia cells in airway removing virus particles and 

secreting mucus as well as repair ability of airway cells. In addition, human cells release signal 

proteins after infection with virus to alert neighboring cells to consider the danger of virus invasion. 

However, in low-humidity environments, this innate immune defense system disappears [15]. More 

seriously, low humidity can cause nasal passages mucus to become dry, the lining of nasal cavity 

becomes fragile, or even ruptured, and the entire upper respiratory tract is more vulnerable by 

viruses invasion [16]. Due to the above reasons, the success rate of viruses invading human 

respiratory tract has significant increase in low humidity. 

2.2 Natural host 

In both outbreaks, the natural host of coronavirus were confirmed to be of bat origin. Research 

by Zhengli Shi's team from Wuhan Academy of Sciences confirmed that SARS-CoV virus originated 

from horseshoe bats in a cave in Yunnan province [17]. The team also confirmed that 2019-nCoV has 

96% homology with bat coronavirus [18]. Meanwhile, the genome of 2019-nCoV is approximately 

89% identical nucleotides to bat-SL-CoVZC45 virus that was found in bats from Zhoushan, Zhejiang 

Province [19]. Through phylogenetic tree analysis, we found that 2019-nCoV virus and bat-SL-

CoVZC45 virus share a common ancestor. (Figure 1) 

Why bats in Zhejiang infect animals and humans thousands of miles away in Wuhan? Bats have 

the ability to migrate more than 1,000 kilometers and usually to insect-rich areas [20]. A study on 

horseshoe bats in Hong Kong and Guangdong showed that the viruses carried by horseshoe bats in 

these two places are different. The researchers also reported that the mating and foraging activities 

by the migrated horseshoe bats with the local horseshoe bats seemed to promote spread of the viruses 

and found some bats carried both viruses subsequently [21]. 

Why migrating bats gather near Wuhan Huanan Seafood Market, and what attracts them? We 

regard that there are at least two factors that can attract bats to gather at this place. Bats are attracted 

to artificial green lights and become disoriented during their migrations, hence they gather around 

the green lights area [22]. Yangtze River Bridge, only 20-minute drive from Huanan Seafood Market, 

have two rows of endless green lights that attract the attention of bats every night, disorienting and 

gathering them here during migration. Additionally, bats are attracted to insect-rich areas during 

migration or activity. Abundant of insects found at Huanan Seafood Market due to the long-term 

sales of various animals and animal carcasses makes this place a suitable habitat for these bats [20].  
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2.3 Intermediate host 

According to the transmission route of SARS-CoV virus, we consider that there may be more 

than one intermediate host for 2019-nCoV virus. During SARS-CoV virus outbreak, civet cat was 

considered as natural host, and it was not redefined as an intermediate host until researchers 

discovered SARS-CoV virus in Yunnan horseshoe bats. In addition to civet cats, researchers also 

found SARS-CoV virus from domestic cat, red fox, Lesser rice field rat, goose, Chinese ferret-badger 

and wild boar in Guangdong's seafood market. The virus was transmitted to civet cats from Yunnan 

horseshoe bats, and civet cats carrying the virus were transported to Guangdong, which led to SARS-

CoV virus outbreak in Guangdong [23]. 

Study has shown that 2019-nCoV has the same codon usage bias as snakes. Therefore, snake 

may be the intermediate host for 2019-nCoV [24]. However, David Robertson, a virologist from 

University of Glasgow, UK, stated: "Nothing supports the invasion of snakes." At the same time, 

Paulo Eduardo Brandão, a virologist from University of St. Paul, also said: "There is no evidence that 

snakes can be infected by this new coronavirus and act as hosts” [25]. Nanshan Zhong, the leader of 

2019-nCoV virus treatment expert group predicted that the intermediate host of 2019-nCoV to be 

bamboo rat [26]. 

At present, there is no evidence to prove the origin of bamboo rats in Huanan Seafood Market. 

Therefore, there are maybe two places where bamboo rats could have been infected with 2019-nCoV. 

The first site is the bat habitat in Zhoushan. Due to the promotion of bamboo rats breeding by 

Huanong Brothers in 2018, the amount of bamboo rats breeding and market demand increased 

significantly [27]. Since the market demand increases, the new bamboo rat breeding base may not be 

far from the local habitat of 2019-nCoV carrying bats. At the same time, because Zhejiang is a natural 

habitat for bamboo rats, it is possible that some farms directly introduced wild bamboo rats, which 

were already infected with 2019-nCoV virus. For the above reasons, the bamboo rat carrying 2019-

nCoV virus were transported from the infected place to the incident site in the same way as civet cat 

spread SARS-CoV. The second site is Wuhan, the place of bat migration. Zhengli Shi's team from 

Wuhan Academy of Sciences isolated a live SARS-like strain in the feces of horseshoe bats [28]. This 

suggests that the way of bats spread virus not only via direct contact, but also through fecal feces. 

Therefore, when bats carrying 2019-nCoV virus forage at Huanan Seafood Market, they may pass the 

virus directly or indirectly to human and animals.  

2.4 Ultimate host 

Same as the source of first SARS-CoV virus patient in 2002, the first 2019-nCoV virus patient also 

comes from a trade center that sells seafood, poultry and game. At the outset, 2019-nCoV virus may 

have species barrier before it can be transmitted to humans. However, due to human activities the 

virus has expanded its scope of infection. In fact, when humans, poultry, and wild animals live 

together, the risk of spreading the virus across species increases (Figure 2). A study in the United 

States showed that coronavirus has selective pressure adaptation, in which they can cross the species 

barrier to infect target cells by altering the accumulation of mutations in spikes [29].  

In addition to coronaviruses, other types of viruses have also undergone adaptation in history. 

AIDS virus was originally carried by chimpanzees in West Africa rainforests, but its infected humans 

only in the 1940s. A common view is that the disaster originated due to human invading deep forests 

and came into contact with chimpanzees which are carriers of the virus. Due to human invasion, 

number of chimpanzee populations has decreased. As a result, a new biological demand has been 

created, simian immunodeficiency virus needs find its new host, human [30]. 

Bats have inhabited near Yangtze River Bridge and Huanan Seafood Market due to the 

conducive environment and may have transmitted the coronavirus to intermediate hosts in this area 

since then. Therefore, vendors in the Huanan Seafood Market may already have long term contact 

with infected intermediate hosts. In addition, some Wuhan people have a habit of eating bats. 

Besides, bat feces have been used in traditional Chinese medicine to improve vision. [31]. All of these 
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significantly increases the chance of 2019-nCoV virus expanding the range of host due to selective 

stress adaptation. 

3. Conclusions 

According to our comparative retrospective analysis, to prevent new coronaviruses emergence 

in future, we suggest to look into the following aspects. Firstly, to pay attention at an area 

experiencing drought where this place had high relatively rainfall and humidity throughout, which 

may be a precursor to novel coronavirus outbreak. Secondly, stimulation such as green light should 

be switched off or turn to other colors to reduce interference during bats migration. Thirdly, farm 

owners should explore for the presences of bat habitats nearby when establishing new farms. At the 

same time, farmers that plan to do wildlife farming should test for coronavirus in this animals. 

Finally, consumption of meat from wild animals should be limited to curb novel coronavirus. 

 

 

Figure 1. Phylogenetic analysis of 2019-nCoV. Sequence of Wuhan seafood market pneumonia virus 

isolate Wuhan-Hu-1 was used to BLAST the whole genome sequence database from NCBI. Phylogenetic 

tree constructed using BLAST pairwise alignments. Wuhan seafood market pneumonia virus isolate 

Wuhan-Hu-1, Bat SARS-like coronavirus isolate bat-SL-CoVZC45 and Bat SARS-like coronavirus isolate 

bat-SL-CoVZXC21 share a common ancestor. 
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Figure 2. 2019-nCov virus transmission route diagram. Bats carrying 2019-nCoV virus attracted by green 

lights and insect-rich areas. Bats carrying 2019-nCoV virus transmit the virus to human through its meat 

and feces, and intermediate host such as bamboo rats. 

Author Contributions: All authors have made contribution to this manuscript. Z.S. designed, drafted and edited 

the manuscript. K.T. reviewed and edited the manuscript. S.K. edited the manuscript. G.Z.H. conceptualized 

and designed framework of review. All authors have read and agreed to the published version of the manuscript. 

Funding: This work is supported by the National Natural Science Foundation of China under Grant (No. 

71964020). 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Zhang, N.; Wang, L.; Deng, X., et al. Recent advances in the detection of respiratory virus infection in 

humans. J Med Virol 2020, 10.1002/jmv.25674, doi:10.1002/jmv.25674. 

2. Fehr, A.R.; Perlman, S. Coronaviruses: an overview of their replication and pathogenesis. Methods Mol Biol 

2015, 1282, 1-23, doi:10.1007/978-1-4939-2438-7_1. 

3. Xu, R.H.; He, J.F., et al. Epidemiologic clues to SARS origin in China. Emerg Infect Dis 2004, 10, 1030-1037, 

doi:10.3201/eid1006.030852. 

4. Lu, H.; Stratton, C.W.; Tang, Y.W. Outbreak of Pneumonia of Unknown Etiology in Wuhan China: the 

Mystery and the Miracle. J Med Virol 2020, 10.1002/jmv.25678, doi:10.1002/jmv.25678. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 February 2020                   doi:10.20944/preprints202001.0364.v2

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2020, 17, 1633; doi:10.3390/ijerph17051633

https://doi.org/10.20944/preprints202001.0364.v2
https://doi.org/10.3390/ijerph17051633


 

5. NBSC. National Bureau of Statistics PRC: China Statistical Yearbook 2019 (Chinese-English Edition); China 

Statistics Press: Beijing, China, 2019. 

6. Eccles, R. Acute cooling of the body surface and the common cold. Rhinology 2002, 40, 109-114. 

7. NBSC. National Bureau of Statistics PRC: China Statistical Yearbook 2018 (Chinese-English Edition); China 

Statistics Press: Beijing, China, 2018. 

8. Schneider, U.; Becker, A. , et al. GPCC's new land surface precipitation climatology based on quality-

controlled in situ data and its role in quantifying the global water cycle. Theoretical and Applied Climatology 

2014, 115, 15-40, doi:10.1007/s00704-013-0860-x. 

9. Lei, Y.; Li, W.F., et al. Characteristics of Spatiotemporal Variations of Precipitation of Foshan over the Past 

50 Years. Guangdong Meteorology 2019,41(03),10-13, doi:10.3969/j.issn.1007-6190.2019.03.003. 

10. Ding, Y.T Heavy drought in the middle and lower reaches of Yangtze River. People Net. 07 November 2019. 

Available online: http://paper.people.com.cn/rmrb/html/2019-11/07/nw.D110000renmrb_20191107_2-

17.htm (accessed on 27 January 2020). (In Chinese). 

11. December weather forecast and climate Wuhan, China. Weather Atlas. Available online: 

https://www.weather-atlas.com/en/china/wuhan-weather-december (accessed on 27 January 2020). (In 

English). 

12. Casanova, L.M.; Jeon, S.; Rutala, W.A.; Weber, D.J.; Sobsey, M.D. Effects of air temperature and relative 

humidity on coronavirus survival on surfaces. Appl Environ Microbiol 2010, 76, 2712-2717, 

doi:10.1128/AEM.02291-09. 

13. Chan, K.H.; Peiris, J.S.; Lam, S.Y.; Poon, L.L.; Yuen, K.Y.; Seto, W.H. The Effects of Temperature and 

Relative Humidity on the Viability of the SARS Coronavirus. Adv Virol 2011, 2011, 734690, 

doi:10.1155/2011/734690. 

14. Jaakkola, K.; Saukkoriipi, A.; Jokelainen, J.; Juvonen, R.; Kauppila, J.; Vainio, O.; Ziegler, T.; Ronkko, E.; 

Jaakkola, J.J.; Ikaheimo, T.M., et al. Decline in temperature and humidity increases the occurrence of 

influenza in cold climate. Environ Health 2014, 13, 22, doi:10.1186/1476-069X-13-22. 

15. Kudo, E.; Song, E.; Yockey, L.J.; Rakib, T.; Wong, P.W.; Homer, R.J.; Iwasaki, A. Low ambient humidity 

impairs barrier function and innate resistance against influenza infection. Proc Natl Acad Sci U S A 2019, 

116, 10905-10910, doi:10.1073/pnas.1902840116. 

16. Relative humidity. Wikipedia. Available online: https://https://en.wikipedia.org/wiki/Relative_humidity 

(accessed on 27 January 2020). (In English). 

17. Hu, B.; Zeng, L.P., et al. Discovery of a rich gene pool of bat SARS-related coronaviruses provides new 

insights into the origin of SARS coronavirus. PLoS Pathog 2017, 13, e1006698, 

doi:10.1371/journal.ppat.1006698. 

18. Zhou, P.; Yang, X.-L.; Wang, X.-G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.-R.; Zhu, Y.; Li, B.; Huang, C.-L., et 

al. Discovery of a novel coronavirus associated with the recent pneumonia outbreak in humans and its 

potential bat origin. bioRxiv 2020, 10.1101/2020.01.22.914952, 2020.2001.2022.914952, 

doi:10.1101/2020.01.22.914952 

19. Jasper, F.C.; Yuan, S.F., et al. Articles A familial cluster of pneumonia associated with the 2019 novel 

coronavirus indicating person-to-person transmission: a study of a family cluster. The Lancet 

2020,(accepted), doi:https://doi.org/10.1016/S0140-6736(20)30154-9. 

20. Dechmann, D.K.N.; Wikelski, M.; Ellis-Soto, D.; Safi, K.; O'Mara, M.T. Determinants of spring migration 

departure decision in a bat. Biol Lett 2017, 13, doi:10.1098/rsbl.2017.0395. 

21. Lau, S.K.; Li, K.S., et al. Ecoepidemiology and complete genome comparison of different strains of severe 

acute respiratory syndrome-related Rhinolophus bat coronavirus in China reveal bats as a reservoir for 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 February 2020                   doi:10.20944/preprints202001.0364.v2

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2020, 17, 1633; doi:10.3390/ijerph17051633

https://doi.org/10.20944/preprints202001.0364.v2
https://doi.org/10.3390/ijerph17051633


 

acute, self-limiting infection that allows recombination events. J Virol 2010, 84, 2808-2819, 

doi:10.1128/jvi.02219-09. 

22. Voigt, C.C.; Roeleke, M.; Marggraf, L.; Petersons, G.; Voigt-Heucke, S.L. Migratory bats respond to artificial 

green light with positive phototaxis. PLoS One 2017, 12, e0177748, doi:10.1371/journal.pone.0177748. 

23. Chan, P.K.; Chan, M.C. Tracing the SARS-coronavirus. J Thorac Dis 2013, 5 Suppl 2, S118-121, 

doi:10.3978/j.issn.2072-1439.2013.06.19. 

24. Ji, W.; Wang, W.; Zhao, X.; Zai, J.; Li, X. Homologous recombination within the spike glycoprotein of the 

newly identified coronavirus may boost cross-species transmission from snake to human. Journal of Medical 

Virology 2020,(accepted), doi:10.1002/jmv.25682. 

25. Ewen, C.; David, C. “Why snakes probably aren’t spreading the new China virus,” Nature 2020, (News), 

doi: 10.1038/d41586-020-00180-8. 

26. Zhong Nanshan: The new coronavirus is likely to come from game products such as bamboo rats and 

tadpoles. Netease News. 20 January 2020. Available online: 

https://news.163.com/20/0120/22/F3C9KSI50001899O.html (accessed on 27 January 2020). (In Chinese). 

27. Xi, G.H. Adventures of Huanong Brothers: Shooting bamboo rat videos became popular, fans exceeded 5 

million and annual income exceeded 300,000. Tencent. 05 February 2020. Available online: 

https://new.qq.com/omn/20190205/20190205A0G1Q7.html (accessed on 27 January 2020). (In Chinese). 

28. Ge, X.-Y.; Li, J.-L.; Yang, X.-L.; Chmura, A.A.; Zhu, G.; Epstein, J.H.; Mazet, J.K.; Hu, B.; Zhang, W.; Peng, 

C., et al. Isolation and characterization of a bat SARS-like coronavirus that uses the ACE2 receptor. Nature 

2013, 503, 535-538, doi:10.1038/nature12711. 

29. Letko, M.; Miazgowicz, K.; McMinn, R.; Seifert, S.N.; Sola, I.; Enjuanes, L.; Carmody, A.; van Doremalen, 

N.; Munster, V. Adaptive Evolution of MERS-CoV to Species Variation in DPP4. Cell Rep 2018, 24, 1730-

1737, doi:10.1016/j.celrep.2018.07.045. 

30. Sharp, P.M.; Hahn, B.H. Origins of HIV and the AIDS pandemic. Cold Spring Harb Perspect Med 2011, 1, a006841, 

doi:10.1101/cshperspect.a006841. 

31. Du, H.; Kuang, T.T.; Qiu, S.; Xu, T.; Gang Huan, C.L.; Fan, G.; Zhang, Y. Fecal medicines used in traditional 

medical system of China: a systematic review of their names, original species, traditional uses, and modern 

investigations. Chin Med 2019, 14, 31, doi:10.1186/s13020-019-0253-x. 

  

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 February 2020                   doi:10.20944/preprints202001.0364.v2

Peer-reviewed version available at Int. J. Environ. Res. Public Health 2020, 17, 1633; doi:10.3390/ijerph17051633

https://doi.org/10.20944/preprints202001.0364.v2
https://doi.org/10.3390/ijerph17051633

