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Introduction 
“What We Know So Far” documents are intended to provide an overview of some of the published and 

unpublished reports related to emerging issues with respect to coronavirus disease 2019 (COVID-19). 

The reports are found through ongoing scanning of the published literature and scientific grey literature 

(e.g. ProMED, CIDRAP, Johns Hopkins Situation Reports), as well as media reports. It is recognized that 

there may be additional information not captured in this document. As this is a rapidly evolving 

situation, the information will be current as of the date written.  

Key Points 
 Genomic and phylogenetic analyses of COVID-19 sequences show a high similarity with bat 

SARS-like coronaviruses, suggesting that bats may be the original animal reservoir.  

 There is some genomic evidence to suggest that pangolins may be intermediate hosts; however, 
further studies are required.  

Background 
Zoonotic infections (also known as “zoonoses”) are infections transmitted from animals to humans. 
These transmissions have led to the emergence of multiple infectious diseases, including all of the 
coronaviruses that are known to infect humans.  

 Severe acute respiratory syndrome coronavirus (SARS-CoV) is thought to have originated as a 
bat coronavirus transmitted to palm civets at food markets before subsequently infecting 
humans. This zoonotic event (“spillover”) is estimated to have occurred a few months before the 
first human infection with SARS-CoV was reported.  

 Middle East respiratory syndrome coronavirus (MERS-CoV) originated similarly from multiple bat 
coronaviruses in the Middle East and Africa, which were then transmitted to dromedary camels 
as an intermediate reservoir from which humans later became infected. This spillover event may 
have occurred around 2010 and MERS-CoV infection in humans was first identified in 2012.  

 The seasonal coronaviruses, which cause mild respiratory illness in humans, also have animal 
origins. Human coronavirus (HCoV)-NL63 and HCoV-229E possibly originated in bats and it is 
hypothesized that HCoV-OC43 and HCoV-HKU1 may have originated in rodents. 

 COVID-19 is another coronavirus likely originating from a spillover event.  

https://promedmail.org/
http://www.cidrap.umn.edu/
http://www.centerforhealthsecurity.org/resources/2019-nCoV/index.html
https://www.nature.com/articles/s41579-018-0118-9
https://www.nature.com/articles/s41579-018-0118-9
https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1006698
https://www.pnas.org/content/102/7/2430
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3367621/
https://www.nejm.org/doi/full/10.1056/NEJM200312183492523
https://mbio.asm.org/content/8/2/e00373-17
https://mbio.asm.org/content/8/2/e00373-17
https://www.nejm.org/doi/full/10.1056/NEJMoa1401505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5666820/
https://www.who.int/news-room/fact-sheets/detail/middle-east-respiratory-syndrome-coronavirus-(mers-cov)
https://www.cell.com/trends/microbiology/pdf/S0966-842X(16)30133-0.pdf
https://www.cell.com/trends/microbiology/pdf/S0966-842X(16)30133-0.pdf
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Bats as the Origin of the Non-Human Precursor Virus  
 Using whole genome sequencing and phylogenetic analysis, three studies independently 

identified a ~96% sequence similarity between COVID-19 and a bat coronavirus strain (RaTG13, 
isolated from a Rhinolophus affinis bat in Yunnan province in 2013), highly suggestive of an 
ancestral bat origin. 

COVID-19 Adaptation to Human Hosts 
 Several studies show that the Spike protein of COVID-19 can bind the human angiotensin-

converting enzyme 2 (ACE2) receptor. This is the same receptor used by SARS-CoV and is 
present in the human respiratory and gastrointestinal tract.  

 Although similar to bat coronaviruses that do not infect humans, the Spike protein of COVID-19 
differs in key aspects, including (i) a receptor binding domain (i.e., the part of the Spike protein 
that binds host cells) that may optimize virus binding to human ACE2 receptor and (ii) a unique 
cleavage site that may enhance cell-cell fusion (an important step in viral entry into human 
cells).  

Role of Intermediate Host(s) 
 A press briefing discussed an unpublished analysis of a metagenome dataset (i.e., a dataset that 

had genomes from various coronavirus species) that identified a pangolin coronavirus strain 
exhibiting ~99% sequence similarity to COVID-19. 

 Two non-peer-reviewed studies found 85.5-92.4% sequence similarity between COVID-19 and 
coronavirus strains found in the Manis javanica pangolin (a scaly anteater mammal). Although 
this level of homology (similarity) is lower compared to the RaTG13 bat strain, the pangolin 
strains shared the same key binding residues as COVID-19 that are suggested to be important 
for human infection.   

 Laboratory analysis and structural modelling of the COVID-19 Spike protein suggests that it may 
bind ACE2 in a diverse group of animals (pigs, ferrets, cats, non-human primates, civets, bats). If 
accurate, this would mean that there are other possible intermediate hosts.  

 A study hypothesizing snakes as a potential intermediate host was later refuted using more 
extensive analysis. 

 Further studies are needed to fully elucidate whether pangolins or other animals serve as an 
intermediate host.  

Location and Timing of the Zoonotic Transfer Event(s) 
 The emergence of COVID-19 is associated temporally and epidemiologically with the Huanan 

Seafood Wholesale Market in Wuhan, Hubei province, China. This market is one of the largest 
seafood markets in Central China, but also reportedly sold wild animals, including frogs, snakes 
and hedgehogs, as well as a variety of other species. It is not known whether pangolins were 
sold at the market since they are illegally poached and trafficked animals. 

 According to a news release, the Chinese Center for Disease Control and Prevention isolated 
COVID-19 virus from 5.6% (33/585) of environmental samples taken at the Huanan Seafood 
Wholesale Market, with the majority of positive samples taken from the zone where wildlife 

https://www.nature.com/articles/s41586-020-2012-7_reference.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/jmv.25700
https://www.sciencedirect.com/science/article/abs/pii/S1567134820300447?via%3Dihub
https://www.thelancet.com/pb-assets/Lancet/pdfs/S0140673620302518.pdf
https://www.nature.com/articles/s41586-020-2012-7
https://jvi.asm.org/content/early/2020/01/23/JVI.00127-20
http://virological.org/t/the-proximal-origin-of-sars-cov-2/398
https://www.nature.com/articles/d41586-020-00364-2
https://www.biorxiv.org/content/10.1101/2020.02.07.939207v1.full.pdf
https://www.biorxiv.org/content/10.1101/2020.02.13.945485v1.full.pdf
https://www.nature.com/articles/s41586-020-2012-7
https://jvi.asm.org/content/early/2020/01/23/JVI.00127-20
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmv.25682
https://arxiv.org/ftp/arxiv/papers/2002/2002.03173.pdf
https://en.wikipedia.org/wiki/Huanan_Seafood_Wholesale_Market
https://en.wikipedia.org/wiki/Huanan_Seafood_Wholesale_Market
https://www.nytimes.com/2020/01/25/world/asia/china-markets-coronavirus-sars.html
https://www.nytimes.com/2020/01/25/world/asia/china-markets-coronavirus-sars.html
https://www.scmp.com/news/china/politics/article/3044207/china-shuts-seafood-market-linked-mystery-viral-pneumonia
http://www.xinhuanet.com/english/2020-01/27/c_138735677.htm
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trading was concentrated. This is consistent with the observation that this exposure setting was 
commonly reported in early cases of COVID-19. 

 At this time, it is unclear whether the zoonotic transfer event occurred at the market. Of the 47 
patients diagnosed before the market closure in Wuhan, 17 cases (including the first case with 
symptom onset on December 1, 2019) had no exposure history to the market, raising questions 
about the possibility of transmission events independent of the market. 

 The time of the most recent common ancestor, which can be used to infer the emergence of 
COVID-19, is estimated between September 28, 2019 and December 21, 2019.  
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Public Health Ontario  
Public Health Ontario is a Crown corporation dedicated to protecting and promoting the health of all 
Ontarians and reducing inequities in health. Public Health Ontario links public health practitioners, front-
line health workers and researchers to the best scientific intelligence and knowledge from around the 
world.  

For more information about PHO, visit publichealthontario.ca. 
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