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The pangolin’s revenge: SARS-CoV-2 did not emerge
from a lab but from wildlife exploitation
In recent weeks, news has spread that the current coronavirus is the result of something created in a laboratory that then escaped
control. This concern also stems from news reporting that back in 2015 experiments were already being carried out in China to create
a recombinant SARS-derived coronavirus. Unfortunately, such news finds fertile ground on social media and, especially in
pandemic periods, fosters conspiracies and paranoia. This time, however, the news was spread by some authoritative sources.
Here I explain how I found out convincing evidence that SARS-CoV-2 did not emerge from a lab but from wildlife exploitation.
Roberto Cazzolla Gatti
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The original recombination experiment
Searching for the origin of SARS-CoV-2 in these days, I found the
original report from 2015 published in Nature Medicine (Menachery et al. 2015), which allegedly mentioned recombination between
the SARS virus injected into mice and the virus SHC014 occurring in the bat Rhinolophus leschenaultia, which can make the S proteins (or spikes) that allow the new SARS-CoV-2 virus to adhere to
the host cell’s receptor (figure 1). I searched for studies in the literature concerning the experiments on recombinant coronavirus
SHC014 and the 2015 research by Menachery et al. (2015). Even before reading the full article, I was struck by the curious coincidence
that one of the authors had the Key Laboratory of Special Pathogens and Biosafety of the Wuhan Institute of Virology in China as
an affiliation. And it is precisely in those laboratories that, as reported in the article, “pseudotyping experiments similar to those
that used an HIV-based pseudovirus” (Menachery et al. 2015, in
online methods: DOI: 10.1038/nm.3985) were carried out. How
likely is it that an unknown virus will spread all over the world and
that its starting point is a city where the laboratory was already researching – five years earlier – similar and lethal coronaviruses
such as the one that is now causing a worldwide pandemic? Well,
my thought was that this would be extremely unlikely.
Nevertheless, at least this time, the fake news was not so fake
and conspiracy theorists did have some reason to take it up. If I
had stopped my fact check here, I could not have excluded the possibility that what is forcing many humans to quarantine is the re-

FIGURE 1: The SARS-CoV-2 structure (left) and a magnification of the S1S2 spike complex used to adhere to the ACE2 receptor of the host cell.

sult of a genetic manipulation created ad hoc in a laboratory. So I
read the 2015 research in full and looked through the supplementary materials seeking any useful elements to better understand
what seemed to be a real plot designed against the health of our
species. In fact, among the annexes to the article, I found the sequence of the amino acids of S proteins (those of the spikes) useful for the adhesion of coronaviruses to cell receptors. This was
the result of genetic engineering between the virus of a bat species and a SARS virus of the mice. The sequence of amino acids,
the basic components of proteins that are translated by viral RNA,
is extremely important for transmission to humans because it determines the matching with the human angiotensin-converting
enzyme receptor type II (more simply ACE2).
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After examining the amino acid sequence of the recombined coronavirus, I tried to understand how much truth there was also
in the official denial, published by some researchers in a recent
letter in the same journal Nature Medicine (Andersen et al. 2020).
This is taken from the media as proof that the current coronavirus is of natural origin and not created in a laboratory. It was not
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ed in, and then escaped from, a laboratory in Wuhan could, therefore, be discredited based on the above comparison.
What emerges, instead, confirmed an equally (or, perhaps, even
more) disturbing reality: the sequence of amino acids in the key
sites of the S1 protein for adhesion to the ACE2 receptors of SARSCoV-2 has something similar to that of coronaviruses that infect
rhinolophid bats Rhinolophus affinis and Rhinolophus sinicus, the
sequences Bat-RaTG13 (one key amino acid in common in position 442) and Bat-RsWIV1 in table 1 (three key amino acids in common in position 472, 487, and 491), respectively (Zhou et al. 2020,
Chen et al. 2020, Benvenuto et al. 2020) and is identical to that of
one the most likely intermediate host between bats and humans:
the Malayan pangolin, Manis javanica (Lam et al. 2020, Li et al. 2020).
Hence, after my facts check, I found a more plausible reason
why the SARS-CoV-2 virus could jump over to the first human: the
presence of the perhaps largest world market of live animals in
the city of Wuhan, where numerous wild and domesticated species are sold, including bats and pangolins.

clear to me, however, if this letter did go through peer-review or
if it was published according to the editor’s immediate decision.
So my suspicion could have continued to exist despite the introduction of the letter read: “Our analyses clearly show that SARSCoV-2 is not a laboratory construct or a purposefully manipulated virus” (Andersen et al. 2020, p. 450). Although interesting, the
comparative analysis proposed by these researchers does not mention the research concerning the coronavirus created in Wuhan in
any passage. Moreover, the authors towards the conclusion of the
letter admit that “Although the evidence shows that SARS-CoV2 is not a purposefully manipulated virus, it is currently impossible to prove or disprove the other theories of its origin described
here” (Andersen et al. 2020, p. 452).
So, I wanted to understand this issue more clearly: what was
the potential evidence for a natural origin of the new SARS-CoV2 virus that could refute the conspiracy theory?

A comparison of amino acid sequences of the
spike proteins
Pathogen exchange between animals and humans
I looked for scientific studies that reported the amino acid sequences of SARS-CoV-2 taken from the first patients hospitalized
in Wuhan (Zhou et al. 2020). I tried to compare these sequences
with those reported in the letter published by Andersen et al. in
Nature Medicine (of the SARS-Urbani 2002, of the coronaviruses
of mice, bats, and pangolin) and the sequence SHC014 created in
the laboratory in 2015. It took some time to match the different
positions of the amino acids used in the three studies and create
a comparative table, but the result was illuminating (table 1).
What appears quite clearly is that the correspondence of amino
acids placed in the key sites for the attachment of the viral spike
(S1) to the receptor sites of human cells (marked with an asterisk
in table 1) between the current SARS-CoV-2 and the genetically
modified coronavirus in 2015 (SHC014) is quite low (one out of
six, in position 491). All the other key amino acids are different
between the two sequences, as well as between these and the
strains of the SARS virus (Urbani strain) that spread in 2002 and
the murine one (Mouse-MA15) used as the basis for the engineered
coronavirus in 2015. The hypothesis that SARS-CoV-2 was creat-

Wet markets like those in Wuhan (figure 2), where live animals,
merchants, and customers crowd together in contaminated and
busy roads, make it easier for viruses, like the SARS-CoV-2, to cross
from one species to another one, including humans.Where dogs,
cats, snakes, raccoons, genets, chickens, pigs, bats, pangolins, fish,
seafood, etc. pack in small cages and are slaughtered on the streets,
pathogens can find their way to exchange between wild and domesticated animals and humans. Recent examples of cross-species transmission include SARS, which likely emerged from bats,
spread to other animals like civet cats, and infected humans in the
Guangdong province of southern China in 2002 (Wong et al. 2007);
Ebola, which had several outbreaks, with that in 2007 caused by
direct exposure to fruit bats of the Pteropodidae family in Luebo,
Democratic Republic of Congo (Leroy et al. 2009); swine flu, described in April 2009 as a new strain of H1N1 virus, which resulted from a previous triple reassorting of bird, swine, and human
flu viruses further combined with a Eurasian pig flu virus (Garten
et al. 2009); avian influenza, which is well-known for the HPAI

TABLE 1: Comparison of the spikes’ amino acid sequences of different coronavirus strains. Capital letters in the coloured boxes are amino acids; numbers
in the first row correspond to the positions of amino acids in the S1 protein’s sites for adhesion to the ACE2 receptors. Key sites are marked with an *.
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strain, H5N1, first appeared in China in 1996 and is most often
spread by contact between infected and healthy birds (WHO 2005).
Already after the SARS outbreak in 2002, many claimed to close
wet markets of live animals in the city of Wuhan and other Chinese municipalities. The markets were temporarily banned, but
reopened just after a few months and continued to sell animals
until the emergence of this new pandemic.
Moreover, our overexploitation of ecosystems and wildlife (Cazzolla Gatti 2020, Di Marco et al. 2020), has often led to risky contagions: human immunodeficiency viruses (HIV), which was likely transmitted by chimp meat consumption (Hahan et al. 2000,
Lemey et al. 2003, Hoppe et al. 2015); simian foamy viruses (SFV),
which is an enzootic retrovirus that affects humans bitten by nonhuman primates (Mouinga-Ondémé et al. 2012) like temple macaques (Macaca fascicularis) in Indonesia (Engel et al. 2006); titi
monkey adenovirus (TMAdV), which has a high fatality rate (83%)
in New World monkeys (Callicebus cupreus) and is capable of spreading through human hosts (Chen et al. 2011); malaria and dengue
fever, which are more diffused in areas deforested or impacted by
climate change (Yasuoka and Levins 2007, Colón-González et al.
2013); meningitis, which can spread faster after prolonged drought
(Molesworth et al. 2003).

The emergence of new zoonotic diseases
Something similar likely happened in this pandemic caused by
SARS-CoV-2. The Malayan (or Sunda) pangolin, a species at very
high risk of extinction according to the International Union for
Conservation of Nature 1, is illegally trapped in Southeast Asia, often in those forests where trees are logged to produce tropical timber, paper and palm oil (Wilcove et al. 2013, Cazzolla Gatti et al.

2019). Then, pangolins are sold in Asian wet markets, often together with other critically endangered animals, because they are
mistakenly considered to be fundamental elements of traditional
medicine or cuisine (Wu et al. 2004). Like other pangolin species,
Manis javanica is particularly vulnerable to overexploitation due
to its very low reproductive output (one, and rarely two, offspring
annually), and its populations are critically decreasing in the northern part of its range, such as Laos, extirpated from much of the lowland areas of Myanmar and Thailand, and extremely rare in Vietnam and Cambodia. In Indonesia, although a lack of detailed information on the status of this species, seizures of the last years
– involving several thousand animals – indicates that there is intense poaching pressure in the country that is causing population
decline (Challender et al. 2019).
Despite all pangolin species, including the Malayan one, are
listed by the Convention on Illegal Trade in Endangered Species of Wild
Fauna and Flora (CITES) in its Appendix I 2, which prohibits international trade in wild-caught specimens or their body parts to offer these species the highest level of protection, they are among
the most heavily poached protected animals, victims of illegal international trade, largely driven by Asian wildlife markets.
Interestingly, contrary to bats’ unique immune system that allows them to harbour many viruses without harming them (Calisher et al. 2006), pangolins seem to have weak immunity and this
makes them sensitive to stress and temperature fluctuations (Tang
et al. 2019, Wicker et al. 2020). In fact, due to the evolutionary pseudogenization of the interferon epsilon gene 3, innate immunity of

1 www.iucnredlist.org/species/12763/123584856
2 www.cites.org/eng/app/appendices.php
3 Interferons are small single-chain glycoproteins, involved in the first line of
defence against pathogens such as viruses, bacteria, and parasites.
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FIGURE 2: In Asia, wet markets sell live animals including wildlife like snakes, bats, civets and the endangered pangolins trapped illegally in South-east
Asian forests.
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pangolins seems compromised, resulting in increased susceptibility to infection, particularly in the skin and organs protected by
mucus (Choo et al. 2016).
Since pangolins may have intrinsically low mucosal immunity, pathogens might easily infect their lungs, by penetrating lung
epithelial cells, and their brain, by penetrating nasal mucosa (Taylor et al. 2010, Dando et al. 2014). Moreover, captive pangolins are
prone to frequently fatal pneumonia, gastrointestinal disease, and
skin infections (Clark et al. 2008, Hua et al. 2015). Because these
species are notoriously difficult to maintain in captivity, the stress
and the poor husbandry of wildlife wet markets might render pangolins even more vulnerable to infections by suppressing their immune responses (Choo et al. 2016). In the wild, the interactions
with bats might be extremely rare. When these species, however,
are forced together in crowded wet markets, where pathogen exposure is rampant, pangolins offer an optimal intermediate host for
pathogens and this could have played a fundamental role in this
pandemic. Furthermore, climate change and habitat degradation
can exacerbate the emergence of new zoonotic diseases because
of the immunity sensitiveness for temperature variations and anthropogenic stressors of many wild species and, particularly, of
pangolins.
Nonetheless, we cannot blame pangolins because, together with
bats and many other animals, they have become – at the same time
– victims and executioners of human arrogance. As usual, the abuses perpetrated on nature – sooner or later – come back to haunt us.
Will our species ever learn the lessons?
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