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The emergence of COVID-19 has triggered many works aiming at identifying the animal intermediate potentially
involved in the transmission of SARS-CoV-2 to humans. The presence of SARS-CoV-2-related viruses in Malayan
pangolins, in silico analysis of the ACE2 receptor polymorphism and sequence similarities between the Receptor
Binding Domain (RBD) of the spike proteins of pangolin and human Sarbecoviruses led to the proposal of
pangolin as intermediary. However, the binding affinity of the pangolin ACE2 receptor for SARS-CoV-2 RBD was
later on reported to be low. Here, we provide evidence that the pangolin is not the intermediate animal at the

origin of the human pandemic. Moreover, data available do not fit with the spillover model currently proposed
for zoonotic emergence which is thus unlikely to account for this outbreak. We propose a different model to
explain how SARS-CoV-2 related coronaviruses could have circulated in different species, including humans,
before the emergence of COVID-19.

1. Introduction

Since the earliest times, it has been in the human nature to look for a
culprit (human or animal) during epidemics, leading often to irrational
behaviors aimed at eliminating the threat. With the emergence of
COVID-19, the designated culprits were bats and pangolins. However,
what was their actual role in the process leading to the current pan-
demic?

2. Main

SARS-CoV-2 which recently affected the human population world-
wide is suspected to have originated from bats. It was found to be
closely related to the Sarbecoviruses MN996532 raTG13 and RmYNO02
from the Chinese horseshoe bats Rhinolophus affinis and Rhinolophus
malayanus, respectively (Zhou et al., 2020a; Zhou et al., 2020b) There is
no evidence of direct transmission of Sarbecoviruses from bats to hu-
mans yet (Afelt et al., 2018a). The only direct Sarbecovirus infections of
humans have been linked to laboratory accidents during the SARS
epidemic (Heymann et al., 2004; Della-Porta, 2008; Normile, 2004a,
2004b, 2004c; Normile and Vogel, 2003; Senio, 2003; Watts, 2004:
WHO, 2004; Webster, 2020). To date, no higher incidence of Sarbe-
covirus infections has been reported in anthropized ecosystems even
among employees of guano farms who come into direct contact with bat
feces (guano) even though about 22% of bats from guano farms release
coronaviruses in their feces, among which almost 5% are Sarbecov-
iruses (Berto et al., 2017; Afelt et al., 2018b). Assuming a lack of direct
bat-to-human Sarbecovirus transmission and the need of a reservoir
according to the spillover theory of zoonotic emergence, many teams
have attempted to identify the animal serving as an intermediate. The
Malayan or Javan pangolin (Manis javanica) was suspected of being this
intermediate host based on, 1) its ACE2 receptor sequence, 2) the
presence of Sarbecoviruses related to SARS-CoV-2 (Liu et al., 2019; Liu
et al., 2020a; Andersen et al., 2020; Han, 2020) in animals smuggled
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from the Indomalayian region, and 3) the presence of pangolins in wet
markets in China where they are considered a delicacy and a compo-
nent of traditional pharmacopeia. Several studies, based on metage-
nomics, have concluded on a diversity of the pangolin's virome, the
close relationship of the ACE2-binding region of the viral spike named
“Receptor Binding Domain” (RBD) to that of SARS-CoV-2 and the in
silico model prediction of recombinants between pangolins and R. af-
finis bats Sarbecoviruses (Liu et al., 2019; Lam et al., 2020; Zhang et al.,
2020; Lau et al., 2020; Wahba et al., 2020; Wong et al., 2020)." How-
ever, this is purely an in silico modeling and bats and pangolins from
which Sarbecoviruses have been described are found in very distant
regions and display very different biology and ecology, making such a
recombination event very questionable. Furthermore, a recent in depth
genomic analysis demonstrated that there was no recombination in
SARS-CoV-2 and that it has circulating at least in bats for several dec-
ades (Boni et al., 2020). Furthermore, the drawback with metagenomic
analyses is that there is no evidence that the different parts come from
the same virus and the observed recombinants might result from arti-
factual assembly mosaics. The SARS-CoV-2 S1 spike protein binds the
human ACE2 cell surface molecules (Yan et al., 2020; Zhao et al.,
2020a, 2020b; Wang and Cheng, 2020). The analysis of 3-D structures
of ACE2 indicated that the amino acids found in the regions 30-41,
82-93 and 353-358 play a major role in interactions with the viral S1
spike (Wrapp et al., 2020; Hoffmann et al., 2020). This opened the way
for a whole series of in silico analyses of ACE2 polymorphism intended
to predict which putative intermediate host animal might bear the
ACE2 receptor best suited to capture a SARS-CoV-2-like Sarbecovirus
transmissible to humans (Liu et al., 2020a; Shi et al., 2020; Lambert
et al., 2020; Qiu et al., 2020; Luan et al., 2020; Zhao et al., 2020a,
2020b; Stawiski et al., 2020; Liu et al., 2020b; Damas et al., 2020).
Besides pangolin, SARS-CoV-2 was also reported to bind to ACE2 from
Chinese horseshoe bats, civet, cat, turtle, ferret, monkey, dog, Chinese
hamster, buffalo, cow, sheep, swine and even pigeon (Liu et al., 2020a;
Shi et al., 2020; Lambert et al., 2020; Qiu et al., 2020; Luan et al., 2020;
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