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Letter to the Editor

The novel hamster-adapted SARS-CoV-2 Delta variant may x
be selectively advantaged in humans

We have previously reported on the importance of the struc-
tural dynamic of SARS-CoV-2 variants for risk assessment [1]. The
same applies in the case of the hamster-adapted Delta variant re-
cently described in Hong Kong [2,3]. On January 18, 2022, the Hong
Kong sanitary authorities ordered the culling of hamsters, closed
pet-shops and sent pet-shop visitors into quarantine after ham-
sters sold at a local store were found infected with the Delta vari-
ant of SARS-CoV-2 [2,3]. This variant initially infected an employee
and a customer and further human-to-human transmission was ev-
idenced [2,3]. This is reminiscent of what happened in Denmark
with the SARS-CoV-2 outbreak in farmed minks which infected hu-
mans back [4,5]. At that time, Denmark culled all minks on fear
that the mutations observed in mink-adapted viruses might impair
the mass vaccination process [6]. However, although no human-
to-human transmission occurred in Denmark, this happened in
Hong Kong raising the question of the risk posed by this hamster-
adapted SARS-CoV-2 variant. A series of specific mutations were
found, when compared to the Delta variant, in viruses isolated
from both humans and hamsters [2]. Three mutations were located
in the Spike protein. Two of the mutations, L18F and H49Y, were
located in the N-terminal domain and could be involved in the
binding of NTD-specific antibodies and viral entry, respectively [2].
The third one, D427G, was located inside the Receptor Binding Do-
main (RBD) but outside the Receptor Binding Motive (RBM) which
interacts directly with the ACE2 receptor. The last hamster-derived
mutation, T38I was located in ORF10. The effect of the D427G mu-
tation was analyzed by in-silico analyses with Hyperchem (http:
/[www.hypercubeusa.com), Deep View/Swiss-Pdb viewer (https://
spdbv.vital-it.ch) and Molegro Molecular viewer (http://molexus.io/
molegro-molecular-viewer) as previously described [1], using as a
reference the ACE-2 RBD complex obtained from pdb 6MO0] (B.1
Wuhan strain). A source file was generated for both human and
hamster ACE-2. The affinity of SARS-CoV-2 mutants for human and
hamster ACE2 was estimated by energy minimization of the com-
plex after introducing the appropriate mutations as previously de-
scribed [1]. Analyzing, the impact of the D427G mutation using 3D
modeling shows that although not directly involved in the inter-
action with ACE2, it has a major positive influence on the affinity
in both hamsters and humans. The complex between human ACE-
2 and the receptor binding domain (RBD) of the Delta spike pro-
tein is stabilized by several tight contacts between both partners.
Among these contacts, the H-bond between the RBD residue Y453
and H34 (human ACE-2) is especially important because it occu-
pies a central position in the complex (Fig. 1 upper panel). In the
hamster ACE2 protein, H34 is replaced by Q34 (Fig. 1 upper panel).
The flexibility of the side chain of Q34 still allows the formation of
a H-bond with Y453, yet at the price of a torsion which rejects the
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amide group of Q34 on the opposite position of H34. This confor-
mational conflict is annihilated by the mutation D427G. Initially,
the carboxylate group of D427 forms a H-bond with G413. This in-
teraction rigidifies the regions of the RBD located between G413
and Y453, so that N422, located in a short «-helix underneath
Y453, does not physically interact with Y453. The D427G mutation
breaks this H-bond, transforming the «-helix into a more flexible
loop and eventually allowing N422 to interact with the aromatic
ring of Y453 through a NH-7 interaction (Fig. 1 lower panel). The
consequence is that Y453 is slightly attracted by the RBD, leaving
more room for Q34 whose side chain can now move in the initial
orientation of H34, which further stabilizes the H-bond between
Y453 and Q34. This translates into a reduction of the distance with
the ACE2 Q34 from 2.7 A to 1.6 A for D427 and G427, respectively
(Fig. 1 upper panel). When the D427G-virus infects humans back,
this conformational advantage is still operative, so that the H-bond
between Y453 and H34 is also optimized. It moves from 3.5 A to
2.2 A for D427 and G427, respectively (Fig. 1 upper panel). Another
important contribution to the energy of interaction of the com-
plex is F486 (located in the RBD) which stacks onto the aromatic
ring of Y83 (ACE2), with a AG value of —31.5 kJ/mol-1. When the
Delta variant RBD binds to hamster ACE-2, this stacking becomes
suboptimal, due to a slight shift of F486 (AG = - 27.9 kJ/mol-1,
which represents a loss of affinity of 11.4% for this residue). The
long-range conformational change induced by the D427G mutation
slightly moves the aromatic ring of F486 and restores the initial
energy of interaction (G = - 31.4 kJ/mol-1).

These results indicate that the question of the risk of expan-
sion of the hamster-adapted SARS-CoV-2 Delta variant in the hu-
man population is valid. Other species than humans can be in-
fected by SARS-CoV-2, such as minks, hamsters, cats, tigers or dogs
[7,8]. These wild and domestic animals present also a virtual risk
of infecting humans back with a mutated SARS-CoV-2. Like other
RNA viruses, SARS-CoV-2 is evolving through a quasispecies mech-
anism [9], allowing the generation of post-infection mutations un-
der positive selective pressure, i.e. host-driven, to improve affin-
ity for the receptor and/or to escape immune response. This cor-
respond to what has been described on hamsters [2,3]. However,
in this case these mutations appear to be also more favorable for
the virus on humans. This hamster-adapted delta variant is thus
potentially selectively advantaged when infecting the human pop-
ulation back and may thus have also the potential for becoming
a future pandemic variant. However, this is not straightforward.
The emergence of an infectious disease is a stochastic process and
many things may happen from the elimination of the variant to
the emergence of a pandemic. This process of disease emergence
is society-driven [10] and if a virus, even with a potentially selec-
tive advantage, does not meet the proper societal environment, it
will not emergence as a pandemic variant. It is thus not currently
possible to predict what will happen with this hamster-adapted
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Fig. 1. Molecular modeling study of Delta spike (K417N/L452R/T498K) binding to human or hamster ACE2

Upper panel. Different scenarios of Interaction between Y453 and H34/Q34

From left to right: Delta variant spike protein bound to human ACE-2, same Delta spike protein bound to hamster ACE-2, Hamster-adapted Delta spike protein bearing the
mutation D427G bound to hamster ACE2, same Hamster-adapted Delta spike protein with D427G bound to human ACE-2. The distance in indicate the length of the H-bond
between the OH group of Y453 and a nitrogen atom from the imidazole ring of H34 or the NH2 of the amide group of Q34.

Lower panel. Distance between N422 and Y453 measured for each scenario

In absence of the D427G mutation, there is no direct interaction between the side chains of N422 (NH2 of the amide group) and the aromatic ring of Y453 (left panels).
In presence of D427G, a long-range conformational change breaks the short «-helix displaying N422, resulting in a higher flexibility of the side chain of this amino acid so
that it can form a NH-7r bond with the aromatic ring of Y453. By attracting Y453, N422 gives more room to Q34 in hamster ACE-2. When the D427G hamster-adapted Delta
variant infects humans back, this gain of flexibility optimizes the H-bond between Y453 and H34 (2.2 A compared with 3.5 A before the occurrence of D427G).

variant, in particular if it will display a higher virulence than the
Delta variant or overcome the protection acquired with the vac-
cines. Nevertheless, it represents a potential threat and its human-
to-human transmission should be carefully monitored.

Author contributions

All authors participated to the design and writing of the arti-
cle. JF and NY did the molecular models. All authors approved the
submitted version.

Funding

The only funding sources involved are the institutions of affili-
ation of each author: CIRAD (center de Cooperation Internationale
en Recherche Agronomique pour le Developpe-ment) for RF, CNRS
(center National de la Recherche Scientifique) and Microbes, Evo-
lution, Phylogeny and Infection (MEPHI) laboratory for CAD; and
Aix-Marseille University for JF and NY. No external funding was re-
ceived.

Institutional review board statement

Not applicable. No primary clinical data were used. No human
or animal samples were used.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this article.

References

1. Fantini ], Yahi N, Azzaz F, Chahinian H. Structural dynamics of SARS-CoV-2
variants: a health monitoring strategy for anticipating Covid-19 outbreaks. J.
Infect. 2021;83:197-206.

Yen HL, Thomas HC, Brackman CJ, et al. Transmission of SARS-CoV-2 (variant
Delta) from pet hamsters to humans and onward human propagation of the
adapted strain: a case study. SSRN 2022. https://ssrn.com/abstract=4017393.

(2].

e54

3. Kok KH, Wong SC, Chan WM, Lei W, Chu AWH, Ip ]D, et al. Cocirculation of
two SARS-CoV-2 variant strains within imported pet hamsters in Hong Kong.
Emerg. Microbes Infect. 2022. doi:10.1080/22221751.2022.2040922.

4, Oude Munnink BB, Sikkema RS, Nieuwenhuijse DF, et al. Transmission of

SARS-CoV-2 on mink farms between humans and mink and back to humans.

Science 2021;371:172-7.

Hammer AS, Lauge Quaade M, Bruun Rasmussen T, et al. SARS-CoV-2 trans-

mission between mink (Neovison vison) and humans, Denmark. Emerg. Infect.

Dis. 2021;27:547-51.

Frutos R, Devaux C. Mass culling of minks to protect the COVID-19 vaccines:

is it rational? New Microbes New Infections 2020;38:100816.

Devaux CA, Pinault L, Osman IO, Raoult D. Can ACE2 Receptor Polymor-

phism Predict Species Susceptibility to SARS-CoV-2? Front. Public Health

2021;8:608765.

8. Shi ], Wen Z, Zhong G, Yang H, Wang C, Huang B, Liu R, He X, Shuai L, Sun Z,

et al. Susceptibility of Ferrets, Cats, Dogs, and Other Domesticated Animals to

SARS-Coronavirus 2. Science 2020;368:1016-20.

Karamitros T, Papadopoulou G, Bousali M, et al. SARS-CoV-2 exhibits in-

tra-host genomic plasticity and low-frequency polymorphic quasispecies. J.

Clin. Virol. 2020;131:104585.

Frutos R, Pliez O, Gavotte L, Devaux CA. There is no “origin” to SARS-CoV-2.

Environ. Res. 2022;207:112173.

[5].

[6].

[71.

(9.

[10].

Jacques Fantini
INSERM UMR_S 1072 and Aix Marseille Université, Marseille, France

Christian A. Devaux
MEPHI, IRD, Marseille, France
CNRS, Marseille, France

Nouara Yahi
INSERM UMR_S 1072 and Aix Marseille Université, Marseille, France

Roger Frutos*
CIRAD, UMR 17, Intertryp, Montpellier

*Corresponding author. Roger Frutos, CIRAD, Intertryp, UMR 17,
Campus International de Baillarguet, 34398 Montpellier Cedex5,
France.

E-mail address: roger.frutos@cirad.fr (R. Frutos)


http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0001
https://ssrn.com/abstract=4017393
https://doi.org/10.1080/22221751.2022.2040922
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0010
http://refhub.elsevier.com/S0163-4453(22)00129-3/sbref0010
mailto:roger.frutos@cirad.fr

	The novel hamster-adapted SARS-CoV-2 Delta variant may be selectively advantaged in humans
	Author contributions
	Funding
	Institutional review board statement
	Declaration of Competing Interest
	References


