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ABSTRACT

We report a new SARS-CoV-2 variant that is the first one classified in clade 19B to harbor a
N501Y substitution in the spike protein. It has a total of seven amino acid substitutions
(L18F, L452R, N501Y, A653V, H655Y, D796Y, and G1219V) including several associated
with decreased sensitivity to neutralizing antibodies, and one synonymous mutation in the
spike; a subgroup also harbor the Q677H substitution in the spike. We obtained a SARS-
CoV-2 genome from 4 patients diagnosed in our institute, from whom the virus was cultured.
In addition we obtained partial genomes covering the spike gene for 36 additional patients.
All these sequences were collected since January 18", 2021. Also, we detected 42 additional
genomes currently available in the GISAID sequence database, which were obtained in 2021
in all but four cases for which they were obtained in December 2021. However, this clone has
never been reported so far. These sequences originated from the Comoros archipelago, from
countries in Western Europe (metropolitan France, Belgium, Denmark, England, the
Netherlands), and from Turkey and Nigeria. These finding highlight the need for real-time
genomic epidemiology surveillance of SARS-CoV-2 and further studies to investigate its

spread and epidemiological and clinical features.
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TEXT

SARS-CoV-2 has now spread worldwide since more than a year
(https://www.ecdc.europa.eu/en/geographical-distribution-2019-ncov-cases). The emergence
of major viral variants expanded dramatically since summer 2020 although this only recently
came into the spotlight. Since the onset of the SARS-CoV-2 outbreak in France at the end of
February 2020 we have carried out epidemiological and epidemic surveillance of the genomes
of these viruses by next-generation sequencing (Colson et al., 2020, Levasseur et al., 2020).
Since July 2020, we have been able to detect, concomitantly with the re-appearance of SARS-
CoV-2 diagnosed cases, the emergence of 10 viral variants (Fournier et al., 2021a). We
focused very early on new variants as we were very skeptical on the possible occurrence of a
second “wave” with the same virus. These variants have been responsible for juxtaposed or
successive epidemics and have accounted for proportions of all diagnoses that varied over
time. Since January 1%, 2021, we additionally performed a systematic screening by variant-
specific in house gPCR assays (Bedotto et al., 2021a; Bedotto et al., 2021b), which target
variants that predominate or are arising in our geographical area. These variants include the
Marseille-4 variant (classified as Nexstrain clade 20A.EUL) (Fournier et al., 2021b), which
has been the most prevalent between August 2020 and January 2021, and the rapidly
spreading variants 201/501Y.V1, 20H/501Y.V2, and 20J/501Y.V3, which were first detected
in UK, South Africa and Brazil, respectively, and harbor in their spike the amino acid
substitution N501Y (Faria, 2021).

Our genomic surveillance allowed us to recently detect SARS-CoV-2 strains harboring
a new combination of eight mutations in the spike glycoprotein, based on the analysis of viral
genomes recovered directly from the respiratory samples of four patients SARS-CoV-2-

diagnosed in our institute, as previously described (Colson et al., 2021). These mutations



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

include the N501Y substitution, as well as amino acid substitutions L18F, L452R, A653V,
H655Y, D796Y, and G1219V, and a synonymous mutation located at nucleotide position
22,468; in addition, a eight amino acid susbtitution in the spike, Q677H, was identified in the
SARS-CoV-2 genome recovered from one patient (Figure 1). A total of 14-19 amino acid
substitutions and 24-31 nucleotide substitutions are present in these strains. In addition to
these full-length SARS-CoV-2 genomes, partial spike sequences with the same set of
mutations were obtained from 43 other patients. We first observed this genotype from a
patient sampled on January 18", 2021, and 28 of the 47 cases were detected since February
15™. The 47 patients have a mean (+standard deviation) age of 41+22 years (range, 16-93)
and 27 (57%) are male. To date,epidemiological and clinical characteristics were obtained for
seven patients diagnosed in our institute as infected with this new variant (Table 1). Three
travelled in or originated from Comoros, an island country in the Indian Ocean, another one
originates from Guinea Conakry but did not travel abroad recently, and the three other
patients did not travel and reported having been infected at work or through contact with a
friend. Clinical symptoms were mild or absent. A nasopharyngeal sample from the four first
case patients identified as infected with this new variant was inoculated on Vero EG6 cells, as
previously described (La et al., 2020), and cultures were positive in all four cases.

To assess the frequency of this genotypic pattern worldwide, we downloaded all
581,048 sequences available from the GISAID database (https://www.gisaid.org/) (Shu et al.,
2017) as on March 3™, and used them to build a database against which we performed a
BLASTN search (Altschul et al., 1990) using our genome sequences as queries. We only
identified 42 other genomes that share the same set of amino acid substitutions in the spike
(Figure 2). These genomes were obtained from respiratory samples collected in various
geographical areas. Eight of them originated from Mayotte, a French overseas department that

is part of the Comoros archipelago. The other genomes originated from Denmark (n=2),
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Netherlands (n= 2), Belgium (n=2), England (n= 1), France (n=22; Metropolitan France, n=
21), Turkey (n=4), and Nigeria (n=1). Phylogenetic analysis conducted with the four
genomes obtained in our institute and the 42 genomes retrieved from GISAID showed that all
46 genomes comprise a cluster delineating a 19B subclade that is strongly supported
(bootstrap value, 100%) and stands apart from other clade 19B genomes (Figure 2). Overall,
the delineation of this viral genotype as a new variant is supported both by the original
concurrent presence of 8 mutations in the spike and by phylogenetic analysis based on
genomes. In addition, genomes obtained from one patient diagnosed in our institute and from
the 8 patients sampled in Mayotte comprised a cluster and all encompassed the Q677H
substitution in the spike.

The seven amino acid substitutions detected alone or in combination in this new
variant were present in various proportions of all sequences available on the GISAID and IHU
Méditerranée Infection sequence databases. L18F, L452R, N501Y, A653V, H655Y, D796Y,
and G1219V were indeed present in 36,674 (6.3%), 671 (0.1%), 17,612 (3.0%), 110 (0.02%),
1,267 (0.2%), 162 (0.03%), and 384 (0.1%), of the sequences available on GISAID on the 15"
of February 2021, respectively, as determined through the CoV-GLUE online website
(http://cov-glue.cvr.gla.ac.uk/#/replacement) (Chen et al., 2020). In addition, these seven
substitutions were present in 14 (1.0%), 8 (0.5%), 68 (3.9%), 5 (0.29%), 5 (0.29%), 5
(0.29%), and 4 (0.23%) of the 1,744 sequences obtained in our laboratory, respectively. The
four SARS-CoV-2 full-length genomes have been deposited in the GISAID database
(Accession no. EPI_ISL_1097023 and EPI_ISL_1097024 have been obtained to date).

The set of spike amino acid substitutions observed in this new SARS-CoV-2 variant
encompasses several substitutions reported to have recently emerged and/or to be associated
with immune escape (Figure 3). The N501Y substitution that is located in the receptor

binding domain of the spike protein has been reported to be associated with increased affinity
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to the ACE2 cellular receptor of SARS-CoV-2 (Greaney et al., 2021). Although it appears to
have alone a limited ability to affect serum antibody binding, it is part of several distinct
variants detected worldwide in association with various combinations of mutations, including
the three variants that rapidly spread in UK (201/501Y.V1), South Africa (20H/501Y.V2), and
Brazil (20J/501Y.V3) (Garcia-Beltran et al., 2021) and have been reported to display reduced
sensitivity to neutralizing antibodies (Wang et al., 2021). The L18F substitution is located in
the spike N-terminal domain that has been reported to be a target for neutralizing antibodies
(Kemp et al., 2021). This substitution has been found in England in 20E (EU1) strains that
expanded in Europe since summer 2020 (Hodcroft et al., 2020). In addition, it is currently
rapidly spreading in a 201/N501Y.V1 substrain with a replicative fitness reported to be
increased by 1.7 fold as compared to other 201/N501Y.V1 substrains (Grabowski et al., 2021).
Also, L18F has been reported to decrease binding of neutralizing antibodies in the
20H/501Y.V2 variant (McCallum et al., 2021), and this latter variant was reported to
propagate faster with than without this substitution in the presence of convalescent plasma
from patients infected in South Africa in June-August, 2020 (Cele et al., 2021). Strikingly,
L18F has also been found in Brazil in a majority of 20J/501Y.V3 variants obtained after
November 2020 (Grabowski et al., 2021). Regarding substitution L452R, SARS-CoV-2
strains belonging to clade 20C and 20A lineages and harboring this substitution have emerged
worldwide since November 2020, particularly in California (Tchesnokova et al., 2021, Zhang
et al., 2021). This substitution was recently reported to reduce susceptibility to neutralizing
antibodies (Li et al., 2020). The H655Y substitution was shown to confer escape from
monoclonal antibodies in cell culture (Baum et al., 2020), and to arise rapidly then persist at
various prevalences in experimentally-infected cats (Braun et al., 2021). The Q677H
substitution recently emerged in the US in 6 distinct lineages and in clades 20G, 20A and 20B

(Hodcroft et al., 2021). The D796Y substitution has been reported to occur together with the
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spike double deletion AH69/AV70 following convalescent plasma therapy, and to decrease in
vitro the susceptibility to convalescent plasma, albeit with an infectivity defect (Kemp et al.,
2021). Finally, in the new variant described here, other amino acid substitutions or deletions
are located in 14 other proteins than the spike; they notably include deletions in ORF3a and
ORF8 genes (Figure 1).

It is currently unresolved how such strains harboring new blocks of mutations in the
spike emerge. This is for instance unknown for the Marseille-4 (20A.EU2) variant or the
spike N501Y-harboring variants (Fournier et al., 2021, Leung et al., 2021, Tegally et al.,
2021). Overlooked genome evolution following transmission to minks and back to humans
(Fournier et al., 2021b) or promotion and selection of mutations during administration of
remdesivir or convalescent plasma (Kemp et al., 2021) have been suspected. Also,
recombinations, which are known to be common amongst coronaviruses, may occur between
SARS-CoV-2 strains (Varabyou et al., 2020). Anyway, the present variant is another example
that same amino acid substitutions can occur in distinct lineages and can follow convergent
evolution (Garcia-Beltran et al., 2021). This is for example the case of substitutions at spike
amino acid 501 in strains of distinct lineages that emerged in distinct geographical areas, in
humans as well as in minks (Garcia-Beltran et al., 2021, van Dorp et al., 2020).
Epidemiologically, the countries where patients infected with the present new variant were
sampled are diverse, but there is a predominant location that is the Comoros archipelago,
which accounted for 11 of the 47 cases, and in France outside Mayotte. Based on limited data
available here, it is unknown if this new SARS-CoV-2 variant is more or less transmissible
than other strains and if it is associated with any particular clinical presentation or outcome.

Overall, these data highlight the need for genomic epidemiology surveillance of
SARS-CoV-2 strains to detect new variants. The incidence of the present variant and its

epidemiological and clinical features deserve being closely monitored. In addition, taking into
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account its particular association of numerous spike amino acid substitutions, its sensitivity to
neutralizing antibodies and to plasma from convalescent or vaccinated persons should be

investigated.
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FIGURE LEGEND

Figure 1. Map of the nucleotide and amino acid substitutions of the new variant along
the SARS-CoV-2 genome

Genes that harbor mutations are indicated by a red frame.

Figure 2. Phylogenetic analysis of the SARS-CoV-2 full-length genomes of the new
variant recovered from the IHU Méditerranée Infection sequence database (doi) and
from the GISAID sequence database.

The SARS-CoV-2 phylogenetic tree is based on the full-length SARS-CoV-2 genomes. The
SARS-CoV-2 sequences obtained by next-generation sequencing from four patients are
indicated by a white bold font and a dark blue background. The sequences with the highest
BLAST scores recovered from the NBCI GenBank nucleotide sequence databases
(http://www.ncbi.nlm.nih.gov/nucleotide/) including the 42 that are clustered with these four
query sequences, were incorporated in the phylogeny reconstruction, being indicated by a
dark blue bold font. Additional sequences included the genome of the Wuhan-Hu-1 isolate
and genomes obtained in our institute and classified as predominant variants. The 67 genomes
of SARS-CoV-2 were aligned by using MAFFT version 7 with default parameters (Nguyen et
al.2015). Phylogenetic tree was performed by using iQ-TREE under the GTR model and

visualized with iTOL (Katoh et al., 2013, Letunic et al., 2016, Nguyen et al., 2015).

Figure 3. Three-dimensional structure of the spike protein showing the amino acid
substitutions in various variants including the new variant described here
The structure was predicted using the Phyre2 web portal

(http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) and visualized using the 280
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372  Pymol tool v.1.8 (https://pymol.org/2/) (Janson et al., 2020; Kelley et al., 2015).
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TABLES

376 Table 1. Virological, epidemiological and clinical features of cases of infections with the new SARS-CoV-2 variant

377

378
379
380

Strain id. Gisaid_epi_isl Date of sample Host Age Gender  Country/Region of origin  Contamination Covid-19 Transfer in  Death
collection setting severity ICU

IHUCOVID-3136 - 18/01/2021 Human 56 Male Union of the Comoros Travel abroad Unk. No No
IHUCOVID-3234 EPI_ISL_1097023 21/01/2021 Human 42 Female France Family Mild No No
IHUCOVID-3151 EPI_ISL_1097024 25/01/2021 Human 48 Female Unk. Unk. Unk. Unk. Unk.
IHUCOVID-8134 - 02/02/2021 Human 55 Male France Work Asymptomatic No No
IHUCOVID-3496 - 09/02/2021 Human 39 Female France Family Mild No No
IHUCOVID-3562 - 09/02/2021 Human 16 Male Union of the Comoros Family Asymptomatic No No
IHUCOVID-3638 - 09/02/2021 Human 25 Male Guinea Conakry Unk. Mild No No
IHUCOVID-8230 - 15/02/2021 Human 70 Male Union of the Comoros Unk. Unk. Unk. Unk.
IHUCOVID-1732 - 18/02/2021 Human 20 Male Unk. Unk. Unk. Unk. Unk.

Footnote: ICU, intensive care unit; Unk., unknown

16



