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Risk analysis on emerging variants of SARS-CoV-2 carried out jointly by
Public Health France and the CNR for respiratory infection viruses

Update of 02/23/2022

Public Health France and the National Virus Reference Center for Respiratory Infections jointly
and regularly carry out a risk analysis of the different variants of SARS-CoV-2 identified in France
and internationally, based on the information available on their dissemination.

The sources used for this risk analysis are as follows: data from the EMERGEN consortium
including Flash surveys (see Dashboard InfoCovidFrance), results of screening RT-PCR,
international virological database “Global Initiative on Sharing Avian Influenza Data” (GISAID).

For more information on the definition of variant categories, refer to the risk analysis of 07/28/2021.

The next update of the risk analysis is scheduled in 4 weeks, unless the evolution of the situation
justifies an earlier update.

Contents
1 Key points of the risk analysis dated 02/23/2022...........cccueiiueiiiieiiiees ceeiiee et see e e e eeeesneeesee eeneeens 2
2. Knowledge available on VOCS, VOIS @NA VUMS ........ccoiuiiiiiiiiiiiaieeniiesiiee ettt ste e aes s 3
2.1 VOCs Alpha, Beta, Gamma and DEIta ...........c.cooiiiiiiiiiiiis e e 3
2.2. OIMICTON VOC ...ttt ettt e e e skt e et ekt e e s et e e bt e ae e e ea b et e ae e e ahbe Sabee ettt e ebeeeebeeesateeeneeenaneeenneas 4
International epidemiologiCal SITUALION ..........c.uieiieiiiie e eis e etee e e s e e e e et e e s e e s nteeen seessteeeses 4
OMICrOoN VOC SUD-INEAYGES .......oiiiiiiiiiiii it e s e saeesressae e aaes 4
Transmission and Kinetics of INFECHION ... e e 5
Efficacy Of the IMMUNE FESPONSE .......ieiiieiiiieeie ettt e ettt ettt e st e et e e srte e e be e e bt e e snseesnbeee eeessbeeanneeenneeeans 6
STV = 1Y PR O SPRPRPPP 6
2.3. Co-infections and reCOMDINANES ...........cciiiiiiiii i e e 7
2.4. VOI (VAHANES OF INEETESE) ....vuveveeeisiceeceseveseesstesseses ceessssessesesses s sssessssessesessesse s s sssaess sessessssassssessasassessassssaneas 8
2.5. VUM (variants Under iNVESTGAtION)........uieiueeiiieeiieesitteesieesiees eeesteeesteeasseeessseeesseesssaeesseesssneeans sensesessseesnes 10
3. Evolution of the detection of mutations of interest targeted by screening in FranCe ..........cccccvvvieeiiieiiie e ceeevieeeneeenens 10
4. Evolution of the detection of VOCs, VOIs and MUVs in France within the framework of genomic surveillance .................. 10
4.1. TN FTAIMICE vovoveveeisisetsesse st saesss sesses et es s bbbt s sttt Saebsnssesses b ssesseseas 10
4.2. TN TNE DIROMS.....eeeee ettt ete —tb e et e e bt e e st e e e be e e eab e e ea b et e aas e e sabe e e Heeestneeabeeeaaneeabeeeanneesnbeeenns 14
5. CoNnClUSION @S Of 02/23/2022 ...ttt ettt b et eeeeaae et 15
LR LE] (=T =T (ot T PO RS VR TR 16

1/17


https://www.santepubliquefrance.fr/dossiers/coronavirus-covid-19/coronavirus-chiffres-cles-et-evolution-de-la-covid-19-en-france-et-dans-le-monde
https://www.santepubliquefrance.fr/media/files/01-maladies-et-traumatismes/maladies-et-infections-respiratoires/infection-a-coronavirus/analyse-de-risque-des-variants-emergents-de-sars-cov-2-28-07-21
https://www.santepubliquefrance.fr/emergen

Machine Translated by Google

n. ® Santé CNR Respiratory mfectlns virus
i = i =
w] publique PYO

e ® France
£l

1. Key points of the risk analysis dated 02/23/2022

Several highlights should be noted in this update of the risk analysis related to emerging variants of
SARS-CoV-2:

Ranking of variants (Table 1):

* To date, 5 variants are classified as VOC, 1 as VOI and 1 as VUM;
* Since the last risk analysis, the Lambda 21G (C.37) and Mu 21H (B.1.621*) VOIs, as well as the

VUM 20D (C.1.2) have been downgraded, due to a lack of detection in France for more than 16
weeks and their very low circulation internationally.

Surveillance by screening for mutations of interest:

» The screening results illustrate the dominance of Omicron throughout the territory;

» The proportion of samples in France with a screening result compatible with Omicron in
S07 was 99.8% for proxy AO0CO (99.7% in S06) and 99.1% for proxy D1 (99.1% in
S06);

e The L452R (C1) mutation, present mainly in Delta, is now detected at
low levels, with 0.2% in SO7.

Epidemiology and public health impact of variants of concern (VOC) and to be monitored (VOI)

» Sequencing data confirms the dominance of VOC 21K/L/M Omicron (B.1.1.529, BA.*)
in all regions of metropolitan France and overseas. In mainland France, it represented 99.5% of
interpretable sequences in the Flash survey of 07/02/2022; « The BA.1 sub-lineage of the

Omicron variant is still the majority in France: it represented 83% of the Omicron sequences
identified during the Flash survey of 07/02. However, the proportion of the BA.2 sub-lineage is
increasing, with 4.8% of Omicron sequences from the 01/24 Flash survey, 9.5% for that of 01/31
and 16% for that of 07 /02. The progression of BA.2 to the detriment of BA.1 is observed
throughout metropolitan France, but at different levels depending on the region;

« The latest studies have confirmed the higher transmissibility of Omicron's BA.2 sublineage
compared to the BA.1 sublineage. But this difference does not seem sufficient to have a
major impact on the epidemic situation, as indicated by the work of modellers from INSERM
and the Institut Pasteur. These two sublineages appear similar in terms
immune response escape and severity;

» The VOC 21A/1/J Delta (B.1.617.22, AY*) is now only weakly detected, with 0.5% of the
interpretable sequences of the Flash survey of 07/02/2022. VOI 20A/C (B.1.640) has not been
detected during Flash investigations since 10/01, but a few cases have been identified for other
sequencing indications;

* Recombination phenomena between two different variants of SARS-CoV-2 represent major
genetic divergence events. A full discussion of this phenomenon has been included in this risk
analysis. As of 01/21/2022, 10 sequences that may correspond to a Delta/Omicron recombinant
have been identified in France. This signal is currently being investigated by the CNR and Public
Health France.
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Table 1: Classification of variants on 02/23/2022 and detection in metropolitan France in surveys

Flash
201 (V1, B.1.1.7/Q.*, Alpha) 20A/C (B.1.640) 20B (B.1.1.318)
Not detected since Flash S46 (15/11) Not detected since Flash S02 Not detected since Flash S49 (06/12)

(10/01)
20H (V2, B.1.351* Beta)

Not detected since Flash #19 (10/08)

20J (V3, P.1/P.1.*, Gamma)

Not detected since Flash #23 (07/09)

21A/I1J (B.1.617.2/AY *, Delta)

0.5% of sequences (Flash S06)

21K/L/M (B.1.1.529/BA.*, Omicron)

99.5% footage (Flash S06)

Update of the risk analysis on 02/23/2022. The data given concerns metropolitan France. The WHO nomenclature
assigned to certain variants is added in parentheses (Greek alphabet). * indicahtissipcirgidrlastab Q6202 2 wiimenges
carried out on 02/07/2022: data on 2,358 interpretable sequences.

2. Knowledge available on VOCs, VOIs and VUMs

This chapter presents the new data available on the characteristics and public health impact of VOCs, VOIs and
MUVs.

2.1. VOC Alpha, Beta, Gamma and Delta

The Delta VOC, which had dominated since the summer of 2021, is now a minority on an international scale: it
represented 0.5% (2,146/423,010) of the sequences deposited on GISAID between 22/01/2022 and 21/ 02/2022,
compared to 10% (94,411/974,145) for the period from 22/12/2021 to 21/02/2022. Alpha (N=2), Beta (N=0) and
Gamma (N=0) were detected very little or not at all over the period from 01/22/2021 to 02/21/2022. For more
information on the characteristics of these variants, refer to Tables 5, 6 and 7 of the risk analysis of 07/28/2021.
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2.2. VOC Omicron

International epidemiological situation

The world situation today is characterized by the dominance of VOC Omicron on a global scale. The
number of cases and the number of deaths reported by the WHO are decreasing, suggesting that the peak
of the Omicron wave has passed. The majority of countries now report community spread of Omicron. This
variant represented 98% (416,250/423,010) of the sequences deposited on GISAID between 01/22 and
02/21/2022, compared to 88% (861,787/974,145) for the period from 12/22/2021 to 01/21/2022. These data
should, however, be interpreted in light of the differences between the surveillance systems of different
countries, in particular sequencing capacities, submission deadlines and sample selection biases.

Omicron VOC sublineages

As of 02/21/2022, the Omicron VOC includes a parental lineage (B.1.1.529, clade 21M) and its three

sublineages: BA.1 (clade 21K), BA.2 (clade 21L) and BA.3 (no specific clade, included in 21M). Fifteen sub-lineages
of BA.1, have also been defined, some of which (such as the BA.1.13 or BA.1.15 sub-lineages) also have
sub-lineages (BA.1.13.1 and BA.1.15.1) (1). Given the significant circulation of Omicron in the world, genetic
diversification within this variant and the progressive appearance of sub-lineages is an expected phenomenon.

To date, only BA.2 appears to have different characteristics from other Omicron sublineages, with higher
transmissibility.

On a global scale, the BA.1.1 sub-lineage is the most frequent with 43% of the 416,250 Omicron sequences
deposited on GISAID between 01/22 and 02/21/2022. The proportion of BA.1 that did not belong to the
BA.1.1 sublineage decreased from 59% of Omicron sequences during the period from 22/12/2021 to
22/01/2022 to 39% between 22/ 01 and 21/02/2022. The proportion of BA.2 has increased since the previous
month: it was 4% between 22/12 and 21/01/2022, against 18% between 22/01 and 21/02/2022. These data
come from the international GISAID database on 02/21/2022 and should he analyzed in the light of the
differences between countries in terms of sequencing volume and potential biases in the selection of
sequenced samples. A gradual replacement of BA.1 by BA.2 is observed in many countries, particularly
in Europe (Figure 1). However, the Scandinavian countries, where the proportion of BA.2 is the highest
(Denmark, Sweden, Norway), do not seem to be experiencing an epidemic rebound.

Thus, the transmissibility advantage of BA.2 does not seem sufficient to significantly modify the evolution of
the incidence. Finally, only 440 sequences corresponding to the BA.3 sub-lineage are available on the
international GISAID database (as of 02/21/2022) (2).
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Figure 1: Proportion of BA.2 cases among the total number of sequences deposited on GISAID, by country.
Data from 02/21/2022 in https:// cov-spectrum.org/.

Transmission and kinetics of infection

The rapid replacement of Delta by Omicron on a global scale illustrates the increased transmissibility of
Omicron compared to previous variants (3). Secondary etch rate calculations, higher for Omicron than
Delta, confirmed this observation (4, 5). If this growth advantage is partly linked to its immune response
evasion properties, Omicron also seems to have intrinsic properties impacting its transmissibility potential.
Knowledge gained from pre-Omicron variants indicates that increased transmissibility may be associated
with several factors: higher viral shedding, better fusion ability, more efficient cleavage of the Spike protein
and high affinity for the ACE2 receptor. Since the viral load of patients infected with Omicron is not higher
than that of patients infected with Delta, viral shedding does not appear to be a major factor in the
transmissibility of Omicron (6). In vitro tests have shown that Spike protein cleavage and fusogenic abilities
are less efficient for Omicron compared to Delta, and therefore would not explain its transmissibility either.

increased (7). However, the affinity of Omicron's Spike protein for ACE2 appears to be better than that of
VOC Alpha, Beta and Gamma, at levels similar to that of the Wuhan strain (8). The affinity of Omicron's
Spike protein for its ACE2 receptor could be due to compensation for multiple mutations involved in immune
escape. An ex vivo study also showed more efficient replication of Omicron in bronchial cells but not in lung
cells, which could be involved

in Omicron's higher transmissibility and lower severity (9). The authors of this study raise the hypothesis
that Omicron would enter the cells by different molecular mechanisms from the other variants. One study
showed increased multiplication for Omicron compared to Delta in primary nasal epithelial cells (10). These
data indicate that Omicron would enter the cells by mechanisms
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molecules different from the other variants, allowing the infection of a greater number of cells of the respiratory
epithelium and contributing to its increased transmissibility.

Another factor that may be involved in the replacement of one variant by another is the kinetics of infection. Two
studies, one conducted in South Korea and the other in Belgium, showed a shorter serial interval (time between
two cases) for Omicron compared to Delta (3 days for Omicron in the South Korean study), and therefore
accelerated diffusion (11, 12). If the kinetics of transmission seem accelerated, a follow-up among healthcare
professionals in the United States showed prolonged detection by antigen testing, with 43% of participants still
positive between 5 and 10 days after their first positive test, whereas the instruction in the center where this study
took place was a return after 5 days without the need for a negative test (13).

Within the Omicron variant, a higher growth rate was observed for the BA.2 sublineage compared to BA.1 (14, 15).
A global analysis of the Omicron wave in the UK estimated the growth rate of BA.2 to be 14% higher per day
compared to BA.1 (16). These data are consistent with transmission analyzes performed in Denmark, which
showed a secondary attack rate of 39% for BA.2 versus 29% for BA.1 (17). An interesting observation from this
analysis is that, while the secondary attack rate of BA.2 was higher than that of BA.1 regardless of the vaccination
status of the contacts, this difference was observed mainly for the unvaccinated cases. Thus, vaccinated cases
seem not to transmit BA.2 more efficiently than BA.1. A Japanese in vitro study investigated the virological
characteristics of BA.2 compared to BA.1 and showed better replication of BA.2 in human epithelial cells and
greater fusogenic capacities (18). However, the investigations on the possible mechanisms at the origin of these
differences did not make it possible to conclude.

Efficacy of the immune response

Neutralization studies performed on Omicron since its emergence have shown that the ability of post-vaccination
antibodies to neutralize SARS-CoV-2 is weaker compared to Delta. In agreement with these in vitro results, an
increased risk of infection by the BA.1 sublineage in vaccinated or previously infected individuals was observed
compared to the Delta variant (19). A similar neutralization study comparing this time BA.1 and BA.2 showed similar
neutralization for these two sublineages (20). These data indicate a reduced effectiveness of the neutralization of
Omicron by post-vaccination or post-infection antibodies, but the authors emphasize the importance of a booster
dose of vaccination (which retains some effectiveness against Omicron) in particular for elderly (21). Israeli study
found fourth dose of vaccine halved risk of symptomatic infection

and to divide by four the risk of severe forms of Covid-19 compared to three doses (22).

Beyond booster doses and non-pharmaceutical measures, the T cell response plays a major role in clinical
presentation. T cells are also produced after vaccination and could be the keystone of the remarkably high
protection against severe forms and death (23). In particular, we note that despite the unique mutational profile of
Omicron and the reduced susceptibility of this variant to neutralizing antibodies, the T cell response induced by
vaccination and infection largely targets Omicron (24, 25). Moreover, if neutralizing plasma antibodies seem to
have a limited activity against Omicron, they would make it possible to extend the spectrum of recognition of the
response.

immunity up to 5 months after vaccination. The first RBD-specific memory B cells

("receptor-binding domain") of the Spike protein would specifically target the Omicron RBD, and over time the RBD-
specific memory B cells would diversify and could interact with more divergent RDBs.

Severity

Studies of the severity of Omicron agree on the lower risk of hospitalization, admission to intensive care and death
of this variant compared to Delta. These results were confirmed more recently by a Norwegian study, which showed
an 83% reduction in the risk of hospitalization for Omicron
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compared to Delta (26). Similar results have been published in the United States, Canada and South Africa, with
a 67-83% lower risk of ICU admission (27-30). The analyzes carried out by Santé Publique France on the
probability of severe hospital events in patients infected with Omicron point in this direction, with a risk reduced
by 87% compared to Delta (31). A second study by Santé Publique France aimed at describing the first cases of
Omicron in France observed a mild clinical picture and the absence of serious forms (32).

Within the Omicron sublineages, a study in hamsters concluded that BA.2 was more pathogenic than BA.1 (18).
However, this study was carried out on small numbers and with viruses produced by reverse genetics only
carrying the S protein of BA.1 and BA.2, so it does not allow us to prejudge what would be observed with the
authentic viruses. . On the other hand, preliminary analyzes from Denmark and England found similar risks of
hospitalization following BA.1 or BA.2 infection (33, 34). This work on population impact is more relevant for
assessing the impact of BA.2 on public health.

2.3. Co-infections and recombinants

Since the beginning of the circulation of SARS-CoV-2, different variants have circulated concomitantly.

In this context, it may happen that the same individual is infected simultaneously by several variants of SARS-
CoV-2, sometimes very distinct. These co-infections can give rise to recombination phenomena: in a cell infected
by two viral strains, exchanges of genetic material between the viruses can occur; the recombinant resulting from
this event therefore has a “mosaic” genome, part of its genome corresponding to the genome of the first strain
and another part corresponding to the genome of the second strain. This phenomenon of recombination is
frequent in SARS-CoV-2, an American study carried out on 1.6 million SARS-CoV-2 genomes having identified
2.7% of recombinants (35). However, in the majority of cases, the two original strains are close and the
recombinant has a profile similar to the parental strains. These recombinants are therefore difficult to detect and
are generally not of public health concern. During the pandemic, the genetic divergence between the different
lineages of SARS-CoV-2 has increased over time, making the

recombinations that are more easily identifiable because they come from more divergent variants (36). From
sequencing data, it can be complex to distinguish co-infection with two different variants from infection with a
novel recombinant, and several recombinant detections have proven to be false alarms. In 2021, a recombinant
between VOC Alpha and VOC Delta was identified in Japan and a Beta/Delta recombinant in China (37, 38).
Since the end of 2021, an Omicron wave has overlapped with a Delta wave in several regions of the world. This
co-circulation of two variants on a large scale increases the probability of co-infections and therefore that of
recombinants. Several suspected Delta/Omicron recombinants have been reported recently in the UK, USA and
Australia, and others are under investigation.

Recombination phenomena between two different variants represent major genetic divergence events. It is
difficult to predict what the characteristics of such a recombinant will be compared to the two parental variants
and to anticipate its impact on public health. This is why SARS-CoV-2 recombinants are under close scrutiny
internationally. In France, enhanced monitoring of Delta/Omicron co-infections has been implemented in order to
detect possible recombinants as early as possible. Samples with a C1D1 screening result (presence of the L452R
mutation associated with Delta, and one of the D mutations associated with Omicron), which are therefore
suspected of co-infection, are subject to systematic sequencing. The C1D1 profile in screening was mainly
identified between mid-December and mid-January, which corresponds to the period of co-circulation of Delta and
Omicron (Figure 2).

As of 02/21/2021, 59 probable Delta/Omicron co-infections have been identified in France (source;: EMERGEN
database).
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Figure 2: Proportion of C1D1 screening results (presence of L452R and one of the mutations associated with
Omicron, red curve) and total number of positive samples for SARS-CoV-2 with an interpretable screening result
(blue curve), by sampling date, smoothed over 7 rolling days, in metropolitan France and in the overseas
departments and territories (source: SIDEP, as of 02/21/2022).

On 02/16/2022, a discussion thread was opened on the Github bioinformatics forum of the Pangolin nomenclature
tool about a Delta/Omicron recombinant potential in France (39). Performed from the GISAID database, these
analyzes had identified four sequences from France, four sequences from Denmark and one sequence from the
Netherlands which form a separate phylogenetic branch. This signal was investigated by

the Respiratory Infections Virus CNR and the RNA Virus Evolutionary Genomics Laboratory at the Institut Pasteur,
which confirmed that the four sequences from France did indeed correspond to a recombinant. The majority of the
genome of this recombinant corresponds to the AY.4 sublineage of the VOC Delta, and a large portion of the S
gene (coding for the Spike protein) corresponds to the BA.1 sublineage of the VOC Omicron. A request to assign
a specific lineage has been made. Additional analyzes were carried out on the EMERGEN database, using three
mutations which seem to characterize the sequences of this recombinant: ORF1a:E352D, S:A27S, S:N764K. This
"proxy mutation" is not 100% specific and sensitive in identifying this recombinant, and work is in progress to refine
it. As of 02/21/2022, 10 sequences in the EMERGEN database carried these three mutations, 9 of which were
sequenced during Flash surveys. These samples come from different regions and the oldest dates back to 17/01.
The detection during Flash surveys and the geographic dispersion of the cases suggest that this recombinant has
potentially already been circulating at very low levels since mid-January. Additional analyzes are underway to
confirm these results, and this signal is being closely monitored by the CNR, the laboratories of the EMERGEN
consortium and Public Health France.

2.4. VOI (variants of interest)

Lambda and Mu VOIs have been classified as VOIs by WHO since 2021-06-14 and 2021-08-30, respectively.
VOI Lambda circulated extensively in South America (mainly Peru) in spring/summer 2021, and in vitro data
suggested possible increased transmissibility. The VOI Mu was also detected in South America (mainly in

Colombia) during the summer of 2021, and the data
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available indicated immune response escape similar to VOC Beta. However, these two variants were
very little detected in France (14 and 27 sequences identified in total during the Flash#11 to Flash#22
surveys, respectively). Since the end of 2021, these two VOIs have hardly been detected worldwide
(23 and 35 of the 2,321,387 sequences deposited on GISAID having a sampling date between
22/11/2021 and 21/02/2022, respectively). Given the absence of detection of Lambda and Mu VOIs in
France for more than 16 weeks and their very low circulation internationally, these variants are
downgraded and are no longer considered VOIs in the risk analyzes of Public Health France.

Variant 20A/C (B.1.40) has been classified as VOI since the risk analysis of 05/01/2022. A total of 656
B.1.640 sequences were deposited in the international GISAID database as of 02/21/2022, 70% of
which come from France (458, Figure 3).
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Figure 3: Number of B.1.640 sequences, by country and by sampling week (source: GISAID, as of
01/24/2022). Countries that have deposited two sequences or less are grouped in the “other” category.

The other countries that have identified this virus are the Democratic Republic of Congo (N=45),
Germany (N=33) and the Republic of Congo (N=31). However, other countries in Europe, Africa, Asia
and North America, some of which have limited sequencing capabilities, have detected this variant,
which may suggest an underestimation of the circulation of B.1.640. The B.1.640 sequences identified
mainly correspond to the B.1.640.1 sublineage with 620 sequences out of 656 (95%). Only 36
sequences of the B.1.640.2 sublineage were available on the GISAID database as of 02/21/2021,
including 26 from France and 3 from the United Kingdom (40). The B.1.640.2 sublineage is characterized
by the presence of the E484K mutation, for which an impact on immune response escape has been
shown. But to date, no difference between the characteristics of B.1.640.2 and B.1.640.1 has been
demonstrated, so they are considered to be the same variant.
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2.5. VUM (variants under investigation)

VUM 20D (C.1.2) has been classified as VUM since the risk analysis of 08/09/2021 due to the presence of
mutations of interest and its progression in South Africa at the time of its description. However, the latter has
never been detected in France (source: EMERGEN on 02/21/2021, all sequencing indications combined).
Since its classification, there has been no conclusive evidence indicating that this VUM could have a worrying
impact on public health. Internationally, C.1.2 peaked in July 2021, but has been detected very little since then.
Of the 316 C.1.2 sequences available in the international GISAID database (as of 21/02/2022), only 6
correspond to samples taken after 22/11/2021, the most recent dating from 08/12/2021. Given the absence of
detection of this variant in France for more than 16 weeks, its very low circulation at the international level and
the absence of elements in favor of an impact on public health, this variant is downgraded and is not no longer
considered VUM.

VUM 20B (B.1.1.318) was not detected internationally over the period from 22/01 to 21/02/2022 (according to
the international database GISAID on 21/01/2022) .

3. Evolution of the detection of mutations of interest targeted by screening in France

A description of the screening strategy deployed in France and its changes over time is available in section 3.1
of the variant risk analysis of 05/01/2022. Screening data is available in Open Data on GEODES and data.gouv.

In addition to the presence of the E484K (A1) and L452R (C1) mutations, two screening profiles allowing the
suspicion of an Omicron variant are included in the indicators monitored by Public Health France: AOCO
(absence of E484K and L452R, suspicion of Omicron ) and D1 (presence of del69-70 and/or K417N and/or
S371L S373P and/or Q493R, strong suspicion of Omicron).

* The proportion of detection of the E484K (A1) mutation has remained at very low levels since the
beginning of August; it was 0.06% in SO7 among all interpretable screened tests for this mutation;

* The proportion of detection of the L452R (C1) mutation, present mainly in Delta, is currently detected at
low levels, with 0.2% in SO7;

 The proportion of samples in France with a screening result compatible with Omicron
in SO7 was 99.8% for proxy AOCO (compared to 99.7% in S06) and 99.1% for proxy D1 (compared to
99.1% in S06).

4. Evolution of the detection of VOCs, VOIs and VUMs in France within the framework of surveillance
genomics

4.1. In France

In mainland France, the circulation of variants was first characterized by a dominance of VOC Alpha (spring
2021) then its replacement by VOC Delta during the summer of 2021 (Figure 4).

Beta and Gamma VOCs have not been detected during Flash investigations since Flash #24 (09/14/2021).
The last case of VOC Alpha was detected during Flash S46 (11/15/2021, <0.1% of interpretable sequences).
Delta remained the majority from July to December 2021, before being quickly replaced by the VOC Omicron
during the months of December 2021 and January 2022. Today, Omicron is dominant in metropolitan France
where it represented more than 99% of the sequences interpretable from Flash surveys S04, S05, S06 and
S07 (Table 2 and Figure 4). This rapid replacement of Delta by Omicron was observed almost simultaneously
in all regions of metropolitan France.
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(source: EMERGEN, at 02/21/2022 at 12 p.m.). Flash S06-2022 and Flash S07-2022 data are preliminary.

Table 2: Detection of variants during Flash S03 - Flash S07-2022 surveys, metropolitan France.

indicates the inclusion of all known sublineages at this point.

VOC

Alpha 201 (B.1.1.7, Q¥)

VOC

Beta 20H (B.1.351*)

vVOC

Gamma 20J (P.1, P.1%)

320.88 16 0.53 11 0.47 60.8

118 2.57

vOC

Delta 21A/1/J

(B.1.617.2, AY¥)

4473 97.4 3620 99.0 2976 99.4 2347 99.5 740 99.2

VOC

Omicron 21K/L/M
(B.1.1.529, BA.*)

VO

20A/C (B.1.640)

VUM

20B (B.1.1.318)

0

1<0.1

3<01

0

Other

Number of interpretable sequences: Flash S03: 4591; Flash S04: 3655; Flash S05: 2993; Flash S06: 2358; Flash S07: 746

#Flash S06-2022 and Flash S07-2022 data are preliminary

11/17



Machine Translated by Google

o. ® Santé CNR Respiratory infections virus
+® o publique ) INSTITUT HCL
o’ ® France {‘PASTEUR e s

The Omicron sequences identified in France mainly belong to the BA.1 sub-lineage: 83% of the 2,403
Omicron sequences of the Flash S06 survey corresponded to BA.1, including 51% to its BA.1.1 sub-
lineage (Figure 5). The proportion of the BA.2 sublineage has been increasing nationally since early
January: it accounted for 5% of Flash S04 Omicron sequences, 10% for Flash S05, 16% for Flash S06
and 27% for Flash SO7 (preliminary data ). The progression of BA.2 to the detriment of BA.1 is observed
in all regions of metropolitan France, but at different levels depending on the region. In particular, the
proportion of BA.2 in New Aquitaine, where this sub-lineage seems to have been introduced earlier than
in the other regions, exceeded 30% during Flash S06 (07/02).

A total of 14 sequences corresponding to BA.3 have been identified as of 02/21 (according to the
EMERGEN database), including only two during Flash surveys. A large part of these 14 BA.3 sequences
come from the same cluster and this sub-lineage remains very rare in France.
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Figure 5: Sub-lineages of the Omicron variant during Flash surveys (source: EMERGEN, as of 02/21/2022
at 12) e

Modeling studies have been carried out by the Institut Pasteur and INSERM to try to assess the impact of
BA.2 on the Omicron wave in France, based on the evolution of the proportion of BA.2 in Flash surveys
and the evolution of the number of cases. Based on data up to January 30, 2022, INSERM analyzes
calculated the daily growth rate of BA.2 at 0.20 - 0.24 per day nationally, corresponding to doubling times
between 3 and around 4 days, and a propagation advantage of 1.61 [1.52 — 1.69] compared to BA.1,
confirming data from other countries (41). According to these estimates, BA.2 will become dominant in
France around mid-February. The week of 01/31/2022, the reproduction number
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of BA.2 is estimated at 1.30 [1.22-1.39], despite the decreasing overall epidemic curve (BA.1+BA.2).
The results of the Institut Pasteur estimate the BA.2 doubling time to be between 4.5 and 7 days
depending on the region, which is consistent with international data (42). Based on these estimates,
BA.2 would become the majority in mainland France around February 24 [February 14 - March 11].
The BA.2 peak should occur around mid-February, and remain modest. The circulation of BA.2 would
slow down the decrease in cases without producing a significant epidemic rebound. These conclusions
remain valid for different scenarios in terms of probability of detection of Omicron and generation
interval. Behavioral changes that would induce a significant increase in the transmission rate could
induce an epidemic rebound, but this rebound should remain modest in size. Note that these models
are built to cover only the period until April 1, 2022. These two modeling studies confirm the growth
advantage of BA.2 over BA.1, predict that BA.2 should become majority in France d 'by the end of
February but underline a weak BA.2 impact on the Omicron wave.

Of the other classified variants, the 20A/C B.1.640 variant was last detected in Flash surveys during
Flash S02 (01/31, Table 2 and Figure 6). However, cases of B.1.640 infections were still detected in
February 2022 outside of Flash investigations.

VUM 20B (B.1.1.318) has never been detected frequently in Flash surveys (a peak of 0.5% during
Flash #12) and accounts for less than 0.1% of footage since Flash# 16 (7/20/21).
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Figure 6: Number of sequenced samples classified as VOI B.1.640, by region and by week of sampling
(source: EMERGEN, at 02/21/2022 at 12 p.m.)
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4.2. In the DROMs

During the summer of 2021, the VOC Delta had also replaced the variants which were predominant the DROMs
(Alpha in the West Indies, Beta in Reunion and Mayotte, and Gamma in Guyana). But Delta was also quickly
replaced there by Omicron during December 2021/January 2022. Screening data indicates that the Omicron
VOC is now largely in the majority in DROMs, with a proportion of AOCO screening tests greater than 99% in
S07.

This rapid replacement of Delta by Omicron is also observed in DROMSs by sequencing. Over the period from
01/10 to 02/06/2022, Omicron represented all the interpretable sequences in Mayotte (out of 17 interpretable
sequences), 94% in Martinique, 94% in Reunion, 90% in Guyana and 97% in Guadeloupe (EMERGEN data as
of 02/22/2022, all sequencing indications combined). Among the Omicron sequenced samples, the majority
belonged to the BA.1 sub-lineage, with two BA.2 sequences identified in Guadeloupe, one in Guyana and 95 in
Reunion, i.e. 4% of the Omicron sequences in this territory.

During Flash investigations S44 (01/11/2021) to S06-2022 (07/02/2022), only Delta and Omicron VOCs were
detected in DROMs.
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5. Conclusion as of 02/23/2022

The international situation is today characterized by a dominance of the Omicron VOC, which has
rapidly replaced the Delta variant since its emergence at the end of November 2021. In France, Omicron
has gone from less than 10% of cases to more than 90% in less than 'a month. This very rapid growth of
Omicron attests to greater competitiveness compared to Delta, which is based on a greater escape
from the immune response, both post-infection and post-vaccination, but also on intrinsic properties
favoring its transmission. However, the public health impact of Omicron is mitigated by its association
with less severe clinical forms, leading to a lesser impact on the health system. Thus, during the Omicron

wave, a number of countries lifted the majority of control measures while the incidence was at very high
levels.

As previously observed with the Delta variant, the massive diffusion of Omicron in the world is
associated with a genetic diversification within this variant and the progressive appearance of
sub-lineages. In particular, the BA.1 sub-lineage, which has mostly circulated since the emergence of
Omicron, is now subdivided into more than ten sub-lineages. To date, only the BA.2 sublineage appears
to have different characteristics compared to other Omicron sublineages, with higher transmissibility.
Although BA.1 was the majority until now, we are seeing a gradual replacement of BA.1 by BA.2
in European countries, including France. Modeling studies predict that BA.2 will be predominant in
France around mid-/end-February, which seems to be confirmed with the most recent epidemiological
data. However, BA.2 should only have a small impact on the decline of the epidemic wave initiated
a few weeks ago and linked to strong collective immunity generated by this large wave and the
vaccination. These projections are consistent with the observations made in the Scandinavian countries,
where the proportion of BA.2 is the highest, and where the incidence is decreasing. Thus, the differences
between BA.1 and BA.2 do not seem sufficient to substantially modify the epidemic situation.

Until now, the genetic evolution of SARS-CoV-2 and the emergence of new variants has mainly relied on
the accumulation of individual mutations. The emergence of the VOC Omicron was an atypical event,
because this variant had accumulated a significant number of mutations compared to the circulating
variants at the time of its detection. In coronaviruses, recombinations are another major factor in
evolutionary divergence. When an individual is co-infected by two different variants, a new strain,
whose genome is a mosaic of the two initial variants, can emerge. Before the emergence of Omicron,
very few recombination events between two SARS-CoV-2 variants were reported, because the genetic
proximity between the circulating viruses made the detection of recombinants impossible. But between
December 2021 and January 2022, Delta and Omicron co-circulated in a large epidemic wave, which
increased the likelihood of the emergence of recombinants. Several detections of Delta/Omicron
recombinants have been reported, including one in France. These recombinants are subject to increased
monitoring, as they constitute major evolutionary events. It is difficult to predict what their characteristics
will be in relation to the variants from which they are derived, and therefore their impact on public health
in the event of circulation in the population.

The situation in France in terms of circulating variants has now stabilized, with a dominance of

the Omicron variant. The Omicron wave was associated with a record number of infections but also

with a limited impact on the hospital system compared to Delta, in agreement with the characteristics of this variant.
However, the emergence of a new different variant of Omicron cannot be ruled out. It is therefore

important to maintain active surveillance of SARS-CoV-2 variants, in order to identify new variants as

quickly as possible, determine their characteristics and assess their impact on public health. In France,

this effective genomic monitoring is based on the strong sequencing activity of the EMERGEN

consortium, which is currently able to detect an early signal of increased circulation of a variant, lineage

or mutation.
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