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VIROLOGY

Questions:

- Which type of virus is SARS-CoV-27?

- What is the stability and viability of SARS-CoV-27?

- What do we know about viral load and shedding according to different samples?
- Alternative to the nasopharyngeal swab for SARS-CoV-2 detection?

- What is the impact of mutations of SARS-CoV-2? What are the characteristics of the current
Variants of Concern?
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SARS-CoV-2

* Part of family of enveloped positive-strand RNA viruses
(coronaviridae)

* Belongs to the betacoronavirus genus
* 98% similarity with bat coronavirus RaTG13
* 79% genetic similarity with SARS-CoV

e 7 coronaviruses known to infect humans

* 4 coronavirus infect mainly the upper respiratory tract
* HCoV HKU1-0C43 —NL63 —229E

* 3 coronavirus can replicated in lower respiratory tract and cause
pneumonia with high case fatality rates

* SARS-CoV = Case Fatality Rate (CFR) of 10% (2002 — 2003)
* MERS-CoV = CFR of 37% (2012 -)
* SARS-CoV-2 = CFR unknown (2019 -)
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Stability of
SARS-CoOV-2

IN VITRO
Outcome: positive viral culture

Surface stability
* Plastic and stainless steel: 72 hours
e Cardboard: 24 h

* Copper: 4 hours
Viable in aerosol: 3 hours

Half-life in aerosol:
¢ 1.1to 1.2-h [0.64 — 2.24]

Aerosol transmission is possible in experimental

conditions
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Clearance in any specimens

Persistence of virus RNA 20

) ¥ 20.6 (95% C1 18.3-23.2) Mild cases

Positive, %
(9,
o

49 patients with 490 specimens = 171 specimens positive for SARS-CoV-2 RNA

Frequency and duration of detectable SARS-CoV-2 RNA in body fluids? 100 ... . _,41.4(95% C137.0-46.9)

0O 10 20 30 40 S50 60 70 80 90
Weibull model = time loss of SARS-CoV-2 RNA detection Days after illness onset

Time to loss detection

« Time to loss detection was longer for NP swabs and feces Limits
* Existence of infectious particles?

* Virus isolation and tests of specimen’s infectivity
Prolonged persistence of SARS-CoV-2 RNA detection in hospitalized patient * not conducted

* Unspecified concentration of SARS-CoV-2 RNA

* May not be generalized to all population

* Significant differences for mild cases among specimens

—> Does not imply the existence of infectious virus particles

- Still a need for preventive measures?

Mild cases, n =43 Severe cases, n =6
Specimens Median (95% CI)  95th percentile (35% Cl) Median (95% CI)  95th percentile (95% Cl)
Data are presented in ) _ o
. Throat swah 156 (11.8-20.7) 32.8(25.0-42.3) 33.0(24.2-47.3) 53.9(35.4-81.7)
days after illness
onset Sputum 2000 (14,1-27.0) 43,7 (33.6-60.4) 30.9 (23.5-39.1) 44,7 (36,3-580)
Masapharyngeal swab A2 TR B2 Af 3 (300-551) 3.5 (2h.7-42.7) 49 4 (38 4-68.5)
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Viability

Virus isolation success based on probit distributions

9 patients (Munich) — Virological analysis & information on virus infectivity

il
2 1.0
* Active virus replication in tissues of the upper respiratory tract % 0.9
o
* Noindications of replication in the digestive system o g?
* Infectious virus on swab or sputum samples but not from stool samples o gg
a 0.
* None of urine and serum samples tested positive for RNA for SARS-CoV-2 ° 04
& 0.3 .
* The success of virus isolation also depend of viral load '1§ 0.2
g 0.1
o 0 -4
* No isolates of the virus were obtained from samples taken after day 8 4 8 8 10 12 14 4 5 E 7 8 9 10 11
in spite of ongoing high viral loads. Days after onset log,,(RNA copies per ml)
of symptoms
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Viral load

23 patients (median age: 62y) in Hong Kong = 173 respiratory
specimens

Morning saliva samples

Endotracheal aspirate (intubated patients)

Viral load:

Median: 5,2 log,, copies per mL (IQR 4,1-7,0)

Saliva viral load: higher during first week and declining after
this point

Endotracheal aspirate viral load: non-significant decline during
the first weeks

7 patients had viral RNA detected 20 days after symptoms
No association between prolonged detection and severity
Older age was correlated with higher viral load

No difference between mild and severe cases

Limit: low number of cases
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To KK, et al. Lancet Infec Dis. May 2020
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Viral load

96 patients (22 with mild disease and 74 with
severe diseases) in China

Viral load:

* Duration of virus shedding in respiratory
samples longer among severe patients (21
vs 14 days), also longer in patients >60
years old and male.

* 59% of patients with positive stool
samples and presenting a longer viral
shedding in stool than respiratory sample
(22 vs 18 days).

* Viral load were slightly higher among
severe cases.

Limit: a relatively low number of cases

- {3COREB

mission nationale
Coordination Qpérationnelle
Je Erace maas sl S aiicus

Yiral load {log 10 copies/mL)

Viral load {log 10 copies/mL)

P=0.001
Sample P=0.04 P=0.001
H'E- [} 1
‘|pr
8
.I
(. ]
250
6 ..'gﬁ_:..,
L]
4 o2t i, I res
L .-%
2
Respiratory Stool Serum
Stool P=0.63
samples
10
8 :
. H
i .
L » H : 3. *
4 ] l'. . : .'l
L
L]
2 -

Mild

Severe

P=0.03

P=0.09

Severe

Respiratory
samples !
I-.
[ ]
%
.e
Mild
Serum
samples

Mild

Zhengs, et al. BMJ. Apr 2020

-

..-.4!_;%::‘...,

Severa

an

MALADIES INFECTIEUSES EMERGENTES



10

Viral load

205 patients (mean age: 44y) - 1070 respiratory specimens: 10+ = — =
ronchoalveolar avage Tiui
. Pharyngeal swabs
* Pharyngeal swabs, urine, sputum, blood, feces S auoiiehatrun bt Khigy
204 a Y Feces
* Bronchoalveolar lavage fluid & fibro bronchoscopy brush biopsy . . Ao
< A OO
r - Nasal swabs
H o . ¢ rine
:E 30 ° v : '\" & Urine
Cycle threshold: indicator of the copy number of SARS-CoV-2 RNA & s £ 0
k 4
. Q) bccccnsnccnanssscssscnnssassncncnns T e —
Cycle threshold < 40 - positive for SARS-CoV-2 RNA e .
0 ¢ 40000 Y YO vv.;Q
Positive rates: =
. L. . : 1 2 3 4 5 6 7 8 9 1011 121314151617 18 19 20
» Highest positive rates = bronchoalveolar fluid (93%) Patient

* Sputum (72%) — pharyngeal swabs (32%)
* Blood showed only 1% and urine 0%

—Testing of specimen from multiple sites

sensitivity & { false negative
* Mean cycle threshold for nasal swabs = 24,3 = higher viral load T itivity & | gativ

Limit: this differ according to the typology of patients and
disease stages.
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Dynamic in viral shedding

94 symptomatic patients = 414 throat swabs from symptoms onset up
to 32 days after

* Detection limit was Ct=40 (used to indicate negative samples)
* 50% were male
* Median age: 47 years

* No severe or critical patients

Dynamic in viral shedding

* Highest viral load soon after symptom onset
* Decreasing gradually after symptom onset

* No difference in viral loads across sex, age groups, disease severity

Viral shedding may begin 2 to 3 days before first symptoms
The estimated proportion of presymptomatic transmission was 44%
(Clgse, [30-57%]). Infectiousness decline quickly within 7 days
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Days since symptom onset

Viral load detected by RT—-PCR in throat swabs from patients infected
with SARS-CoV-2
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NOT: number of tested - NOP: number of positive - PR: positive }czvte

Oral & fecal viral shedding | el

350 60%
401 patients = 1758 rectal swabs during 0 to 98 days after illness onset _ 0
300
* 80 patients positive for SARS-CoV-2 in the rectal swabs a0
* Pediatrics: positive rate of 56,7% 250
* Adults: positive rate of 16,9% . 3
_g 200 o E
* Positive rate decreases over time § S
z 8
517 pairs (respiratory + rectal samples) from the 80 patients positive in rectal 150 TR o
swabs
100
» 58 were double positive = coincidence rate increased during the disease
progression . o
* 112 positive in rectal & negative in respiratory sample ” "
]S8N SN NS SN NN S. & N° - h-8° |
* Higher viral load in rectal than respiratory samples ’ T
Week after illness onset
Factors independently associated with the duration of fecal viral shedding: = Intestine = reservoir of SARS-CoV-2 RNA
- Neutrophil level OR:1,55 ICqs,[1,05 — 2,40] The gastrointestinal viral reservoir is potentially a long-
- Interval between antiviral treatment and illness onset OR:1,17 ICqs,,[1,01 — lasting fomite for SARS-CoV-2 transmission even for

2,34] asymptomatic patients

—> Still viable virus?
oRCOREB ) an®s)

Caornaton Opératannel Zhao F, et al. Gastroenterology. May 2020 AR R




Viral culture is not positive for feces sample

Positivity of viral culture

Viral culture is only rarely positive for low viral load (Ct values above 25
to 30) and after 8 to 10 days after symptom onset

line). The dashed curve indicates the polynomial regression curve
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SARS-CoV-2 detection

Before symptom onset After symptom onset

|
( Detection unlikely® ) | ( PCR - Likely positive )C PCR - Likely negative®
|

Antibody detection

Limit: antibody response yet to be
characterized among the various patients’
populations

Estimated time intervals and rates of viral detection are based on data from
several published reports. Because of variability in values among studies,
estimated time intervals should be considered approximations and the
probability of detection of SARS-CoV-2 infection is presented qualitatively.
SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2;
PCR, polymerase chain reaction.
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* Detection only occurs if patients are followed up proactively from the time
Symptom onset of exposure.

" More likely to register a negative than a positive result by PCRof a
—— Nasopharyngeal swab PCR e Bronchoalveolar lavage/sputum PCR ma==== |gM antibody nasopharyngeal swab.

Virus isolation from respiratory tract Stool PCR lgG antibody
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Matched Samples 15

SARS-CoV-2 salivary detection e
E 1045 ..
8 109-
Rapid and accurate diagnostic tests are essential for controlling the ongoing Covid-19 pandemic EI:L o
e 1 n
Z 101
70 patients hospitalized with COVID-19 (nasopharyngeal swabs). p
- . . . > 10%4
Additional samples (saliva specimens collected by the patients themselves + nasopharyngeal E
swabs collected by health care workers) g 107
I 04
v
Detected more RNA copies in the saliva specimens than 10% Nasopharyngeal Saliva
nasopharyngeal swabs (mean log copies per milliliter, 5.58  Positivity for SARS-CoV-2 Swab Samples Samples
versus 4,93) 100+ [ Nasopharyngeal [l Saliva samples
. ’ . swab samples
Higher percentage of saliva samples than nasopharyngeal @ 90+
swab samples were positive 1‘§ 80
‘.‘;,% 70
Saliva specimens and nasopharyngeal swab specimens have at EY9 ol
o &
least similar sensitivity in the detection of SARS-CoV-2 during E‘L"‘" 504
the course of hospitalization g B
e . . . . E 304,
Limits: hospitalized patients, nasopharyngeal samples o]
presented an unusually low sensitivity (=70% for earlier 1-5 6—10 =11
(N=31) (N=17) (N=22)

samples) in this stud
ples) y Days since Covid-19 Diagnosis

Saliva specimens could be effective in COVID-19 diagnosis, but needs to be confirmed for outpatients
~£3COREB an

mission nationale
i..liarc-_nz-r.jn rl.i?é'atll:-r’fllf WyII|es AL, et al. NEJM. Aug 2020
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Salivary detection of SARS-CoV-2 in asymptomatic subjects

Mass screening study — 1924 asymptomatic subjects:

* Close contact whit clinically confirmed COVID-19 Diagnostic results of nasopharyngeal swab (NPS) and saliva test

patients (CT cohort, n=161)
« Asymptomatic travelers arriving at Tokyo & Kansai (AQ _ Contact-tracing cohort (n=161) Airport Quarantine cohort (n=1,763)

cohort, n= 1763) saliva saliva
Saliva sample (self-collected) & NPS sample (medical NPS positive negative NPS positive negative
officers) positive 38 3 positive 4 1

negative 6 114 negative 0 1758
Comparison between paired samples
Sensitivity Specificity

Estimated prevalence: NPS  86%, Clgg,[77 —93%]  99,93%, Clgys,[99,77 — 99,99%)]

*  CT cohort: 29,6%, Clyg,[23,8 — 35,8%]
*  AQcohort: 0,3%, Clgy,[0,1 — 0,6%]

* The true concordance probability was: . . L L .
. h - Equivalent utility with similar sensitivity and specificity,
.0'998' Cloo%[0,996 _ 0,999%] in AQ cohort . - Self-collected saliva has significant advantages over NPS sampling,
* Viral load was equivalent between NPS and saliva —> Saliva may be a reliable alternative in detecting SARS-CoV-2 in
samples (Kendall’s coefficient of concordance =0,87) asymptomatic
- Limit: the number of positive patients in the QC does not provide a
strong evaluation of the saliva sensitivity in this population

SCOREB _—_——O
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Saliva 92%, Clygy[83 — 97%]  99,96%, Clgo,[99,85 — 100,00%]




NEW

Saliva vs. Nasopharyngeal swab detection of SARS-CoV-2

Systematic review of the operating characteristic of saliva NAAT for the detection of SARS-CoV-2, compared to nasopharyngeal swab NAAT

16 studies retained for data extraction (10 peer-reviewed, 6 preprints)

Analysis performed:

Limitations:
Limited heterogeneity of study population and timing of testing

* Primary analysis: all papers, 5922 samples, 15.9% positive tests

e Secondary analysis: Peer-reviewed papers only

* Post-hoc meta-analysis of ambulatory settings — 4851 patients, .

8.1% positive tests

Comparison between two samples types often took place later

in disease course

It remains unclear if certain clinical signs warrant a specific
sample type for optimal diagnostic

Saliva NAAT

Nasopharyngeal swab

Pooled sensitivity
% (95% Crl)

Pooled specifity
% (95% Crl)

Pooled sensitivity
% (95% Crl)

Pooled specifity
% (95% Crl)

Primary analysis

83.2 (77.4-91.4)

99.2 (98.2-99.8)

84.8 (76.8-92.4)

98.9 (97.4-99.8)

Secondary analysis

85.6 (77.0-92.7)

99.1 (98.0-99.8)

85.7 (76.5-93.4)

98.9 (97.4-99.7)

Ambulatory settings

84.5 (73.0-95.3)

99.0 (97.7-99.7)

88.0 (77.5-95.8)

98.7 (96.2-99.8)

Diagnostic sensitivity of saliva NAAT is comparable to that of nasopharyngeal swab NAAT.
Testing centre should strongly consider adopting saliva as first sample choice, especially for community mass screening.
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Butler-Laporte G. et al. JAMA Intern Med. Jan 2021
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NEW

SARS-CoV-2 viral kinetics and association with mortality -

Median of the individual predicted viral Median of the predicted instantaneous
French COVID cohort: 655 hospitalized patients before 01 April 2020 load kinetics loss rate of productively infected cells
* Delay between symptom onset and admission: median time of 7 R B .
days (3_9) : Solid: total viral load levels

Dashed: infectious virus

e 23% admittedto ICU

* 40% received at least one antiviral treatment (Lopinavir/Ritonauvir,
HCQ, Remdesivir), 20% received corticosteroid therapy

* Median viral load at admission was 6.3 log,, copies/mL

o
@
3

Viral load ( logo copies/mL)

°
@
i

o
S

Instantaneous loss rate of infected cells ( days L )

> At days 7 and 14 post symptom onset (more severe/fragile ] T e , —
patients), high levels of viral load (=6 log10 copies per mL) were
significantly associated with mortality

7 14 21 0 3 14 21
Time since symptom onset (days) Time since symptom onset (days)

Predicted time to viral clearance

C

904

> Viral load peaked on average 1.1 days before symptoms onset

Dashed lines: predicted median

> Loss rate of infected cells due to host’simmune response was of time to viral clearance
age-dependent. Half life of infected cells decreased from 50h to
13h (age <65y) and 17h (age >65y)

304

> Predicted median time to viral clearance was 13 days (age <65y)
and 16 days (age >65y) after symptom onset LERRRRD ool

0 | o 5|
Predi(z:le:i li?neB to viral clearance (days since symptom onset)
G CO R E B Blue, patients aged <65 y; Orange, patients aged 265 y an’

mission nationale
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Néant N, et al. PNAS. Feb 2021
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Prediction model based on 74
individuals who died within 35 days

from symptoms onset

>

Viral load was significantly
associated with survival (hazard

ratio = 1.31, P>0.001)

- independent factor of death B..

Hazard ratios of risk factors

« Age265y=2.58
- Male gender = 2.55

«  Chronic pulmonary diseases

=2.31

- {3COREB
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Viral load ( logyo copies/mL)

_ <65 y.o. without additional risk factor

8+

<65 y.o. with additional risk factor - 65 y.o. without additional risk factor

NEW

SARS-CoV-2 viral kinetics and association with mortality

2 65 y.o. with additional risk factor

n
3
n

n
o
1

o
1

Cumulated incidence of mortality (%)
O, (5.}

o

Time since symptom onset (days)

<65 y.o. without additional risk factor <65 y.o. with additional risk factor o 2 65 y.o. without additional risk factor -
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Time since symptom onset (days)

A. Median of the individual predicted viral load; B. Median of the predicted death rate.

Solid lines, predicted profile without treatment; dashed lines, treatment with 90% efficacy; dotted lines, treatment

with 99% efficacy; blue, patients aged <65 y; orange, patients aged 265 .

NéantN, et al. PNAS. Feb 2021 I
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NEW

SARS-CoV-2 evolution during treatment of chronic infection *

The evolutionary response by SARS-CoV-2 in the presence of antibody therapy in an immunocompromised host with persistent infection

> After Remdesivir at day 41
* transient amino acid changes <50% abundance in ORF1b, 3a and
spike, T39I substitution in orf7a reaching 79% on day 45
e |513T substitutionin NSP2 and a V157L substitutionin RdRp emerged
day 54 to reach almost 100% frequency on day 66

> After 2 convalescent plasma (CP) administrations
» Shift in population, variant with S mutations S796H and A69/70
became dominant at day 82

> Day 86-89
* Samples characterised by spike (Y200H,T240l1) double mutant, and
accompained by 1513T, V157L and N177S at high frequency
* Mutant that was dominant on day 82 decreased to <10%

> Onday93
* P330S on RBD, W64G in S1 domain at close to 100% abundance
* Previously frequent variants <2%, suggesting competition between
populations

> After Remdesivir on day 93 and CP on day 95
* Re-emergence of spike(D796H, A69/70) population, probably under
positive selection renewed by CP
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Highly dynamic population in immunocompromised patient
Combination of deletion and spike mutation conferred

selective advantage m
mTalinYea
(@] ] IU \
Kemp SA, et al. Nature. Feb 2021
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SARS-CoV-2 evolution during treatment of chronic infection "

= 107 5™ 5 107
Spike mutations impair neutralizing antibody potency g, S Rl L é R g, M
* spike(AH69/AV70) had twofold higher infectivity, spike(D796H) o1l R o1l 5 201l A
lower infectivity, and spike (D796H, AH69/AV70) had similar é\d\"’%ﬁ“’o«ﬁé‘(’ “g\é\“b@@‘;\o«ﬁ;é‘(’ “g\d\qﬁﬁi«iﬁ;@
infectivity compared to wild-type spike oP1 cP2 cP3
£ 10— £ 10+
* Spike(D796H) and spike(D796H, AH69/AV70) were less s s
sensitive to neutralization by convalescent plasma, but not s | —— B B
spike(AH69/AV70) & &
o . . _ o[ 50.1 T T T T EOJ T T T T
Negtrah‘zatlon potency of 8 tested RBD spec':lflc mgnoclonal £ & & 2o BRI
antibodies was not affected. Non-RBD-specific antibody SR 6\‘;@"’ R o’\}?
COVA1-21 showed 3-5 fold reduction in potency against Day 64 Day 66
Splke(D796H, AH69/AV70) and Splke(AH69/AV70) Patient’s plasma

Sensitivity of mutants to convalescent plasma
- Pseudotyped viruses bearing indicated mutations
- The serum dilution required to inhibit 50% of virus infection (ID50)

is shown, expressed as a fold change relative to the wild-type virys
£3CORE ans)

mission nationale
.;_l:.cri..--.:_:.-a ..:;_:i':'-:u:u:’e_-'. Kemp SA' ot al. Nature. Feb 2021
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SARS-CoV-2 evolution — Recurrent deletion regions %"

Phylogenetic analysis of deletion variants (red branches) and
Comparison of deletions acquired in an immunocompromised patient genetically diverse nondeletion variants (black branches)

(PLTI1) and patient sequences from GISAID RDR1  FoR2 RDR3 RDR4

B.40

.
B.1.36.8
B1258 [

e BT
B.1

» 4 recurrent deletion regions identified — Convergent evolution
under a common selective pressure

T

» RDRs 2 and 4: frequent loss of S glycoprotein residues 144/145 in : = r
RDR2 and residues 243 and 244 in RDR4. RDR1: frequent loss of 1 2007 : S =
residues 69 and 70 - B.1.1.7 [ i =
1.0E-5 ) i 1_0E-5B'I-1'4? 1;E-5. - ;E.s.

» Temporal and geographic distribution: these mutations have been

present throughout the pandemics Frequency of RDR variants

among GISAID sequences

» In vitro testing: these viral mutants are resistant to neutralisation by
the monoclonal antibody 4A8 but not by patient sera = Naturally
arising variants of SARS-CoV-2 can have altered antigenicity

% of GISAID sequences

/s
UQQ{LE;,EE)QQI@QQQQ
a:}GCOREB F FEF T SIS S an
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Changes in SARS-CoV-2 Spike

SARS-CoV-2 variant with Spike G614 has replaced D614 as the 128:?
dominant pandemic form: 60°/: _ G614

40% ' SARS-CoV-2
20%

 Spike D614G amino acid change is caused by an A-to-G

nucleotide mutation at position 23,403 in the Wuhan
reference strain

G614 |Is Associated with Potentially Higher Viral Loads in Jan 11 Feb 22 Apr 4 May 16 2020
COVID-19 Patients but not with disease severity:

G614 emerges in Europe

o

e A - _7 y Recombinant lentiviruses pseudo typed with the G614 Spike more
i ot infectious than corresponding D614 S-pseudo typed viruses

.

Sl fe o P o

SARS-CoV-2pp, 293T/ACE2 cells SARS-CoV-2pp, TZM-bl/ACE2 cells
p < 0,0001 40000 p < 0,0001
° Q, O D614

- P O G614
6,5- fold - 2,8- fold

o —  increase e _L_ increase
PCR Method 2: Heat treat

ot

= et

S

\d‘u
o ah ey
ob e ele

g

o

}

s

|« T 1
0614 G614 G614

* G614 is associated with a lower cycle threshold (Ct)
required for detection (higher viral loads)

T
™

Limits: this mutation is not single (e.g. associated to P314L in ORF1b) and represents the vast majority

(}g CO R E B of cases in France among non-travelers since the very beginning of the outbreak an
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Korber B, et al. Cell. Aug 2020
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Spike mutation D614G & SARS-CoV-2 fitness

What is the impact on viral spread and vaccine efficacy of the spike protein mutation D614G ?

_ ] L Viral replication and genomic RNA/PFU ratios of D614 and G614 viruses
D614G amino acid substitution reached over 74% of all produced from Vero E6 cells

published sequences by June 2020.

: T g~ D614 0 G614 g0 D614 O G614
Effect on viral replication in cell culture: 2
. . . . e o
- Use of Vero E6 cells to test a pair of recombinant isogeneic § aa B s S 5 .
viruses presenting a D614 or G614 E 4+ 3 4 = 1
' . o ] P0.002 2 Al .
- Two viruses replicated to comparable levels g i e
: : 4+ 5
- No difference was found on calculated the genomic r-l 9 ,
. 3
RNA/PFU ratios. : : T ' !
h..;? q!:b m"‘o 7 o

- D614G mutation does not affect viral replication or virion
infectivity in Vero E6 cells D614G substitution increases SARS-CoV-2 replication in the upper airway, but

not the lungs, of hamsters

In vivo relevance of D614G mutation: £ ") 4DPI _% ,}, ‘I’ & 7
[T S
- Hamster model: intranasally infecting with D614 or G614 - 5_;:[:.-;.3;5 } -}- 'E
- Hamster infected with G614 produced higher infectious E? 4 i
viral titers in the upper airway but not on lungs - 3- = D614 = G614
- The RNA/PFU ratios of G614 virus were lower than D614 in 52 Mml Trachea Lung  Lung  Lung  Lung
upper airway but differences are negligible in lungs. INash Cranisl Midls Causl fccessony
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Spike mutation D614G & SARS-CoV-2 fitness

In primary human airways tissue model:

D614G substitution increases SARS-CoV-2 replication in primary human airway
- Infectious viral titers of G614 were higher than those of tissues
D614

- RNA/PFU ratios of D614 virus were 1.4- to 5.3-fold higher
than those of G614 virus

O oe
.J,_I=I D614 o Cﬁ1 . P=0.0022 & DE14 o GE1

4
P=0.026 PenZ2  P=D.IGET

Ed —m— —

P=0.0087

—

pili ﬂ— i fir

0‘5" 0“1’

.F"IZI anz:
B P‘l} o2z

- G614 enhances viral replication through increased virion

o
infectivity in primary human upper airway tissues .: r] rI m H H

- Suggest the role of D614G mutation in viral
transmissibility

Log,, PFUImI
Logqg RNAPFU Ratio
i

ﬁ"q'\

%
& 4

.. R Neutralizing activities of hamster sera against D614 and G614
Effect on neutralization susceptibility: 9 f g

- D614G may confer higher susceptibility to serum 0.00247  Serum 5 gz.s- Serum §
neutralization 0.0020 - < ¢

- D614G may modulate spike protein conformation to affect . 0.0016 1 2.0
mAb neutralization Z 0.0012 - \ :s Meane1.7

L . can

- Mutation may not reduce the ability of vaccine to protect 0.0008 - £ 1.5 *3e

against COVID-19 0.0004 é K =

- Importance to test therapeutic mAbs against G614 0.0000 | ! E 1.0 I

- Importance to monitor the impact of future mutations - D614 G614

emergence with the introduction and use of vaccines

QCOREB an@s)
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Variants Of Concern - Spike mutations

The nonsynonymous spike mutation N501Y
encodes for an amino acid substitution on the RBD
domain.

Observed in two important circulating variants:
* B.1.1.7 (UK) strain — N501 mutation in RBD

* B.1.351 (South Africa) — N501Y, E484K and
K417N mutationsin RBD

In silico and structural analysis showed that:

» N501Y does not induce large conformational
changes in the RBD > possibly not affecting
antibody recognition

» NB501Y increases ACE2 affinity due to a lower
binding energy and favorable nonbonded
interactions of the Y501 residue

- B.1.1.7 might be more transmissible. In
B.1.351, N501Y increased affinity might be
counterbalanced by E484K and K417N, which
are not favorable for interaction with ACE2.

{*COREB
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VilloutreixBO, et al. Int J Mol Sci. Feb 2021
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B.1.351 lineage (VOC 501Y.V2)

> Marked hypermutation: 6 non-synonymous mutations in the spike protein by
to 15/10/20, then 3 more by 30/11/20, plus deletion of 3 amino acids

> Mutations N501Y, E484K and K417N are at key residues of the RBD — the two
latters are key for neutralizing antibody binding

> E484 and N501 pattern of nucleotide variation suggests evolution under
positive selection

> B.1.351 mostlikely evolved by mutation on circulating intermediate mutants

Whole Genomes Spike Region

Nuclectide Amino Acid Nucleotide Amino Acid

b=
=]

30 304 30 .
Number of nucleotide

substitutions and amino
acid changes

]
=1
n
=1

204 20

W

number of mutations

o

caat

0 04 0 '*‘ 'L
S Qr\_q, (gc-‘ ‘,)q} 0\ -k 0)3- <,§: 0\ & &€ {,;1 <,Jo c_.\ .&ﬁl
" o § o @ Ny @ o & @ Q;-\ &

B.1.351 likely emerged in Nelson Madela Bay in early August
It has a selective advantage, from increased transmissibility and/or immune esca

an
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Variants Of Concern - Lineage B.1.1.7

N501Y in the UK:
> 501Y Variant 1 without deletion A69/70 — Sept to mid-November, mainly in Wales
> 501Y Variant 2 with deletion A69/70 (B.1.1.7) — from late Sept, mainly in England

—> 501Y Variant 2 became the dominant lineage in England, increasing
from 0.1% in early October to 49.7% in late November

A —&— soi B 0.16
—&@— s01Y Variant1

%

Data of 501Y Variant 22
0.14 1 Model fit of so1Y Variant 22

0.12 |
0.1r

0.5 0.08

Proportion

0.06

0.04T

Proportion of sequences

0.02 -

- e . ~

o}
22 Sep 6 Oct

o b———

22Sep 29Sep  60ct 130ct  200ct  270ct 3Nov 10 Nov

20 Oct 3 Nov 17 Nov 1 Dec

Date 2020

Observed and fitted weekly propostion of 3 circulating variants (A) and of Variant 2 (B) (22 Sept - 01 Dec 2020)

501Y Variant 2 (B1.1.7) is highly transmissible due to high R,
but not shorter generation time

e 501Y Variant 1 Ry: 10% (95% Crl: 6-13%)higher than 501N
e 501Y Variant 2 R,: 75% (95% 70-80%) higher than 501N

QCOREB
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LeungT, et al. Euro Surveill. Jan 2021
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Increased B.1.1.7 growth rate

Several models identified a substantially increased
growth rate. One model estimated a growth rate of
0.104 days? =2 77% increase in RO

Similar increases in R estimated in other countries:
Denmark 55%, Switzerland 74%, USA 59%

Mechanistic hypothesis for the rapid spread

Increased transmissibility is the most fitting model,
followed by longer infectious period

Projection of Covid-19 dynamics in England

Regardless of control measures, all regions might
experience a wave of cases and death in early 2021

No substantial vaccine roll-out = cases, hospital
and ICU admissions, deaths in 2021 could exceed
those of 2020

The primary benefit of accelerated vaccine roll-out
is help to avert case resurgences following NPI

relaxation
Davies NG, et al. Science. Mar 2021 ‘E
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Variants Of Concern - Lineage B.1.1.7 £

31,390 VOC (B.1.1.7 lineage) and 52,795 non-VOC sequences — 01 Oct 2020 to 16 Jan 2021, England

4

>

VOC frequency // South East :j 80%
South West 55 O S- O S+
> Rt: R(VS+) ) b ® 0-10 ® 11-18 ® 19-49 @ 50-99
- VOC R, was greater than non-VOC for all week pairs g 0%
- Mean ratio of R, was 1.70 (95%Cl: 1.22-2.49) for Nov-Jan and 2
declined to 1.5 by mid-Jan §
- VOC has a transmission advantage 5w
> Age distribution: E

Population sizes of VOC and non-VOC: estimated growth rate difference
0.33/week (95%Cl: 0.09-0.062) > VOC reached 50% frequency within 2.5-
3 month after its emergence

Ratio of reproductive numbers:

25 Oct—16Jan: 1.89 (95% Crl: 1.43-2.65)
By mid-January: 1.54 (95%Cl: 1.34-1.82), coinciding with increasing

o

o

a

“East of England ©

. London

¢ Midlands

® North East
¢ North West

v

" B % o ¢ ®

45
46
47
48
49
50
51
52

- Age 19-49: consistently over-represented relative to their share population, little difference between

VOC and non-VOC cases

« Age 11-18: over-represented relative to their share population, differences between VOC and non-

VOC cases statistically significant for 3 weeks in November (2" lockdown, schools remained open).

QCOREB
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epiweek

Reproduction no. Of S- (VOC) et S+ (non-
VOC) over time and between regions

Age distribution of S+ (VOC) and
S- (non-VOC) cases over time

n
<

N & \"v/ ) N’
%Qrﬁ (LQ“S @@Q 09@“ q§z9 “9%\
1 B\ v
Volz E, et al. Nature. Mar 2021
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Variants Of Concern - Lineage B.1.1.7

Sample

* >30 year-old SARS-CoV-2 positive community individuals (UK, 1 Oct 2020 — 28
Jan 2021), identified as S positive (previous variants) or S negative (B.1.1.7)

* 54 906 pairs of participants (S-pos and S-neg), matched on age, sex, ethnicity,
index of multiple deprivation, lower tier local authority region, sample date of
positive specimen = minimum bias

Main outcome: death within 28 days of first positive test

Survival probability

> 227 deathsin S-neg arm, 114 in S-pos arm = Hazard ratio (HR) 1.64 (95% Cl,
1.32-2.04; P<0.001)

> Rate of death in S-pos and S-neg diverged after day 14

* Day 0-14 — HR was not increased
* Day 15-28 —HR 2.40 (1.66-3.47)

No evidence of asymmetrical delays in time from hospital admission
Higher viral load at timing of sampling in S-neg arm

* Either due to intrisic property of the variant = higher mortality
associated with high viral load

* Ortotiming in testing: S-neg patients presenting at peak of infectiousness

GCOREB

mission nationale
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Kaplan-Maier survival curve for S-pos (previously circulating
variants) and S-neg (B.1.1.7)

1.000
0.999
0.998
0.997 -

- S gene positive

S gene negative

0.996 g =
0'9950 7 14 21 28

Time from first positive test result

Infection with B.1.1.7 is associated to higher mortality
Most probable HR 1.64, or 64% increased risk of death

ChallenR, et al. BMJ. March 2021 .E
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Variants Of Concern - Lineage B.1.1.7

2,245,263 individuals who had a positive community test (1 Nov 2020 — 14 Feb 2021).

Prevalence

NEW
30

Survival among individuals tested in the community in England

with and without SGTF (Kaplan-Meier plot, 95% Cis)

1,146,534 (51.1%) had a conclusive SGTF (S-Gene Target Failure) reading, of these,

C 1.000 -
58.8% had SGTF ( = B.1.1.7 variant)
[
e SGTF prevalence was lower in older age groups: 59.0% in 1-34 yo, 55.4% in 285 yo g
< 0.998-
» SGTF status was strongly associated with age and place of residence @
* SGTF prevalence increased over time: from 5.8% (Nov 2020) to 94.3% (Feb 2021) %
£ 0.996
Mortality =
L SGTF
19,615 people died in the study group (0.87%). 17,452 of observed deaths (89.0%) Non—-SGTF
met criteria to be defined as Covid-19 death Dosaq , i i , i :
, ] 0 10 20 30 40 50 60
* Crude Covid-19 death rate was 1.84 deaths per 10,000 person-days in the non-SGTF Time
group vs. 1.42 deaths per 10,000 person-days in the non-SGTF group SGTF
. T i i CaV. : Al risk 674539 625587 549622 448192 303131 155715 0
Absolute mortality risk within 28 f:lays of a positive SARS CoV-2 test: Cansorsd 0 47638 129938 993187 380064 51547E &71181
o Females aged 70-84: 2.9% without SGTF, 4.4% with SGTF (95% Cl 4.0-4.9%) Events 0 1314 2579 3160 3314 3349 3358
o Females aged 285: 13% without SGTF, 19% with SGTF (17-21%) Non-SGTF
o Males aged 70-84: 4.7% without SGTF, 7.2% with SGTF (6.4-7.9%) cﬂf f*ﬁf;d *”‘[?95 4?3;;1 ‘?gg?t‘ "159023?153 44?;?539";* SET;'E“IE 459%22
. . TS0 b
o Males aged >85: 17% without SGTF, 25% with SGTF (23-27%) Evante 0 771 1542 1903 2057 2128 2173

B.1.1.7 shows a substantial increase in absolute risk amongst older age groups, but the risk of
QCO R E B COVID-19 death following a positive testin the community remains below 1% <70 years old
mission nationale
i..l?crli-:-'I-:-Ir.jnll::?i;a_:n:-rl’jl._i Davis NG, et al. Nature. March 2021
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Vl RO I_O GY (April 2021)

1. Which type of virus is SARS-CoV-2?
- RNA viruses that belong to the betacoronavirus genus

2. What is the stability and viability of SARS-CoV-2?
- Stability is similar to that of SARS-CoV-1 under experimental circumstances tested

- Aerosol and fomite transmission of SARS-CoV-2 is plausible

3. What do we know about viral load and shedding according to different samples?

- Highest positive rates of SARS-CoV-2 in bronchoalveolar fluid among severe patients

- Noinfluence of sex, age and disease severity on viral loads, has been observed

- Viral shedding may begin 2 to 3 days before first symptoms

- Detection of viral RNA does not necessarily mean that infectious virus is present, especially for low viral loads and >8 days from symptoms onset

- Viral load may be an independent risk factor associated to mortality
4. Alternative to the nasopharyngeal swab for SARS-CoV-2 detection?
- Saliva sample might be a good alternative to the NPS with several advantages, but asymptomatic populations are poorly characterized

5. What is the impact of RBD mutations for SARS-CoV-2? What are the characteristics of the current Variants of Concern?
- D614G may increase transmission by increasing viral load in the upper airways without clinical impact

- D614G may have higher susceptibility to serum neutralization --> may not reduce the ability of vaccine to protect against COVID-19

N501Y and other RBD mutations appear to increase transmissibility of B.1.1.7 and B.1.351 lineages

- Anincreased risk of mortality seems associated to B.1.17 lineage
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