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Agenda: 
-Plenary Sessions: Presentations
(1) Prof. Heyman: Objectives of the meeting
(2) Oliver Morgan: Understanding the global spread of emerging SARS-CoV-2
(3) Mark Perkins: SARS-CoV-2 and the pressures on the virus to evolve: what is known?
(4) Maria von Kerkhove: Ongoing strategies for the monitoring and control of spread of emerging variants of SARS-CoV-2
(5) Adolfo Garcia-Sastre: Animal models
(6) Jake Dunning: Evidence on changes on disease severity and treatment approaches for pts infected with new variants
(7) Phil Krause, WHO: vaccines and variants
-Parallel Sessions: Working Groups
1/Epidemiology & mathematical modelling 
2/ Evolutionary biology 
3/ Animals models
4/ Assays & Diagnostics
5/ Clinical management & therapeutics
6/ Vaccines

comment: WHO is planning to establish a biohub for international research, hosted by Switzerland.
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	Oliver Morgan: Understanding the global spread of emerging SARS-CoV-2
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	Over time: Predominance of G614
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	No additional cases, no spread despite good surveillance, has disappeared from human population in Denmark
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	VOC 202012/01: 
Coinciding new mutations and S-deletions (useful for diagnostics)
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	Continuous spread in UK
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	SAR in different counties: mostly elevated and in all age groups
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	No difference in hosp admission or case fatality
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	Reports from 46 countries by 11.01.2021
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	In Denmark: 
B.1.1.7 has become dominant
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	501Y.V2 1,5 times more transmissible, perhaps also due to immune evasion. 
Severity issue not resolved yet. 
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	18 countries affected
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	Mark Perkins: 
SARS-CoV-2 and the pressures on the virus to evolve: what is known?
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	From February 2020:
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	Perhaps from i-compromised pt or undetected population
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	Maria von Kerkhove:
Ongoing strategies for the monitoring and control of spread of emerging variants of SARS-CoV-2
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	Example of roll-out in Africa
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	Recommendation for prioritization of sequencing
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	Platforms: nextrain, GISAID, pangolin
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	Standard nomenclature is needed and being worked on  working group this p.m.
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	Working with R&D blueprint
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	Adolfo Garcia-Sastre: 
Animal models
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	Jake Dunning:
Evidence on changes on disease severity and treatment approaches for pts infected with new variants
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	SGTF = S-Gene target failure
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	Brazil variant
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	Phil Krause, WHO: 
vaccines and variants
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	Breakout sessions
	WORKING GROUPS

	Group 1
	Epi & Modelling

	John Amuasi (chair)
	Neil Ferguson: “my greatest concern is the E484K – variant in Brazil. To be precise - B.1.1.28(K417N/E484K/N501Y)” 
https://virological.org/t/spike-e484k-mutation-in-the-first-sars-cov-2-reinfection-case-confirmed-in-brazil-2020/584

Andrew Hayward: “it is important to try to make and make sure the samples that are sequenced are representative of different settings e.g.- community, hospital, nursing homes - rater than biased towards outbreaks”

Oliver Morgan: 2 entry points to detect a VOC: sequencing detects an increasing proportion of a variant  what is the epi? --- OR: (as happened in the UK): unusual epi  is there a VOC behind?

Maria Clara Padovec: “The understanding of drivers of mutation leading to VOC is a priority to identify potential for stopping it”
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	TOP priority:
	National databases; longitudinal epi studies for cohorts (infected, never infected, …)

	
	

	Group 2
	Clinical characterization and management and therapeutics

	John Marshall, 
Lydon Patrick
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	TOP priority:
	Future clinical trials, specific therapies

	
	

	[bookmark: _Hlk61364408]Group 3
	Animal models

	Dan Barouch
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	TOP priority:
	Distribute viruses quickly around the world; resistance studies

	
	

	Group 4
	Assays and Diagnostics

	Florian Krammer
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	TOP priority:
	To get serum samples very rapidly

	
	

	Group 5
	Evolutionary biology

	Malik Peiris

In short order evolution of several new variants of relevance
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	Long branch length of some variants, e.g. UK variant, could suggest evolution under unusual condition. 
First signal is mostly: epi or routine sequencing. How to standardize sampling? How putting together epi and sequence data?
Risk assessment: e.g. TIPRA (WHO), or IRAT (CDC). 
Nomenclature: should not have a country’s name, but should be easy to capture for the public. 
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	Sampling: might need something similar as the Global Influenza Surveillance Network. 
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	TOP priority:
	(1)establish GLOBAL surveillance system to monitor variants (use Influenza as model)
(2)nomenclature

	
	

	Group 6
	Vaccines

	Phil Krause

Many epitopes of vaccines might prevent drop of efficacy
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	Ecological studies: e.g. sewage.

Effectiveness might decrease gradually.
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	Global surveillance of high importance
	[image: ]

	TOP priority:
	Global research agenda
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Weekly situation by WHO region

(as of 10 January 10H CET)
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COVID-19 NEW VARIANTS - Gkuur: 1
research questions

* Rapid cross-sectional studies and longitudinal studies : shedding studies and
link to exposure and outcomes of wild-type vs. new variants / line up
shedding studies from respiratory samples with environmental and sewage
sampling

* Variants fitness: comparative analyses of infectivity (WT, variants) and
spectrum of disease

* Innovative approaches linking surveillance data and sequencing data through
Al

* Implementation science research: community-engaged research strategies
specifically for the vulnerable and high-risk groups and estimate generation of
infection rates, fatality rates
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How to establish an approach to develop and implement

aresearch agenda for these variants and future variants?

= Approach depends on how we identify variants, each come with their own challenges
« Identify variant, investigate association (if any) with changing epidemiology
« Challenge: multiple variants identified and not always of concern
« Identify changing epidemiology, investigation association (if any) with
sequencing
* Challenge: multiple reasons for changing epidemiology (mixing patterns,
variants, etc)
= Critical Questions Include:
= Possibility for re-infection, co-infection
= Reinfection and immune evasion
= Understanding how community level behaviours/control measures/adherence
contribute
= Optimize laboratory approaches for systematic testing to identify changes at the
population-level
= Sentinel sites a promising approach
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What is known so far?

* Multiple variants emerging

* Primary consequences appear to be
differential transmissibility

* Impact on clinical severity minimal (so far)

* Impact on response to vaccines unknown
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hat are the key research questions/key st

and methods to investigate them?

* |IPC interventions, PPE, HCW protection, duration of viral shedding,
duration of isolation, transmission route

* Characterize clinical course and variability by variant and sub population
(e.g. pregnancy, HIV, immunocompromised, children)

* Evaluate differential response to therapies — Mab, convalescent plasma
(timing of treatment for mild diseases, combination of therapies, link to
AMR)

* How will widespread vaccination impact viral evolution?

* Are there variants with differential virulence or capacity to evoke
dysfunctional host response?
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What are the key research questions/key studies

and methods to investigate them?

* Development of rapid, deployable diagnostics to
identify variants

* Interactions between viral and host genetic
variability

* Effect of therapy on emergence of variants
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How to establish an approach to develop and implement

a research agenda for these variants and future variants?

* Development of global surveillance capacity based
on random sampling

* Incorporation of sequencing capacity into large
ongoing RCTs (biobanking and sequencing)

* Integration of viral sequencing in studies of host
response
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What is known so far?

¢ Multiple animal models have been developed for SARS-CoV-2,
including small animals (mouse/hamster/ferret) and large
animals (macaques) (Munoz-Fontela et al. Nature 2020)

« Different animal models may be relevant for answering
different research questions e.g. pathogenesis, resistance,
transmission studies

* Asvariants become more human adapted, certain models may
need to be “humanized”; for certain studies nonhuman
primate models may be particularly relevant
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What are the key research questions/key studies

and methods to investigate them?

* Virus Stocks
* Need to be well characterized, deep sequenced, rapidly
shared, globally distributed
* Provide instructions and QC for virus stock generation to
investigators

* Models
* Value of comparison among different models for resistance
and pathogenesis studies
* No single model recapitulates all human disease features
* Link animal model work with in vitro assays and human data
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What are the key research questions/key studies

and methods to investigate them?

* Key Resistance Studies
* Natural immunity (serial infection re-challenge studies)
* Vaccine immunity (protection studies, dose titration studies)
* Adoptive transfer of convalescent or vaccine IgG
* Utilize both small and large animal models (such as
hamsters, transgenic mice, and macaques)
* Neutralization vs other antibody functions for protection?

* Key Pathogenesis Studies
* Receptor use
* Tropism
* Transmission
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How to establish an approach to develop and implement

a research agenda for these variants and future variants?

* Need to develop an international framework for the evaluation
of virus variants in animal models

* Expectation that additional variants will emerge

* Key themes: virus stock sharing and QC, model selection, key
research questions for all main variants that emerge

* Additional questions defined for individual variants

» Top priority: resistance studies of natural and vaccine immunity
(humoral and cellular) with both in vitro and in vivo outcomes
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SARS-CoV-2 Variants

= Jan-Feb 2020: SARS-CoV-2 with D614G substation
= August to September 2020: a mink-associated SARS-CoV-2 variant (referred to as “Cluster 5) in

Denmark

= 14 Dec 2020: SARS-CoV-2 Variant of Concern, year 2020, month 12, variant 01 (SARS-CoV-2 VOC
202012/01) reported by the United Kingdom of Great Britain and Northern Ireland authorities

= 18 Dec 2020: SARS-CoV-2 501Y.V2 reported by South African authorities

= 6 Jan 2021: SARS-CoV-2 B.1.1.248 lineage with 12 mutations in the spike protein reported by Japan
persons traveling from Brazil
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?

Mutations in some of the variants impact on some nucleic acid based diagnostics

This san even — by chance - be used to differentiate variants (S gene target
failure/SGTF)

Some mutations seen in these variants may impact on neutralization
* Position 484 of the spike in the RBD is know to impact on antibody responses
including polyclonal serum

* NS5O01Y is maybe not as much of a problem, but more data needed
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What are the key research questions/key studie

and methods to investigate them?

What is the impact on diagnostics?
Nucleic acid testing?
Antigen tests?
Testing this is in principle very simple

What is the impact on neutralizing activity of convalescent/vaccinated individuals?
Samples are needed (sera, virus) to test this, assay setup is relatively simple

Correlates of protection? Neutralization may just be part of the story.
T-cell recognition of variants?
Non-neutralizing antibodies?

Develop simple, non-sequencing tools to detect variants.

What is the impact on serology?

What is the impact on mAb therapeutics in vitro? What is the impact on other therapeutics in vitro?
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How to establish an approach to develop and implement

a research agenda for these variants and future variants?

We need a system to keep up with emerging variants in terms of research, diagnostic testing, vaccine
effectiveness etc. Also, a system for fast and simple sharing of samples, information etc. is needed!

Panels of samples

. Panel of sera from vaccinated individuals

. Panel of sera from convalescent individuals

. Panel of sera from individuals infected with the different variants
. Panel of mAbs reflective of the different spike epitopes

. Panel of samples containing different variants to test diagnostics

= itis a big challenge to collect/share these samples.

Internationally coordinate effort to test diagnostics, test sera from convalescent/vaccinated individuals, test mAb therapeutics and
track variants

> Should this be done locally or centrally?
> Integration with ‘Agility'? WHO Influenza Centers/Surveillance System? Sentinel sites? CEPI lab networks? - WHO needs to
identify partner agencies to provide testing expertise and tools.

Better interaction between industry and academic and clinical labs (for both vaccine and variant virus sample access, and information
on targets for diagnostics)

Implement simple, non-sequencing tools to detect variants.
Implement tools that sustainably help to identify and track any new upcoming variants.
We need definitions: What is a variant? What is a variant of concern (VOC)?
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What are the key research questions/key stu

and methods to investigate them?

* What is driving the mutations?

* How to establish clinical phenotype, transmission, severity and
vaccine escape?

* Phenotyping approaches in laboraotry

* Strategies for Sampling and sequencing - design and
approaches

* Overall risk assessment strategy

* Nomenclature
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How to establish an approach to develop and implement

aresearch agenda for these variants and future variants?

Rapid identification of variants under investigation and variants of
concern

Multidisciplinary groups for short term and longer term strategies
on the following:

¢ Sampling strategy

* Phenotyping

* Risk assessment (Flu TIPRA for example)

* Nomenclature

+ Rapid development for PCR methods to detect VOC
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New variants are rapidly evolving

We do not know yet if circulating viruses will become vaccine-resistant, but there are
some concerning indicators.

It would nonetheless be prudent to prepare for that possibility with the sense of

urgency.
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at are the key research questions/key studie

nd methods to investigate them?

1. Can evolution of vaccine-resistant strains be prevented?
= Vaccination, public health measures, proper antiviral use, investigation in

immunosuppressed
2. How can the evolution of potential vaccine-resistant strains be detected?
* In-vitro

« ecological studies
* Animal studies to evaluate key questions
 Clinically (trials and observational studies, evaluate new variants in transmission
studies)
* Global surveillance system including sentinels (e.g. severe disease,
immunosuppressed)
* How to decide which variants are relevant?
3. If there is a need to think about new vaccines, how can that be accomplished most
efficiently?
* (new technologies?)
4. Consider effect on rollout of existing vaccines
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How to establish an approach to develop and implement

a research agenda for these variants and future variants?

1. Approaches to accelerate sequence, reagent, human sera and standard (including
temporary standards) generation and sharing

* Can WHO collaborating centres be leveraged?
2. Approaches to enhance collaboration
3. Identification of who has responsibility for different tasks (including international
community, governments, non-profits, companies, individual investigators), and assuring
these people have necessary resources
4. Central coordination of research plan by WHO, modelled on other global surveillance
networks, which will need to be frequently revisited
5. Consider importance of global equity and of collecting relevant information around
the world
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D614G mutation over time
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Denmark - Mink associated SARS-CoV-2 Variant

Denmark
181,486 cases, 1.570 deaths
= Danish authorities have reported an extensive spread of SARS-Cov-2 ™ “
among farmed mink since June 2020. . =
] 15000

g
SyiEsp 10 JoquInN

* On 5 November 2020, in 12 human cases of mink-associated SARS- éw
CoV-2 variant (referred to as “Cluster 5”) that occurred in August to o0
September 2020 were reported from North Jutland. ° -

Week of report

* The cases ranged in age from 7 to 79 years; 8 had a link to the mink W Cases — Do

farming industry and 4 were from the local community.
* To date, following extensive investigation and surveillance, no additional human cases have been identified




image11.png
United Kingdom: Increasing COVID-19 incidence in October to December 2020

Country Analysis: Daily Cases and Deaths over Severity of Public Health and Social Measures (PHSM)
Last updated on 06-01-2021
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Cases of VOC 202012/01 in England,

20 September 2020 to 4 January 2021

14 December 2020: reported a new SARS-CoV-2 Variant
of Concern (VOC) 202012/01 to WHO
* Unusually large number of mutations, particularly
in the gene encoding spike protein resulting in
deletion 69-70, deletion 144, N501Y, A570D, D614G,
P681H, 7161, S982A, D1118H
+ The deletion at position 69/70del was found to
affect the performance of some diagnostic PCR
assays with an S gene target.
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Proportion of cases with SGTF over time in England

Es spricht: Oliver

Proportion of Pillar 2 COVID-19 cases with SGTF among those tested in TagPath Labs, by Local Authority
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VOC-202012/01 is confirmed through whole genome sequencing. SGTF is a surveillance proxy based on PCR CT values and may include other variants

TaqPath labs = Alderiey Park. Milton Keynes and Glasgow Lighthouse Labs
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England age distribution over time

As of 7 Jan 020

e In every region, the VOC took off in

11-18 year olds first, likely because
lockdown in November was
reducing contacts in adults. Then
after the lockdown, growth
accelerated in adults
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tes: contacts becoming cases, England

Es spricht: Oliver Morgar

Breakdown by contact characteristics using genomic sequencing data
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Increased within-household transmission, no difference in severity or

mortality e

Household Transmission Severity and Mortalit

Variant cases frequency matched to wild-type cases on a 1:1 basis by age

Household pair counts: counts of pairs of individuals in household with group, sex, upper tier local authority (UTLA) of residence and two-week
at least one member ever positive by each member of the pairs strain (4 time-period for specimen date.
weeks to 21 Dec 2020)

Other Positives [New Variant VOC 202012/01 Wild type s P value

Negative (Pearsons Compatible

Residuals) (Pearsons Residuals) Median Age 36 35
New Variant Sex ( % female) 51.4% 51.4%
Compatible

Residential cluster 63.5% 56.1% 0.000
(Other Positives 3315 Hospital admission 16 cases (0.9%) 26 cases (1.5%)
Negative 28-day case fatality 12 (0.89%) 10 (0.73%)
6588 3315 1264

Source: ONS. New variant clustering in household analysis. Source: https://www.gov.uk/government/publications/investigation-of-novel-sars-
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditi cov-2-variant-variant-of-concern-20201201

onsanddiseases/adhocs/12714newvariantclusteringinhouseholdsanalysis
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territories/areas reporting VOC 202u12/U1 varnant
as of 11 January 2021)

Country, territory, area reporting VOC 202012/01 b s

1 Verified
V/A Under verification

- ’
v —sni”
7
*46 countries including the United Kingdom have reported VOC202012/01 variant. 34 countries
have officially reported to WHO and 12 were found through event-based surveillance activities
(Belgium, Greece, Iran, Mexico, New Zealand, Oman, Peru, Philippines, the Republic of Korea,
Thailand, UAE and Vietnam)
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Epi update from Denmark

Detection of low level community circulation of new
variant — 82 variant cases confirmed — majority
unlinked to travel with increasing % over time (now
about 2.5%).

Estimated growth rate which is 72% (37-115) higher
for B.1.1.7 than for other variants

Modelling work with assumption of different
reproductive rates for the reference variants

Expect B.1.1.7 to be the dominating virus by mid
February

Based on this have strengthened further PHSM
measures to reduce transmission now

Number of confirmed cases with B.1.1.7 from 14 November to 26 December by
region

16

14

12

10

S §
o o
L
3
3 g
)
4

o
o
8
&
9
~
-

19-11-2020 -
27-11-2020 =

28-11-2020 .

29-11-2020 E———

01-12-2020 W=——

03-12-2020 E————

07-12-2020 ™.

a/cdn//

12-12-2020 We———
13-12-2020 EEE————
14-12-2020 ——
15-12-2020 wesaEm
16-12-2020 W———
17-12-2020 MmE—

18-12-2020 W.
19122020 .

24-12-2020

20-12-2020 ———
21-12-2020 W=

ny-engelsk virusvariant.sarsc

25-12-2020 R ——
26-12-2020

W Southern Denmark
W Zealand

wNorth Jutland

W Central Jutland
WThe Capital

¥ Unknown





image19.png
South Africa: SARS-CoV-2 variant (501.V2)

18 Dec: NGS-SA
announced a new

variant not previously
seen in viruses from South
Africa prior to Sep 2020.
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501Y.V2 ha become dominant in three provinces in South Africa

Genomes sequenced from the provinces of Eastern Cape, Western Cape, KwaZulu-Natal
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Source: Network for Genomic Surveillance South Africa (NGS-SA) led by Professor Tulio de Oliveira
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Emergence of 501Y.V2 in Nelson Mandela Bay

Source: Network for Genomic Surveillance South Africa (NGS-SA) led by Professor Tulio de Oliveira
https://www.medrxiv.org/content/10.1101/2020.12.21.20248640v1
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Possibly increased transmissibility of 501Y.V2

Estimates that 501Y.V2 is 1.50 (95% Crl: 1.20-2.13) times as transmissible as previously circulating variants

Incidence

rH = reported (7 day mean) = model (N0 S01Y.V2) === estimated 501Y.V2

1 el
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Source: Pearson et al,. https://cmmid.github.io/topics/covid19/sa-novel-variant.html
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rritories/areas reporting 501Y.V2

n as of 11 January 2021)
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Country, territory, area reporting 501Y.V2 variant —
- Verified i *Eighteen countries including South Africa have reported 501YV2 variant. Eleven countries
have officially reported to WHO and seven were found through event-based surveillance

v,
M el activities (Botswana, Brazil, Canada, China, Israel, the Republic of Korea and Zambia).
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New variant of concern within lineage B.1.1.248

Variant detected in travelers from Brazil to Japan:
« 6 Jan: NIID Japan detected novel variant in 4 travelers arriving 2 Jan from Brazil as part of routine entry screening (2 Jan).
« 9 Jan: Japan NFP notified WHO
« 10 Jan: Japan issued press release
« Variant belongs to linage B.1.1.248 and has 12 mutations in the spike protein
This variant has three mutations of boncern in common with other variants:
* K417N/T: Negative impact on host immune response
* E484K: Increased ACE2 binding; negative impact on host immune response (also observed in VOC-202012/01 and 501Y.V2)
* N501Y: Increased ACE2 receptor binding (also observed in VOC-202012/01 and 501Y.V2)
+ List of mutations in the spike protein: L18F, T20N, P26S, D138Y, R190S, K417T, E484K, N501Y, D614G, H655Y, T10271, V1176F.
« Not identical to B.1.1.248 with E484K mutation identified in Brazil
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Some Concluding Thoughts

« Emergency of several variants in high-incidence settings
+  Opportunities for viral evolution in multiple locations around the world

« Occurrence of variants with increased transmissibility
+  Limited evidence of changes in severity
+  Relevance for diagnostics, vaccines, therapeutics

 Understanding the epidemiology associated with SARS-CoV-2 variants is challenging
«  Multiple drivers of epidemiological patterns

+ Genome sequencing capacity is limited around the world
«  Difficult to get a comprehensive understanding of the occurrence and role of variants
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SARS-CoV-2 and the pressures
on the virus to evolve: what is
known?

Mark Perkins

12 January 2021

Kojima, Frank Konings, Ch
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Key areas of focus/considerations for research on the virus

Delineate natural history of infection and immune response
Develop and disseminate diagnostic tools

Characterize transmissibility and infectivity

Define the key uses for immunodiagnostics/serology

Define the role of viral sequencing for outbreak management
and development/monitoring of countermeasures?

G > NP
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Frequency of D614G mutation in sequenced strains

* 614G associated
with larger
human case
clusters

*  Animal studies
show increased
transmissibility

* Noimpacton
vaccine-related
neutralizing Ab

Frequency of D614G*

Jan Feb Mar Apr May Jun
2020

*Number of samples » 52.292
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United Kingdom - VUI 2020 12/01

« VUI 2020 12/01 has a larger than usual number sene nuceoude amino acid
of mutations. ORFtab 22677 1004
ceasen Ar0s0

+ Three of these mutations have potential

Tessec 122307
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Structural visualization of spike RBD-hACE2 complex

Tbe three RBD mutations are at key
residues interacting with the human
ACE2 receptor and with neutralizing
antibodies (NAbs)

N501Y enhances binding affinity to
ACE2

E484K enhances binding affinity to
ACE2 and confers resistance to
class 2 NAbs

K417N would abolish key
interactions with class 1 NAbs, and
likely contributes toward immune
evasion at this site
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Potential drivers of increased genesis of variants

« Selective pressure from antibodies caused by natural infection, vaccination, prolonged monoclonal Ab therapy
* Species-jumping event

* Prolonged replication in an immunocompromised host

* Mutation in nsp12 affecting proofreading function

« Deletions not corrected by proofreading proteins
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Spike protein deletion events drive Ab escape
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Objectives of SARS-CoV-2 genomic sequencing
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Assessment of new SARS-CoV-2 variants

+ Did the variant achieve prominence through natural selection or chance events?

* Which mutations are being selected?

+ What is the adaptive benefit of these mutations?

+ What effect do these mutations have on transmissibility and spread, antigenicity or virulence?
What impact do specific mutations have on the utility of diagnostics and medical countermeasures?
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The aim is to urgently discuss an R&D agenda in response to
existing and other emerging variants of SARS-COV-2.

The key objectives will be to:
o identify the critical research questions related to variants and

o agree on a research approach to address priority research for these and
other emerging variants.
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Ongoing strategies for the
monitoring and control of spread of
emerging variants of SARS-CoV-2

Maria Van Kerkhove

12 January 2021
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Establishing a risk monitoring framework to evaluate SARS-

CoV-2VOCs

+ Components of framework
— Surveillance: Epidemiological; Molecular diagnostic testing; Monitor virus circulation with genomic sequencing,
including virus evolution and phylogenetics
— Research studies on potential variants of concern (VOCs)
« Protein modelling studies
« Laboratory Studies (i vivo and in vitro)
+ Modelling and epidemiological studies
— Evaluation impact of evolution on available and future diagnostics, therapeutics and vaccines
- Allinformation feeding into Rapid Risk Assessments

« Principals for success
— Robust framework and assessment
— Regular communication
— Strong collaboration
— Increased capacities for sequencing and bioinformatics
— Platforms to support sequences and phylogenetics
— Clear, consistent and evidence-based communications and actions
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Establishing best approach for specific contexts
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Expanding SARS-CoV-2 diagnostic capacity

PCR platforms implementation

Evaluated with reference laboratories and other partners dozens of molecular assays
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Regional example: molecular diagnostic capacity
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SARS-CoV-2 genomic sequencing for public health
goals

Interim guidance
8 January 2021 Organization
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Surveillance networks exist for flu, polio, measles, rubella, HIV and other
diseases — leverage to support sequencing for SARS-CoV-2
S

Structure of the network
* >88 GISRS laboratories \ remorkios provides secm o ericm
conducting SARS-CoV-2
sequencing according
to the submission in
GISAID

* Example of polio
sequencing lab network
framework
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Prioritization of SARS-CoV-2 cases for sequencing

+ WHO issued guidance on sequencing late last week and recognizing that sequencing
capacity varies globally, and in most places limited
+ WHO recommends prioritizing sequencing for:

i.  from individuals vaccinated for SARS-CoV-2 but who later become infected with SARS-CoV-2 despite
exhibiting an appropriate immune response to the vaccine;

ii.  inrisk settings, such as where there is close human—animal interaction with a large number of animals
that are susceptible to SARS-CoV-2 infection, or where there are immunocompromised patients with
prolonged shedding, especially when receiving antibody therapy against SARS-CoV-2;

iii.  when there is an unexpected increase or change in SARS-CoV-2 transmissibility and/or virulence;

iv.  when there is suspicion of a change in the performance of diagnostic (antibody, antigen, molecular
assays) methods or therapies; and

V. during cluster investigations when sequencing can support understanding of transmission events and/or
evaluate the efficacy of infection control procedures.

hitps://apps.who.intiris/handle/10665/338483
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. Emerging variants of SARS-COV-2: what is
known

. Identifying the research priorities

. Defining the research agenda
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WHO SARS-CoV-2 Evolution working group focus

= Strengthen mechanisms to identify and prioritize (potential) relevant mutations

* Ide
char

y relevant mutations early and study the potential impacts related to viral
cteristics (e.g. in virulence, transmission) and effectiveness of available and future
countermeasures (e.g. diagnostics, vaccines and therapeutics)

Evaluate possible mitigation strategies to reduce the negative impact of mutations

y the impact of specific mutations (including the laboratory controlled /7 vitro and
in vivostudies of mutants)
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Defining Variants of Concern

Working to develop a set of criteria and a decision tree to define a variant of concern and to assess
the level of risk of each VOC based on (potential) impact on public health to alert* and react:

— Increased number of cases

— Increased mortality

— Increased severity

— Vaccine failure

— Treatment failure

~ Diagnostic failure (clinical and laboratory)

— Increased number of reinfections

— New population at risk (age, gender, immunological status, comorbidities..)

— Predictive molecular criteria? Number of nonsynonymous mutations, localization of mutations...

-> collaboration between the WHO evolution working group, epi and lab teams, R&D networks, manufacturers
Need to define the reporting mechanisms, analysis frameworks, updating recommendations

*e.g., Tool for Influenza Pandemic Risk Assessment
(TIPRA)
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Coordination of prioritized research on VOCs

Experiments with live virus in appropriate biosafety and biosecurity laboratories to determine
the impact on:

— Transmission

— Disease presentation and severity

— Impact on diagnostics, vaccines and therapeutics

And where possible predict and anticipate on potential variants of concern that may arise

Coordination of research across partners is critical: WHO, partners and gmups of
international scientists (WHO Virus Evolution Working Group, WHO R&D, Researchers,

Manufacturers)
— Develop R&D agenda for SARS-CoV-2 variants

Race against time: proactive vs. reactive
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models and assays'in the context of circulating variants;

what have we learn so far?

Adolfo Garcia-Sastre
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Why a variant becomes more prevalent? Scenario 1

The variant is more transmissible
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Why a variant becomes more prevalent?
Scenario 2: The variant starts propagating in a community with more contac
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Why a variant becomes more prevalent? Scenario 2
The variant starts propagating in a community with more contacts
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Viruses are selected for enhanced transmission

* Type of mutations:
v'Mutations that make the virus more stable in aerosols, droplets and the
environment
v'Mutations that facilitate infection
v’ Mutations that increase viral titers in the upper respiratory tract
v'Mutations that increase duration of viral shedding

* Other possible consequences of mutations that enhance transmission
v'May or may not enhance virulence
v'May or may not expand host tropism
v'May of may not change antigenicity
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Animal models and assays in the context of circulating variants

Transmission

If mutation results in a enhanced stability:

In vitro assays: Infectivity stability assays
In surfaces
In droplets
In aerosols

In vivo assays: Any animal model of transmission
Hamsters
Ferrets
Cats, others
These assays can be done in competition with previous variant
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Identifying the research priorities
(Breakout sessions)

o Epidemiology and mathematical modelling
o Evolutionary Biology

o Animal models

o Assays and Diagnostics

o Clinical management and Therapeutics

o Vaccines
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Animal models and assays in the context of circulating variants

Transmission

If mutation results in increased infectivity or increased viral titers or increased duration of shedding in the
upper respiratory tract:

One cannot exclude that the adaptations are specific for humans.

In vitro assays: Assays in human primary cultures (differentiated nasal epithelial cells)
Pseudotyped viruses can address enhanced spike-mediated entry.
In vivo assays: Quantification of infectious dose, viral shedding and transmission in animal models. Non human
primates are more genetically close to humans.
hACE?2 transgenics animals might be best if adaptation is specific for the hACE2
Multiple animal models can address host-specific differences (if any)
Considerations: Similar binding of variant spike to animal and human receptor
Similar distribution of receptors
Similar temperature differences in upper and lower respiratory tract
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Animal models and assays in the context of circulating variants

Virulence

Increased titers in the upper respiratory tract may (or may not) lead to increased
titers and inflammation in the lower respiratory tract, and therefore, increased
virulence.

Similar considerations for animal models as in the case of transmission. Depends on
how specific the adaptation is to humans versus other hosts.

As we gain more and more knowledge, functions of specific viral proteins containing
the variant polymorphism can be studied in vitro (for example, inhibition of innate

immunity).
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Animal models and assays in the context of circulating variants

Host tropism
Mutations, specially in the spike, might change the host tropism of
the virus

Example: The N501Y mutations associated with increased
transmission in humans allows for mouse adaptation.

In vitro assays: Host receptor binding and utilization for entry

In vivo assays: Animal models to validate binding to receptor with
infection
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Animal models and assays in the context of circulating variants

Antigenicity
Will be even more relevant as pre-existing immunity pressure builds up by
infection/vaccination

Use of recombinant RBDs, Spike, pseudotyped virus, SARS-CoV-2 isolates
and recombinant SARS-CoV-2 to study binding and neutralization of
antibodies from vaccinated or infected humans.

Animal models can be used ascertain the impact of previous infection or
vaccination with the previous viruses/spikes in protection against infection
with new variants.
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Log4, IC50

Are the vaccines covering the new variants?

Microneutralization assay
USA-WA1/2020 SARS-CoV-2

Log,, IC50

Negative Vaccinated  Convalescent

Florian Krammer, Viviana Simon, Adolfo Garcia-Sastre, Michael Schotsaert et al

Microneutralization assay
maSARS-CoV-2

Negative Vaccinated  Convalescent
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Florian Krammer, Viviana Simon, Adolfo Garcia-Sastre, Michael Schotsaert et al

Similar results by

Xuping Xie, Jing Zou, Cami
la R. Fontes-Garfias,
Hongjie Xia, Kena

A. Swanson, Mark Cutler,
David Cooper, Vineet

D. Menachery, Scott Wea
ver, Philip

R. Dormitzer, Pei-Yong Shi.
Neutralization of N501Y
mutant SARS-CoV-2 by
BNT162b2 vaccine-elicited
sera. Bioxivs

doi: https://doi.org/10.11

01/2021.01.07.425740
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Aims of Agility project

William Dowling <william.dowling@cepi.net>

Rapid identification of new variants of SARS-CoV-2 that may impact COVID-19 vaccines and
countermeasures

Comparative neutralisation testing of identified variants of concern using a panel of sera and WHO
International antibody standard

Timely reports and information sharing on the biological activity (antigenic characteristics and
pathogenesis in animals) of emerging variants

Predictability and comparability achieved through standard procedures and parallel testing in 2
independent laboratories

i @ED CEPI [

:NIBSC
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Public Health
England

Evidence on changes on disease severity and
treatment approaches for patients infected with new SARS-CoV-2 variants
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Current UK situation with variants
1. VOC 202012/01 (B.1.1.7 lineage) — first UK sample 20 Sep 2020

« Investigation into increasing COVID-19 cases in Kent, Dec
* >6,000 cases via routine genomic surveillance to date
e 72% of cases detected via SGTF-capable labs Jan 2021
2. VOC 202012/02 (B.1.351; 501Y.V2) — first RSA sample Oct 2020; 90% RSA
sequenced samples by Dec 2020
» Small number of cases in UK — all with direct/indirect links to RSA
« Multiple countries reported low numbers (Southern Africa; outside Africa)
3. Ongoing surveillance for other variants and mutations of interest or concern
eg.
B1.1.28 lineage variant — Brazil; other E484K-containing variants
UK currently sequences >10,000 genomes per week; 5-10%

Surveillance, detection, understanding mutations and variants — multi-agency and multi-disciplinary
efforts; global information sharing
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PHE risk assessment framework
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Defining the research agenda
(plenary)

ocritical research questions related to variants and

oresearch approach to address these and other
emerging variants.
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irculating wid type vius

Variant under investigation (VUI) — Variant of concern (VOC)




image68.png
Identifying changes in severity

Humans
Morbidity & mortality data

Potential confounders e.g. coincidental treatment policy changes; changes in demands on
healthcare

Hospitalised and non-hospitalised

Spectrum of iliness — are common symptom clusters changing?

Existing national COVID-19 surveillance systems — mortality; hospitalisation rates

Utilising more detailed or specific COVID-19 studies and data systems e.g.
ISARIC 4C: granular clinical data +/- biological samples (hospitalised)
ICNARC: critical care data
Virus Watch: serial symptom data, PCR, Ab (community)

Suitable animal models
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Initial VOC 202012/01 severity assessment

Matched cohort study — age (median 36/35y) and sex
All samples sequenced

1,769 variant cases and 1,769 wild-type

20 Sept to 15 Dec 2020

Hospitalisations
16 variant (0.9%) vs. 26 wild type (1.5%); x2 test p=0.162

28-day mortality
Subset of 1,340 variant and 1,360 wild type
12 variant deaths (0.89%) vs. 10 wild type deaths (0.73%); OR 1.21, p=0.65

https://www gov uk/government/publications/investigation-of-novel-sars-cov-2-variant-variant-of-concern-20201201
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VOC 202012/01 — S gene target failure

AB9-70 causes a reproducible S gene target failure (SGTF) in the Thermopath TaqPath assay
used in 3 UK high throughput laboratories

Currently a useful proxy for general surveillance of VOC 202012/01 in UK b
99.5% of A69-70 sequences (2190 of 2202) are SGTF, compared to 0.05% of sequences
without the deletion (7 of 13278)

3% of A69-70 increasing to 98% of A69-70 nationally were VOC 202012/01 between 12 Oct
2020 and 21 Dec 2020

Woskty P 2 cases toaed by TocPath b, by -gene dtection

i
H =
I

---.III IIII

Somcenan o (wons corraccr)
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SGTF-based analysis (not yet published)

SARS-CoV-2 PCR-confirmed cases with S gene target failure
92,000 SGTF compared with 92,000 without SGTF
Cohorts matched on age, sex, region, week of sampling
Late Nov 2020 to early Jan 2021

No difference in 28 day mortality

N

Hospitalisation — awaiting completion of data reporting
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ISARIC 4C Study

B oo scesss Features of 20133 UK patients in hospital with covid-19 using.

B ] the ISARIC WHO
ob

cohort

Clinical Characterisation Protocol: prospective

Ability to compare core clinical
data & outcomes &

Identification of sequence-
confirmed variant cases &
wild type cases

Initial analysis hopefully within
next 2 weeks
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VOC202012/02 and VOls

Currently too few cases in UK for meaningful
analyses of severity 8

Mostly community cases

Ongoing detection and surveillance activities

Targeted recruitment of new VOCs to ISARIC 4C —
highest tier possible
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Assessing impact of variants on treatments

Concerns about impact on approved and experimental treatments
Computational biology — structural/antigenic
Laboratory phenotyping e.g.

In vitro drug sensitivity assays

Virus & psudovirus neutralisation assays

Identification through sequencing of reported known/potential antiviral resistance mutations
(e.g. mutations affecting RdRp)

Animal models

Clinical evidence of increasing treatment failures
Multi-agency process in UK

Need for international data-sharing
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S gene mutations of interest

D614G Transmissibility

A222V ?

N439K Receptor binding afinity;
mMAD escape

N501Y Receptor binding affinity:

rapid lineage growth
A69-70 Immune escape in IC

Y453F Receptor binding affinity;

mAD escape

(Mutations should be considered in context of any other mutations present in a VUIVOC)
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UK VOC202012/01 (B.1.1.7)

17 mutations — 14 replacements, 3 deletions
ORF1ab:T10011, A1708D, 12230T, SGF 3675-3677 del
Spike: 69-70del, Y144 del, N501Y, A570D, P681H, T716l, S982A,

D1118H
ORF8: Q27stop, R52l and Y73C
N: D3L and S235F

« N501Y is one of six key contact residues within the receptor-binding
domain (RBD) — increased ACE-2 binding
» Other 501 mutations known affect ability of LYCoV016 mAb to

neutralise SARS-CoV-2; N501Y was not included

= Natural polyclonal sera neutralisation data awaited

+ 69-70del has also occurred a number of times in association with other
RBD changes

« P681H is immediately adjacent to the furin cleavage site, a known location
of biological significance
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Understanding the Global Spread of
Emerging SARS-CoV-2 Variants

Oliver Morgan

12 January 2021
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VVOC202012/01 virology — PHE & partners

transmission & replicatio
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VOC202012/02 (B.1.351; 501Y.V2)

Lineage-defining spike mutations: D80A, D215G, E484K, N501Y, A701V
+ other spike: K417N, L18F, R246l.
Three non-synonymous mutations are within the RBD: K417N, E484K, N501Y N

Deletion at L242-244L but this variant does not have the 69-70 deletion seen in VOC-
202012/01

E484K reported to confer reduced susceptibility to neutralisation by bamlanivimab

» Phenotypic data for E484K variants showed a reduction in susceptibility to
bamlanivimab of >100-fold in a SARS-CoV-2 pseudovirus neutralization assay. (Greaney,
A. J. et al. Cell Host Microbe 2020)

» The presence of this variant may be associated with virological failure of treatment, but
limited data available

K417 mutations — associated with escape from mAbs

N501Y - as described for VOC202012/01 (B.1.1.7)
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VUI202101/01 (B1.1.28)

First detected in Brazil October 2020, and reported 26 Dec 2020
*87 sequences in GISAID

Now being detected in other countries (low numbers of sequences)
Forms a cluster within lineage B1.1.28.

Defined by 6 SNPs corresponding to 3 mutations

Spike: E484K

N: A119S and M234l

Raises further concerns about different variants containing E484K
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Guidance
Investigation of novel SARS-CoV-2
variant: Variant of Concern 202012/01

Technical briefing document on novel SARS-CoV-2 variant.

Published 21 December 2020
Last updated 8 Janunry
From: Public Heaith England

UK

Documents

Investigation of novel SARS-CoV-2 variant:
= 202012/01. Technical briefing 3
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Antibody-based therapies

mAb escape mutations can be predicted and readily generated in the laboratory

e.g. single substitution conferring reduced susceptibility to two different monoclonal
antibodies (E406W and REGN10933 plus REGN10987)

Some laboratory-generated variants also show at least 2-fold and up to 30 fold reduced
neutralisation with polyclonal serum from convalescent subjects.

— variants may arise that evade mAbs, convalescent plasma therapy, vaccine derived
immunity, or naturally acquired immunity

Starr, T. N. et al. Prospective mapping of viral mutations that escape antibodies used to treat COVID-19. doi:10.1101/2020.11.30.405472.

Baum, A_ et al. Antibody cocktail to SARS-CoV-2 spike protein prevents rapid mutational escape seen with individual antibodies. Science 369, 1014-1018
(2020)

Weiss, S. H. & Wormser, G. P. COVID-19: Understanding the science of antibody testing and lessons from the HIV epidemic. Diagn. Microbiol. Infect.
Dis. 98, 115078 (2020)

Greaney, A. J. et al. Complete Mapping of Mutations to the SARS-CoV-2 Spike Receptor-Binding Domain that Escape Antibody Recognition. Cell Host
Microbe (2020) doi:10.1016/j.chom.2020.11.007

Andreano, E. et al. SARS-CoV-2 escape in vitro from a highly neutralizing COVID-19 convalescent plasma
http://biorxiv.org/lookup/doi/10.1101/2020.12.28.424451 (2020)

Liu, Z. et al. Landscape analysis of escape variants identifies SARS-CoV-2 spike mutations that attenuate monoclonal and serum antibody neutralization.
http://biorxiv.org/lookup/doi/10.1101/2020.11.06.372037 (2020)




image82.png
mAbs and risk of immune-escape mutants

Bamlanivimab study - frequency of subjects treated with 700mg
bamlanivimab harbouring a putative resistance-associated variant
was similar to that of the placebo arm

N
Emergent variants
* Bamlanivimab 700mg recipients: 6/98 (6.1%)
* Placebo recipients: 4/95 (4.1%)

More variants in high-risk subjects
+ associated with higher viral shedding
* not clear variants caused higher viral shedding

Ref: FDA CDER review, Oct 2020
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Escape variants and mAb effectiveness

Bamlanivimab virological failure

» Bamlanivumab recipients 6 (6.1%)

» Placebo 2 (2.1%) &
Putative resistance-associated variants in those with virological failure:
» Bamlanivumab receipients 5.1%

» Placebo 2.1%

Clinical and virological outcomes were similar overall between two groups, but
limited observations

Ref: FDA CDER review, Oct 2020
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VOC and treatment considerations
Where relevant, consider known and potential effects of reported mutations
- mutations of concern in isolation, but also in combination with others

Scope for variant emergence with mAb-treatment, especially in |mmunocomprom|sed
patients (e.g. REGN and CP report)

Scope for specific treatment failures in treating specific variant infections

Risk of escape variants arising, particularly in immunocompromised receiving mAb
therapy

Clinical impact not clear (virological and clinical outcomes; available data)

Virological monitoring in higher-risk patients receiving mAbs — baseline and on-
treatment

Risk of escape variants should be lower with polyclonal convalescent plasma is less,
but potential remains — same points about need for surveillance &
immunosuppression




image85.png
Vaccines and variants: a few observations

Phil Krause, MD
Chair, WHO R&D Blueprint COVID-19 Vaccines Working Group
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Good news and not-so-good news?

Good news

* So far, it does not appear that strains have evolved to beaome
vaccine-resistant

Not-so-good news
» Rapid evolution of vaccine strains suggests that, if it is possible
for the virus to evolve into a vaccine resistant phenotype, this
may happen sooner than we would like
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Global Situation: Weekly Overview
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Mechanisms by which new strains could become
vaccine-resistant

If evolution is driven by humoral immunity within infected
individuals:
+ Vaccines that induce strong cellular immunity may be more resilient
» If evolution of new strains is being driven by use of convalescent plasma,
changes in how convalescent plasma is used may ameliorate the concern
Crowding and lack of mask-wearing may also contribute to
development of mutations that promote transmissibility
» Public messaging will likely be an important component of protecting vaccine
efficacy
Could use of less effective vaccines or suboptimal dosing
strategies accelerate this phenomenon?
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In vitro detection of new strain resistance to vaccines

Serum and cells from vaccinees could be used in assays
that quantify potentially important immune responses,vs.

original and new strains

» Requires rapid sharing of sequences and of new virus strains

+ Could new strains be generated in vitro? How quickly can pseudovirus be
generated and shared?

» Requires availability of sera

* Requires consensus on what assays should be done, and a concerted effort
to make sure they are done quickly (and perhaps in replicate) as new
strains evolve
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Clinical detection of new strain resistance to vaccines

Studies that aim to assess duration of vaccine efficacy may
also detect loss of efficacy due to strain evolution
* Placebo controlled studies are likely to be most sensitive to
detecting this issue
* Observational studies could potentially detect evolution of
vaccine-resistant strains, but would need to be designed with
plans for frequent analyses
What will we see first?
» Gradually decreasing protection vs threshold effect?
» Will this happen first for vaccines with lower efficacy?
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If new strains become vaccine-resistant, new vaccines will
need to be developed, but:

new vaccines N

» Would take time to develop
+ Can this timeline be shortened by performing work at risk?

» Would require renewed commitment to public health measures in the
interim

« If public health measures can prevent development of vaccine-resistant
strains, it may be more efficient to rely on them before such strains
develop than to need to employ them afterwards
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Questions if new vaccines need to be developed

Will new vaccines work well in people who have already been
vaccinated?

= Will efficacy be as high?

« Are intervals between vaccinations important?

« Could adverse events be increased?

Will new vaccines also protect against original strains?
« Will there be a need for multiple vaccinations?

« Avaccine that protected against several strains may be useful, but there may be
complexities in developing one

If a need for new vaccines is perceived, will this affect uptake of
original vaccines?

&




image92.png
How would new vaccines against new strains be
evaluated?

If old vaccines were no longer protective, clinical trials
would provide the best evidence for efficacy .

For vaccines where efficacy has already been
demonstrated, could immune response data, subject to
post-marketing confirmation, provide sufficient
understanding of the efficacy of new vaccines?

* In the setting of previous vaccination

« In the setting of previously unvaccinated individuals

« Do initial estimates of vaccine efficacy influence the ability to use immune

response data to bridge efficacy to new formulations?
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Impact of new variants on evaluation of vaccines against
original strains

If large enough, placebo-controlled efficacy studies could
detect possible changes in efficacy during a trial .

Non-inferiority studies would not be very useful in
evaluating new vaccines in the setting of new variants
against which neither vaccine may be effective

Duration of efficacy studies that compared immediate vs.
delayed vaccination (instead of placebo) would unlikely
detect changes in vaccine efficacy due to strain evolution
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What experiments or studies could be done now to be better
prepared for evolution of vaccine-resistant strains?

Combined studies, e.g.:

+ To further understand mechanisms by which vaccine-
resistant strains could evolve, the likelihood that this
could happen, and approaches to preventing this from
happening

In vitro studies, e.g.:

» to detect evolution of resistance to vaccines, CP, or

natural immunity
Animal studies, e.g.:

« for evaluation of resistance

-« for preliminary investigation of potential boosting
strategies

Human studies, e.g.:

+ to evaluate waning of protection

» to evaluate boosting strategies

+ to evaluate vaccines against new strains

Who should do these studies?

« International collaborations

+ Governments N

+ Companies

+ Individual investigators
What needs to be done to facilitate these
studies?

When should new vaccine seeds be made and

tested?

* in animals
* in humans
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COVID-19 NEW VARIANTS - Gkuur:

Q2 Whai are the |

Strategic and multidisciplinary approach to understand, prevent, detect, treat
and mitigate

Capacity building and establishment/strengthening of national databases and
registries linking epidemiologic, clinical and diagnostics platforms: for continuous
monitoring of circulating strains and detection of new variants .

Genomic Epidemiology & Evolution: circulating variants and within host diversity
or evolution

Genomic data and reconstruction of transmission chains: acceleration of data
generation and data sharing

New variants: transmission dynamics, virulence and clinical outcomes in
different age groups /severity and potential for persistent infection (high-risk
groups/immunosuppression)

New variants: pre-existing immune responses, impact on vaccines
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Modelling the spread, timing, burden on hospitalization and ICU burden

Modelling the impact of PHSMs and alignment with real-time interventions

Population-level studies : to understand disease severity and outcomes
including long-term outcomes for patients and treatment outcomes (lined —up
with multisystem inflammatory response; impact of COVID-19 brain
development)

Cohort studies: genomic surveillance and bioinformatics networks ;
seroprevalence studies/ repositories for sharing data with governments,
academics and industry.

Rapid cross-sectional studies: to assess infection recurrence and outcomes in
children, people with disabilities, pregnant women and others




