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* Role of whole genome sequencing in public health
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SARS-CoV-2 genomics in Ontario
* Testing algorithms and specimen flow
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e Genomics and outbreaks

* Future directions
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Objectives

Participants will learn about:

Application of whole genome sequencing for supporting the pandemic
response

Describe the key steps in the process for whole genome sequencing of
SARS-CoV-2 in Ontario

Discuss the role of whole genome sequencing for supporting the
pandemic response

Describe the relationship between mutations and lineages for SARS-CoV-2
variants of concern/interest

Locate and identify key components of PHO genomics program outputs to
support surveillance efforts

PublicHealthOntario.ca 4



Acronyms

* WGS = whole genome sequencing

* Laboratory method for determining the genetic sequence of the SARS-CoV-2 virus

* VOC/VOI = variant of concern/variant of interest

* Genetic variant of SARS-CoV-2 with evidence of characteristics of clinical and/or
public health significance

* PCR = polymerase chain reaction

* Laboratory method used for detection of specific regions in the genome

* Ct = cycle threshold

* Numerical value used in PCR analysis that is associated with the amount of target
genetic material in the specimen. Higher = less, lower = more

PublicHealthOntario.ca




Role of Whole Genome Sequencing in Public Health
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Whole Genome Sequencing in Microbiology

* The last two decades have seen significant growth in WGS of pathogens
e 2002- 2003:

* SARS-CoV: only 3 genomes publicly available in 15t month; 31 genomes in 3 months

* 2019-2021:

* SARS-CoV-2: 6 genomes within 3 weeks; 60,000 within 6 months
* Asof Aug 19, 2021: 2,892,198 genomes are publicly available.

* Improvement in technology, cost and throughput

World Health Organization, Genomic sequencing of SARS-CoV-2: a guide to implementation for maximum impact on public health, 2021
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Application of WGS in Microbiology

* Development of diagnostic assays

* Understanding pathogen virulence

* Detection and characterization of antimicrobial resistant genes
* Monitoring changes in the pathogen (genomic epidemiology)

* Vaccine development/breakthrough

* Assessing re-infection

* Qutbreak investigation/support

World Health Organization, Genomic sequencing of SARS-CoV-2: a guide to implementation for maximum impact on public health, 2021
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Impact of Genomics in Public Health

e 2009 pH1N1: assessment of reproduction number based on gene sequences;
retrospective testing identified cases 2 months prior to 15 case was sampled

* 2012 MERS: identified camels as reservoir of MERS and showed multiple
independent transmission events from camels to humans

* 2013-2016 Ebola: real-time analysis assisted in understanding of the origin,
transmission, and evolution of the virus; spread was mainly by human to
human transmission

* 2016 Zika: infection associated with fetal microcephaly and other
developmental abnormalities; phylogenetic studies showed introduction of a
genotype circulating in Asia a year prior to the disease detection

World Health Organization, Genomic sequencing of SARS-CoV-2: a guide to implementation for maximum impact on public health, 2021
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Whole Genome Sequencing of SARS-CoV-2

Overview
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SARS-CoV-2

* The SARS-CoV-2 virus has an RNA genome made up of roughly 30,000
bases

* The genome codes for 6 main proteins that perform functions for
replication, infection, and virus structure

* The spike (S) protein is responsible for binding to specific receptors on
human cells that allow the virus to enter and start replicating

* As the virus replicates, errors are introduced that can lead to changes in
the genome sequence and function of proteins

Lu R, et al, 2020; Hu B, et al, 2020

PublicHealthOntario.ca
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WGS in developing SARS-CoV-2 diagnostic assays

* Dec 31, 2019: WHO China office informed of cases of pneumonia with
unknown etiology

e Jan 10, 2020: 15t genome was publicly posted
* Jan 12, 2020: 4 additional genomes were posted

* Facilitated the development of a diagnostic test specific to SARS-CoV-2

Orf1a Orfiab S E M N

MNooBo4&7 W uhan-Hu-

NC_004718 SARS-CoV

- = G o> pm B
15,361-16,460 26,141-26,25% 28,565-28 682
RdRp E N

Source: Corman VM, et al, 2020. License: https://creativecommons.org/licenses/by/4.0/legalcode
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Application of WGS in Re-infection Cases

* 33 year old immunocompetent male
* 1St diagnosis — March 26, 2020
« 2" djagnosis — (Ct value 26.7) Aug 15 returning from Spain
 Patient was asymptomatic throughout the 2" diagnosis

* Whole Genome Analysis:
* 1st episode: stop codon in ORF — truncation of 58 AA
* 23 nucleotide changes of which 13 are non-synonymous

PublicHealthOntario.ca
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Transmission of SARS-CoV-2 between Mink and Farmers in the
Netherlands

* Investigated outbreaks in 16 Mink farms

in the Netherlands in Apr- May 2020 Hgiig%é%m
iz e
* WGS and epi investigation concluded EE il
transmission between humans and A .

minks l_

* Many WGS strains had 0-9 nucleotide

differences = ﬁ% @EEE "
. o018 Mink

* WGS of community strains showed
significant difference 35S

Source: Oude Munnink BB, et al, 2021. License: https://creativecommons.org/licenses/by/4.0/legalcode
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Multi-Ward Outbreak of SARS-CoV-2 in March 2020

* Outbreak spanned March-April, 2020
* 59 patients and 13 HCW

* WGS identified 6 separate clusters that
when combined with epi data confirmed
intra-hospital transmission

* Increased infection prevention and control
interventions including universal surgical
mask, screening, and testing led to control
of outbreaks

PublicHealthOntario.ca
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Establishment and lineage dynamics of the SARS-CoV-2 epidemic in

the UK
* Demonstrated that WGS can be used

to monitor viral emergence at the
national level

e 26,000 samples were sequenced from
Jan-June 2020

* Analysis was challenging due to limited
sequence diversity

* Multiple importations from Europe led
to establishment of SARS-CoV-2 in UK

* Most lineages disappeared over time

Source: du Plessis L, et al, 2021. License: https://creativecommons.org/licenses/by/4.0/legalcode
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Mutations and Lineages

* Mutations in the virus’ genome sequence occur regularly and accumulate

over time

* As mutations continue to accumulate, the genome becomes more
different over time and can be called a new lineage

* New lineages may have “concerning” properties:
* Increased virulence

Increased transmissibility

Evade natural or vaccine induced antibodies

Resistance to therapeutics (i.e. monoclonal antibody)

Affect diagnostic testing

World Health Organization, Genomic sequencing of SARS-CoV-2: a guide to implementation for maximum impact on public health, 2021

PublicHealthOntario.ca
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Characteristic mutations of B.1.1.7
gene amino acid

ORFla T1001

Mutations and Lineages

ORFla AI7OED

ORFla 12230T

* In early Dec 2020, the UK reported a specific lineage
that made up 50% of cases in UK.

* Initially designated as variant under investigation (VUI) P e

* Mutation N501Y is one of six key contact residues mp—
within the receptor-binding domain (RBD) and has .
been identified as increasing binding affinity to human s soos
AC E 2 * ZF.‘FE ZZT‘H

* Epidemiological, clinical and genomic data resulted in

M D3L

designation of this strain as Variant of Concern (VOC-
202012/01) or B.1.1.7

Source: www.outbreak.info
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Dissemination of B.1.1.7 VOC

* First 2 cases identified in
Canada on Dec 26, 2020 from
Ontario

* Early Jan 2021 - large
outbreak involving B.1.1.7
occurred with significant
mortality

* By March, over 80% of cases
were B.1.1.7

Public Health Ontario, COVID-19 variants of concern in Ontario: December 1, 2020 to May 9, 2021, 2021

PublicHealthOntario.ca
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VOI/VOC Case Definitions

Variant of Interest (VOI) Variant of Concern (VOC)

* Has a genome with mutations associated with * Through a comparative assessment, has been
changes in epidemiology, antigenicity, or demonstrated to be associated with one or more of
virulence, or changes that potentially have a the following:

negative impact on available diagnostics,
vaccines, therapeutics, or public health measures;
and

* increased transmissibility or detrimental change in
COVID-19 epidemiology;

* increased virulence or change in clinical disease

* is known to cause community oresentation:
)

transmission/multiple COVID-19 cases/clusters in

Canada or has been detected in multiple * decreased effectiveness of available diagnostics,
countries; or vaccines, therapeutics, or public health measures; or
* is otherwise assessed to be a VOI by WHO; or * is otherwise assessed to be a VOC by WHO; or
* is otherwise assessed to be a VOI by the CSVSG. * is otherwise assessed to be a VOC by the CSVSG.

Government of Canada, 2021

PublicHealthOntario.ca
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Notable mutations

* These lineage properties can be linked in part to notable mutations such
as:

* N501Y: A defining mutation in several lineages, including B.1.1.7 (Alpha), B.1.351
(Beta) and P.1 (Gamma). Increases binding to human cells

* E484K: Appears in several lineages. May lead to reduced antibody neutralization

* K417N/T: Appears in several lineages, including B.1.351 and P.1. May help the virus
bind more tightly to cells

* PCR is a rapid means for identifying mutations that are known to be
associated with VOC/VOI lineages but WGS is the only way that a VOC
lineage can be identified

World Health Organization, Tracking SARS-CoV-2 variants, 2021
Griffiths E, et al, 2021

PublicHealthOntario.ca 21




Lineage Assighment

* There are many ways of classifying the different
combinations of mutations in SARS-CoV-2

, , Pango lineage examples:
genomes into lineages

* The COVID-19 pandemic has largely relied on " AY3
the Pango nomenclature system which uses * B.1.1.7
statistical methods and epi criteria to determine - B.1.351
when a combination of mutations is “different
enough” to be considered its own lineage * B.161/7.2

* P1.7

* VOC lineages are more rigidly defined by
notable mutations

Rambaut A, et al, 2020

PublicHealthOntario.ca 22
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SARS-CoV-2 genomics in Ontario

Test algorithms, specimen flows, and reporting
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Ontario COVID-19 Genomics Network

* The Ontario COVID-19 Genomics Network was established in March 2021
to increase genomics testing capacity in the province

* Includes 5 laboratories :
* Public Health Ontario Laboratory
* The Hospital for Sick Children
* Shared Hospital Laboratory
* Kingston Health Sciences Centre

* Hamilton Regional Laboratory Medicine Program

* Routing of specimens from diagnostic to WGS labs is coordinated by
Ontario Health

PublicHealthOntario.ca

24



Specimen Logistics

* SARS-CoV-2 diagnostic testing is provided by over 40 |laboratories in the
province including hospital, community, and public health laboratories

* All specimens positive for SARS-CoV-2 with a Ct value of £ 35 are sent to
one of 11 VOC PCR testing laboratories for N501Y/E484K testing

* Select specimens with a Ct value of £ 30 on the VOC PCR are sent to one
of the 5 Ontario COVID-19 Genomics Network laboratories for whole
genome sequencing

Ontario Health, 2021
Public Health Ontario, SARS-CoV-2 (COVID-19 virus) variant of concern (VoC) surveillance, 2021

PublicHealthOntario.ca
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What Specimens get WGS?

* Ct £30to ensure there is enough genetic material in the specimen for
sequencing

* Representative Sampling

* As of May 2021, the Ontario COVID-19 Genomics Network started using a
representative sampling framework for WGS

* This replaced the previous approach of mostly sequencing based on the VOC PCR
result to confirm lineages

* The representative sampling allows for the relative proportions of each lineage
circulating in Ontario to be monitored for changes

* This approach also allows for the number or specimens sequenced to be scaled to
the sequencing network’s capacity of 3,500 specimens per week

European Centre for Disease Prevention and Control, 2021

PublicHealthOntario.ca
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What Specimens get WGS?

* A proportion of all Ct eligible specimens tested for VOC PCR are selected
randomly by the VOC PCR testing lab to forward for WGS

* 10%-100% based on current and projected case counts

* Also considers the proportion of all positives with eligible Ct values

* Notice of the proportion change is provided to VOC PCR labs 1 week in
advance

* Changes to sampling proportions announced at the Public Health Coordination
Teleconference

PublicHealthOntario.ca
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What Specimens get WGS?

* Targeted sampling - specimens are also sent for WGS when the requisition
indicates:
* International travel
* Vaccine breakthrough

* Specimens collected as part of land border testing programs and day 8
airport testing are sequenced by the NML

* WGS is also available upon request to help support outbreak and
suspected re-infection investigations through phylogenetic analysis
(restrictions apply)

28
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WGS Representative Sampling Changes

* Initial implementation: Rise of the 3 wave
* PHO starts representative surveillance at 10% sample on May 2
* OCGN starts representative surveillance at 10% sample on May 26

* First adjustment: Fall of the 3 wave
* PHO changes to 50% sample on May 30
* OCGN changes to 50% sample on June 2

* Second adjustment: Inter-wave period
* PHO and OCGN change to 100% sample on June 14

* Third adjustment: Rise of 4t wave
* PHO and OCGN change to 50% sample on August 27

PublicHealthOntario.ca
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Requesting WGS

* WGS results are for population level surveillance purposes and have
limited use for individual clinical and public health management
* Re-infection
* |PAC cohorting
* Qutbreak management

* When proportional sampling is at 100% there is no need to request
seguencing on specimens

* Representative and targeted sampling is only performed by VOC PCR
testing laboratories and is not associated with the test request process

PublicHealthOntario.ca

30



HF.!]Il"I Pl Laboraiory Fao

Public | San Foor bt alory e oy
Ontario Dﬁ\t}gll%UE

SARS-CoV-2 Variant of Concern Testing/

Req u ESti ng WGS Whole Genome Sequencing Requisition

ALL Esotionc of thic form muct be oo pleted.

1 - Indication for SARS-Cov-2 supplemental basting 2 - Patient informations
. . L Tr— = [ e
* Requires requestor to arrange specimen be . e
sent from VOC testing lab to WGS lab S = l'j" —
* Specimens sent for WGS must be S e —
[ s v s szt oy rares | g
el S

accompanied by the requisition found in the © e s ey | et

O Al frval s [l wledeinatid]

SARS-CoV-2 Variant of Concern Surveillance T e e
[T o zomes e

test information sheet —_—

* For special requests additional information e = —
. I:‘ ?‘Mm reinfectian Chabe of BARE ConlD podllieg 1aal |;-mf'~'.'r|.'a.1| :l:'h.‘umdl
and approval may be required, please contact | Hoo e

. L]
PHO Laboratory Incident Outbreak and o e Do

Response Team prior to requesting WGS - DW;_ m

Page 1 of 2, plsacs turn the page for feotnotss and addiicnal notes on the neverss cids of this Torm _h

Source: Public Health Ontario, SARS—CoV-2 variant of concern testing / whole genome sequencing requisition, 2021

Public Health Ontario, SARS-CoV-2 (COVID-19 virus) variant of concern (VoC) surveillance, 2021

PublicHealthOntario.ca

31




Requesting WGS: Outbreaks

* PHO is in the process of formalizing a centralized process for intake of
WGS requests for outbreak support
* Includes intake data and reporting templates

* Some outbreak specimens will be sequenced as part of the representative
surveillance without requiring a request

* Additional specimens may be requested if lineage information will help
support the response (e.g. suspected multiple introductions)

* In-depth phylogenetic analysis may also be requested if looking to test
specific hypotheses about transmission (with limitations)

32
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WGS Reporting — Individual Patient Reports

* VOC lineages determined by WGS are reported to the ordering provider,
PHU, and OLIS
* Non-VOC lineages reported out as “Variant of Concern not detected”

* VOC sub-lineages are reported out under the parent lineage (e.g. Delta sub-lineage
AY.3 reported out as B.1.617.2)

* Non-VOC lineages are more dynamic and subject to re-classification which
is problematic for “one-time” individual reports

* CCM logic to automatically populate lineage values from OLIS takes time

to implement and cannot keep up with the emergence of new non-VOC
lineages

PublicHealthOntario.ca
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WGS Reporting — Aggregate Report

* PHO publishes a weekly WGS
surveillance report on Fridays

* Includes VOC/VOlI lineage proportions
for Ontario overall and by PHU

* WGS results are linked to CCM to
assign correct PHU and assess
VOC/VOI lineage by outbreak status
and disease severity

Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021

PublicHealthOntario.ca

:

SURVEILLANCE REPORT

SARS-CoV-2 Whole Genome
Sequencing in Ontario, August 18
2021

This report summarizes the results of SARS-CoV-2
whole genome sequencing, including variants of
concern (VOC) and variants of interest (VOI),
conducted by the Ontario COVID-19 Genomics
Network.

5 1.7MB | Updated 20 Aug 2021
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WGS Reporting — Aggregate Report

Table 1. Number of COVID-19 cases, number and percentage of cases sequenced for representative surveillance by
week, Ontario, July 4 to July 31, 2021

Week | Numberofcases | Numbersequenced | Percentage sequenced
1,299 780 60.0%
1,074 684 63.7%
1,099 686 62.4%
1,399 615 44.0%
4,871 2,765 56.8%

* Provides weekly breakdown of the proportion of cases sequenced

* May not align with current representative sampling proportions due to Ct
eligibility requirements and data cut-off dates

Source: Public Health Ontario, SARS-CoV-2 whole genome sequencing in Ontario, 2021

PublicHealthOntario.ca
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WGS Reporting — Aggregate Report

 Relative proportions of the 6 most common lineages (and other) by week
since the start of representative sampling

Figure 1. Percentage of COVID-19 cases by top 6 most prevalent VOC/VOI lineages and week, representative surveillance, Ontario,

May 2 to August 7, 2021
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Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
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WGS Reporting — Aggregate Report

Table 5. Number and percentage (row %) of outbreak-associated and non outbreak-associated cases by VOC/VOI
Pango lineage, representative surveillance, Ontario, July 4June 27 to July 2431, 2021

16 197%) 128 (80.3% 234 (100%)
0(0.0% 2 (100% 2 100
16 34.8%) 30 65.2%) 46 100%)
261(11.6% 1983 (85.4% 2,204 (100%
0(0.0% 0 0.0% 0 (0.0%
0(0.0% 7 100% 7 100%
0(0.0% 0 (0.0% 0 (0.0%
s 0(0.0% 1 (100% 1 (100%)
0(0.0% 1 (100% 1 (100%
0(0.0% 0(00% 0(0.0%
0(0.0% 0 (0.0% 0 (0.0%
0 (0.0% 0 (0.0% 0 (00%
14 (23.0%) 7 (77.0% 61 (100%)
0 (0% 1 (100% 1 (100%
T 0(00% 0(00% 0(00%
0 (0.0% 0 (0.0% 0 (0.0%
5 13.5% 52 56.5%) 57 100%)
342 (13.0% 2,292 67.0% 2,634 (100%

Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
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Phylogeny

Pango Lineage v

NextStrain

19A8

198 | | — — —
2019-Nov 2020-Feb 2020-May 2020-Aug 2020-Nov 2021-Feb 2021-May 2021-Aug
Date

* Shows a random 5,000 specimen sample of all cases sequenced by Public Health Ontario

* Contains all lineages (not just the VOC/VOI) and can be searched and filtered based on health
region or lineage

Source: Public Health Ontario, Phylogenetic analysis of SARS-CoV-2 in Ontario, 2021

PublicHealthOntario.ca
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Future Directions

PHO is in the process of building a centralized sequence repository that
will facilitate linking of all genomics network lab sequences to CCM and
COVAX data

* Interim processes for provincial surveillance reporting in place and are being
continually enhanced

Inclusion of additional travel information from border testing programs

Weekly surveillance report to include VOC/VOI lineage by vaccination
status

Integration of additional sequencing technologies (Nanopore) to provide
more flexible sequencing workflows

PublicHealthOntario.ca
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	•N501Y:  A defining mutation in several lineages, including B.1.1.7 (Alpha), B.1.351 (Beta) and P.1 (Gamma). Increases binding to human cells
	•N501Y:  A defining mutation in several lineages, including B.1.1.7 (Alpha), B.1.351 (Beta) and P.1 (Gamma). Increases binding to human cells
	•N501Y:  A defining mutation in several lineages, including B.1.1.7 (Alpha), B.1.351 (Beta) and P.1 (Gamma). Increases binding to human cells

	•E484K:Appears in several lineages. May lead to reduced antibody neutralization
	•E484K:Appears in several lineages. May lead to reduced antibody neutralization

	•K417N/T: Appears in several lineages, including B.1.351 and P.1. May help the virus bind more tightly to cells
	•K417N/T: Appears in several lineages, including B.1.351 and P.1. May help the virus bind more tightly to cells


	•PCR is a rapid means for identifying mutations that are known to be associated with VOC/VOI lineages but WGS is the only way that a VOC lineage can be identified
	•PCR is a rapid means for identifying mutations that are known to be associated with VOC/VOI lineages but WGS is the only way that a VOC lineage can be identified



	World Health Organization, Tracking SARS-CoV-2 variants, 2021
	World Health Organization, Tracking SARS-CoV-2 variants, 2021
	Griffiths E, et al, 2021 


	Slide
	Span
	PublicHealthOntario.ca
	PublicHealthOntario.ca

	Lineage Assignment
	Lineage Assignment

	•There are many ways of classifying the different combinations of mutations in SARS-CoV-2 genomes into lineages
	•There are many ways of classifying the different combinations of mutations in SARS-CoV-2 genomes into lineages
	•There are many ways of classifying the different combinations of mutations in SARS-CoV-2 genomes into lineages
	•There are many ways of classifying the different combinations of mutations in SARS-CoV-2 genomes into lineages
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	•SARS-CoV-2 diagnostic testing is provided by over 40 laboratories in the province including hospital, community, and public health laboratories
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	•All specimens positive for SARS-CoV-2 with a Ct value of ≤ 35 are sent to one of 11 VOC PCR testing laboratories for N501Y/E484K testing
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	Ontario Health, 2021 
	Ontario Health, 2021 
	Public Health Ontario, SARS-CoV-2 (COVID-19 virus) variant of concern (VoC) surveillance, 2021 
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	What Specimens get WGS?
	What Specimens get WGS?

	•Ct ≤ 30 to ensure there is enough genetic material in the specimen for sequencing
	•Ct ≤ 30 to ensure there is enough genetic material in the specimen for sequencing
	•Ct ≤ 30 to ensure there is enough genetic material in the specimen for sequencing
	•Ct ≤ 30 to ensure there is enough genetic material in the specimen for sequencing

	•Representative Sampling
	•Representative Sampling

	•As of May 2021, the Ontario COVID-19 Genomics Network started using a representative sampling framework for WGS
	•As of May 2021, the Ontario COVID-19 Genomics Network started using a representative sampling framework for WGS
	•As of May 2021, the Ontario COVID-19 Genomics Network started using a representative sampling framework for WGS

	•This replaced the previous approach of mostly sequencing based on the VOC PCR result to confirm lineages
	•This replaced the previous approach of mostly sequencing based on the VOC PCR result to confirm lineages

	•The representative sampling allows for the relative proportions of each lineage circulating in Ontario to be monitored for changes
	•The representative sampling allows for the relative proportions of each lineage circulating in Ontario to be monitored for changes

	•This approach also allows for the number or specimens sequenced to be scaled to the sequencing network’s capacity of 3,500 specimens per week
	•This approach also allows for the number or specimens sequenced to be scaled to the sequencing network’s capacity of 3,500 specimens per week




	European Centre for Disease Prevention and Control, 2021 
	European Centre for Disease Prevention and Control, 2021 
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	What Specimens get WGS?
	What Specimens get WGS?

	•A proportion of all Ct eligible specimens tested for VOC PCR are selected randomly by the VOC PCR testing lab to forward for WGS
	•A proportion of all Ct eligible specimens tested for VOC PCR are selected randomly by the VOC PCR testing lab to forward for WGS
	•A proportion of all Ct eligible specimens tested for VOC PCR are selected randomly by the VOC PCR testing lab to forward for WGS
	•A proportion of all Ct eligible specimens tested for VOC PCR are selected randomly by the VOC PCR testing lab to forward for WGS

	•10%-100% based on current and projected case counts
	•10%-100% based on current and projected case counts
	•10%-100% based on current and projected case counts

	•Also considers the proportion of all positives with eligible Ct values
	•Also considers the proportion of all positives with eligible Ct values


	•Notice of the proportion change is provided to VOC PCR labs 1 week in advance
	•Notice of the proportion change is provided to VOC PCR labs 1 week in advance

	•Changes to sampling proportions announced at the Public Health Coordination Teleconference
	•Changes to sampling proportions announced at the Public Health Coordination Teleconference
	•Changes to sampling proportions announced at the Public Health Coordination Teleconference
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	•Targeted sampling-specimens are also sent for WGS when the requisition indicates:
	•Targeted sampling-specimens are also sent for WGS when the requisition indicates:
	•Targeted sampling-specimens are also sent for WGS when the requisition indicates:
	•Targeted sampling-specimens are also sent for WGS when the requisition indicates:

	•International travel
	•International travel
	•International travel

	•Vaccine breakthrough
	•Vaccine breakthrough


	•Specimens collected as part of land border testing programs and day 8 airport testing are sequenced by the NML
	•Specimens collected as part of land border testing programs and day 8 airport testing are sequenced by the NML

	•WGS is also available upon request to help support outbreak and suspected re-infection investigations through phylogenetic analysis (restrictions apply)
	•WGS is also available upon request to help support outbreak and suspected re-infection investigations through phylogenetic analysis (restrictions apply)
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	WGS Representative Sampling Changes
	WGS Representative Sampling Changes

	•Initial implementation: Rise of the 3rdwave
	•Initial implementation: Rise of the 3rdwave
	•Initial implementation: Rise of the 3rdwave
	•Initial implementation: Rise of the 3rdwave

	•PHO starts representative surveillance at 10% sample on May 2
	•PHO starts representative surveillance at 10% sample on May 2
	•PHO starts representative surveillance at 10% sample on May 2

	•OCGN starts representative surveillance at 10% sample on May 26
	•OCGN starts representative surveillance at 10% sample on May 26


	•First adjustment: Fall of the 3rdwave
	•First adjustment: Fall of the 3rdwave

	•PHO changes to 50% sample on May 30
	•PHO changes to 50% sample on May 30
	•PHO changes to 50% sample on May 30

	•OCGN changes to 50% sample on June 2
	•OCGN changes to 50% sample on June 2


	•Second adjustment: Inter-wave period
	•Second adjustment: Inter-wave period

	•PHO and OCGN change to 100% sample on June 14
	•PHO and OCGN change to 100% sample on June 14
	•PHO and OCGN change to 100% sample on June 14


	•Third adjustment: Rise of 4thwave
	•Third adjustment: Rise of 4thwave

	•PHO and OCGN change to 50% sample on August 27
	•PHO and OCGN change to 50% sample on August 27
	•PHO and OCGN change to 50% sample on August 27
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	Requesting WGS
	Requesting WGS

	•WGS results are for population level surveillance purposes and have limited use for individual clinical and public health management
	•WGS results are for population level surveillance purposes and have limited use for individual clinical and public health management
	•WGS results are for population level surveillance purposes and have limited use for individual clinical and public health management
	•WGS results are for population level surveillance purposes and have limited use for individual clinical and public health management

	•Re-infection
	•Re-infection
	•Re-infection

	•IPAC cohorting
	•IPAC cohorting

	•Outbreak management
	•Outbreak management


	•When proportional sampling is at 100% there is no need to request sequencing on specimens
	•When proportional sampling is at 100% there is no need to request sequencing on specimens

	•Representative and targeted sampling is only performed by VOC PCR testing laboratories and is not associated with the test request process
	•Representative and targeted sampling is only performed by VOC PCR testing laboratories and is not associated with the test request process
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	Requesting WGS
	Requesting WGS

	•Requires requestor to arrange specimen be sent from VOC testing lab to WGS lab
	•Requires requestor to arrange specimen be sent from VOC testing lab to WGS lab
	•Requires requestor to arrange specimen be sent from VOC testing lab to WGS lab
	•Requires requestor to arrange specimen be sent from VOC testing lab to WGS lab

	•Specimens sent for WGS must be accompanied by the requisition found in the SARS-CoV-2 Variant of Concern Surveillance test information sheet
	•Specimens sent for WGS must be accompanied by the requisition found in the SARS-CoV-2 Variant of Concern Surveillance test information sheet

	•For special requests additional information and approval may be required, please contact PHO Laboratory Incident Outbreak and Response Team prior to requesting WGS 
	•For special requests additional information and approval may be required, please contact PHO Laboratory Incident Outbreak and Response Team prior to requesting WGS 



	Figure
	Source: Public Health Ontario, SARS–CoV-2 variant of concern testing / whole genome sequencing requisition, 2021 
	Source: Public Health Ontario, SARS–CoV-2 variant of concern testing / whole genome sequencing requisition, 2021 
	Public Health Ontario, SARS-CoV-2 (COVID-19 virus) variant of concern (VoC) surveillance, 2021 
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	Requesting WGS: Outbreaks
	Requesting WGS: Outbreaks

	•PHO is in the process of formalizing a centralized process for intake of WGS requests for outbreak support
	•PHO is in the process of formalizing a centralized process for intake of WGS requests for outbreak support
	•PHO is in the process of formalizing a centralized process for intake of WGS requests for outbreak support
	•PHO is in the process of formalizing a centralized process for intake of WGS requests for outbreak support

	•Includes intake data and reporting templates
	•Includes intake data and reporting templates
	•Includes intake data and reporting templates


	•Some outbreak specimens will be sequenced as part of the representative surveillance without requiring a request
	•Some outbreak specimens will be sequenced as part of the representative surveillance without requiring a request

	•Additional specimens may be requested if lineage information will help support the response (e.g. suspected multiple introductions)
	•Additional specimens may be requested if lineage information will help support the response (e.g. suspected multiple introductions)

	•In-depth phylogenetic analysis may also be requested if looking to test specific hypotheses about transmission (with limitations)
	•In-depth phylogenetic analysis may also be requested if looking to test specific hypotheses about transmission (with limitations)
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	WGS Reporting –Individual Patient Reports
	WGS Reporting –Individual Patient Reports

	•VOC lineages determined by WGS are reported to the ordering provider, PHU, and OLIS
	•VOC lineages determined by WGS are reported to the ordering provider, PHU, and OLIS
	•VOC lineages determined by WGS are reported to the ordering provider, PHU, and OLIS
	•VOC lineages determined by WGS are reported to the ordering provider, PHU, and OLIS

	•Non-VOC lineages reported out as “Variant of Concern not detected”
	•Non-VOC lineages reported out as “Variant of Concern not detected”
	•Non-VOC lineages reported out as “Variant of Concern not detected”

	•VOC sub-lineages are reported out under the parent lineage (e.g. Delta sub-lineage AY.3 reported out as B.1.617.2)
	•VOC sub-lineages are reported out under the parent lineage (e.g. Delta sub-lineage AY.3 reported out as B.1.617.2)


	•Non-VOC lineages are more dynamic and subject to re-classification which is problematic for “one-time” individual reports
	•Non-VOC lineages are more dynamic and subject to re-classification which is problematic for “one-time” individual reports

	•CCM logic to automatically populate lineage values from OLIS takes time to implement and cannot keep up with the emergence of new non-VOC lineages
	•CCM logic to automatically populate lineage values from OLIS takes time to implement and cannot keep up with the emergence of new non-VOC lineages
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	WGS Reporting –Aggregate Report
	WGS Reporting –Aggregate Report

	•PHO publishes a weekly WGS surveillance report on Fridays
	•PHO publishes a weekly WGS surveillance report on Fridays
	•PHO publishes a weekly WGS surveillance report on Fridays
	•PHO publishes a weekly WGS surveillance report on Fridays

	•Includes VOC/VOI lineage proportions for Ontario overall and by PHU 
	•Includes VOC/VOI lineage proportions for Ontario overall and by PHU 

	•WGS results are linked to CCM to assign correct PHU and assess VOC/VOI lineage by outbreak status and disease severity
	•WGS results are linked to CCM to assign correct PHU and assess VOC/VOI lineage by outbreak status and disease severity



	Figure
	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
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	Table 1. Number of COVID-19 cases, number and percentage of cases sequenced for representative surveillance by week, Ontario, July 4 to July 31, 2021
	Table 1. Number of COVID-19 cases, number and percentage of cases sequenced for representative surveillance by week, Ontario, July 4 to July 31, 2021

	Table
	Span
	Week
	Week
	Week
	Week


	Number of cases
	Number of cases
	Number of cases


	Number sequenced
	Number sequenced
	Number sequenced


	Percentage sequenced
	Percentage sequenced
	Percentage sequenced



	Week 27 (July 4 to July 10)
	Week 27 (July 4 to July 10)
	Week 27 (July 4 to July 10)
	Week 27 (July 4 to July 10)


	1,299
	1,299
	1,299


	780
	780
	780


	60.0%
	60.0%
	60.0%



	Week 28 (July 11 to July 17)
	Week 28 (July 11 to July 17)
	Week 28 (July 11 to July 17)
	Week 28 (July 11 to July 17)


	1,074
	1,074
	1,074


	684
	684
	684


	63.7%
	63.7%
	63.7%



	Week 29 (July 18 to July 24)
	Week 29 (July 18 to July 24)
	Week 29 (July 18 to July 24)
	Week 29 (July 18 to July 24)


	1,099
	1,099
	1,099


	686
	686
	686


	62.4%
	62.4%
	62.4%



	Week 30 (July 25 to July 31)
	Week 30 (July 25 to July 31)
	Week 30 (July 25 to July 31)
	Week 30 (July 25 to July 31)


	1,399
	1,399
	1,399


	615
	615
	615


	44.0%
	44.0%
	44.0%



	Total
	Total
	Total
	Total


	4,871
	4,871
	4,871


	2,765
	2,765
	2,765


	56.8%
	56.8%
	56.8%




	•Provides weekly breakdown of the proportion of cases sequenced
	•Provides weekly breakdown of the proportion of cases sequenced
	•Provides weekly breakdown of the proportion of cases sequenced
	•Provides weekly breakdown of the proportion of cases sequenced

	•May not align with current representative sampling proportions due to Ct eligibility requirements and data cut-off dates
	•May not align with current representative sampling proportions due to Ct eligibility requirements and data cut-off dates



	Source: Public Health Ontario, SARS-CoV-2 whole genome sequencing in Ontario, 2021
	Source: Public Health Ontario, SARS-CoV-2 whole genome sequencing in Ontario, 2021
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	WGS Reporting –Aggregate Report
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	•Relative proportions of the 6 most common lineages (and other) by week since the start of representative sampling
	•Relative proportions of the 6 most common lineages (and other) by week since the start of representative sampling
	•Relative proportions of the 6 most common lineages (and other) by week since the start of representative sampling
	•Relative proportions of the 6 most common lineages (and other) by week since the start of representative sampling



	Figure
	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
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	Table 5. Number and percentage (row %) of outbreak-associated and non outbreak-associated cases by VOC/VOI Pangolineage, representative surveillance, Ontario, July 4June 27 to July 2431, 2021
	Table 5. Number and percentage (row %) of outbreak-associated and non outbreak-associated cases by VOC/VOI Pangolineage, representative surveillance, Ontario, July 4June 27 to July 2431, 2021

	Table
	Span
	Pangolineage (WHO label)
	Pangolineage (WHO label)
	Pangolineage (WHO label)
	Pangolineage (WHO label)


	Outbreak-associated
	Outbreak-associated
	Outbreak-associated


	Non outbreak-associated
	Non outbreak-associated
	Non outbreak-associated


	Total cases
	Total cases
	Total cases



	Variant of concern
	Variant of concern
	Variant of concern
	Variant of concern


	Blank Cell
	Blank Cell
	Blank Cell


	Blank Cell
	Blank Cell
	Blank Cell


	Blank Cell
	Blank Cell
	Blank Cell



	B.1.1.7 (Alpha)
	B.1.1.7 (Alpha)
	B.1.1.7 (Alpha)
	B.1.1.7 (Alpha)


	46 (19.7%)
	46 (19.7%)
	46 (19.7%)


	188 (80.3%)
	188 (80.3%)
	188 (80.3%)


	234 (100%)
	234 (100%)
	234 (100%)



	B.1.351 (Beta)
	B.1.351 (Beta)
	B.1.351 (Beta)
	B.1.351 (Beta)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	2 (100%)
	2 (100%)
	2 (100%)


	2 (100%)
	2 (100%)
	2 (100%)



	P.1 (Gamma)
	P.1 (Gamma)
	P.1 (Gamma)
	P.1 (Gamma)


	16 (34.8%)
	16 (34.8%)
	16 (34.8%)


	30 (65.2%)
	30 (65.2%)
	30 (65.2%)


	46 (100%)
	46 (100%)
	46 (100%)



	B.1.617.2 (Delta)
	B.1.617.2 (Delta)
	B.1.617.2 (Delta)
	B.1.617.2 (Delta)


	261 (11.6%)
	261 (11.6%)
	261 (11.6%)


	1,983 (88.4%)
	1,983 (88.4%)
	1,983 (88.4%)


	2,244 (100%)
	2,244 (100%)
	2,244 (100%)



	Variant of interest
	Variant of interest
	Variant of interest
	Variant of interest


	Blank cell
	Blank cell
	Blank cell


	Blank Cell
	Blank Cell
	Blank Cell


	Blank Cell
	Blank Cell
	Blank Cell



	A.23.1
	A.23.1
	A.23.1
	A.23.1


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	B.1.1.318
	B.1.1.318
	B.1.1.318
	B.1.1.318


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	7 (100%)
	7 (100%)
	7 (100%)


	7 (100%)
	7 (100%)
	7 (100%)



	B.1.427/B.1.429 (Epsilon)
	B.1.427/B.1.429 (Epsilon)
	B.1.427/B.1.429 (Epsilon)
	B.1.427/B.1.429 (Epsilon)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	B.1.525
	B.1.525
	B.1.525
	B.1.525


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	1 (100%)
	1 (100%)
	1 (100%)


	1 (100%)
	1 (100%)
	1 (100%)



	B.1.526 (Iota)
	B.1.526 (Iota)
	B.1.526 (Iota)
	B.1.526 (Iota)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	1 (100%)
	1 (100%)
	1 (100%)


	1 (100%)
	1 (100%)
	1 (100%)



	B.1.616
	B.1.616
	B.1.616
	B.1.616


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	B.1.617.1 (Kappa)
	B.1.617.1 (Kappa)
	B.1.617.1 (Kappa)
	B.1.617.1 (Kappa)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	B.1.617.3
	B.1.617.3
	B.1.617.3
	B.1.617.3


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	B.1.621
	B.1.621
	B.1.621
	B.1.621


	14 (23.0%)
	14 (23.0%)
	14 (23.0%)


	47 (77.0%)
	47 (77.0%)
	47 (77.0%)


	61 (100%)
	61 (100%)
	61 (100%)



	C.37 (Lambda)
	C.37 (Lambda)
	C.37 (Lambda)
	C.37 (Lambda)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	1 (100%)
	1 (100%)
	1 (100%)


	1 (100%)
	1 (100%)
	1 (100%)



	P.2 (Zeta)
	P.2 (Zeta)
	P.2 (Zeta)
	P.2 (Zeta)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	P.3 (Theta)
	P.3 (Theta)
	P.3 (Theta)
	P.3 (Theta)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)


	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



	Non-VOC/VOI
	Non-VOC/VOI
	Non-VOC/VOI
	Non-VOC/VOI


	5 (13.5%)
	5 (13.5%)
	5 (13.5%)


	32 (86.5%)
	32 (86.5%)
	32 (86.5%)


	37 (100%)
	37 (100%)
	37 (100%)



	Total sequenced 
	Total sequenced 
	Total sequenced 
	Total sequenced 


	342 (13.0%)
	342 (13.0%)
	342 (13.0%)


	2,292 (87.0%)
	2,292 (87.0%)
	2,292 (87.0%)


	2,634 (100%)
	2,634 (100%)
	2,634 (100%)




	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
	Source: Public Health Ontario, SARS-CoV-2 Whole Genome Sequencing in Ontario, 2021
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	NextStrain
	NextStrain

	Figure
	•Shows a random 5,000 specimen sample of all cases sequenced by Public Health Ontario
	•Shows a random 5,000 specimen sample of all cases sequenced by Public Health Ontario
	•Shows a random 5,000 specimen sample of all cases sequenced by Public Health Ontario
	•Shows a random 5,000 specimen sample of all cases sequenced by Public Health Ontario

	•Contains all lineages (not just the VOC/VOI) and can be searched and filtered based on health region or lineage
	•Contains all lineages (not just the VOC/VOI) and can be searched and filtered based on health region or lineage



	Source: Public Health Ontario, Phylogenetic analysis of SARS-CoV-2 in Ontario, 2021
	Source: Public Health Ontario, Phylogenetic analysis of SARS-CoV-2 in Ontario, 2021
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	Future Directions
	Future Directions

	•PHO is in the process of building a centralized sequence repository that will facilitate linking of all genomics network lab sequences to CCM and COVAX data
	•PHO is in the process of building a centralized sequence repository that will facilitate linking of all genomics network lab sequences to CCM and COVAX data
	•PHO is in the process of building a centralized sequence repository that will facilitate linking of all genomics network lab sequences to CCM and COVAX data
	•PHO is in the process of building a centralized sequence repository that will facilitate linking of all genomics network lab sequences to CCM and COVAX data

	•Interim processes for provincial surveillance reporting in place and are being continually enhanced
	•Interim processes for provincial surveillance reporting in place and are being continually enhanced
	•Interim processes for provincial surveillance reporting in place and are being continually enhanced


	•Inclusion of additional travel information from border testing programs
	•Inclusion of additional travel information from border testing programs

	•Weekly surveillance report to include VOC/VOI lineage by vaccination status 
	•Weekly surveillance report to include VOC/VOI lineage by vaccination status 

	•Integration of additional sequencing technologies (Nanopore) to provide more flexible sequencing workflows 
	•Integration of additional sequencing technologies (Nanopore) to provide more flexible sequencing workflows 
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