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Objectives

1. Identify the role of SARS-CoV-2 WGS in the different
phases of the COVID-19 pandemic in BC

2. Provide examples of public health applications of
SARS-CoV-2 WGS

3. Understand the approach to operationalization of WGS in
a Public Health Laboratory
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BCCDC Public Health Laboratory
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WGS limited role and capacity prior to the Pandemic
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Strain Typing Methods
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Why “Fingerprint”

Outbreak response: Confirm : : i
: : - : .. Attributes of typing Next generation
epidemiological relationships in sequencin
. methods q g
the spread of disease . .

' . »Discriminatory power T
Clgster.dete.ctlon: Provide >Rapid B g Ty
epidemiological hypotheses about »Inexpensive T /;‘“'“1}
epi relationships in the absence of »>Easy to perform { I S
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epi data »Highly reproducible WA\ )
Surveillance: Describe the »Standardized N a4
distribution of pathogen types and nomenclature TR

identification of potential affecting
factors




PulseNet Canada
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Alesha Reimer with confrnbufions from Drs Celine - N )

Nadon, Morag Graham, and PukseNet Canada
members

October 16, 2013
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Emergence of Carbapenemase-Producing Organisms
(CPO) in 2008
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PFGE to WGS -
N ~2000 enteric
bg_gterig[y'r

* New skillsets
* New technologies and infrastructure
* Higher discriminatory power, greater demand

* Regular connections with Public Health for
review and discussions

* Nomenclature standardization
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2008 - 2019
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NEW WORKFLOW AT BCCDC PHL

CPO

Detection

Reporting &
Outbreak
Support

1. CPO
confirmation by
PCR

. Wetlab
. Bioinformatics

analysis

. Interpretation

and cluster
analysis

1. Discussion with
facility/HA

2. Outbreak
response and
support
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BCCDC Public Health Laboratory

* Genomics complexity
* Development of WGS pipelines

* Need for lab information management and
integration tools

* Nomenclature standardization

* Collaboration with HA facilities and public
health

* Integrated data access from HA level > PLOVER
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Plover

Public health Lab Operations Data
Viewer and Reporter
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PHL Capacity 2019

e ~24 samples per week

— PulseNet Enterics samples
— Carbapenemase Producing Organisms

* Grant funded resources

* Limited operational capacity

* Limited bioinformatics capacity

* Limited data integration capabilities

* Limited data interpretation and reporting capabilities
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The Early Days
of the
Pandemic
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Timeline of SARS-CoV-2 Assay Development in BC

@ Dec 2019 @ Jan 02, 2020

. Pneumonia of . Lab confirmation
unknown cause of 2019-nCoV in

in Wuhan 41 patients

e 4 < ® ° < ° e P >

Pneumonia of |
. unknown cause |
' reported to WHO |

Dec 31, 2019



January 9,
2020
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Home / News / Detail / WHO Statement regarding cluster of pneumonia cases in Wuhan, China

WHO Statement regarding cluster
of pneumonia cases in Wuhan,
China

9 January 2020 | Statement | China

Chinese authorities have made a preliminary determination of a novel (or new) coronavirus, identified in a
hospitalized person with pneumonia in Wuhan. Chinese investigators conducted gene sequencing of the virus, using
an isolate from one positive patient sample. Preliminary identification of a novel virus in a short period of time is a
notable achievement and demonstrates China’s increased capacity to manage new outbreaks.

Initial information about the cases of pneumonia in Wuhan provided by Chinese authorities last week — including the
occupation, location and symptom profile of the people affected — pointed to a coronavirus (CoV) as a possible
pathogen causing this cluster. Chinese authorities subsequently reported that laboratory tests ruled out SARS-CoV,
MERS-CoV, influenza, avian influenza, adenovirus and other common respiratory pathogens.

Coronaviruses are a large family of viruses with some causing less-severe disease, such as the common cold, and
others more severe disease such as MERS and SARS. Some transmit easily from person to person, while others do
not. According to Chinese authorities, the virus in question can cause severe iliness in some patients and does not
transmit readily between people.

Globally, novel coronaviruses emerge periodically in different areas, including SARS in 2002 and MERS in 2012.
Several known coronaviruses are circulating in animals that have not yet infected humans. As surveillance improves
more coronaviruses are likely to be identified.

China has strong public health capacities and resources to respond and manage respiratory disease outbreaks. In
addition to treating the patients in care and isolating new cases as they may be identified, public health officials
remain focused on continued contact tracing, conducting environmental assessments at the seafood market, and
investigations to identify the pathogen causing the outbreak.

In the coming weeks, more comprehensive information is required to understand the current status and epidemiology
of the outbreak, and the clinical picture. Further investigations are also required to determine the source, modes of
transmission, extent of infection and countermeasures implemented. WHO continues to monitor the situation closely
and, together with its partners, is ready to provide technical support to China to investigate and respond to this
outbreak.

The preliminary determination of a novel virus will assist authorities in other countries to conduct disease detection
and response. Over the past week, people with symptoms of pneumonia and reported travel history to Wuhan have
been identified at international airports.

WHO does not recommend any specific measures for travellers. WHO advises against the application of any travel
or trade restrictions on China based on the information currently available.

Read more: Pneumonia in Wuhan, China
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Novel 2019 coronavirus genome

ISARS-CoV—2 coronavirus

ﬁ edward_holmes 64" Jan'20

10th January 2020
This posting is communicated by Edward C. Holmes, University of Sydney on behalf of the
consortium led by Professor Yong-Zhen Zhang, Fudan University, Shanghai

The Shanghai Public Health Clinical Center & School of Public Health, in collaboration with the Central
Hospital of Wuhan, Huazhong University of Science and Technology, the Wuhan Center for Disease
Control and Prevention, the National Institute for Communicable Disease Control and Prevention,
Chinese Center for Disease Control, and the University of Sydney, Sydney, Australia is releasing a
coronavirus genome from a case of a respiratory disease from the Wuhan outbreak. The sequence has
also been deposited on GenBank (accession MN908947 31.7k ) and will be released as soon as
possible.

Update: This genome is now available on GenBank and an updated version has been posted 31.7k .

Disclaimer:

Please feel free to download, share, use, and analyze this data. We ask that you communicate with us if
you wish to publish results that use these data in a journal. If you have any other questions —then
please also contact us directly.

Professor Yong-Zhen Zhang,

Shanghai Public Health Clinical Center & School of Public Health,
Fudan University,

Shanghai, China.

email: zhangyongzhen@shphc.org.cn
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Timeline of SARS-CoV-2 Assay Development in BC

@ Dec 2019 @ Jan 02, @ Jan 13,
= = ; 2020

@Jan 20, 202C Jan 27,
2020 BCCDC gPCR

: 2020
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Novel Coronavirus, Novel llIness

Article

A new coronavirus asso
respiratory diseaseinC

https://doi.org/10.1038/s41586-020-2008-3  Fan Wu", SuZhao?”, Bin
Zhao-Wu Tao®, Jun-Hua T
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| ™ |Check for updates

Emerging infectious di:
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uncertainty. A severe re
province, China. As of 2

100; Bovine respiratory coronavirus AH187/NC 012948/1-30969

1% | Bovine coronavirus/NC 003045/1-31028

Bovine yc US/OH-440-TC/1996/NC 012949/1-30953
Human enteric coronavirus strain 4408/NC 012950/1-30953

Porcine nemaggunatm encephalomyeims virus/NC 007732/1-30480
Equine coronavirus/NC 010327/1-30992
Rabbit coronavirus HKU14/NC 017083/1-31100
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to the Central Hospital
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sequencing*of asampl
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‘WH-Human1’ coronavi
Phylogenetic analysis o
that the virus was most
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previously been found!
of viral spill-over from:

The patient studied was a 41-year-old man with no history of hepa-
titis, tuberculosis or diabetes. He was admitted to and hospitalized
in the Central Hospital of Wuhan on 26 December 2019, 6 days after
the onset of disease. The patient reported fever, chest tightness,
unproductive cough, pain and weakness for 1 week on presentatlon
(Table 1). Physical ion of cardi bd land
neurological characteristics was that these were normal Mild lym-

phopoenia (defined as less than 9 x 10° cells per ml) was observed,

but white blood cell and blood platelet counts were normal inacom-
pleteblood count test. Elevated levels of C-reactive protein (4L.4mg|™
of blood; reference range, 0-6 mg I *) were observed and the levels
of aspartate i ase, lactic yd and creatine
kinase were slightly elevated in blood chemistry tests. The patient
had mild hypoxaemia with oxygen levels of 67 mm Hg as determined
by an arterial blood g,as test. On the first day of admission (day 6 after

th ofdi chestradi were abnormal with air-space

hadowing such as gr d-gl. iti focal lidation and
patchyconsollda(lonmbothlungsl dedDataFig.1).C d
tomography scans of the chest led focal idation,
lobar i ion and patchy i iall mthelower
lung (Extended Data Fig. 1a-d). A chestradiog leda
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'Shanghai Public Health Clinical Center, Fudan University, Shanghai, China. *Departrment of Pulmon:
Huazhong University of Science and Technology. Wuhan, China. *Wuhan Center for Disease Control
Communicable Disease Control and Prevention, China Center for Disease Control and Prevention, 8
and Environmental Sciences and School of Medical Sciences, The University of Sydney, Sydney, Ne:
*These sutheors contributed equally: Fan W, Su Zhao, Bin Yu, Yan-Mei Chen, Wen Wang, Zhi-Gang S

Wu et al, 2020. Nature
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Bat cor 1s HKUZ/NC 009988/1-27165

Feline infectious peritonitis virus/NC 002306/1-29355
Turkey coronavirus/NC 010800/1-27657

Avian infectious bronchtis virus/NC 001451/1-27608

Beluga Whale coronavirus SW1/NC 010646/1-31686

Wigeon coronavirus HKU20/NC 016995/1.26227
Night-heron ¢ us HKU19/NC 016994/1-26077

Common-moorhen coronavirus HKU21/NC 016996/1-26223
Thrush coronavirus HKU12-600/NC 011549/1-26396
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Munia coronavirus HKU13-3514/NC 011550/1-26552
Magpie-robin coronavirus HKU18/NC 016993/1-26689
Sparrow ¢ HKU17/NC 016992/1-26083

100 Porcine coronavirus HKU15/NC 016990/1-25437
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Role of genomics in COVID-19

* Genomic Sequence of the entire microbe and
molecular fingerprint

BCCDC Public Health Laboratory

 Examples of Applications:
— Molecular assay design
— Cluster/Outbreak investigations/transmission
— Identify drug susceptibility and resistance
— Virulence factors prediction
— Detecting new variants
— Vaccine desigh and development
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COVID-19 Genomics Informed Understanding of
Travel-Related Introductions
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Outbreak Investigations
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Wave 3: Variant Detection & Surveillance

BCCDC Public Health Laboratory
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Public Health Driven Sequencing Priorities

Nextstrain build for SARS-CoV-2 - Displaying lllumina runs 1-72 (September-January)
" | |ﬁ Provincial surveillance

s
Laboratory WGS Capacity
AND ts (i.e.

Value of Information
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Public Health Driven Sequencing Priorities

Nextstrain build for SARS-CoV-2 - Displaying lllumina runs 1-72 (September-January)

ed between Dec 2019 and [

ﬁ Provincial surveillance

Phylogeny
Lineagev2.1.1 v

Outbreak investigations

Targeted surveillance projects (i.e.
pediatric cases)

Reinfection cases

o k
2020-Jan 2020-Mar 2020-May 2020-Jul 2020-Sep 2020-Nov
Nata



Late Jan,
2020
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Variants of concern

......... B.1.1.7

: Detected:

: September 2020

: Location of first

. detection: UK

: Why it’s conceming:

: Spreads more easily and
i could increase death rate

......... B.1.351

. Detected:

: August 2020

: Location of first

. detection: South Africa
: Why it’s concerning:

: Spreads more easily and
. some vaccines may be
less effective against it

Detected:
: December 2020

: Location of first

: detection: Brazil

: Why it’s concerning:

: Spreads more easily and
: some vaccines may be
less effective against it

Source: ecdc.europa.eu/en/publications-data/covid-19-infographic-mutations-current-variants-concern

Emergence of Variants of Concern Resulted in
Greater Pressure to Generate Sequences

W

: Detected:

: October 2020

: Location of first

: detection: India

: Why it’s concerning:
. Early studies show it
. spreads more easily

SP-7328.21



gPCR for VOC Detection; Role of Sequencing

Presumptive Sequence
—
B.1.1.7 (Alpha) =™ 10% to

confirm

% E484K Presumptive — Sequence
+ — 7 B.1.351 (Beta) 100% to

or P.1 (Gamma) confirm

Presumptive Sequence

—  B.16172 > 100%to

.% (Delta) confirm




gPCR for VOC D¢ : Role of Sequencing

Presumptive Presumptive
B.1.1.7 (Alpha) B.1.351 (Beta)
or P.1 (Gamma)

Sequence
10% to
confirm

q

Sequence
100% to
confirm

Sequence
= 100% to
confirm

B.1.1.318



BCCDC Sequencing Strategy (early)

Blue arrows highlight VOC: Variant of concern

most common COVID-19 VOI: Variant of interest
current pathway Positive test
. n=600 per week
r % screened samples that are
presumptive VOC changes . .
VOC_ gvery n?,eek: this is whatg S Cluster, outbreaks, Baseline surveillance
Screening reported as estimated % VOC hospitalized patients, (random sample)
g prevalence in BC re-infections, vaccine
; escape, travellers,
= ti and other targeted
resumptive surveillance

Non-VOCs VOCs

209,
10-20% | l Not all samples from

these groups are VOCs

Presumptive Presumptive Emerging
BilsNT P1/B:1 351 VOI
Not all presumptive
VOCs are sequenced } 5.-10% >25%, 100% )
e » Sequencing Non-VOC
1
« v v K
Esgir:la}ltte? of Confirmed Confirmed Confirmed Confirmed VOI
pre\}élehce Bitil 7 P.1 B.1.351 B.1.617
Bieei e sstiies o nealic VOGS Esfimate of P41 Estimate of B1351 | Estimate of B.1.617
are based on samples from baseline prevalence prevalence prevalence

surveillance and screening



~5000 BC COVID genomes segquenced since
Feb 2020 (2400 since August 24th)

Phylogeny
Lineage A
B s H 8111
51132 l A1
Il 81114 s
Il 81113 [l B1128
H 811 [7] B118
B 815 7] B3
[ B12 P B.142
B 81131 H 82
HA Bl 54
20-Jan 2020-Feb 2020-Mar 2020-Apr 2020-May 2020-Jun 2020-Jul 2020-Sep 2020-Oct

Date
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Figure 4: Likely source of infection for COVID-19 cases in BC by episode date®, January 15 — June 28, 2020 (N=2,904)
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Episode date
Pending/missing exposure information . International travel
. Local - case/cluster Local - unknown exposure

§ Episode date is based on symptom onset date (n=2,712), if not available then date COVID-19 was reported to health authority (n=192).

* March 16: Entry of foreign nationals banned; symptomatic individuals banned from flights to Canada; international flights restricted to four national airports.
** March 20: US/Canada border closed to non-essential travel.



Predominant Lineages in BC
Changing Over Time

Top 20 Lineages

100%
90%
80%
70%
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Discontinued
VOC
Screening

Blue arrows highlight
most common

VOC Screening has

been discontinued COVID-19

starting June 2021. Positive test current pathway
All positive COVID-

19 test samples now
go to sequencing.

Sequencing Non-VOC

ALM: Additional lineages monitored
VOC: Variant of concern
VOI: Variant of interest

Confirmed
B.1.617.2

VOI/ALM

Confirmed

Confirmed
B.1.351

o

Confirmed
B.1.1.7

Prevalence estimates for

Prevalence estimates of spedific VOCs are based on samples from
individual VOCs

screening and baseline surveillance only up to end of May. Since
June, prevalence estimates are based on all sequenced samples
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Cluster
Detection
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Outbreak cases are linked to each other

Outbr '
B yes

R3280090210-1815

R3290014553-2082

R3280106334-1990

R3280090290-1833

R3280090234-1887

R3290014697-2188

R3280090094-1823

R3280090405-1838

R3280090255-1894

R3280079177-1764

R3280106310-1981
R3290036169-2281
R3290036190-2272
R3290014804-2157
R3280106167-1966
R3280106002-1903
R3280106006-1904
E3280203678-1976

8.0 8.1 8.2 8.3 84 8.5 8.6 8.7 88 8.9
Mutations
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“outbreak’ case clusters with non-outbreak cases

Outbreak Associatedwv

0 1-844
o E3270321691-845
) E3270337936-918
) E3270343688-965

R3270165028-874

6.0 6.1 6.2 63 6.4 6.5 6.6 6.7 6.8 6.9
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“Outbreak’ case clusters with non-outbreak cases

Outbreak Associatedwv

0 -844 e
¢ E3270321691-845 .
Non-outbreak cases may be linked
Genomics can identify potential
missing links or scope of
transmission
) E3270343688-965 y

R3270165028-874

6.0 6.1 6.2 63 6.4 6.5 6.6 6.7 6.8 6.9
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Feedback from health authorities

1. School cluster investigation: When variants first emerged, a few schools with clusters had broader testing
performed. WGS helped in confirming that most of the cases were community-acquired rather than
transmissions that were occurring in school. This helped inform public health measures and helped confirm
that schools weren't high transmission environments when mitigating measures are in place.

2.  Poultry Factory: This was a large workplace outbreak where the employers argued that new introductions of
COVID-19 were occurring from the community rather than being workplace-associated. WGS confirmed that

cases were highly related and helped confirm that workplace transmission was the primary mechanism of
spread.

3. LTC outbreak: WGS helped with understanding the impact of cohorting decisions in the site where
movement of residents unfortunately resulted in seeding of cases in an unaffected unit and contributed to a

secondary surge of cases in the outbreak. This has helped Community IPC refine cohorting guidance to
providers moving forward.

Dr Aamir Bharmal, MHO
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Genomic Sequencing of Pediatric Cases (n=223)

Phylogeny
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Pediatric Cases Typically Cluster in Larger Clusters with Many Adults

Pediatric Age Range A
B 13-18yrs 0-4yr

[T 5-12yrs

LCN-301693-20200904_nCoVWGS_9
LCN-277578-20200821_nCoVWGS_3
LCN-338488-20201007-nCoVWGS-2
LCN-313529-20200908_nCoVWGS_1
LCN-271785-20200820_nCoVWGS_2
LCN-338479-20201015-nCoVWGS-30-E3330064058
LCN-360759-202009021-nCoVWGS-17-E3330136515
LCN-283052-20201014-nCoVWGS-27-R3320113820
LCN-287497-20200825_nCoVWGS_4-E3320245576
LCN-283184-20200915_nCoVWGS_14-R3320111631
LCN-276288-20201014-nCoVWGS-27-R3320096549
LCN-287499-20200825_nCoVWGS_4-E3320251353
LCN-293720-20200825_nCoVWGS_4-E3320273560
LCN-95222-20200917-nCoVWGS-16-E3320212055
LCN-378864-20201005-nCoVWGS-2
© LCN-356388-20201001-nCoVWGS-:
LCN-356353-20201001-nCoVWGS-:
© LCN-356381-20201001-nCoVWGS-:
LCN-361294-202009021-nCoVWGS-17
LCN-313526-20200908_nCoVWGS_11-|
LCN-301702-20200908_nCoVWGS_11-|
LCN-301679-20200904_nCoVWGS_9-
LCN-301741-20200904_nCoVWGS_9-
LCN-301732-20200908_nCoVWGS_1:
LCN-355937-202009021-nCoVWGS-1
LCN-355594-202009021-nCoVWGS-1, -nuvwvvuevar
LCN-340072-202009023-nCoVWGS-18-E3330108166
LCN-342469-20200915_nCoVWGS_14-R3330036539
LCN-313532-20200908_nCoVWGS_11-E3320349743
LCN-301739-20200904_nCoVWGS_9-E3320301235
LCN-291334-20200825_nCoVWGS_4-E3320268843
LCN-322100-20201014-nCoVWGS-27-R3320192662
LCN-290760-20200915_nCoVWGS_14-R3320131113
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Operationalizing
SARS-CoV-2
Sequencing in BC
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Transition from Research to Clinical

Scale Up For High Volume
— PLOVER for sample management
— Improved workflow (LEAN processes)
— Liquid handling to automate library generation
— Acquisition of 2 NextSeq instruments
— Training and recruitment of staff

— Automated analysis pipelines and data
visualization

— Integration with epidemiology
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Ct values acceptable for WGS
Data entry

Indications for testing

Pre-analytic

Wet lab assay
Bioinformatics pipelines
LIMS???

Analytic

e Analysis
Interpretation
Reports

Post-analytic

Operationalized over a Quality Framework (QA/QC)
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Wet Lab Method Validation & Operationalization

* Extensive validation of sequencing protocol = robust and
reproducible

e CONA synthesis

DNA Flex Library
Prep

\ 1200bp amplicon ~d k. |
synthesis —

t ANJ«_MA_ (‘_‘J/‘L‘\
}‘q\:\g\_m’ ‘WM’L\

MiSeq
Sequencing

L RNA extraction
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Assay validation

 With introduction of each equipment, method modifications,
or kit modifications
— Requires extensive validations
— Cannot be performed within daily work environment

— Important to have a parallel group of technologists to support
method improvement work in a separate environment
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e Standardization of
Wetlab methods

* Training, SOP’s etc
° l(LlIVIS”
* Efficiency and feasibility

e Modular workflows

— Not linear
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Sequencing Platforms: The Options

MinlON, GridION NextSeq, MiSeq,
(ONT) MiniSeq (Illumina)




Automation of
Library Preparation ' #

Equivalent library prep times vs
manual

Ergonomic gains

Overall increase in in library
quality

More consistent performance

Eppendorf EpMotion 7075



Genome Coverage Decreases for Samples Beyond
Ct 30, But Still Some Success
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Table 1. Libraries genome completeness for each method Table 2. Time, cost, and consumable savings
Original method New method Original method New method
Number of samples 450 450 Hands-on time (manual) 4 hours, 30 minutes 1 hour
% Passed quality metric (>85%) 86.0 (387/450) | 86.4 (389/450) Total time to completion (manual) 6 hours 2 hours
% Complete genome (>99%) 80.7 (363/450) 81.3 (366/450) Time on instrument (epMotion) 6 hours 45 minutes
% Lineages called (>70%) 86.8 (391/450) 87.1 (392/450) Total time to completion (epMotion) 6 hours, 30 minutes 1 hour, thirty minutes
Cost of library prep (CAD list price) S68 S31
Number of tip boxes 34 4
Step B

. Amplicon bead-based purification
New - - Bead-linked transposomes

Tagmentation stop

Tagmentation wash

Library PCR

Size selection

Load on instrument

WGS Method

0 60 120 180 240 300 360
Time (mins)



Diagnostic
gPCR

+ve samples
forwarded to
BCCDC

Sequencing
Prioritized

Extraction

Amplicon
generation

Day 1

Library Prep

WGS
Work
Flow

Day 2

Day 3

Sequencing

Day 4

Analysis

Day 5



Increasing Pressure to Sequence More — How?

1200bp
amplicon
scheme

lllumina
DNA Prep

MiSeq or
NextSeq
2000

Extract RNA Library PCR Size selection

Tagmentation Load on
Wash Sequencer

cDNA synthesis

Amplicon PCR Tagmentation 19-29 hour
(2 pools) Stop Sequence Time

Amplicon
Purification

Tagmentation Bioinformatics




Increasing Pressure to Sequence More — How?

Extract RNA

cDNA synthesis

Amplicon PCR
(2 pools)

Amplicon
Purification

Library PCR

Tagmentation
Wash

Tagmentation
Stop

Tagmentation

Size selection

Load on
Sequencer

19-29 hour
Sequence Time

Bioinformatics

(

Pooled all
samples, then
performed
size selection
manually
N
made liquid
handler
available for
another
library

~




Increasing Pressure to Sequence More — How?

Removed : :
: Extract RNA Library PCR Size selection
timely steps
without
impacting
library prep. A s s Tagmentation Load on
d Wash Sequencer
Reduced
time from _ _
360 min to Amplicon PCR Tagmentation 19-29 hOl:Ir
. (2 pools) Stop Sequence Time
120 min.
\_ J

Amplicon
Purification

Tagmentation Bioinformatics




Increasing Pressure to Sequence More — How?

8 Purchased

additional
equipment
(stampers,
liquid
handlers,
sequencers)
and
staggered
work shift

N
Up to 10

\Ilbrarles/day)

Extract RNA

cDNA synthesis

Amplicon PCR
(2 pools)

Amplicon
Purification

Library PCR

Tagmentation
Wash

Tagmentation
Stop

Tagmentation

Size selection

Load on
Sequencer

19-29 hour
Sequence Time

Bioinformatics




Increasing Pressure to Sequence More — How?

4 )
Purchased
L. Extract RNA Library PCR Size selection
additional
equipment

Increased sequencing capacity from 750 genomes/week
- >4000 genomes/week

Stai [AT: Target for 5-7 days from sample receipt

£ POOIS) SLop sequence ime

work shift
J

Up to 10 :
. . Amplicon Tagmentation Bioinformatics
\hbrarles/day) Purification 8




COVID-19 WGS: Reasons for testing

Surveillance

— VOCs, emerging strains, at risk populations, etc

— Monitor travel related cases (importation of new strains)
— Monitor vaccinated vs unvaccinated cases

— Etc

Support public health and IPAC’s cluster and outbreak responses
Monitor severe cases

Monitor breakthrough and re-infection cases

Meet federal surveillance requirements
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Sequencing Capacity

» Before the pandemic, capacity was 24 samples/wk

e Currently, throughput is 4000 samples/wk
— Weekly cases currently >5000 samples

* Federal recommendations ~10-15% of positive cases.
— BC is testing ~90-100%
— BC is the only province testing at this capacity

e Current state is not sustainable
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Challenges

* Major challenge is sample storage and handling
— Freezer capacity limited
» Going forward
— Send ALL positives for first Epi Week each month
— Send priority samples and 10% “convenient” background samples

— Archive all other positives for E.g. 4 weeks
» Retrospective

— Send un-sequenced positive samples to BCCDC PHL or
— Follow BCCDC PHL’s retention strategy



BC Centre for Disease Control
An agency of the Provincial Health Sepdiges Authority

BCCDC Public Health Laboratory

Recommendation
* Combine a monthly point prevalence testing with targeted
testing by Epi weeks: Priority List:
s by collection date ’ ClUSterS & OUtbreakS
* Travel

| » Hospitalized / LTCF
® 10% convenient sampling . .
« Priority List e Re-infections
* Vaccine breakthroughs
ooy ent sameing « PHAC surveillance
e Other MHO requests

® 10% convenient sampling

"Prionty Lt -This strategy will be modified as weekly
volumes increase or decrease



7-day rolling average

Number

Sequencing at BCCDC PHL shows temporal evolution of pandemic

SARS-CoV2 samples genome sequenced by BCCDC Lineage
7-day rolling mean since 1st December 2020. Top 20 lineages only shown, remainder classified as 'other' . (Alpha) B.1.1.7 . G VP14
pha) B.1.1. amma) P.1.
1001 ~—-1 B (Deita) AY.103 AL.1
L | (Delta) AY.122 [ B.1.1.519
| ”\\/V (Delta) AY.25 B.1.2
- ‘ 1 (Delta) AY.27 B.1.36
B (eitayav.s [ B.1.36.36
B Deta)Av4s [ B.1.429
(Delta) AY.66 [l B.1.438.1
%07 B (eita) AY 74 B.1.617.1
B (Delta) AY.93 other
, B (Delta) B.1.617.2
M ~— . N
0 ' ' ' |' 1 ' 1
samples sequenced per day VOC | Sequencing all | Sequencing | Sequencing all
confirmation i positives received i 100% week 1 each month i positives received
600 i | i
i i i
e | |
01 : . . . . ] . : i : : i ‘
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2021 2021 2021 2021 2021 2021 2021 2021 2021 2021 2021 2021

Collection Date
Pangolin version: 3.1.16, PangoLEARN: 2021-11-18, Total sequences: 85423
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Key messages

WGS by BC CDC PHL shows:
— March = July 2021: co-dominance of Alpha and Gamma.

— April 2 July 2021: Delta introduction remaining at low levels for nearly
3 months between Gamma and Alpha.

— July 2021 - present: Delta established dominance quickly at a time of
low case counts.

— July 2021 - present: the current predominant lineage of Delta is
AY.25, with AY.27 being the other main lineage we are seeing.

— By HA in the Delta era: trends similar, but some differences (e.g. AY.4
in VIHA).

* Note, AY.4 is parent lineage of AY.4.2 flagged by PHE as having enhanced growth.
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Bioinformatics

* People, people, people

* Automated wgs quality checks

R
— Technologists with bioinformatics M,

0011010010110011101101110101010
support o o ot

e Standardized pipelines for data
Integration
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Analysis

— OICR Fork of Connor Pipeline

1. Quality filtering & adaptor
removal

2. Mapping against human

—— 3. Mapping against reference

(Wuhan-Hu-1)
4. Primer trimming, generate
consensus sequence (ivar)
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Analysis
AAAGAAACTATAGCTGAGAGCGGCG | 1. ncov-tools (O | CR)
ATCGTACGATGCATGCTAGCTAGCG
AGAGCGGCGATCGTACGATGCATGC 2. Pa ngo l €arn
TAGCTAGCGAGAGCGGCGATCGTAC — : .
GATGCATGCTAGCTAGCGAGAGCGG 3. Mutation watc h I ISt
CGATCGTACGATGCATGCTAGCTAG 4 P hy| 0 ge ny W / e pl on
CGAGAGCGGCGATCGTACGATGCAT )

NextStrain



Number of samples per week
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Lineages by HA over time

Pango lineages by absolute number binned into weekly totals since June 1st 2021
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Number of samples per week

Lineages by HA and phylogeny

Pango lineages by absolute number binned into weekly totals since June 1st 2021

All NA excluded and all with either <10 isolates or >500 not included here
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December 2" Omicron

Phylogenetic analysis of SARS-CoV-2 clusters in their international context - cluster 21K.Omicron

‘ Built with emmahodcroft/ncov_cluster. Maintained by Emma Hodcroft and Richard Neher. Enabled by data from (g u-!]-)
Showing 168 of 4128 genomes sampled between Nov 2021 and Nov 2021.

Phylogeny

Q RESET LAYOUT
Country A
. Botswana ] naly
Bl south Africa [ spain
[l Hong Kong [ Czech Republic
B 1srael [ United Kingdom
7] Belgium B Australia
[7] Germany B canada

7] Austria

Canada (Ontario)

Already some
— diversity ( + 2 intros

: in Ontario?)

45 50 55
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Current practice: Manual clade calling

Nextstrain build for SARS-CoV-2 - Displaying lllumina runs 1-1301 (September 2020 - December 2021)

Showing 313 of 19771 genomes sampled between Sep 2021 and Nov 2021. Filtered to | AY.4 (320) ©® W .

Phylogeny Nearly identical to Clade I:1 it
W Ave l i/ (1 mutation away)
E.g. | I Manual inspection and assignment
Clade 1.1 of clades:
% N )
g—' : 1 Pro:

—1— ! - Highest resolution

Appendix: Summary of genetically-related cases for further investigation

Collection
Case Sequencing CID Name PHN YYYDY‘-J:IM- YY:YitI\:M- HA sc:\';-sz Clade Detail* Invesl::ation C 0 n °
DD Lineage! ID? . o (o
b - Clades assignment specific to
HA B.1.2 Clade 1.1 Cluster 1-050
T o | awws ) | report and tree (cannot be cross
HA B.1.2 Clade 1.1 Cluster 1-050 Comp aI'Ed).
oA | 12 Clade 11 - Challenging to interpret.
" I 1 ? - Time consuming.
——e———————— ¢ ! 8 (5] PY
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Cluster co

For clusters with < 200 samples in this time period

AY.103 OCT21.BC.vax

e I e
AY.25 NOV21.BC.vsc

—_—
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| -
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Number of samples per week

Cluster codes — major clusters

Cluster codes for the last 6 weeks
For clusters with < 200 samples in this time period
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Number of samples per week

Cluster codes — major clusters and
Health Authorities

For clusters with < 200 samples in this time period
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Key messages

WGS by BC CDC PHL:

— Assigns lineages to samples.
— Allow tracking of the pandemic across time.
— Phylogenetic tree analysis of WGS allows even higher resolution.

— To date, manual inspection of trees has allowed reporting of outbreak
clusters in response to requests from health authorities.

— Cluster tool developed through collaboration with SFU.
* Allows automatic assignment of sequences to cluster codes.
* Cluster codes will be consistent between trees
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December 2019 February 2020 {
« Servers in place *  MHOs request

support for contact

BCCDC Public Health Laboratory

e Supportin alpha

for AMR bacteria tracers etc
WGS . New types of users
*  FluWatch in prod added 20
]anuary 2020 * VOC tests
Wuhan virus warning « Point of Care (Rapid) tests
 PHO Bonmg Henry orders « Support for BCCDC hotline
PHL to receive test records « Automatic data transfers (file and
and make available email)
* January 28, initial site goes e Private lab data (discontinued)
live for PHO, MHOs,

BCCDC
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Data linkage

* Realtime
* Automated
* Quality assured
* Laboratory as source for data linkage
— Lab metadata (e.g. age, gender, HA, etc)
— Reason for testing - flagged at sample collection and data entry)

— Lab results
— Significant Epi meta data (e.g. vaccination, hospitalization, travel)

* Data accessible by both labs and Epi
* Tight working relationship, avoid duplication
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COVID-19 health outcomes by vaccination status and age, BC, Nov 2021

Trend in % total population Vaccinations (all BC; Unvaccinated Vaccinated, 1 dose [l Vaccinated, 2 doses [l Vaccinated, 3 doses
vaccinated with at least 1 dose =5.3M)

80

600 K
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40 Number of 400K
20 people  onok I
0 0K ————m

Unvaccinated (n=6,505; 56%) Vaccinated, 1 dose (n=519; 4%) Vaccinated, 2 doses (n=4,587; 39%) Vaccinated, 3 doses (n=54; 0%)

Unvaccinated (n=1.0M; 19%) Vaccinated, 1 dose (n=0.3M; 6%) Vaccinated, 2 doses (n=3.9M; 72%) Vaccinated, 3 doses (n=0.1M; 3%)

N
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Cases (n=11,665)

Trend in daily cases per 1M 2,000
1,500
200 Number ' o
150 of cases ’
100 500 I I
Sg 0 | l. 77777
Unvaccinated (n=588; 69%) Vaccinated, 1 dose (n=49; 6%) Vaccinated, 2 doses (n=211; 25%) Vaccinated, 3 doses (n=9; 1%)
Hospitalizations (n=857)
Trend in daily hospitalizations per 1M 100
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8 hospitalizations 50
6
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0 Unvaccinated (n=194; 80%) Vaccinated, 1 dose (n=8; 3%) Vaccinated, 2 doses (n=41; 17%) Vaccinated, 3 doses (n=0; 0%)
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i i Critical =243, 40
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2 T\, 0 __m
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Reinfections

R e o
MN908947.3 ORF1a ORF1b S SEMSSE N S
(reference genome) T > > I
Specimen A read | __‘ _ — " _a A » -
mapping - = - .:
961359 reads = E;
SpeCimen B I'ead e ——— . PN — _—-_J e Sl i M . nr— . . ‘A_‘__ bt
mapping = § == = = ' __
951644 reads = = = E: == = = -
Specimen A variants 11 | | | [ | | l
Specimen B variants | | ] I 0 111 [ 11 [
T I | l T
5000 10000 15000 20000 25000

Tillet et al, 2021. Lancet Infectious Diseases
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Cl€ Public Health Laboratory LM

BC Centre for Disease Control 655 West 12th Avenue, Vancouver, BCV5Z 4R4 —
Ansgancy of the rovincia Hesth senices athory - WWW.bCcdc.ca/publichealthlab LABS
Date Contact Person
Organism (Genus, species) SARS-CoV-2 Telephone Numb
CD Unit/Health Authority Fax Number
Acute Care Facility Send Report To
WGS Request Form
e Cases are epidemiologically linked? [JYes [ No If Yes, indicate how:
- S I a I I a r I 2 e r e q u ‘ 5 [J Health care exposure [J Contact of case(s) [ Other risk factors:
[J Common event [ Travel

Line List: (Please attach spreadsheet/line list if more cases/specimens are in your cluster)

format for end users
(e.g. Health

[ ] [ ]
a | | t h O r I t I e : I PA ‘ ) If these specimens were tested for COVID-19 at a lab other than the BCCDC, please ensure the samples have been sent to BCCDC for WGS analysis.

Comments:

INTERNAL USE ONLY
Approved by: [ Yes [ No

[J Dr. L. Hoang, Program Head, Bacteriology & Mycology Laboratory, BCCDC Public Health Laboratory
[ Dr. N. Prystajecky, Program Head, Environmental Microbiology, BCCDC Public Health Laboratory

[ Medical Microbiologist on call, (Name):

Please email completed form to _BCCDC_NCOV.PUl@bccdc.ca Form PHBM_COVIDWGS Version 1.0 04/2020
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Samples
received

Whole genome
Sequencing

Lineage
assignment

!

Incorporation into
phylogenetic tree &
Clade assignment

Whole genome sequencing
of SARS-Co-V2 at BC CDC

Fully operationalised workflow!!!

All stages performed by technical staff with
scientific and clinical oversight!
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The report back to end
» care 4 components:

R e 1. Executive summary of the findings

specific to the outbreak cluster

WGS Summary Report: Final Mar 29, 2021

Dr Smith, HA * A dade refers %0 3 group of SARS.C oV

To:
belorg 10 2 sbdade (e g Oade 1.1) am

ativany rumbers asigned toddin

From: BCCOC Public Health Laboratory W 3 in e process of formaks

e e ——— 2. Line list of the cases you asked to be

Organism(s): SARS-CoV-2 (COVID-19 virus)
Outbreak Name: Public Hospital Surgical Ward (Cluster 1-100)

Executive Summary: ‘
* Of those that have been seqéenced (6/7), 4 cases generated high-quality data, 1 cases S e q u e n C e .

generated partial data and 1 cases filed,
The majority of the cases in this cluster nvestigation belong to 1 distinct genetic clade within

wquence data
densical”, 1.2 mutations are * Nearly identical”, 3 mutasions

the SARS-CoV-2 lineage(s) B.1.2
« Thereis 1 case that appears 1o be an out] &e They are different from the other cases identified 2 5::‘::’1'»100 (81321, Y H 1 H H

. 1ree: Igure snowing tne position o
* The cases in this arec ed ly related to cases identified in another

outbreak in HA, as well as community cases in HA. Details of these cases can be found in the

=Sy your cases on the tree relative to other

Table 1: Summary of cases in the Public Hospital Surgical Ward Cluster Investigation

008 Cotection b M
B el I B el N e R ) BC cases for which we have WGS data
DO B | N0 L Cluster 1-100 (8.1.2, Clade 1) °

1| s Goe, e 97839008 HA 812 Cacest | Custer 1100
2 | womomen Doe. John 93730108 Ha B12 Clade11 | Custer1-200

. . + + 4 L] . .
3 | mrewnn | ews e | s37e0 HA ""f:'_‘ “‘:’"‘ Chuster 1:100 Figure 1. SARS-CoV-2 genetic diversity for all samples sequenced todate by the BCCDC PHL. This tree 4 A n Ix L] I f I I I n n I X

- 5 - S isrocted to the original Wuhan reference strain (MN908947 3], and displays sequences based on the [ (] )
4 | Wemoos | omaMek | S2EEE ol Codell | Chmter1100 | number of mutations that differ from this reference strain (x-ais). Cases belonging to the Public
s R6392383713 ow, Ooug 97381911 HA 81321 Outter Chuster 1-100 Hospital Surgical Ward cluster investigation (Cluster 1-100) are displayed as purple dots on the tree . o
tps.

o [ | e | ol w | s | GGE omes containing cases that the tree suggests
7 REI8I0IAI9 Betor, Peter 9r33res HA No sample No sample Chuster 1-100

“This lineage assignment generated using the A of bal Outbreak L (pangolin)

tocl, @ software for assigning SARS-CoV-2 genome sequences to global ineages. Reference: Rambact et a. 2020, A M °

dynamic nomenclature proposal for SARS-CoV-2 to assist genomic epidemiology. Nature Mkrobiology. Please do nat hesitate to contact me if you require any further darifications. r I m I r r

5: 1403-1407. Uineages reported Pangolin Version V.2.2.1.

—
— | Provincial Health
Provincial Health \ age 26 S -
X ! Services Authority Page 104 1*( PR Vil SSrvioes Autedy ‘,}::;,‘ S e
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Role of Genomics in Current Phases of Pandemic

* Transition from detecting variants = surveillance of variants
— What is circulating?
— Is anything emerging?
* Targeted surveillance of specific populations
— Hospitalized
— Reinfections
— Breakthrough cases
— Outbreaks

e Surveillance critical as we transition from pandemic to
endemic stage



BC Centre for Disease Control
An agency of the Provincial Health Seg Authority

BCCDC Public Health Laboratory

People O\[ R Y

* Technologists

* Scientists o .y ‘ RAL g

« Bioinformaticians!!111111 A v/

* Medical Microbiologists £ e 2 ? oD
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Today’s Research is tomorrow’s Healthcare!!!
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