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• Member of the Strategic committee for the Ontario 
COVID-19 Genomics Network (OCGN).
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Learning Objectives. 
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• Summarize the different genomic assays used in 
“genomics”. 

• Recognize methods used to distinguish organisms at 
the species/strain level. 

• Apply knowledge of the principles of health and 
disease surveillance.

• Assess different methods to distinguish disease 
clusters and the limitations of genomic typing.



Taxonomic Differentiation 
of Organisms. 
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Strain/Variant



PCR Amplification. 
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PCR amplification. 
• Inexpensive ($), limited computing power required (*)

• Require expertise for molecular assays - less of an issue now post COVID-19.

• Need to know your target(s) ahead of time. 



Pulse-Field Gel Electrophoresis
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• Only be used for Bacteria and/or Fungi.
• Labor Intensive and require laboratory space.

• Limited number of samples can be interrogated at one time. 
• Limited resolution - unclear what the changes were and how to assign them. 



Multilocus Sequence Typing (MLST)
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• Distinguished organisms base on
highly conserved “house-keeping
genes”.

• Look for changes in house
keeping genes to determine
strain level difference.

• Cheap ($$) but significant human
resources required.

• Isolates need to be cultured
and need to know what to
look for.

• Different organisms have
different levels of ‘basal”
mutations in house keeping
genes.



The Changing Landscape of Genomics. 
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Next Generation 
Sequencers (NGS)
enters the market

Cost Of Computing

Human Genome Project  - 12 donors, Sequenced 
90% of the human genome - $3  Billion. Today’s cost for 12 donor genomes - $12,000



Amplicon Based Sequencing (NGS)
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• Need to know what you are looking for. 

• Relatively inexpensive ($$) and computing intensive (**).  

Most Common type of 
“Genomic assay”. 



“Shot-gun” Sequencing
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• Does not require prior knowledge of what
to look for, can be used for new pathogens. 
(pathogen discovery)

• Expensive ($$$$$). 

• Significant computing power required 
(*****).

• Significant expertise in bioinformatics 
required (****). 

For now…rarely used in a clinical setting. 



Communicable Disease
Transmission. 
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Contact Tracing

13 Bradshaw et al, Nature Communications 2021. 



Digital and Analog Contact Tracing

14 Bradshaw et al, Nature Communications 2021. 



15 Figure courtesy of Michal Tal

The Incubation Period. 



Challenges with Contact Tracing

16 Hellewell et al, The Lancet Global Health 2020 

The higher the Ro, the greater need for better contact 
tracing. 

But once the Ro is > 3 - the efficacy of contact tracing is 
close to  0%  - at least according to this model in a 
community setting. 



Genomic Community Surveillance
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Amplicon-based Sequencing
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Base Mutation rate

Sjaarda and Sheth et al, mSphere 2021
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Genomics based epidemiology.

20 Sjaarda and Sheth et al, Scientific Reports 2021

• Introduction of 2 distinct lineages of the 
SARS-CoV-2 virus into Eastern Ontario. 

• Lineage A - Directly from Wuhan

• Lineage B - Multiple Variants from Europe, 
UK and the US. 

• Blinded genomics analysis and contact 
tracing done by separate team members. 

2



Viral phylogeny and Prevalence of SARS-CoV-2 strains in 
Eastern Ontario.
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B.1.117“Wildtype” BA.2B.1.529B.1.617 BA.5

BA.4

IDS Data Dashboard

Alpha Delta Omicron



Monitoring Emerging Variants of Concern. 

22 IDS Data Dashboard

• Allows for continuous surveillance for new and emerging variants of concern. 

• Changes in epidemiology. 



How Different is Different Enough? 
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• Used 15,504 sequences from KHSC 
from the beginning of the pandemic 
to the Omicron BA.2 lineage 
(Included Alpha, Delta, Omicron). 

• 636 outbreak clusters from 1395 
patients. 

Jentsch et al, Unpublished Data
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How Different is Different Enough? 
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• Using 2 nucleotide change as a 
threshold had a sensitivity of 
>80% for Alpha/Gamma but < 
60% of Delta and Omicron 
isolates

• Using 3 nucleotide differences 
allow us to differentiate between 
viruses within a set time with an 
accuracy of >90% for all the VOC 
variants. 

• So for our outbreak reports we 
chose to use 3 SNP’s to call out a 
virus as being “different”. 

Jentsch et al, Unpublished Data



Challenges / Limitation of using Genomics in 
Institutional Outbreaks.

• Require infrastructure and personnel

• Timeliness - takes ~ 4 - 7 days from sample 
collection.

• Need to establish a threshold for calling a strain 
‘related’ vs. ‘unrelated’. 

• Cannot determine direction of transmission. -
mutations are not acquired in one direction.  
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Genomics for Outbreak Management

26 IDS Data Dashboard



SARS-CoV-2 Genomics
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Genomic Informed Outbreak Investigations - SARS-
CoV-2 

Unpublished Data28

• 19 person outbreak at KHSC. 
Patients and staff involved. 

• Time and place analysis suggested 
all of the patients were part of one 
outbreak cluster. 

• Genomics verified that the viruses 
were almost identical in all of the 
individuals. 

• Evaluate what changes can be 
made to mitigate further spread 
and transmission. 



Genomic Informed 
Outbreak Investigations - SARS-CoV-2. 

Unpublished Data29

• 10 person outbreak at KHSC -
time and place analysis 
suggested that all the cases were 
“related”. 

• The IPAC team called an outbreak 
and started investigating a break 
down  in process / protocol. 

• Genomics revealed that there 
were 4 - distinct viruses 
circulating amongst the 10 people 
involved. 

• led to significant anxiety amongst 
the staff on the floor. 



Outbreak Reports to IPAC 

30



Outbreak Reports. 
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• 31 person outbreak at KHSC – 23 patients – one cluster.  



Amplicon-based Seqencing for Mpox
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•Two-patients tested positive 
for  Mpox in the community. 

•Health unit was contact 
tracing to determine 
community transmission.

•Genomics identified that the 
strains were very different. 

•Allowed us to inform our 
health unit sure that this was 
not community transmission. 

Sjaarda and Sheth, Journal of Infectious Diseases 2023



Monitoring Anti-Viral Resistance to SARS-CoV-2

Sjaarda, Wong and Sheth et al, JAMA Network Open 2023

• Nirmatrelvir-ritonovir (Paxlovid) is a newly 
developed protease inhibitor that is the leading 
antiviral drug against SARS-CoV-2. 

• Paxlovid is an oral drug that is taken twice daily for 
5 days in non-hospitalized adults with mild to 
moderate COVID-19 who are at high risk of 
disease progression. 

• Short dose duration of Paxlovid, is resistance 
really an issue??



Lessons from the Past : Influenza and Amantadine

• Amantadine was a drug 
used against Influenza A. 

• Amantadine was 
administered within 24 -
48 hours after symptom 
onset and continued for 
24 to 48 hours after 
symptom resolution. 

• Short dose, resistance 
developed rapidly…drug 
is no longer indicated for 
Influenza A. 



Monitoring Anti-Viral Resistance to SARS-CoV-2

Sjaarda, Wong and Sheth et al, JAMA Network Open 2023

• We evaluated >78,000 SARS-CoV-2 
sequences from patients in Ontario, Canada 
between March 2000 and Jan 2023.

• Paxlovid resistance was found in 128/78,866 
(0.16%) of clinical isolates. 

• Levels of resistance were evaluated using 
the genomic sequences from the Ontario 
COVID-19 genomics laboratories led by Dr. 
Kozak (Toronto) and Dr. Sheth (Eastern and 
Northern Ontario). 

• Currently doing a follow up study with over 
100,000 patients and using provincial data to 
monitor Paxlovid Resistance. 



Combining Genomics and Patient Outcomes



Wong, Sjaarda and Sheth, Unpublished data

The Borg were wrong !!

RESISTANCE IS NOT FUTILE

….IT IS INEVITABLE



Summary
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• Genomics is very useful for population level surveillance for 
emerging and endemic pathogen. 

• The wide adoption of Genomics is currently impeded by costs 
linked to personnel and computing. 

• Analysis is challenging as it is organism dependent and need to 
know the stability of the genome. 

• Need to incorporate genomics into outbreak investigations to help 
with Public Health and Institutional Contact Tracing for a wider 
array of pathogens (Syphilis, Influenza, C. difficile, Salmonella, 
Shigella, Multidrug Resistant Organisms (MDRO), TB etc). 



Thank you for your time. 
Happy to take questions !
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