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COVID-19

Outline
• Evolution of COVID-19 RT-PCR test at BCCDC Public Health Lab
• Analytical performance and attributes of test
• Interpretation of results
• Clinical performance and attributes of test
• Interpretation of reported epidemiological data
• Serology
• Test utilization and role of perioperative testing
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Coronavirus Genome: PCR and Sequencing Targets

RNA dependent RNA Polymerase

Envelope (E) gene
Nucleoprotein (N) gene
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Dec 2019
Pneumonia of 
unknown cause in 
Wuhan

Dec 31,  2019

Pneumonia of 
unknown cause 
reported to WHO

Jan 02, 2020
Lab confirmation of 
2019-nCoV in 41 
patients

Jan 10, 2020

1st 2019-nCoV 
genome released 
publicly

Jan 13, 2020
BCCDC designs 
qPCR assays; order 
primers

Jan 14, 2020

1st qPCR assay 
released on WHO 
website

Jan 20, 2020
BCCDC qPCR assay 
developed; 
undergoing validation

Jan 23, 2020

1st BC person under 
investigation (PUI) 
tested

Jan 27, 2020
1st positive sample 
from PUI 

Timeline of SARS-CoV-2 Assay Development in BC

Feb 2, 2020

151 samples tested, 
1 positive

Courtesy of Dr. Natalie Prystajecky
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No COVID-19 viruses 
were harmed in the 
making of this 
assay……
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What is the Test?

RNA DNA
DNA amplification

Target 2 different COVID-19 genes:
RdRP and E-genes
AND internal sample control

Quantification:  # cycles to reach the detection 
threshold.  

The fewer the cycle the  larger the viral load
Ct = 4
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COVID-19 Assay Attributes
Limit of detection: <10 RNA copies/mL sample

Alignment:  with existing workflow, can be handled in CL2

Multiple targets: RdRP gene, E-gene, RNAseP (internal control)

Sample type: nasopharyngeal sample, throat swabs, throat to nose, etc

Analytical Sensitivity:  100% sensitive, 100% specific
Positive result: Cycle threshold (Ct) = <35

Indeterminate result = Ct 35-40
Negative result = Ct >40
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Negative and positive results

• If Ct is > 40 or not generated AND internal control is good
 report as NEGATIVE for COVID-19

• If Ct is <35  AND internal control is good
 report as POSITIVE for COVID-19
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Indeterminate results
• Variable terminology: inconclusive, indeterminate, undetermined, etc
• If Ct is not generated BUT internal control is not generated

 Indeterminate, poor sample quality

• If Ct 35-40 AND internal control is good
 Indeterminate, 
Low level positive either in early or late disease
RNA is at the level of assay detection

Contamination
 “Recollect if clinically indicated”
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January 27, 2020

BC’s first case of 
confirmed COVID-19
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Challenges with Supply Chain

• Swab shortages
• COPAN factory in Northern Italy

• Reagents for PCR test in short 
supply, contamination issues

• Stockpiled provincially and nationally
• Worldwide competition
• No commercial flights
• Border closures
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Challenges

• Exponential increase in volume
• Routine capacity for respiratory virus PCR ~200 tests/day
• 1500 tests per day
• BCCDC PHL only lab in BC testing

Automation and commercial systems with high throughput
Decentralized testing to hospital and community laboratories
Implemented multiple assays as backup plans A, B and C….
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Determinants of Clinical Assay Performance
1) Operator

Nasal, NP

Throat

2) Site sampled

3) Time of sampling during course of illness

(Zou et al., NEJM March 19, 2020)
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1) Operator

• Was the right swab used?
• Was the test collected correctly?
• Could there have been a mix-up?
• Is the sample kept in the appropriate conditions?
• Was the sample transported to the testing site within the acceptable 

time frame?
• etc



COVID-19

2) Which Site(s) 
Should Be Tested?

Nasopharyngeal & 
throat swabs

Sputum
Stool

Serum
Urine

Wölfel et al., Nature April 1, 2020
https://doi.org/10.1038/s41586-020-2196-x
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2) Site Sampled Affects Viral RNA Detection
• Live virus most likely shed during the first week of symptoms

• RNA load highest during the 1st week, then decreases
• RNA shedding occurs ~3 weeks , up to 37 weeks 
• Undetectable live viral shedding 8 d post symptom onset, despite high RNA load

• NP swabs more sensitive than throat swabs

• Sputum specimens from patients with lower respiratory tract disease 
remain positive for longer duration

• Likely asymptomatic shedding, but limited data



COVID-19

 Upper respiratory 
tract viral load 
highest in first 5 days

 Lower respiratory 
tract likely starts 
later and extends for 
longer with lung 
involvement

3) Time of Sampling During Course of Illness

Infection

Symptom onset

Days post infection

DAYS
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Why Can’t You Tell Us What the Sensitivity of the Test Is?

To determine CLINICAL performance, one needs to do a “clinical trial”
BUT 

No “clinical gold standard” for COVID-19 positive and negative cases, 
therefore unable to assess true clinical performance of PCR assay

The only studies that report PCR assay performance used CT Chest as 
“clinical gold standard” for identifying COVID-19 positive or negative cases

References:
1) Huang P, Liu T, Huang L, et al. Use of chest CT in combination with negative RT-PCR 
assay for the 2019 novel coronavirus but high clinical suspicion. Radiology 2020. 
2) Xu J, Wu R, Huang H, et al. Computed Tomographic Imaging of 3 Patients With 
Coronavirus Disease 2019 Pneumonia With Negative Virus Real-time Reverse-
Transcription Polymerase Chain Reaction Test. Clin Infect Dis. 2020;ciaa207. 
3) Wu J, Liu J, Zhao X, et al. Clinical Characteristics of Imported Cases of COVID-19 in 
Jiangsu Province: A Multicenter Descriptive Study. Clin Infect Dis. 2020;ciaa199. 
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Disease 
prevalence

PPV NPV

70% 99.08% 89.63%

50% 97.88% 95.28%

20% 92.02% 98.78%

5% 70.83% 99.74%

1% 31.79% 99.95%

Calculations

Sensitivity = 95%
Specificity = 98%
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Multiple Factors Affecting Interpretation of Results

• Was the sample properly collected, were there any errors in 
handling and testing?

• What type of sample was collected?
• Where was the patient in the course of illness when the sample 

was collected?
• What is the prevalence of disease of the patient’s population, at 

the time of sample collection?
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“Blood test” 
AKA Serology

PCR tests detect the presence of 
COVID-19 virus RNA

Serology tests detect the immune 
response to COVID-19 infection
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SARS-CoV-2 Antibody ELISA Performance

Lassaunière et al., medRxiv https://doi.org/10.1101/2020.04.09.20056325
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Comparison of COVID-19 Virus Antibody Detection
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COVID-19 Disease and Reaction Time

 IgM/IgG rise
~ 2 weeks after 
illness onset

 Serology not for 
acute disease 
diagnosis

 For seroprevalence
determination Infection

Symptom onset

Days post infection

DAYS
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Ability to Detect COVID-19: Foundational Component of 
Canada’s Containment and Mitigation Strategy
• Mitigation

• Population-based testing for surveillance, case detection and transmission prevention

• Containment
• Hospitalized patients with severe respiratory or flu-like illnesses
• Symptomatic healthcare workers
• Where testing modifies patient management 

(e.g. infection control, patient diagnosis and treatment)
• Outbreak detection and management – including HCW and pts in acute care
• Surveillance
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Perioperative Criteria in BC
• Pre-operative screening

• At the discretion of the surgeon/anesthesiologist
• For patients with compromised cardiopulmonary systems, 

may consider screening, and if positive, reschedule until resolution of disease
• Asymptomatic vs symptomatic

• Can inform post-op IPAC management 
• Limitations

• Turnaround time of test
• Life and limb
• Negative test does not rule out disease
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Testing Criteria Vary Across and Within Provinces
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What’s Next
• Combination of targeted PCR and serology tests to inform 

patient care, IPAC and public health response
• Decentralize testing 
• Operationalise up to 24 hr turn around time
• Ensure ongoing supply of test reagents
• Maintain healthy laboratory environment to ensure ongoing testing 

capacity
• Automation where possible
• Genomics!!!



COVID-19



ARDS:  MECHANICAL 
VENTILATION FOR COVID-19

Niall D. Ferguson, MD, FRCPC, MSc
Head of Critical Care Medicine 

University Health Network & Mount Sinai Hospital
Professor, Departments of Medicine & Physiology,

Institute of Health Policy, Management and Evaluation
Interdepartmental Division of Critical Care Medicine

University of Toronto



Disclosures

• Consultant for Xenios
• Speaker fees from Getinge 
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Ventilator-Induced Lung Injury

Slutsky & Tremblay 
AJRCCM 1998



ARDS Network

High Stretch
• VT:  11.8
• PPLAT:  32-34
• RR:  18
• VMIN: 13
• PEEP:  8

Mortality 40%

Low Stretch
• VT:  6.2 ml/kg
• PPLAT:  25 cm H2O
• RR:  29
• VMIN: 13 L/min
• PEEP:  9 cm H2O 

Mortality 31%*
*p=0.005







28-day Mortality:

16% vs. 33%; p<0.001
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What is the right amount of PEEP?

14



Oxygenation improvement with PEEP

Everything we know about the ARDS clinical 
phenotype we learned in 1967





Set PEEP 8.4   7.4   8.3  10.1





Setting PEEP

Defined range
• Low PEEP arm of ExPress (5-9 cm H2O)
Plateau pressure limit
• High PEEP arm of ExPress (28-30 cm H2O)

PEEP-FiO2 Table
• Higher vs. Lower – ARMA, LOVS, ALVEOLI
Pressure/Volume measurements
Transpulmonary pressure limit
Decremental PEEP titration



ARDS Network

High Stretch
• VT:  11.8
• PPLAT:  32-34
• RR:  18
• VMIN: 13
• PEEP:  8
Mortality 40%

Low Stretch
• VT:  6.2 ml/kg
• PPLAT:  25 cm H2O
• RR:  29
• VMIN: 13 L/min
• PEEP:  9 cm H2O 
Mortality 31%* *p=0.005





ICU Mortality:  RR 0.85 (0.76-0.94)

Hosp Mortality: RR 0.90 (0.81-1.0)







Only PEEP by O2 gave

higher PEEP with 
increasing severity & 

recruitability



ARMA & ALVEOLI Trials

Latent Class Modeling 
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Spontaneous Breathing in ARDS

When to allow any?

How much to allow?

Consider maintaining normal effort levels – implies measuring effort
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RR 25 then 70/min

VT 7 then 9-15ml/kg
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Spontaneous Breathing in ARDS
• PRO

• Prevent diaphragm atrophy 
(overassist myotrauma)

• Improved hemodynamics
• Less sedation and associated 

adverse effects
• Progress patients towards 

liberation

• CONs
• Direct overdistention injury
• Pendelluft injury
• Increased lung perfusion
• Dyssynchrony – double-trigger
• Expiratory muscle activation 

leading to decreased EELV

Effect Modifiers:  
ARDS Severity; Smaller Baby Lung; High Drive; Injurious Settings





Airway Occlusion Pressure as an Estimate of Respiratory 
Drive and Inspiratory Effort During Assisted Ventilation
Telias I, et al.  AJRCCM 2020 In Press



End-Expiratory Exclusion Manoeuvre

Predicted Pmus = -0.7 x ΔPocc

Predicted ΔPL = (Peak Paw– PEEP) – 0.6 x ΔPocc





Opinion Based Medicine…
Set VT=6 ml/kg (or lower)

Control breath size if mod-severe ARDS
Try Higher PEEP

Set VT=6-8 ml/kg
Tolerate larger spontaneous breaths as long 

as effort not extreme
Try Lower PEEP



Take Home Points
• COVID-19 ARDS is like ARDS - i.e. heterogeneous
• Tailor PEEP to recruitability
• Impact of spontaneous breathing during ARDS depends on timing 

and severity
• Measuring patient effort is important
• When allowing spontaneous breathing – consider normalizing efforts 

to protect both lung and diaphragm



University of Toronto Critical Care Medicine International Fellowship Programme
n.ferguson@utoronto.ca www.criticalcaretoronto.com



n.ferguson@utoronto.ca

@nialldferguson
October 5-8, 2020                
Sheraton Centre Hotel, Toronto



28-day Mortality:

24% - Nimbex

33% - Placebo

p=0.05



Spontaneous Ventilation in ARDS

• ROSE Trial Results

45



• 1006 early ARDS P/F < 150
• 48h cisatricurium & deep 

sedation vs. lighter sedation
• Higher PEEP in both groups
• 15% prone in both groups
• Primary:  90-day mortality
• Stopped for futility
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655 already on NMB

~ 1/5 assessed included
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OSCILLATE Controls



Why are ROSE and ACURASYS results different?
• Higher PEEP?
• Lighter sedation comparator?
• Lower use of proning (15% vs. ~50%)
• Less sick patients

51



Spontaneous Ventilation in ARDS

• Rose Trial Results
• Spontaneous is not always better

52



John Granton MD FRCPC
Head, 
Division of Respirology
University Health Network and Sinai Health System
Professor of Medicine, 
Faculty of Medicine, University of Toronto 

Clinical Trials During COVID 19



Objectives

 Lessons learned ?
 Challenges in conducting clinical trials during a pandemic
 Clinical trials underway
 Trial design during a pandemic






Doubling time of cumulative number of reported COVID 19 clinical trials





APPROACHES / THEORIES

Antiviral
• Vaccines
• Prophylaxis
• Early vs late infection

Anti-inflammatory

Anti-coagulants

Anti-microbial

Organ specific



April 6
JAMA. doi:10.1001/jama.2020.5394



CHALLENGES DURING A PANDEMIC

Lack of coordinated efforts

Funding 

Trial approval and execution

Research personnel

Consent

Barriers to collecting data

Surge in clinical activity vs constrained resources



April 14, 2020
DOI: 10.1056/NEJMp2009457

Pitfalls of 

• Open label studies

• Off label use



54 SARS treatment studies, 
15 in vitro studies, and three ARDS trials 

26 studies of ribavirin were classified as inconclusive, and 4 showed possible harm. 

7 studies of convalescent plasma or IVIG, 3 of IFN type I, and 2 of lopinavir/ritonavir 
were inconclusive. 

29 studies of steroid use, 25 were inconclusive and 4 were classified as causing 
possible harm.

September 2006; 3(9): e343



Clinical Infectious Diseases 
2012;55(1):16–8

“A crisis is a terrible thing to waste”
Paul Rohmer





Hydroxychloroquine +/- Azithromycin

April 18th, 129 trials involving chloroquine and hydroxychloroquine, alone, or in 
combination, or in combination with other drugs in the prevention or treatment

Most = non-blinded trials.

5 have been “published”
1 open-label trial of hydroxychloroquine or hydroxychloroquine + azithromycin; 
1 open-label randomized placebo-controlled study of hydroxychloroquine; and 
1 randomized comparison of hydroxychloroquine with standard care, 
1 case series, 
1 observational study designed to emulate a randomized controlled trial in 181 patients

Ferner Aronson
https://www.cebm.net/covid-19/hydroxychloroquine-for-covid-19-what-do-the-clinical-trials-tell-us/



April 10
DOI: 10.1056/NEJMoa2007016

53/61 patients with oxygen saturation of 94% or less. 

10-day course of remdesivir, consisting of 200 mg administered intravenously on day 
1, followed by 100 mg daily for the remaining 9 days of treatment.

Seven of the 53 patients (13%) died. 
6 of 34 patients (18%) who were receiving invasive ventilation and 
1 of 19 (5%) who were receiving noninvasive oxygen support





April 10
DOI: 10.1056/NEJMoa2007016



March 18
DOI: 10.1056/NEJMoa2001282

199 patients with pneumonia 
Oxygen saturation (Sao2) of 94% or less or
Pao2:Fio2 at or below 300 mg Hg

Open label
Comparator = standard of care



Cao et al. March 18
DOI: 10.1056/NEJMoa2001282

Median, 16 days vs. 16 days; 
HR for clinical improvement, 1.31; 
95% CI: 0.95 to 1.80; P = 0.09



Cao et al. March 18
DOI: 10.1056/NEJMoa2001282



1200 patients 2:1 randomization

Comparator = standard of care

Primary outcome
intubation or death at 30 days





A Randomised, Embedded, Multi-factorial, Adaptive 
Platform Trial for Community-Acquired Pneumonia



Lopinavir / Ritonavir

Remdesivir

Interferon beta – 1

OH-chloroquine



KEEPING UP WITH THE LITERATURE



KEEPING UP WITH THE LITERATURE

https://www.criticalcare.utoronto.ca/covid-19-resources
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