COVID-19 Epidemiology and

Paths Out of The Pandemic

David Fisman, MD MPH FRCP(C), Professor, Dalla Lana School of Public
Health, University of Toronto

Catholic University of Chile, May 19, 2021



Acknowledgements
and Disclosures

Work presented represents collaboration with Drs. Amy Greer
(University of Guelph) and Ashleigh Tuite (University of
Toronto).

Our work is supported by CIHR (2019 COVID-19 rapid
researching funding OV4-170360 ).

| have served on paid advisory boards for Pfizer, Astrazeneca,
Sanofi-Pasteur and Seqirus vaccines.

| have served as a paid legal expert for the Ontario Nurses
Association and the Elementary Teachers Federation of
Ontario in legal actions related to COVID-19 and workplace
safety.



Global update, variants, vaccines as a path
out of the pandemic.

Schrodinger’s coronavirus: overdispersion

Outline and its relation to aerosol.

Understanding transmission to inform exit
strategies.




Global View,
May 19,
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Variants Are Controllable with NP
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MV Logistic Regression (to February 24, 2021)

* Adjusted for age, sex,
geographical region,
comorbidity, time trend, and

pregnancy. 1.70 (1.44 to
Hospitalization 1.76 (1.46 to 2.23) 1.99)

2.59 (1.83 to
ICU admission 2.76 (1.76 to 4.34) 3.66)

1.26 (0.95 to

Death 1.36 (0.84 to 2.20) 1.88)




Enhanced Virulence of VOC (2)

Estimate of Relative Risk
Country/Province with 95% CI

Hospital admission
Denmark (Bager et al, 2021) —— 1.64 [ 1.32, 2.04]
Ontario B 1.64 [ 1.45, 1.86]
Heterogeneity: 1> = 0.00% < 1.64 [ 1.47, 1.83]

ICU admission

United Kingdom (Patone et al, 2021) —— 1.99 [ 1.59, 2.49]
Ontario —— 2.13[1.59, 2.85]
Heterogeneity: 12 = 0.00% S 2.04[1.71, 2.44]
Death

United Kingdom (Challen et al, 2021) —— 1.64 [ 1.32, 2.04]
Ontario —— 1.44[1.08, 1.92]
Heterogeneity: I = 0.00% . 1.56 [ 1.31, 1.86]
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Fixed-effects inverse-variance model

Figure courtesy of Drs. Peter Juni and Ashleigh Tuite.
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At first cases were rising among young adults, but levels are now elevated
across all ages
Weekly new cases per 100,000 people, by age group

80+ 53 82
70-79 45 61
60-69  bb 71
50-59 6.0 100
40-49 6.9 124

30-39 79 157
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<15 33 6.7
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Adjustment

for Under-
testing

Fisman et al, Ann Intern
Med, forthcoming

Cumulative incidence per 100,000
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Virulence and Age

—— Fitted Meta-regression

----- Confidence Interval
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Fig. 2 Mortality-minimizing vaccine prioritization strategies across reproductive numbers R0 and

countries.
A Vaccine rollout 0.1% per day Vaccine rollout 0.2% per day _ o
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Kate M. Bubar et al. Science 2021;371:916-921

Science

Copyright © 2021 The Authors, some rights reserved; exclusive licensee American Association AVAAAS
for the Advancement of Science. No claim to original U.S. Government Works



Eran Segal (@segal _eran), now published at
//www.nature.com/articles/s41591-021-01337-2]

* [Source
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Geographic

Variability in Risk

Cumulative Prevented COVID-19 Hospitalizations,

ICU Admissions, and Deaths (%)

60% 1

50% -

40% A

30% A

20% A

10% A

0% -

* Source: Mishra S et al., https://covid19-
sciencetable.ca/sciencebrief/a-vaccination-strategy-for-
ontario-covid-19-hotspots-and-essential-workers/

B Initial vaccination strategy
W Hotspot-accelerated vaccination strategy +11%

+14% +14%

Prevented COVID-19 Hospitalizations Prevented COVID-19 ICU Admissions Prevented COVID-19 Deaths



Intersection
Between COVID-
19 Risk and

Economic
Disadvantage:
Universal?
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Socioeconomic status determines COVID-19 incidence
and related mortality in Santiago, Chile

Gonzalo E. Mena'"”, (© Pamela P. Martinez2*#>1", (@ Ayesha S. Mahmud®®, © Pablo A. Marquet’-2%7%.7 Caroline 0. ...
+ See all authors and affiliations

Science 27 Apr 2021:

20

Article Figures & Data Info & Metrics elLetters PDF

Abstract

The current COVID-19 pandemic has impacted cities particularly hard. Here, we provide an in-
depth characterization of disease incidence and mortality, and their dependence on
demographic and socioeconomic strata in Santiago, a highly segregated city and the capital of
Chile. Our analyses show a strong association between socioeconomic status and both
COVID-19 outcomes and public health capacity. People livina in municipalities with low



Schrodinger’s Coronavirus

* Many paradoxes.

* Virulent pathogen (IFR 1%) characterized by asymptomatic/pre-symptomatic
spread.

* Pareto-distributed R,: transmission with lots of dead ends, yet causes super-
spreader events.

* Pandemic pathogen that “skips” children (?), except when resurgences are
driven by school opening.
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[Image: Christian Schim, Wikimedia commons. https://commons.wikimedia.org/wiki/File:Schroedingers cat film.svg



https://commons.wikimedia.org/wiki/File:Schroedingers_cat_film.svg

Dead Ends and Super-spreaders
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https://co.vid19.sg/singapore/clusters
https://www.medrxiv.org/content/10.1101/2020.02.26.20028431v1.full.pdf

Overdispersion and Explosive Outbreaks
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Sudden Explosion: Ontario, March/April 2020

Early cases

6001 oo

15

10
400 4

5

L

2020-02-03 2020-02-17 2020-03-02
Report Date
200- | ‘ ‘ “H “ m
2020-02-10 2020-03-09 2020-04-06 2020-05-04 2020-06-01 2020-06-29 2020-07-27

Report Date



The Primacy of SSE: Massachusetts

. Massachusetts

[l Northeastern USA

- North America
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Multiple introductions, dominant strains
transmitted w/i state are downstream
from uncontrolled SSE in SNF and
homeless shelter.

Strains of European and New York origin.

Biogen conference superspreader event
(N = 90) was controlled, SNF and
homeless/public housing outbreaks were
not.

Early introductions from China and Italy
had no secondary transmission.

[Source: https://www.medrxiv.org/content/10.1101/2020.08.23.20178236v1.full.pdf]



https://www.medrxiv.org/content/10.1101/2020.08.23.20178236v1.full.pdf

Can Rare, Conditional

Aerosol Transmission — T T T ]

Explain the 3 C’s? Sneeze-Hi - H—[—
Sneeze-Lo - I m %
* Host [adult vs. child], disease Cough-Hi - | |
stage, and activity [e.g.,
breathing vs. singing] may Cough-Lo - | i

explain spectrum of
aerosolized virus.

* Exponential increase in Speak-Lo . |
aerosol generation from
breathing—>sneezing.

T

Speak-Hi

T

T

Breathe

e Settings [crowding, duration, -2 0 2 4
poor ventilation] determine
probability of effective
exposure.

Logqo total aerosol droplet volume (pL)

[Source: Schijven et al., https://www.medrxiv.org/content/10.1101/2020.07.02.20144832v1] 21



https://www.medrxiv.org/content/10.1101/2020.07.02.20144832v1

Quantitative Risk Analysis
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Model based on varying levels of
aerosolization, spectra of viral
load in mucus, different sized
spaces and durations of exposure.
Ventilation not considered.

[Source: Schijven et al., https://www.medrxiv.org/content/10.1101/2020.07.02.20144832v1]
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Overall B Age C Symptomatology D SARS-CoV-2 kinetics

Respiratory viral load
(log,, copies/ml)
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https://www.medrxiv.org/content/10.1101/2020.10.13.20212233v2

* The R, we observe for SARS-CoV-2 represents a

weighted average of cases with R, < 1 (majority)
and Ry >>>> 1 (minority).

* Focus efforts on infective minority:

Im PO rtance « Ventilation and de-densification.
for PO‘ |Cy . B|d|rect|9nal prot.ectlon from masks.
* Appropriate respirators for those at greatest
risk.

* An epidemic is transformed into a controllable
and preventable disease.




* [Source: Haug et at,,
What Works? https://www.nature.com/articles/s41562-020-01009-

O]

Fig.1:Change in R, (AR,) for 46 NPIs at L2, as quantified by CC analysis, LASSO and T}

Fig.1: Changein R, (AR,) for 46 NPIs at L2, as quantified by CC analysis, LASSO and TF
regression.

regression.
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Overcoming the 4 C’s.

Type and level ' Low occupancy [ ] High occupancy

of group activity { .
Outdoors and Indoors and Poorly Outdoors and Indoors and Poorly S 0 u rc e .
well ventilated well ventilated ventilated well ventilated well ventilated ventilated

Wearing face covérings. contact for short time ‘ https: / / WWW- bm
e j.com/content/3
70/bmj.m3223

Speaking

Shouting,
singing

Wearing face coverings, contact for prolonged time
Silent

Speaking

Shouting,
singing

No face coverings, contact for short time

Silent

Speaking

Shouting,
singing

No face coverings, contact for prolonged time

Speaking

Shouting,
singing

Risk of transmission * Borderline case that is highly dependent on quantitative definitions
Low BB Medium High - of distancing, number of individuals, and time of exposure


https://www.bmj.com/content/370/bmj.m3223

Riesgo de transmision de
COVID-19 en distintas situaciones

Bajo Medio Alto

<> Con mascarilla...

...durante poco tiempo

Baja ocupacién Alta ocupacion
Al aire libre | Interior bien | Interior mal Al aire libre | Interior bien | Interior mal
ventilado ventilado ventilado ventilado

/' Ensilencio

En Espano —
ambien

...durante mucho tiempo

Baja ocupacién Alta ocupacién
Al aire libre | Interior bien | Interior mal Al aire libre | Interior bien | Interior mal
ventilado ventilado ventilado ventilado

.~ Ensilencio

Otros -
ldiomas

v Sin mascarilla...

...durante poco tiempo

Baja ocupacién Alta ocupacién
Al aire libre | Interior bien | Interior mal Al aire libre | Interior bien | Interior mal
ventilado ventilado ventilado ventilado
. Ensilencio
¥ Hablar

' Gritar/cantar

...durante mucho tiempo

Baja ocupacién Alta ocupacién
Al aire libre | Interior bien | Interior mal Al aire libre | Interior bien | Interior mal
ventilado ventilado ventilado ventilado
. Ensilencio
' Hablar

» Gritar/cantar

Fuente: Jones N. et al. BMJ 2020; 370; m3223 Eduardo Suarez



ENHANCED VENTILATION
WORK FROM PROPER RESPIRATORS
HOME Q&$ (N95) PROFSEOSEING
O QR CODE READERS o
POINT OF CARE TESTS OR e -
POOLED TESTNG oo° ,/:\OV\ .
- \
RESTAURANT " PsoﬁP‘ . ’f’% W \&P;\C%'Wi o
PATIOS O N\ 7 05 e
OUTDOOR > - GV&’SS N\N\\)/ _
PLAYGROUNDS o _ ’,¢' ovO C\V\?"\ -
’,%' ’,¢’ I \\]Pg;,z’
-0 =< .
g = A ‘,¢’
_-” 2 A~ _-”
,/’ ”¢‘ = ”I’
-, O -,
Q&& ’/’ t.l) "/’
O ”,z Jrta
-~ -~ [
»” A
- - .
’¢ ”’/ SQ,O‘
’a’ C\}O
’/

<+— \/ULNERABILITY TO AIRBORNE TRANSMISSION EVENTS =————>



Contact Information

Division of Epidemiology, Dalla Lana School of Public Health
155 College Street, Room 686, Toronto, ON M5T 3M7
Email: david.fisman@utoronto.ca Twitter: @Dfisman
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