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Introduction

Total Deaths
* Pandemics are scary

* Health, economic implications Total Deaths
e Quarantine, social distancing :
\4 cannot last forever (?)
* Flattening the curve ->
“communication problem”

* Epidemics are well behaved

proper assumptions and have

g% mathematically if you make the

the reasonable parameters:



The ”Susceptlblnfected—Removed” model (SIR)
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* Ry is the “basic reproduction number”
. The “R-zero”, “R-naught”

fisa surement of force of infection
contacts/* prob of transmission

° — |s the infections perlod

%N f




The “Susceptible-Infected-Removed” model

(SIR)
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e Change in S in one unit of
time
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e [3: # contacts x prob
transmission

e |: # Infected
e S: # Susceptible
e N: Total Population
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*y: recovery rate (the
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recovery)

e [: # infected
N Ky

SN,

™

e Change in R in one

unit of time
F

e y: recovery rate (the
inverse is the time to
recovery)
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The “Susceptible-Infected-Removed” model

(SIR) — Bngi uition
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| M p | iIcations COVID-1$ Mortality by Age and Pre-Existing Condition*

-

Pre-existing Case Fatality
conditions Rate (%)
* Flattening = spreading infection ‘ oo TR
over time...there will still be the = : anses :;:
and will take time 50- 3., respiratory
eed to be used by ; |

peopte with strokes, cardiac : 2 No pre-existing
arrest, invasive surgeries, cancer
etc...

Case fatality rate for COVID-19 based on age ana pre-existing
conditions.

* When will it be safe to go
outside?

*Case Fatality Rate (%) = (number of deaths / number of COVID-19
cases) x 100 for each group

Source: . Accessed 14 March 2020.
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_ Ontario — patient “zero”

PR

Day
218
Susceptible
Population not 2,312,247 (15.78%)
immune to
disease -61/day
Exposed
Population 1,469 (0.01%)
currently in d
incubation -221 /day
Infectious
Number of -
infections actively 2,060 (0.01%)
circulating -306 / day
Removed
Population no

longer infectious
due to isolation or
immunity.

12,334,943 (84.19%)
-3,006 / day
[[] Recovered
11,990,500 (81.84%)
Hospitalized
Active | I 78,432 (0.54%)
hospitalizations,_ 06 / day
Fatalities
Deaths. | J 99,807 (0.68%)
393/ day

Full recoveries.

Transmission Dynamics

Jay 0
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Clinical Dynamics

Intervention on day | to decrease transmission

199 | by
I (erag me)

—TR 290 YR

Population Inputs

Number of initial
infections

h—

Basic Reproduction
Number Ry

ze of population
Measure of
4,650,719 contagiousness: the
{

number of secondary
infections each infected
individual produces

Transmission Times

Length of incubation
period, T}y,

i

Duration patient is
infectious, Ty

N

5.20 days

3.5 Days

Mortality Statistics
Case fatality rate

i

Time from end of
incubation to death

D 32 Days

8.90 %

Care statistics
Hospitalization rate.

Recovery Times
Length of hospital stay

21 Days 10.60 %

i ¥

Recovery time for mild
cases

Time to hospitalization

14 Days 2 Days

I i

_70.00%



Day
218

Susceptible

Population not
immune to
disease 0 /day
Exposed
Population 2 (0.00%)
currently in .
incubation 0/day
Infectious
Number of 3 (0.00%)
ections actively -
circulating 0/day
Removed

Population no
longer infectious
ue to isolation or

immunity

-149 / day
[J Recovered
Full recoveries.
Hospitalized
3,395 (0.02%)
-150 / day

Aclive
hospitalizations.

Fatalities

Deaths.
34 / day

12,362,000 (84.38%)

12,246,956 (83.59%)

110,302 (0.75%,

2,288 715 (15 62%)
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Transmission Dynamics

Intervention on day
199
|| (drag me)

—R 2.20

Clinical Dynamics

Population Inputs
Size of population

Basic Reproduction
Number Rg
Measure of
contagiousness: the
number of secondary

14,658,71

infections each iﬁ?v’.‘CleG

Indivi l pr ice
Number of initial dividual produces

infections
2780

0 d

]
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Transmission Times
Length of incubation
period, Tine

0

Duration patient is
infectious, Tiy¢

i

5.20 days

Mortality Statistics
Case fatality rate

0

Time from end of
incubation to death

D 32 Days

Recovery Times
Length of hospital stay

{

Recovery time for mild
cases

i

21 Days

14 Days

Care statistics
Hospitalization rate

- 160.00 %
Time to hospitalization

2 Days

Ontario — reasonable assumptions, no
guarantine

to decrease transmission
by

76.06%



‘ective intervention measures

Intervention on day | to decrease transmission

Ontario — e

Day
218
Susceptible
Population not 14.464.748 (98.73%)
immune to 4
disease -1/day
Exposed
Popuiation 6 (0.00%)
currently in rday
incubation 0/day

Infectious

Number of 4 (0.00%)
infections actively

circulating 0/day
Removed
Population no
longer infectious 185,962 (1.27%)
due fo isolation or } 4 g /day
immunity. 2
[] Recovered
Full recoveries. | J 184,227 (1.26%)

Hospitalized

Active | T 26(0.00%)

: ay

Fatalities

Deaths. | J 1,667 (0.01%)
i A 0/day

) Al 80 ( 2 14( 16:

Transmission Dynamics Clinical Dynamics
Population Inputs Basic Reproduction Transmission Times Mortality Statistics Recovery Times Care statistics
Size of population Number Rg Length of incubation Case fatality rate. Length of hospital stay ~ Hospitalization rate
Measure of period, Ty,
12,650,719  contagiousness: the 5.20 days - 0.90 % . 21 Days joe 10.00 %
number of secondary { 1 [ {]
infections each infected
individual produces
Number of initial p Duration patient is Time from end of Recovery time for mild Time to hospitalization
infections. infectious, Tiys incubation to death cases
2.2 3.5 Days 32 Days 14 Days 2 Days

. .
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Projected critical care demand with
reductions in physical distancing effort
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45 / N\ 55% Yeduction in contacts
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Cipriano, Haddara, Zaric, 2020



How does Modelling and
forecasting help?




Number of people using hospital resources

Community may cycle through levels of SD intensity

Ward hospitalizations

—_— ...
® Critical care
200

180
160

— Physical distancing participation

140
120
100
80
60
40
20

0 == | \
Marchl 30 60 90 120 150 180 210 240 270 300 330 360

Days \_/17

100%
90%
80%
70%
60%
50%
40%
30%
20%

0 10%

0%

Proportion of population participating in
physical distancing (reducing contacts by 75%)

Scenario

Participation in community
physical distancing decreases
1.5% per day (to min of 40%)
when hospital capacity < 45 beds

Participation in community
physical distancing increases
1.5% per day (to max of 75%)
after hospital capacity > 45 beds

Cipriano, Haddara, Zaric, 2020



Community engagement affects need for
hospital resource endurance

Ward hospitalizations

® Critical care
200 100%

Physical distancing participation

Scenario
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70%

Participation in community
physical distancing decreases
1.5% per day (to min of 40%)
when hospital capacity < 45 beds
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50%
Participation in community

Proportion of population participating in
physical distancing (reducing contacts by 75%)

Number of people using hospital resources

80 40% , _ C
physical distancing increases
60 S 1.5% per day (to max of 65%)
40 o 20% after hospital capacity > 45 beds
20 _— s C10%
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Preparing for Uncertainty /17/\/‘ -

Justin Iime vs Just in Case
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Number of people using hospital resources
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Davs Cipriano, Haddara, Zaric, 2020
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Preparing for Uncertainty
Just in Time vs Just in Case
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Questions?
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