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The focus of the talk will be modelling for infectious disease and public health, but
there are also important aspects (E.g. climate change, chronic diseases etc.)

Old Chinese quote: “To defeat your enemy, you must know your enemy.”



The history of our invisible enemy

Chlkungunya

Using modern day techniques in the field of molecular and evolutionary
biology, many pathogens exist on this planet millions of years ago.

They have been persisting and evolving in harsh environments and times
throughout history, infecting different host species.

/2

Ch%‘n

WNV 20



The history of our invisible enemy

HIV

Most (73%) emerging infectious diseases are zoonoses
Woolhouse ME, Gowtage-Sequeria S. 2005 EID
Most affecting Canada have been zoonoses that emerged elsewhere in the world (HIV,

SARS, WNv, pHIN1, Lyme)

S N

Chikungunya vector

WNV 2

Lvyme vector



Historical records of infectious diseases (Rabies; 2000 BC)

Laws of Eshnunna
(dated back to 2000
BC)

* Owners of dogs
showing symptoms
should take preventive
measures

» Responsible for rabid
dog attacks

22



Historical records of infectious diseases (Plague; 16-17th c.)
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Disease patterns and questions (Smallpox, 1766)

MNatural state State without Difference
Ages by years with smallpox smallpox or gain
0 1,300 1.300 0
1 1,000 1,017.1 171
2 855 881.8 268
3 798 8333 353
! 760 802.0 420
5 732 779.8 478
(3] 710 762.8 528
7 692 7491 R72
8 680 740.9 609
9 670 734.4 644
10 b6l 728.4 674
10 11 653 722.9 699
12 646 718.2 722
13 640 741.1* 741
14 634 709.7 757
15 628 705.0 770
16 622 700.1 78.1
17 bl6 695.0 79.0
18 610 HB9.6 796
19 604 684.0 80.0
20 598 678.2 802
21 592 6723 803
22 586 Bb6.3 803
23 R79 659.0 80.0
24 572 651.7 797
25 565 6443 793

Dietz and Heesterbeek (2002)




Disease patterns and questions (Smallpox, 1800s)

5000

4500

===Reported Smallpox Deaths
@ Farr's Model

4000

 Farr'slaw
« Rise and fall of epidemics

3500

3
% 3000
* Roughly symmetric T 2500
&
« Bell shape 3 2000
* I(t) = new cases at time t g 1500
1000
500
(I(t+3)) .
)k PEEIEEEREEERIEELBEC
p— 3 3 - a o 3 3 = = Q Q .a 3
(I(t+1)) 53333%3¢°55332%33975333:3
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8 e | * 3 £ |3 * §
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(Santillana et al. 2018) Time
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1918 Influenza: the Mother of All Pandemics

ILLUSTRATED CURRENT NEWS

To Prevent

Influenza!

Do not take any person’s breath.

Keep the mouth and teeth clean.

Avoid those that cough and sneeze.

Don't visit poorly ventilated places.

Keep warm, get fresh air and sun-
shine.

Don't use common drinking cups,
towels, etc.

Cover your mouth when you cough
and sneeze.

Avoid Worry, Fear and Fatigue.

Stay at home if you have a cold.

Walk to your work or office.

In sick rooms wear a gauze mask
like in illustration.

Deaths per 1,000 persons

30 -
20 '/'\"
RN

15 l,"

5 / "/\
N N/ N\
« Bell shape (Farr's Law)
 Public health measures:

« Don't visit poorly ventilated places
- Stay at home if you have a cold
 |n sick rooms wear a mask
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SIR and Reed Frost model

SIR: p=0.3,7=0.1

s I R
) 3
3 100,000 4 1.0

....... ~0.9
80,000 - 08
dsS 8IS L0.7 %
o T Tar ¢ 60,000 4 ~06 2
dt N 'g i = = Susceptible
o [ o ;
== |nfectious
dI  BIS © 40,0004 Lo4 B '
= — ] € = Recovered
FT o3 %
20,000 - Lo2 S
dR 7 -0.1
Q0 = 74
dt 01 ! ! i ' -0.0
0 25 50 75 100 125

time (in days)
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SIR and Reed Frost model

S I R
Susceptible L, Infectious (RS Recovered
4 . Y 100,000 4
80,000 -
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@® Immune
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¥ ¥
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Reproductive number

Values of Ry and herd immunity thresholds (HITs) of infectious diseases prior to intervention

Disease * Transmission * Ry s HITE ¢
° M()St We”- Measles Aerosol 12181401071 92-94%
kn own Chickenpox (varicella) Aerosol 1012411 90-92%
Mumps Respiratory droplets 101242 90-92%
e p | d em | @) | @) g | Cal Rubella Respiratory droplets 6—71°] 83-86%
Polio Fecal—oral route 5-710] 80-86%
p aram ete r Pertussis Respiratory droplets 5.5147] 82%
Smallpox Respiratory droplets 3.5-6.0[4%] 71-83%
HIV/AIDS Body fluids 2547 50-80%
* RO, Rt COVID-19 (ancestral strain) | Respiratory droplets and aerosoll°! 2.9 (2.4-34)°1 65% (58—71%)
SARS Respiratory droplets 24052 50—75%
Diphtheria Saliva 2.6 (1.7-4.3)" 62% (41-77%)
¢ Ave rag e new Common cold (e.g., rhinovirus) | Respiratory droplets gEaInencalichationiaeceedl] I6aS e,
case per case Mpox Physical contact, body fluids, respiratory droplets | 2.1 (1.5-2.7)°] 53% (31-63%)
p Ebola (2014 outbreak) Body fluids 1.8 (1.4-1.8)[°¢ 44% (31-44%)
Influenza (seasonal strains) | Respiratory droplets 1.3 (1.2-1.4)°7) 23% (17-29%)
. U S erI f or Andes hantavirus Respiratory droplets and body fluids 1.2 f_(__:_l__._ﬁ:jl___._ﬁ)[“;’e‘] 16% (0-36%)(]
Nipah virus Body fluids 0.5 0%!°]
d ise ase Co n‘tro | MERS Respiratory droplets 0.5 (0.3-0.8)[°% 0%(¢]
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Present

Simon Frost v
@sdwfrost

I've been looking into the flurry of modeling papers on
#coronavirus #R0 to see how reproducible they are,
and have put together a Google doc to help me think

) i .
- . it b0/ S TSTURE
File Edit View Insert Format Data Tools Add-ons Help

Sheet1
study,date,RO,RO_lower,RO_. & ¥ - 100% + RORCUE Ll IRe P
&’ docs.google.com e
’ A 8 c D £ F G
5:06 PM - Jan 27, 2020 - Twitter Web App | (Sudy__ daie . Wdowsr (G0 wow WSl i i
2 imai2020 2020-01-25 286 15 3.5 uncertainty hitps./ im Lac. im | i [
3 riou2020 2020-01-24 22 14 3.8 hpd hitps:/ v, ntent/10.1101 1. 17351v1
4 bedford2020 2020-01-25 N/A 15 3.5 uncertainty hitps//nextsirain.org/narratives/ncov/sit- -01-257n=11
5 read2020 2020-01-24 25 24 2.6 confidence interval hitps//www.medrxiv.org/content/10,1101/2020.01.23.20018549v1
6 liu2020 2020-01-26 29 23 2.6 confidence interval httne: /A hinrxiv nmienntant/10 1101/2020.01.25.919787v1
7 zhao2020 2020-01-24 33 27 4 confidence interval  ht Mttpsi/papers..ctid=3524675 [Z |/2020.01.23.916395v1
¢ majumder20202  2020-01-26 N/A 2 3.1 uncertainty papers s s0/3/papers ;
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Modelling Challenges

All models are wrong

but some are useful

George E.P. Box
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Modelling Challenges

All models are wrong

but some are useful

« Making models is challenging

« Making models that work with the application

. George E.P. Box
IS hard.
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Modelling Challenges

All models are wrong

but some are useful

« Making models is challenging

« Making models more realistic is challenging George E.P. Box

 Building realistic features and mechanisms to
basic standard models is challenging
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Modelling Challenges

All models are wrong
but some are useful

« Making models is challenging

« Making models more realistic is challenging George E.P. Box

« Making models more realistic without data is challenging

« Buying assumptions is sometimes necessary but
over buying assumptions for models that are too
complicated for the application is bad.

 Itis sometimes view as a double-edge sword.
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Modelling Challenges

All models are wrong

but some are useful

Making models is challenging

Making models more realistic is challenging George E.P. Box

Making models more realistic without data is challenging

Making models more realistic with data is challenging

« How to incorporate different data streams is hard
* Fitting to data is also hard!

37



Model Complexities to solve problems

 Product-models

« Time varying parameterizations
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Product-models
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+ testing mechanism
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Product-models

(1 — 0w )N “
Sl‘l ( )"' In L "'Rn
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A ;
Sy » [, ! » 1R,
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(Gharouni et al. 2022)
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Product-models
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Product-models

S— | ™R

+ age structure

\A)lAO

I

Q:Y'Q

7

s aAOQI Al

P
e s
X P

7

D . aA,—7

44



Product-models
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(Worden and Porco, 2017)



Product-models

S— | ™R

+ Population heterogeneity
+ Vaccination

+ Variants

+ many more ....
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Model Complexities that makes models more realistic

* Time varying parameterizations
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Time varying parameterizations

June 8, 2020
Ontario begins regionally July 17, 2020
Jan 25, 2020 stratified transition into Ontario begins regionally November 23, 2020
First reported case ::?::Z’ 2020| S? :: d Stage 2 of re-opening stratified transition into Toronto and Peel PHRs g::: Si:’:se;“ﬁo
pbssrved in Onkarto. beginning the first framework allowing more g8, 2 04 Teopaping Simey ik wa back into Lockdown
Person travelling back oo businesses and workplaces framework Lockdown
from Wuhan & 10 re-open
Guangzhou,
v v v
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
//'
/
May 16, 2020
Ontario moves into Phase
1 of re-opening plan
Mobility data used in Analysis :::’:"::::‘"" businesses

. 7-day period after intervention
. 7-day period before intervention
[ ] 7-day reference period 28-days before intervention

(Long et al, 2021)
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Time varying parameterizations

June 8, 2020
Ontario begins regionally July 17, 2020
Jan 25, 2020 stratified transition into Ontario begins regionally November 23, 2020
First reported case March 17, 2020 State Stge s oF eopmiiig stratified transition Into Toronto and Peel PHRS December 26, 2020
of Emergency declared ; ~ . Rest of PHRs move
observed in Ontario. : framework allowing more Stage 3 of reopening moved back into
: beginning the first : back into Lockdown
Person travelling back lockdown businesses and workplaces framework Lockdown
from Wuhan & 10 re-open \
Guangzhou, l \
l v b \ v
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
_4’//'
//
May 16, 2020
Ontario moves into Phase
1 of re-opening plan
Mobility data used in Analysis sliowing some businesses

. 7-day period after intervention
- 7-day period before interventicn

] 7-day reference period 28-days before intervention

to re-open

Log-linear function with abrupt (piecewise)

ng 6 (t) — 1‘3g EBU Xc changes on specific date when controls are

known to have implemented 49



Time varying parameterizations

The Apple Mobility Trends data for Ottawa as of May 19

+40%

"Bl(f) o 1[}%(ﬂf(f_))f’rm:h ‘ +20% (]

-20%
Proportional to a power of
observed mobility or some
other exogenous proxy for 0%
contact behavior

-40%

-80%

JAM13

® Walking -17%
@ Driving -20%

® Transit -77%

FEB

MAR

APR

MAY

MAY 19
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Time varying parameterizations

@
g 200
8 — London
§. 150 — Northeast
S — Northwest
g — East Midlands
8 100 — West Midlands
3 — East of England
=
2 50 — Southeast
> - Southwest
g — Yorkshire
\ Q. — - O -
O (o)
2 d» O Z a 3
Qé’ Current Biology

Current Biology

(Otto et al, 2021) _



Time varying parameterizations

@
g 200
8 — London
§. 150 — Northeast
S — Northwest
g — East Midlands
8 100 — West Midlands
3 — East of England
=
2 50 — Southeast
> - Southwest
g — Yorkshire
\ Q. — - O -
O (o)
2 d» O Z a 3
Qé’ Current Biology

Current Biology

S = Tinv — Tres
p(t) = Logistic(s, t — tg)
B(t) = Bres * (1 — p(t)) + Biny * p(t) (Otto et al, 2021) .



Alpha variant in Canada

The previous longer-range modelling forecast from March 26t continues
to play out in the data we are seeing now

Reported
cases

15,000
14,000
13,000
12,000
11,000
10,0001
9,000+
8,000+
7,000+
6,000+
5,000+
4,000+
3,000+
2,000+
1,000
D_.

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
2020-2021

*Grey line - with spread
of VOCs and we
maintain the current
number of people we
contact each day

*Purple line - If VOCs
are controlled by
reducing the current
number of people we
contact each day by 20-
30%

Red points - surveillance

data after the forecast
from March 25" to April
2[:.th
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BA.1 Relative Transmissibilty,

Omicron in RSA

background
REA.I /R o kg

1/2

0.99

0.90
0.75
0.50
0.25
0.10

0.01

GP

delta-r
0.32(0.27, 0.39)

Reference
Susceptible %

%0 uoisen3
punoibyoeg

25 50

75

BA.1 Immune Evasion %

[ Same Gen. Interval -~ BA.1 shorter

= median B2 50% B¥ 95%

100

delta-r
0.5 (0.37,0.73)

KZN

(Pearson et al, 2021)
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Omicron BA.1 in Canada

Since December 10t forecast, cases have exceeded the increased

transmission trajectory (blue)

Reported cases

DELTA Predominant

12,0001
11,0001
10,0001
9,000-
8,000+
7,0004 o
6,000 ™
5,000-
4,000-
3,000-
2,000
1,000
0_

If transmission increases
T by 15%

( ) If we maintain the current
levels of transmission

17| If public health measures
reduce transmission by

15% today

OMICRON Replacement

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

2021 2022

Data as of December 20, 2021; fit as of December 3, 2021

Note: Output from PHAC-McMaster model. Model considers impact of vaccination and increased transmissibility of VOCs (including Omicron), refer to annex for detailed

assumptions on modelling. At the time, the speed and introduction of Omicron were uncertain.

If we maintain the currentlevels
of transmission and Omicron
successfully establishes*

*Underestimate - accounts for only increased
transmissibility but notimmune evasion

Red points — Surveillance data
after the forecast
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@ @ D D

s iIs challenging

S more rea
S more rea
S more rea

 Traditional modelers
are forced to wear too
many hats

Istic is challenging
Istic without data Is challenging
Istic with data Is challenging

Marketing
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Public / Stakeholders

Expert

Math, Biology and etc Public Health Official

Designer

Modeler Software developer
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Present
Division of Labour
Modelers

 Focus on the biology, math, understand the
needs/motivations from clients
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Present
Division of Labour

Modelers

* Focus on the biology, math, understand the
needs/motivations from clients

Software Developers and Product Managers

* Finding out what slows down modelers

* Building tools that speeds them up

Footnote: Speed has two meanings in this context: Implementation speed and computational speed.
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Flexibility and Speed

Flexibility (Implementation speed)

« Straight-forward to implement from model design -> software
« Add-ons for complexities

* Modular

« Compatible with widely use software and technigues
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Flexibility and Speed

Flexibility (Implementation speed)

« Straight-forward to implement from model design -> software
« Add-ons for complexities

* Modular

« Compatible with widely use software and technigues

Computational Speed

* Model fitting

* Forecast confidence intervals
« Scenario exploration

« Sensitivity analysis
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Knowledge
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Lesson

Past

What is a model?

In general terms, a model is a representation or an abstraction of
a real-world object, system, process, or concept. It is a simplified
version that captures the essential characteristics or behaviors of
the entity it represents. Models are used to understand, analyze,

simulate, or predict the behavior of the real-world entity.

Present
To face the challenges we encounter

Future

Improve
Support
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What is the “end” of “endemic”?
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What is the “end” of “endemic”?

The end of:

- Emergency
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What is the “end” of “endemic”?

The end of:

- Emergency

- Monitoring

- Initiatives

- Collaborations
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War time vs Peace time

War time Peace time
Emergency decrease
Monitoring decrease
Initiatives decrease
Collaboration decrease
Duration long

Success Is challenging, and long-term success Is even more
challenging. Peace time is the real battle after the short war
time. The goal is to prolong peace time as long as possible
and to do so, It Is important to be proactive.
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Proactive Monitoring

Develop better surveillance systems
- Genomics

- Serology

- Sentinel

- Citizen science

-  Wastewater

Develop ways to routinely analyze, and ways to connect the
iIndividual pieces. Models can help!
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Proactive Initiatives

Research and Development

Research
- Much more to be learned
- Only scratched the tip S

Development

- Develop capacities
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Proactive Collaborations

There are still tons of questions out there and opportunities to
collaborate.

WHO collaboratory pandemic and epidemic intelligence
- EpiParameter Community

https://worldhealthorganization.github.io/collaboratory-
epiparameter-community/#/
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Future

By involving public health experts, policymakers,
scientists, and communities in the modeling process,
models can be co-developed to address public health

challenges.



Future

By involving public health experts, policymakers,
scientists, and communities in the modeling process,
models can be co-developed to address public health

challenges.

Thanks!
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