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Outline

1. Assessing the risk of a major epidemic
* Estimating the probability of a major epidemic
* Application to COVID-19

* More complex models: heterogeneity in reporting, age structure, time-dependence

2. Estimating changes in disease transmissibility

* Estimation of R,
* Extending the basic model

* Going forwards
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* Assume we start with one infected individual

* Denote g, = Prob(no major epidemic starting from i infected

individuals)

e Wanttofind1-gq,
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Two possibilities for the next event: infection or recovery

q1 = IP(infection) X g, + P(recovery) X g,
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Two possibilities for the next event: infection or recovery

g, ~ P(infection) X q;% + P(recovery)
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Two possibilities for the next event: infection or recovery
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RNH IEREZRS How the virus has spread in China
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23 Jan: Line lists released (approx. 70 patients, incomplete data)

What is the epidemic risk outside of China?
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R, = Infection rate X Duration of infection
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Transmission in New Locations
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R, = Infection rate X Duration of infection
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Heterogeneity in reporting rates
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Heterogeneity in reporting rates

q;,j = Prob(no major epidemic | i fast reporters, j slow reporters)
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Heterogeneity in reporting rates
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Heterogeneity in reporting rates
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Age structure

qi,j k,.. = Prob(no major epidemic | i in age group 1, j in age group 2, k in age group 3, ....)
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Time-dependence

Mortality rate (§(t) day?)

q(1,t) = q(2,t + ADB(ENAE + q(0, t + A uAt + q(1, t + At)(1 — B(E)NAL — uAt).

0.1r 40
.
0.08 30 2
Q
0.06} ?:
20 =
0.04r¢ =
N/
o
0.02} 10% 54 32 105005123 45
0 . . . . 0 Climate Vector population Epidemic
10 15 20 25 30 35 forecast forecast Risk forecast

Temperature (t°C)

Thompson et al., Astrophys Space Sci Proc (2020)



Assessing the risk of a major epidemic Estimating changes in transmissibility

Epidemic probability COVID-19 Adding complexity Estimating R, Extensions Going forwards

Assessing Epidemic Risks — Summary

Stochastic compartmental Epidemic Risk estimates Estimates can be extended to

models can be used to can be generated include a range of features,
estimate the Epidemic
Risk (the probability that

an imported case leads to

analytically, informed by including heterogeneity in

using outbreak data, and reporting rates, age structure
adjusted in real-time and temporal heterogeneity

a major epidemic)
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1. Assessing the risk of a major epidemic

* Estimating the probability of a major epidemic
* Application to COVID-19

* More complex models: heterogeneity in reporting, age structure

2. Estimating changes in disease transmissibility

* Estimation of R,
* Extending the basic model

* Going forwards
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Step 1 of at most 9. View the interactive
documentation for this state.

(=]

"18M0719th" 20th" 21220 231924 25" 261" 27t 281 29t 30t 1t
Date (April-May 2009) Incidence Data

Do you want to use pre-loaded incidence
time series data or upload your own?

© Pre-loaded

- Estimating changes in disease transmissibility * Own data

Thompson et al., Epidemics, 2019
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Two important quantities

Definition

Time dependent
reproduction number

Threshold

0.3 -
0.2 -
0.1

0.0 -
0 3 6 9 12

Serial interval (s days)

Serial interval

Probability (ws)




Estimating changes in transmissibility

Estimating R,

Basic simulation model
Epidemic curve
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Estimating changes in transmissibility

Estimating R,

Epidemic curve
I; cases

Incidence
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Bayes'rule: P(A|B) =

Cori et al., Am. J. Epi., 2013
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Estimating R,

Epidemic curve
I; cases

Incidence
un

'
2009-04-27 20

09-05-04 2009-05-11

Bayes'rule: P(A|B) = %

P(Iy = x | Ry, {ws }, o, 11, I3, o s 1e—1}) ‘ P(R¢ It = x, {ws }, (o, 11, I3, s 1e—1})

Generates estimates of R, that are highly sensitive to randomness in I;

Solution: Consider constant R, over a window {t — 7,t — 7+1,... t}
Cori etal., Am. J. Epi., 2013
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Estimating R,

Epidemic curve
I; cases

Incidence
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Bayes'rule: P(A|B) = %

P(It—‘l.' = xt—T’ ""It = xtl Rt’ {WS}' {10’ 11' 12' '"’IC—T—l}) - P(Rt | It—‘L' = Xt—1y == It = Xy {WS}' {Io, Il' Iz, ""It—‘l.'—l})

Solution: Consider constant R, over a window {t — 7,t — 7+1,... t}

Cori et al., Am. J. Epi., 2013
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Uncertainty in the serial interval, imported cases

Time infector Time recipient
Case D symptomatic symptomatic
(range, days) (range, days) o4
T 14 67
2 24 58
3 58 1014 Analysis step 1: o3
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Length of serial interval

E.g.: Gamma (G), Offset gamma (off1G),
Weibull (W), Offset weibull (off1W),
Log 1 (L) or Offset log: I (off1L)

Ready

Step 1 of at most 9. View the interactive
documentation for this state.

Incidence Data

Do you want to use pre-loaded incidence
time series data or upload your own?

© Pre-loaded
"~ Owndata

Thompson et al., Epidemics, 2019
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Analysis step 2:
Estimate the
reproduction

number

Reproduction number (R,)




Imported cases have

not been infected
locally

Estimating changes in transmissibility
Extensions

Imported cases

4.5

Reproduction number estimate (R,)

10/14

1/15

4/15 7/15
Date (Month/Year)

10/15 1/16

Thompson et al., Epidemics, 2019

Estimating changes in transmissibility
Going forwards

Conclusions — Estimating changes in transmissibility

- Parameter inference can
be used to estimate
reproduction numbers in
real-time during
epidemics

- This approach has been
used worldwide for
COVID-19

- Population heterogeneity
is important (e.g. local
cases may have different
characteristics compared
to imported cases)
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Estimating changes in transmissibility

Going forwards

Six challenges - Estimation of R,

1. Unpicking effects of different measures
2. Reporting delays

3. Estimation when case numbers are low

Daily cases
Py
2
3

300

PROCEEDINGS B Key questions for modelling COVID-19
exit strategies

roplsocietypublishing.or rgournalirspb

Thompson et al., Proc Roy Soc B, 2020

Date

Estimating changes in transmissibility

Going forwards

Six challenges - Estimation of R,

Adam et al.,
Research Square,
E“ 2020
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Individual Reproductive Number

4. Effect of heterogeneity within populations: i) different groups;
ii) super-spreading

5. Asymptomatic transmission

6 . Te m pO ra | C h a nges in Se ri a I inte rva | PROCEEDINGS B Key questions for modelling COVID-19

roalsocetypublshing orgournalspb exit strategies

Thompson et al., Proc Roy Soc B, 2020
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Challenges going forwards

IMPROVE estimates UNDERSTAND FOCUS on data
of epidemiological population requirements
parameters heterogeneities
1.1 Viral transmissibility 2.1 Model resolution 3.1 Data/methods for LMICs
1.2 Herd immunity 2.2 Households and networks 3.2 Effects of specific
1.3 Seroprevalence 2.3 Role of children interventions
1.4 Elimination probability 2.4 Social/behavioural effects 3.3 Communicate uncertainty

PROCEEDINGS B Key questions for modelling COVID-19

plsodetypubishing rgjor exit strategies

Thompson et al., Proc Roy Soc B, 2020
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