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Early stage of the epidemic

e Estimation of RO (simple growth rate estimate or mechanistic model)

 Establish basic parameters: incubation period, latent period, duration
of infection, CFR

And then...

* Evaluate interventions, scenario planning
* Forecasting for particular places and issues (hospital bed capacity)

* Thinking through the endgame



Goal: Establish RO
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TESTING:

* Are there enough testing kits?
* What are the testing criteria?
* What s the clinical spectrum?

Implications for modeling:

*Difficult to assess the number of infected people in
your model (where are we on the epidemic curve?)

*Model structure uncertainty: what fraction of
infections are asymptomatic and how do they
contribute to transmission?

A snapshot of early Covid-19 testing per capita
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*Test counts do not include full reporting from all US labs

Source: Covid Tracking Project, Business Insider, the Atlantic, Taiwan CDC
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Goal: Establish fatality rates
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Goal: Understand demographic and health system risk profiles for COVID-19
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lan Miller, Alex Becker, Bryan Grenfell, and Jess Metcalf of Princeton University.



S(E)IR model basics

Probability of infectious contact: contact rate k

RO =bk/r

Recovery rate: r

Probability of transmission given contact: b



The premise of flattening the curve through social distancing
is to reduce k
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Peak et al (2017) PNAS
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Think through what interventions might work

Infected Symptoms Infects  Infects Isolated No infection
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PersonA @ O O—oO0 o—=<
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Hellewell et al (2020) Lancet Global Health



Peak et al (2020) MedRxiv

Effective Reproductive Number under Quarantine

Mean Serial Interval = 4.8 days
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Goal: understand transmission routes, implications for contact tracing
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Ferreti et al (2020) Science



Mechanistic models for scenario planning

Wuhan population
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Prem et al. (2020) Lancet Kucharski et al. (2020) Lancet Inf Dis



[ ]
SubjectTA has COVID-19 infection. No symptoms

A res
y R
1 "m < oo g o
1 ofe— -~ ' g emmma,
“ ﬂ“m.A-H &= | o=
e L e QE
e Y TR r=¢ L
] m e
= H QM“ ......
ks
\\ ,/ U— .T ..nu..v
§ 5| O £
- e 2| &2 -
or ® S
/ :" x A otz _ ..m H> (@) m
! ! ® ® ol s Is)
anm Aﬂ &:is o | 3| &= 3
" ! 1 [} — (= D
..... A ! L =25 = o
w s L oT 32
7
® /@ [e] [ ]
M"\ P LB a S =
N e 1 7
SO I—— ~ g (N N EP—SERNPPTTEEEE EEEEEEE %)
, b= H e e, 82
e Al m m ]
ST T AT N5 (e} = “ M
' 0y 3 g 2" o
&= ! (il €6 Lo £
{ = . H ﬁ_ > C O m© ©
_QE:.m < ! H 7 - 235 €%
i nroT ¢y ! X st 280" T3 88
Yot ~ i m. 35 En 2 €
, A oM“ P ) oo ST °6
\ ! [@gm] 1 x 2 S ® ©
Resses | Fes=====s= *_H H_" “_ R\ < 'O X
1 Ll -1 ov
e gt J .— < n =
= S
A S m [}
n O 2
a ~ [ o = O O
==t~ i x @ o
Iy : 5
i ﬁ“ o.T o ] < <
\ U L S N (T e
e =a \ =
M ——————— 4 1 T 4 i
R=9 =9
| Ae@ z Re@

Time

Ferreti et al (2020) Science



Intervention scenarios

Prem et al. (2020) Lancet

Goal: scenario planning

S1 | Theoretical no intervention, no winter school break, and no Lunar New Year holidays
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Critical care beds occupied
per 100,000 of population

300

—Surge critical care bed capacity

250
——Do nothing

200 . .
- Case isolation

Case isolation and household
quarantine

150

Closing schools and universities
100

—— Case isolation, home quarantine,

50 social distancing of >70s

Ferguson et al (March 16 2020) Imperial College COVID-19 Response Team



Prem et al. (2020) Lancet

Outbreak setting

How to parameterize contact rates?

Normal

Intense control measures
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How to parameterize contact rates?

A) Contact between ages B) Contact over space
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Courtesy of Jessica Metcalf (age structures from POLYMOD study)



What impact is social distancing having?
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Ainslie, Walters, Fu et al (March 24 2020) Imperial College COVID-19 Response Team Report



Goal: thinking through the endgame - how long will this last?
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summary

* Forecasting very challenging because of testing heterogeneities and
difficulty understanding contact rate changes under social distancing

* Models useful for understanding what interventions might work
under different assumptions

* Scenario planning useful for thinking through qualitative dynamics of
this pandemic

* Models highlight data gaps and identify key uncertainties (measures
of social distancing, need for serology to establish asymptomatics)

* Important to use context-specific parameters and consider indirect
effects of interventions



