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Testing at Early Stage

On November 1, 2020:
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Testing Nowadays

Now testing still matters!

@ Across US, attention shifted from testing to vaccination.

Obviously, vaccines are quite important. But as long as the
majority of us are not protected, then testing remains essen-
tial.

—Jennifer Nuzzo at JHU
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Now testing still matters!

@ Across US, attention shifted from testing to vaccination.

Obviously, vaccines are quite important. But as long as the
majority of us are not protected, then testing remains essen-
tial.

—Jennifer Nuzzo at JHU
Benefits:

@ Diagnosing sick people
@ Slowing the spread
@ Assessing our progress
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A compartmental model with four states:
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A compartmental model containing four states:
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A compartmental model containing four states:
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System Dynamics
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Testing Resource Allocation

@ Allocation of testing resources among different
populations.
@ Allocation of testing resources across time.

e Two periods.
e Multi-periods.



Allocation of Testing Resources Among Populations
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Proposition

There exists a threshold h € [%, 1], such that

@ when % < h, it is optimal to allocate more testing resources to
people without symptoms.

@ when g’ > h, it is optimal to allocate more testing resources to
people with symptoms.




Allocation Across Time—Two Periods

Proposition
There exists a threshold W > 1, such that

@ ifmin{pB,Ba} > SOIJFE:{AO it is optimal to allocate all the

testing resources to perlod 2.
@ ifmax{f, Ba} < 50;0“ EXAO it is optimal to allocate all the
testing resources to period 1.




Allocation Across Time: Multi-Periods

Dynamic programming:
@ Time horizon: 7 days.
e Optimal value function: v*(Sy, I, An, kn).

@ Bellman equation:
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Allocation Among Different Time: Multi-
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Ranking of Testing Methods

testing index =

testing capacity xtesting accuracy

testing turnaround time

Table: Summary statistics for two testing methods using the data of
Ontario, Canada

Testing types Testing capacity Testing accuracy Expected testing turnaround time Testing index
Rapid tests 9,681,629 False negative: 15% 15 mins 7.90e10
Molecular tests 20,128,734 False negative: 5% 1.5 days 1.27¢7




Summary of structural results

Parameter Interpretation Structural result on S Policy implication
K Testing capacity Increasing and convex Testing capacity expansion (K 1)
5 Degree of testing people When fi >h, Contact tracing, and self-quarantine,
without symptoms and panic run decreasing and convex stay at home unless severely ill (6 ])
Testing accuracy divided X Testing turnaround time shortening,
¥ K . Increasing and convex . X .
by testing turnaround time testing accuracy increasing (1)
. X Contact tracing, case investigation,
n Tracing accuracy Tncreasing and convex X
quarantine (1)
Infection rate of infected . Social distancing, mask-wearing,
Bi . . Decreasing . .
and symptomatic population quarantine (57 |)
Infection rate of o X X
i . X Social distancing, mask-wearing,
Ba infected Decreasing

and asymptomatic population

quarantine (84 )




Data

@ Use the COVID-19 data from the COVID Tracking Project.

@ Use the daily number of completed viral tests and
cumulative confirmed cases from this dataset.

Overview of National COVID-19 Data

Solid line represents National 7-day average
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@ Use the sliding window method.

@ Extract K; (the number of tests on day t) and
Ct — Mily — Mg A (the number of confirmed cases on day ¢).

@ Can identify the changes of model parameters.



Estimated Parameters for Florida in the U.S.

Window Size=45
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Estimated Parameters for Florida in the U.S.

Window Size=45
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@ Propose a capacitated SIR model.
@ Provide policy implications like how to allocate testing
resources and how to choose testing methods.

@ Using sliding window method in empirical studies to test
the changes of parameters.



Thank you!
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