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This paperyyl

- Model Incorporate testing and case-dependent quarantine in ‘standard’ model:

Susceptible — Exposed — Infectious — Recovered

- Experiment Compare two policies

1. Baseline - Blanket quarantine that approximates current US policy

2. Counterfactual

- Test asymptomatic individuals

- Small amount test positive → Tighten quarantine

- Large amount test negative→ Loosen quarantine

- Result Same deaths, Lower peak infection, Lower total quarantine

- Takeaway Testing shifts outward the ‘pandemic possibility frontier’: ↓Deaths , ↑Output
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Modelyyl

- States
{

Non-infected, Infected, Recovered
}
×
{

Asymptomatic, Symptomatic
}

NA −→︸ ︷︷ ︸
βt

IA −→︸ ︷︷ ︸
σ

IS −→︸ ︷︷ ︸
ωR , ωD

RA , D
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- Information Three possible cases
{

Unknown, –‘ve, +‘ve , Recovered
}

- Testing
- Test unknown asymptomatic cases at rate τ

- Assume ‘testing program’ so observe later transition NA→ IA

- Transmission
- Non-quarantined people meet others at rate λ

- Quarantined people meet others at rate λQ < λ

- With probability πI
t meet an infected person, then with probability ρ catch COVID-19

- Targeted quarantine
- Policy puts people into quarantine at rate ξX , out of quarantine at rate rX , for X ∈

{
U,−,+,R

}
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Calibrationyyl

Parameter Source / Target Value

A. Fixed
Rate at which infected become symptomatic σ 6 days incubation period 1

/
6

Recovery ωR 14 day recovery period 1
/

14

Mortality ωD Mortality rate of 1 percent
(
0.01/0.99

)
×ωR

B. Calibrated
Rate of meeting λ Normalized 1

Rate of transmission ρ Given λ, we match RIA,NQ
0 = 2.5 0.0091

Productivity loss due to quarantine φ 0.50

Effectiveness of quarantine technology λQ/λ Half of that implied by Wuhan ↓ R0 0.50

C. Policy
Testing of unknown cases τ

Quarantine rates
{

ξU , ξ−, ξ+, ξR
}

Details follow

Release rates
{
rU , r−, r+, rR

}
(i) Output Yt = MNQ

t + φMQ
t (ii) Vaccine At 500 days: NA→ RA at 0.1% per day

Details

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.4/9



Counterfactualsyyl

A. Counterfactuals B. Parameters

Quarantine rates Release rates Testing

ξ+ ξR ξU ξ− r+ rR rU r− τ

1. No testing - Common quarantine 1 0 ξU — 0 1 0 — —

2. Testing - Targeted quarantine 1 0 ξU
(

∆× ξU
)

0 1 0 0 τ

- Set ξU to quarantine at 1.0 % per day ∼US experience in March

- Set τ to rate of 0.5 % per day ∼ 10x current US testing

- Choose ∆ = 0.20: Same total deaths as the common quarantine policy

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.5/9
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Common quarantine vs. Testing + targeted quarantineyl
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Counterfactualsyyl

A. Counterfactuals B. Parameters

Quarantine rates Release rates Testing

ξ+ ξR ξU ξ− r+ rR rU r− τ

Baseline quarantine technology - λQ/λ = 0.5

1. No testing - Common quarantine 1 0 ξU — 0 1 0 — —

2. Testing - Targeted quarantine 1 0 ξU
(

∆× ξU
)

0 1 0 0 τ

Strong quarantine technology - λQ/λ = 0.3

3. Testing - Targeted quarantine 1 0
(

ψ× ξU
) (

0
)

0 1 0 0 τ

- Increase effectiveness of quarantine: λQ/λ = 0.3

- Set ∆ = 0 and ψ = 0.30: Same total deaths as the common quarantine policy

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.7/9



Common quarantine vs. Testing + targeted quarantine (λQ/λ = 0.50) yl
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Common quarantine vs. Testing + targeted quarantine (λQ/λ = 0.30) yl
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Other papers and materialsyl

1. Facundo Piguillem and Liyan Shi (2020)
The Optimal COVID-19 Quarantine and Testing Technologies

Continue down same path as Alvarez-Argente-Lippi + Solve for optimal testing
https://sites.google.com/view/facundopiguillem/Home/research

2. Faretti et al (2020, Science)
Quantifying SARS-CoV-2 Transmission Suggests Epidemic Control with Digital Contact Tracing

Discussion of modelling contact tracing
https://science.sciencemag.org/content/early/2020/03/30/science.abb6936

3. McGee et al - SEIR-plus
Similar to here but on a network and with additional ‘paths’. Code available, but no counterfacutals.

https://github.com/ryansmcgee/seirsplus/blob/master/README.md

4. The code for the model in our paper is available to be ran online
https://github.com/simonmongey/BHM Covid Testing

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9

https://sites.google.com/view/facundopiguillem/Home/research
https://science.sciencemag.org/content/early/2020/03/30/science.abb6936
https://github.com/ryansmcgee/seirsplus/blob/master/README.md
https://github.com/simonmongey/BHM_Covid_Testing
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Meeting and transmission rates yyl

1. Meetings total: Xt = λMNQ
t + λQMQ

t

MNQ
t =

(
NANQ

t + RANQ
t

)
+
(
IANQ

t + ISNQ
t

)
MQ

t =
(
NAQ

t + RAQ
t

)
+
(
IAQ

t + ISQ
t

)
2. Meetings infected: X I

t = λM I ,NQ
t + λQM I ,Q

t

3. Probability of infection conditional on meeting:

πI
t =

X I
t

Xt
=

λM I ,NQ
t + λQM I ,Q

t

λMNQ
t + λQMQ

t

4. Flow from NA to IA:

ρπI
t

(
λNANQ

t + λQNAQ
t

)
=
(

ρλ
)

πI
t

(
NANQ

t +
λQ

λ
NAQ

t

)
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Measurement yyl

Output
I Approximation of economic activity is that it scales with the number of non-quarantined

workers, non-symptomatic workers.
I Assume quarantined workers are Arel ∈ [0, 1) less productive

Reported cases.
I When an asymptomatic infection case is tested, which occurs at rate τ,
I When an asymptomatic infection becomes symptomatic, which occurs at rate δ.

Rt = 0 , ∆Rt = (τ + δ)M IA
t .

R0

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9



Common quarantine vs. Testing + targeted quarantine (λQ/λ = 0.50) yl
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The model can be summarized by a Markovian transition matrix:

A. Initial state B. Next instant states

Non-infected, Asymptomatic Infected, Asymptomatic Infected, Symptomatic Recovered Dead

NA,NQ NA,Q ÑA,NQ ÑA,Q IA,NQ IA,Q ĨA,NQ ĨA,Q IS,NQ IS ,Q RA,NQ RA,Q D

NA NA,NQ ξu τ λαt

NA,Q ru τ λQαt

ÑA,NQ ξ− λαt

ÑA,Q r− λQαt

IA IA,NQ ξu τ δ

IA,Q ru τ δ

ĨA,NQ ξ+ δ

ĨA,Q r+ δ

IS IS ,NQ ξ+ ωR ωD

IS ,Q r+ ωR ωD

R RA,NQ ξr

RA,Q r r

Back to quarantine

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9



Measurement yyl
Basic reproduction number
I Consider a hypothetical ‘date-zero’ case.
I An individual is in the state IA,NQ, while the rest of the population is in NA,NQ and there

are no quarantine procedures in place.
I A summary statistic of the transmission rate is the expected number of infections caused

by this single infected person: RIA,NQ
0 .

I We can state this recursively as follows.

RIA,NQ
0 = λρA + (1− δ)RIA,NQ

0 + δRIS,NQ
0

RIS,NQ
0 = λρS +

(
1−ωR −ωD

)
RIS,NQ

0 .

I This implies that

RIS,NQ
0 = λ

ρS

ωR + ωD
, RIA,NQ

0 =
ρSλ

δ

[
ρA

ρS
+

δ

ωR + ωD

]
(1)

Back to output

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9



Calibration - Medical parameters yyl

I Rate at which infected individuals transition from asymptomatic to symptomatic cases, δ,
is such that the average incubation period is 6 days (Wu et al 2020)

I Average recovery period is 14 days for mild infections. Set ωR = 1/14 (WHO 2020).
I Little data on the relative rates of infection of symptomatic and asymptomatic individuals.

I In Iceland, “Early results from deCode Genetics indicate that a low proportion of the
general population has contracted the virus and that about half of those who tested
positive are non-symptomatic”.

I Assume a common infection rate: ρA
/

ρS = 1.

I Target a mortality rate of 1 percent.

I We use this to determine ωD given ωR and πD = 0.01.
Back to calibration table

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9



Calibration - Transmissibility yyl

I From before, our model yields

RIS,NQ
0 = λ

ρS

ωR + ωD
, RIA,NQ

0 =
ρSλ

δ

[
ρA

ρS
+

δ

ωR + ωD

]
(2)

I Use empirical estimates of the rate of basic transmission and (2) to calibrate ρSλ.
I We treat RIA,NQ

0 as data, taking the value of 2.5, which is in the middle of the range of
empirical estimates.

I Without further data these parameters cannot be separately identified.
I Set λ = 1 and back out the implied ρS consistent with (2).
Back to calibration table

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9



Current U.S. Policy yyl

1. March, 2020, US tests 0.01% to 0.02% of the pop. per day,

2. Going into quarantine at a rate of around 1% to 2% of pop per day

Berger Herkenhoff Mongey, ”Testing and Conditional Quarantine” p.9/9
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