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visit Seattle.




vaccine Is coming

But it won't be a panacea—if it comes at all.




We need something else

Something nimble.
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This is a talk about testing.




Four roles for Covid-19 testing

Individual diagnosis, clearance, surveillance, and mitigation.

1. Individual diagnosis

Symptomatic patients, for
treatment and peace of
mind.

High sensitivity and
specificity desired.

CC-BY-2.0 Lisa Helfert



Four roles for Covid-19 testing

Individual diagnosis, clearance, surveillance, and mitigation.

2. Clearance

Verity that patients and
oractitioners are uninfected
porior to performing a
procedure.

Travel? Other activities?

High sensitivity needed.
Specificity less essential.

CC 59t Medical Wing



Four roles for Covid-19 testing

Individual diagnosis, clearance, surveillance, and mitigation.

3. Surveillance

Nationally, Testing has been A larger share Current
new cases have increasing since of people are hospitalizations
i P been going up May, so it can't be testing positive are swinging
P U bl IC h €ad |th Oﬁcl Cld | S Wa nt since June. the only reason. again, indicating  back up too.
to track prevalence and more infections.
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Four roles for Covid-19 testing

Individual diagnosis, clearance, surveillance, and mitigation.

4. Mitigation

o 1.00 32% infectiousness [ Infectious
i : awaiting dx infecti
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specificity.

Larremore et al. 2020 Test sensitivity is secondary to frequency and turnaround time for COVID-19 surveillance



Speed is critical in all cases.

1. Individual health. 2. Clearance 3. Surveillance 4. Mitigation
Patients don't want to Tests should be point-of- Heath officials need the Every day’'s delay is an
wait. care to minimize chance of latest information to make extra day an infected
becoming infectious after ~ good decisions. person is walking around
Treatments may depend  sampling. spreading disease.
on diagnosis.
A larger share Current

of people are hospitalizations 1.00
testing positive are swinging
again, indicating  back up too.
more infections.

rel. infectiousness  ~
(=]
3

56k
8.5% hospitalizations

positive "0 2 4 6 8 10 12 14 16 18 20
days since exposure
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The CDC Is Wrong

Testing is essential for colleges to reopen safely

By Carl T. Bergstrom | July 14,2020

The CDC guidelines state that:

Testing of all students, faculty and staff for Covid-19 before
allowing campus entry (entry testing) has not been
systematically studied. It is unknown if entry testing in
[HEs provides any additional reduction in person-to-
person transmission of the virus beyond what would be
expected with implementation of other infection
preventive measures (e.g., social distancing, cloth face
covering, hand washing, enhanced cleaning and
disinfection). Therefore, CDC does not recommend entry
testing of all returning students, faculty, and staff.




The aim of proactive (mitigation) testing:
Reducing exposure-days

Test Results
v quarantine
]
Latent ‘ v ’ Infectious
Delay d

|

Infectious period C

Time



# infectious days
Testing periodicity
False negative rate

Q Q > M

Delay for results

By what fraction does testing and isolation
reduce exposure days relative to no testing at all?



c ﬁi?_fedi% %‘;‘Yi When testing periodicity is longer than
Z szslenﬁe%zrt'ﬁelf;tye infectious period, individuals will only be
d Delay for results tested once while infectious.
Expected tested true positive  false negative not tested
exposure days C—d 1 n 1
E(C,T):/ —((l—q)(t+d)—|—q0)dt+/ Loa
0 L C—d
(1-¢)(C —d)*

Simplifies to EC,T)=C >



c # infectious days When testing periodicity is shorter than
n Testing periodicity he infecti od Itip|

g False negative rate the InTectious perio , yOu _get multiple
d Delay for results chances to catch an infection.

After a bit of algebra, you can still get a nice expression for the expected
exposure days.

BCn) = (5 +d+ ) +a (5 (@ - (=) - )

l1—gq




But some symptomatic individuals can
self-isolate. We need to account for this.

Exposure days
)

Latent ! Asymptomatic \
u
Exposure days
)
Latent | Pre-sympt.  Symptomatic, non-isolatin \ _
ymp ymp 9 | (1-u)v
Exposure days
\
Latent "Pre-sympt.  Sympt. | Self-isolating (1 U)(1 V)
e — ———— - -
>

Time



Compare infectious days with testing to
infectious days without.

- b with testing
- E without testing

¢



Compare infectious days with testing to
infectious days without.

b= E with testing
B (1-1—-upw)C+(1—-uwvy

Asymptomatic or don't isolate Self-isolate




Compare infectious days with testing to
infectious days without.

(1 — (1 — u)v)E(C, 7)+ (1 —uw)vE(y, )

O =

(1-(1—-uv)C+(1—u)vy

Asymptomatic or don't isolate Self-isolate




Test frequency (days between tests)

Results

Delay = 0 days

X

2-042 051 062 076 0.93
3-062 075 089 1.05 1.24
4-082 09 111 1.28 145

5-089 114 129 145 1.61

6-115 129 1.44 1.58

7 -129

10 - 164
14
21
30
0.1 0.2 03 04 05

Probability of false negative

Test frequency (days between tests)

Delay = 1 days

1-0.55 060 066 0.74 0.84
2 -076 085 095 1.08 1.23

3-096 1.07 1.20 1.34 1.50

4 -114 127 140 154 | =

5-130 142 155 -

6 -144 156 | &

7-158 |

w N = =2
o = B~ O

0.1 0.2 03 04 05
Probability of false negative

Test frequency (days between tests)

Delay = 2 days

1-090 094 1.00 1.07 1.17

2-110 1.18 1.28 1.39 1.52

3-128 139 150 1.61

4 - 145 155

w N s =
& =2 = O

0.1 0.2

0.3 04 05
Probability of false negative

Test frequency (days between tests)

1
2

Delay = 3 days

-1.24 128 1.33 140 149

(R 1.67

-1.42 149

3-159 [0

L MR = =
o = =~ O

0.1 0.2 03 04 05
Probability of false negative

Test frequency (days between tests)

w N s
o = B~ O

Delay = 5 days

1
01 02 03 04 05
Probability of false negative






Ryan McGee's SEIRS+ framework

Open source python-based stochastic SEIRS model with multi-level
network structure, network interventions (targeted testing, social
distance, contact tracing, isolation, etc.)

https://github.com/ryansmcgee/seirsplus



Stochastic disease dynamics

transmission
event

https://github.com/ryansmcgee/seirsplus



Testing, tracing, and isolation

https://github.com/ryansmcgee/seirsplus



Multi-level network structure

Age Group
Layers

0-9

10-19

20 - 59

60+

Households

https://github.com/ryansmcgee/seirsplus



Individual heterogeneity
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Use case: workplace testing 9

Setting: workplaces of size 50-1000.
Intervention: self-administered workplace testing via nasal swab.
Network: single-layer FARZ network with 40% global transmission

Outcome measure: size of epidemic resulting from one introduction

https://www.color.com/covid-19-outbreak-model



Simulation trajectories 9
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Most outbreaks fizzle -
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Testing helps )
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Testing helps a lot O

Daily Semiweekly Weekly No Testing

601

Total epidemic size

401

Percentage of Population Infected

1 1 1 1
Turn-around Time

https://www.color.com/covid-19-outbreak-model



Probability of Infection

404
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Outbreak sizes | -olar
utbreak sizes | O
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Percentage of Population Infected
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Speed is of the essence
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Use case: community test-trace-isolate

Setting: Community of 50,000

Intervention: test-trace-isolate
Network: multilayer FARZ with household, school, workplace structure.

Outcome measure: change in effective R value



Isolate Positive Individuals

Test and isolate only

Ro=25
TAT = 1 days

50.00% -1.23 1.21 1.18 1.20 1.20 1.22 1.17 1.21 1.15 1.15 1.17
N0 [0) e 1.38 1.34 1.34 1.33 1.31 1.33 1.30 1.32 1.31 1.33 1.29
GEORO[OL e 1.43 1.42 1.40 1.41 1.40 1.37 1.40 1.35 1.37 1.36 1.36
LY 1.46 1.46 1.46 1.43 1.44 1.44 1.42 1.43 1.40 1.41 142
PEVOL/R 1.50 1.47 1.49 1.49 1.47 1.45 1.44 1.46 1.46 1.47 1.45
AOION7 e 1.48 1.50 1.47 1.47 1.45 1.47 1.48 1.46 1.46 1.47 1.49
(VRSIOV/ 3 1.52 1.50 1.46 1.48 1.47 1.48 1.50 1.49 1.47 1.47 1.50
(0l 1.50 1.51 1.52 1.50 1.52 1.50 1.50 1.51 1.51 1.49 1.48
(OO 1.52 1.51 1.52 1.52 1.51 1.52 1.53 1.52 1.52 1.50 1.51

[VIOEY 3 1.52 1.54 1.53 1.52 1.55 1.51 1.52 1.52 1.52 1.51 1.52

percent of population tested per day

(L 1.54 1.55 1.51 1.52 1.52 1.54 1.53 1.51 1.53 1.54 1.54
(OO VA 1.52 1.52 1.51 1.51 1.53 1.55 1.51 1.52 1.50 1.54 1.52

[ONe[0l e 1.54 1.53 1.53 1.54 1.53 1.53 1.54 1.52 1.53 1.53 1.53

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case

percent of population tested per day

Ro=25
TAT = 2 days

IO [0y 3 1.35 1.35 1.34 1.34 1.33 1.32 1.33 1.31 (127 1.32
PUONOION s 1.44 1.44 1.44 1.42 1.40 1.41 1.38 1.43 1.38 1.42 1.39
ULOROIOL R 1.49 1.47 1.44 1.44 1.45 1.45 1.43 1.43 1.44 1.42 1.43
N0/ 1.46 1.48 1.49 1.46 1.48 1.46 1.47 1.44 1.46 1.45 1.47
PEOOL/3 1.50 1.50 1.48 1.47 1.49 1.48 1.48 1.49 1.48 1.47 1.48
OJOL/ e 1.51 1.50 1.50 1.49 1.48 1.47 1.49 1.48 1.50 1.51 1.48
(ORI 3 1.52 1.52 1.49 1.50 1.50 1.50 1.49 1.50 1.51 1.50 1.50
(OZL0N 7 1.49 1.51 1.49 1.48 1.50 1.51 1.51 1.49 1.51 1.50 1.52
(OO g 1.51 1.50 1.51 1.52 1.51 1.53 1.51 1.52 1.51 1.53 1.51
(WNOLY 3 1.52 1.52 1.52 1.51 1.53 1.52 1.52 1.53 1.54 1.51 1.53
(WO 1.52 1.53 1.53 1.53 1.53 1.51 1.51 1.53 1.52 1.54 1.53
(OO, 1.53 1.54 1.53 1.54 1.52 1.52 1.55 1.52 1.52 1.53 1.52

(ON0[0)/ 3y 1.50 1.51 1.53 1.50 1.53 1.52 1.53 1.51 1.52 1.52 1.53

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case

Ro=25
TAT = 3 days

IO 1.41 1.42 1.42 1.43 1.44 1.41 1.40 1.41 1.38 1.40 1.40
PAOROON/ 3 1.50 1.47 1.49 1.48 1.45 1.47 1.45 1.46 1.43 1.44 1.47
ULONOION 3 1.49 1.50 1.48 1.50 1.47 1.49 1.46 1.47 1.49 1.46 1.47
LXO0N/ e 1.51 1.50 1.50 1.47 1.49 1.50 1.47 1.49 1.48 1.48 1.51
pAO[OL/ 3 1.50 1.51 1.48 1.51 1.49 1.51 1.49 1.51 1.49 1.50 1.52
(O[OS 1.50 1.51 1.50 1.51 1.52 1.53 1.49 1.50 1.50 1.52 1.53
[OESIOL/ g 1.2 1.51 1.51 1.51 1.50 1.50 1.51 1.51 1.50 1.51 1.52
(W0 1.52 1.49 1.51 1.52 1.50 1.52 1.51 1.51 1.54 1.54 1.49
(O 0Y/ g 1.51 1.52 1.51 1.51 1.51 1.52 1.51 1.52 1.52 1.50 1.53
(WNOLY 3 1.52 1.52 1.51 1.51 1.53 1.51 1.54 1.51 1.54 1.53 1.52

(WA 1.52 1.52 1.54 1.51 1.53 1.53 1.52 1.53 1.54 1.53 1.52

percent of population tested per day

DN 1.54 1.52 1.52 1.51 1.50 1.50 1.53 1.52 1.52 1.51 1.55

(AN [0)/ g 1.52 1.53 1.53 1.51 1.54 1.53 1.53 1.54 1.53 1.53 1.54

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case



Isolate Positive & Traced Households

Test, trace, and isolate

Households of positive tests are isolated.
Contacts traced in two days, and isolated along with household.

percent of population tested per day

Ro=2.5
TAT = 1 days

50.00% -1.10 0.94 0.90 0.89 0.90 0.87 0.84 0.88 0.87 0.86 0.87

20.00% -1.28 1.09 0.99 0.93 0.94 0.93 0.91 0.90 0.93 0.89 0.88

10.00% - =l 1.22 1.09 1.03 0.97 0.95 0.94 0.94 0.94 0.91 0.91
5.00%
2.00%
1.00%
0.50%
0.20%
0.10%
0.05%
0.02%
0.01%

0.00%

Rl (<00 1.18 1.07 1.02 1.00 0.95 0.98 0.96 0.95 0.94

(el elE1 1.26 1.20 1.12 1.04 1.04 0.99 0.98 0.98 0.95

LRI el i) 1.22 1.16 1.06 1.05 1.02 1.01 1.01 0.96

UG Bers <100 1.26 1.16 1.14 1.07 1.09 1.04 1.01 0.98

Rz Beichy ekl 1.25 1.20 1.16 1.13 1.13 1.04 1.04 1.00

YA I BBl i) 1.23 1.21 1.16 1.10 1.03 1.07 1.04

1.50 1.47 1.42 1.38 1.34 1.32 1.30 1 22 WX B el 3y W S

1.52 1.50 1.49 1.46 1.49 1.46 1.45 1.40 1.42 1.38 1.40

1.51 1.51 1.50 1.49 1.50 1.50 1.49 1.48 1.44 1.44 1.44

1.52 1.54 1.52 1.53 1.52 1.51 1.51 1.53 1.53 1.52 1.50

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case

percent of population tested per day

20.00%
10.00%

Ro=2.5
TAT = 2 days

50.00% -1.24 1.02 0.95 0.92 0.94 0.92 0.90 0.90 0.90 0.91 0.89

(15722 1.16 1.04 0.97 0.95 0.94 0.93 0.92 0.92 0.91 0.94
ER1.28 1.13 1.03 1.02 0.97 0.95 0.93 0.93 0.94 0.95
5.00% =) <5 1.21 1.16 1.11 1.03 0.97 0.97 0.97 0.95 0.94
2.00%
1.00%
0.50%
0.20%
0.10%
0.05%
0.02%
0.01%

0.00%

1.24 1.22 1.16 1.08 1.04 0.98 0.98 0.96 0.97

R P11 1,28 1.21 1.19 1.11 1.04 1.02 1.01 1.00 0.97

U Reicl 201 1.24 1.20 1.12 1.08 1.05 1.06 1.03 0.99

R D et 1,26 1.21 1.19 1.14 1.08 1.05 1.04 1.03

el R B eh Fe) 1.24 1.19 1.15 1.10 1.14 1.06 1.06

RSN WY W BTV Bl i 1.27 1.24 1.26 1.20 1.16

1.51 1.51 1.49 1.48 1.47 1.46 1.42 1.41 1.40 1.40 1.41

1.54 1.52 1.50 1.49 1.50 1.50 1.48 1.50 1.47 1.46 1.46

1.563 1.52 1.55 1.52 1.53 1.52 1.52 1.54 1.54 1.53 1.53

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case

percent of population tested per day

Ro=2.5
TAT = 3 days

50.00% -1.26 1.12 0.98 0.94 0.92 0.91 0.92 0.91 0.88 0.85 0.90

20.00% —let:1 1.25 1.07 1.01 0.94 0.95 0.94 0.95 0.93 0.90 0.91
10.00%
5.00%
2.00%
1.00%
0.50%
0.20%
0.10%
0.05%
0.02%
0.01%

0.00%

(011.28 1.16 1.12 1.01 0.95 0.94 0.95 0.95 0.93 0.92

ZA Bela) 1.26 1.14 1.09 1.02 1.00 0.96 0.95 0.95 0.95

e el 1.27 1.20 1.14 1.08 1.06 1.01 1.02 0.96 0.96

Y Fers 1< 1.24 1.18 1.08 1.08 1.04 1.04 1.01 0.97

Uz Rl e 1,26 1.17 1.15 1.10 1.05 1.05 1.04 0.99

IO PR B et 1.24 1.23 1.18 1.13 1.11 1.08 1.07 1.03

RSN B e ta) (P10 1.26 1.22 1.16 1.15 1.08 1.06 1.04

1.50 1.48 1.44 1.40 1.37 1.31 1:30 N I8 W23 e W s}

1.51 1.49 1.49 1.49 1.48 1.45 1.44 1.38 1.40 1.40 1.37

1.53 1.51 1.50 1.49 1.50 1.49 1.49 1.47 1.43 1.47 1.48

1.54 1.52 1.54 1.52 1.52 1.53 1.52 1.54 1.52 1.52 1.52

0% 20% 40% 60% 80% 100%
percent of contacts traced for each positive case



Comparing with the analytic app

Delay = 0 days

(1= —ww)E(C,1) + (1 — uwE(y,T)

o=

10-18

(1-(1—upv)C+(1—uvy

Asymptomatic or don't isolate

Self-isolate

Test frequency (days between tests)

Test frequency (days between tests)

3.0 -0.57 068 081 096 1.12
4.0 -074 087 1.01 1.16 1.32
50-080 1.04 118 1.32 147

6.0 -105 118 131 144 1.58

01 02 03 04 05
Probability of false negative

Delay = 0 days

1-073 078 0.82 0.80 087
2-081 086 0.88 094 1.01
3-089 093 100 1.09 1.16
4-095 103 108 1.16 1.24
5-103 108 117 125 133
6-110 1.16 1.25 1.30 1.38
7-115 123 1.29 1.36 144
10 -126 131 139 145 148
14 - 141 145 147 153 157
21 -135 137 142 145 156
KO 1.70 1.70 1.70 1.69 1.69

01 02 03 04 05
Probability of false negative

Test frequency (days between tests)

21.0

Test frequency (days between tests)

Delay = 1 days

1.0 -0.50 0.55 060 067 0.77
2.0-0869 077 087 098 1.12
3.0 -087 088 1.09 1.22 1.36

40 -104 115 1.27 140 1.53

50-118 130 1.4
6.0 -1.31

7.0 -144

PR 1.86 190 1.95 200

01 02 03 04 05
Probability of false negative

Delay = 1 days

1-088 092 094 097 097
2-098 1.00 1.05 109 1.15
3-1.04 110 116 122 1.29
4 -1.13 1147 122 1.30 1.36
5-120 126 132 1.36 145
6-126 1.33 136 142 146
7 -133 136 142 145 1.51
10 - 1.39 1.44 147 149 1.55

14 -1.50 1.52 1.55 1.57 1.60

21 - 1.57

30

01 02 03 04 05
Probability of false negative

1

Test frequency (days between tests)

21.0

30.0

Test frequency (days between tests)

14.0

Delay = 2 days

1.0 -082 0.86 091 098 1.07
2.0-100 107 116 1.26 1.38

3.0-117 1.26 1.36 147 1.58

40-132 141

50-145

6.0 - 1.57

7.0

0.0

01 02 03 04 05
Probability of false negative

Delay = 2 days

1-1.06 1.04 111 1.10 1.16
2-110 115 121 1.24 1.32
3-119 123 130 135 140
4-128 132 135 142 148
5-135 1.36 141 147 149
6-136 1.42 145 1.50 1.54
7 -140 1.43 149 153 1.56
10 - 1.47 1.51 152 157 158

14 - 152 156 158 160 162

01 02 03 04 05
Probability of false negative

roximation

Test frequency (days between tests)

Test frequency (days between tests)
o
(=]

Delay = 3 days

1.0-1.13 116 1.21 1.27 135

2.0-129 136 1.44 152

3.0 -144 152

0.1 02 03 04 05
Probability of false negative

Delay = 3 days

1-147 120 1.24 127 130
2-128 128 136 137 140
3-134 137 141 146 149
4-138 143 147 148 153
5-143 145 148 155 155
6 -148 151 153 157 157
7-151 151 154 159 1.59

10 -1.57 1.56 1.58 162 161

01 02 03 04 05
Probability of false negative

1
1

Test frequency (days between tests)

Test frequency (days between tests)

Delay = 5 days

1.0 -1.41 1,58 RETAR LR -
PXE 168 1.80 1.87 193 1.99
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Comparing with the analytic approximation

Tes! frequency (days between tests)
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Pooled testing stretches capacity.

Using standard testing it would
take 25 tests to determine which

of these 25 people are infected
with Covid.



Pooled testing stretches capacity.
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J

5 pooled tests

5 individual tests

Pooling stretches test
capacity but requires
re-testing stored
samples from batches
that test positive.



Pooled testing stretches capacity.
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Take-home messages

Proactive testing can help control the epidemic...
..but the speed of turnaround is essential.

Simple models give decent approximations and allow
quick exploration of speed / sensitivity / volume / cost tradeofts.

Network structure and heterogeneity matter—especially for rapid spread.

Photo: Carl Bergstrom
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