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Figure S1: Test positive rate for different underlying true number of cases. The surveillance test allocation strategy is

given under the assumption that the true number of cases is 10,000 and the probability of being asymptomatic for an

infected case is 0.55 (t̄a = 0.55). The red horizontal line is the threshold for disease outbreak.

1



Table S1: Estimated probabilities of having severe, mild and no symptoms for the infected individual when the

marginal probability of being asymptomatic after infected is 0.55 (t̄a = 0.55), and the probability of developing severe

symptoms is 1/3 of developing mild symptoms (t̄s = 1/3 ¯tm). t j (z) is the probability of developing symptom j condi-

tional on a person being infected in age group z. Estimates are obtained using the distribution of age in the hospitalized

patients and overall cases in New York City. f j (z) is the probability of developing symptom j in age group z for the

uninfected person. Estimates are obtained by using the number of flu hospitalizations and cases from New York State

Department of Health 2019-2020 Flu Monitoring Archives.

age ts (z) tm(z) ta(z) fs (z) fm(z) fa(z)

0-17 5.816E-02 5.186E-03 9.367E-01 9.619E-06 2.821E-04 9.997E-01

18-44 3.571E-01 4.307E-02 5.998E-01 9.642E-06 1.287E-04 9.999E-01

45-64 5.786E-01 1.783E-01 2.431E-01 3.024E-05 1.178E-04 9.999E-01

65+ 4.041E-01 4.608E-01 4.608E-01 7.907E-05 1.017E-04 9.998E-01
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Figure S2: Tests allocated to each symptom and age group near the peak of the pandemic under the detecting mode,

assuming either 50,000 or 200,000 tests are available and that the number of true infected cases is 175,000 in a region

of 8 million people. Test allocation strategy is obtained with and without the false positive tests. The false positive

rate is 0.01.

6



Figure S3: Tests allocated to each symptom and age group for surveillance past the peak of the pandemic, assuming

200,000 tests are available and the number of true infected cases is low (10,000) in a region of 8 million people. The

test positive rate for the disease outbreak is 0.03. Test allocation strategy is obtained with and without the false positive

tests. The false positive rate is 0.01.
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Table S4: The performance of surveillance test allocation strategies considering with and without false positive tests.

The True+false strategy (with false positive tests) and the True-only strategy (without false positive tests) are obtained

assuming that 200,000 tests are available in a region of 8 million people, the true infected cases is 10,000 and the

probability for a person of being asymptomatic after being infected (t̄a) is 0.5. The test positive rate for the disease

outbreak is 0.03 (c). Two strategies are then applied to the population to obtain the number of true positive tests, false

positive tests, total number of tests, and test positive rate. The test false positive rate (α) is 0.01 and the test false

negative rate (β) is 0.3. The mean and standard deviation are calculated based on 100 repetitions.

True positive

Mean (sd)

False positive

Mean (sd)

Total # of positive

Mean (sd)

Test positive rate

Mean (sd)

True+false strategy 2306 (47.5) 1106 (31.6) 3411 (56.2) 0.03 (5e-04)

True-only strategy 2316 (47.0) 742 (25.4) 3058 (51.4) 0.04 (7e-04)
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Figure S4: The number of each type of test allocated to each symptomatic group. The total budget for testing is 1

million. The price of a single antigen test and RT-PCR test are $ 5 and $ 135, respectively. The number of infected

cases is assumed to be 10,000 in a region of 8 million people.
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Relationship between test positive rate and disease prevalence

Let r be the ratio of selection probability in the infected population versus the uninfected population; that is,

r = P (S
(g )
i =1|D(g )

i =1)

P (S
(g )
i =1|D(g )

i =0)
. Let β,α,c be the test false negative rate, false positive rate and the outbreak threshold test positive

rate. If r > 1, 1−β> c and 1−β>α, then the disease prevalence P (D (g )
i = 1) < c−α

(1−β−c)r+(c−α) .

Proof:

P (D?(g )
i = 1|S(g )

i = 1) = P (D?(g )
i = 1,S(g )

i = 1)

P (S(g )
i = 1)

=
∑

d=0,1 P (D?(g )
i = 1,S(g )

i = 1,D (g )
i = d)∑

d=0,1 P (S(g )
i = 1,D (g )

i = d)

=
∑

d=0,1 P (D (g )
i = d)P (S(g )

i = 1|D (g )
i = d)P (D?(g )

i = 1|S(g )
i = 1,D (g )

i = d)∑
d=0,1 P (D (g )

i = d)P (S(g )
i = 1|D (g )

i = d)

Under assumption A.3, we have P (D?(g )
i = 1|S(g )

i = 1,D (g )
i = 1) = 1−β and P (D?(g )

i = 1|S(g )
i = 1,D (g )

i = 0) = α. Let

r = P (S
(g )
i =1|D(g )

i =1)

P (S
(g )
i =1|D(g )

i =0)
, we have:

P (D?(g )
i = 1|S(g )

i = 1) = (1−β)r P (D (g )
i = 1)+αP (D (g )

i = 0)

r P (D (g )
i = 1)+P (D (g )

i = 0)

= (1−β)r P (D (g )
i = 1)+α(

1−P (D (g )
i = 1)

)
r P (D (g )

i = 1)+ (
1−P (D (g )

i = 1)
)

Note that P (D?(g )
i = 1|S(g )

i = 1) is a function of the disease prevalence P (D (g )
i = 1). When P (D?(g )

i = 1|S(g )
i = 1) < c,

we invert the inequality and solve for the boundary for P (D (g )
i = 1). When r > 1, the denominator is bigger than 0, and

(1−β)r P (D (g )
i = 1)+α(

1−P (D (g )
i = 1) < c

(
r P (D (g )

i = 1)+ (
1−P (D (g )

i = 1)
)

(
(1−β− c)r + (c −α)

)
P (D (g )

i = 1) < c −α

Since (1−β− c)r + (c −α) > 1−β−α> 0, we have:

P (D (g )
i = 1) < c −α

(1−β− c)r + (c −α)
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