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Web Appendix A: Information Formulas

We first consider the VS design, where V is allowed to depend on 7' but not on k, so the
sampling mechanism is fully described by v = (71,7). Let (Se,Sp) be specified through
parameters (a, 3), as in the VGS design. In a group of size k, the Fisher information for
0 = (\, o, 3) is given by
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Ser = Se(k; «), Spy, = Sp(k; B), M, =P(D =1) =1— (1 — m)*, and a®? = aa” for a vector
a. The information for (m,Se, Sp) is given by I,; = J'I,.J, where J = 00/9(r, Se, Sp)™.

For the VGS design, the Fisher information for 6 is given by I,z = > ek Trelvgs k, Where
L., can be obtained from I (defined above) by setting vo = v = 0.
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Web Appendix B: Nonparametric Bootstrap Cls

Here we describe a general procedure for obtaining bootstrap Cls for an arbitrary parameter 0
in the VS or VGS design. In general, the observed data can be represented as (k;, T;, V;, Vi D;),
1 =1,...,n. In the VS design, the k; are identical and the V; are random. In the VGS
design, the k; are variable and the V; are identically 0 (so the D; are never observed). To
generate a bootstrap sample, we take a random sample with replacement from {1,...,n},
and obtain {Ji,...,J,}. Then we calculate an estimate of § based on the boostrap sample
{(kj,,Ty,,V;,,V;,Dy.),i =1,...,n}. This procedure will be repeated many times, resulting
in {@\b, b=1,..., B}, where B is a large number to be specified by the analyst. Let &, denote
the p-quantile of {@,, b=1,...,B}. Then a 100(1 — «)% confidence interval for 6 is obtained

as (§a/27 51—04/2)'

Web Appendix C: Identification of (7, Se, Sp) Under the
VGS Design and the Constancy Assumption

We assume that the support of k£ contains three distinct values, say k; < ks < k3. Let pg
denote the (directly identifiable) probability of a positive test result for a group of size k,
given by equation (1). For notational convenience, we write ¥ = (91, Y2, 93) with 9, = Se,
Y9 = Se+ Sp — 1, and ¥3 = 1 — w. Then equation (1) can be rewritten as

P, = V1 — o0y, (=123 (B.1)

Simple algebra yields that
Pk — Pry = 192(191?? - 19]54)7 =23, (B2)

and that

Pks — Pky _ 19];1 - 19];3 _ 1- 19313

Phy — Dy OB — 0k 1 —9d2’
where dyy = k; — ki, £ = 2,3. Now suppose there is another set of parameter values,
¥ = (V1,72,73), satisfying (B.1) and hence (B.2) and (B.3). We will show that ¥ = 9,
starting with J5 = 93. From equation (B.3) we deduce that

log(1 — 9913) — log(1 — 9912) = log(1 — ¥913) — log(1 — ¥312).

If ¥3 # 5, then the mean value theorem implies that
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for some ¢y between U5 and 153. But this is impossible for ¢y € (0,1) and 1 < djp < dy3,
because the function f(d) = dcd™'/(1 — ¢?) is strictly decreasing. The latter assertion can
be verified by taking the derivative:

cg {1 +log(cg) — cf

FO="—" g

This shows that 193 = 1J3, which implies 152 = 1J5 and 151 = 15 through equations (B.2) and
(B.1).
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Web Figure 1: Allocation of the VS between T-positive and T-negative groups in the
absence of a dilution effect: relative efficiency as a function of pyy = P(T = 1|V = 1), the
proportion of T-positive groups in the VS, for selected values of 7, k, and the sampling
fraction v = P(V =1) € {0.5,0.3,0.2,0.1,0.05} (from top curve to bottom curve within
each panel).
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Web Figure 2: Design considerations for the Canadian blood donor study: relative
efficiency as a function of k, for fixed m and N without a dilution effect.



Web Table 1: Simulation results for the VS design without a dilution effect: empirical relative bias and
standard deviation (SD), proportion of replicate samples in which closed-form standard errors are available
(SEA) from the observed information matrix, and coverage probability for (7, Se, Sp) among the SEA
samples, under different combinations of 7, k and the sampling fraction v = P(V = 1).

k v Relative Bias SD (1072) P(SEA) P(Coverage|SEA)
7 Se Sp s Se Sp T Se Sp
7w = 0.05
1 1 0.001 0.000 0.000 0.22  0.99 0.07 1.00 095 0.95 0.95
0.5 0.000 0.000 0.000 022 139 0.07 1.00 095 0.96 0.95
0.2 0.000 0.001 0.000 0.25 2.34 0.08 0.98 0.95 0.97 0.95
0.1 0.000 0.001 0.000 0.28 3.26 0.11 0.87 0.96 0.96 0.95
0.05 0.000 0.002 0.000 0.35 4.63 0.15 0.63 0.98 0.94 0.96
5 1 0.000 0.000 0.000 0.10 0.45 0.08 1.00 095 0.95 0.95
0.5 0.000 0.000 0.000 0.11 0.64 0.11 1.00 095 0.96 0.95
0.2 0.000 0.000 0.000 0.12 1.01 0.17 1.00 095 0.95 0.96
0.1 0.000 0.000 0.000 0.14 1.40 0.24 0.98 0.95 0.96 0.96
0.05 0.000 0.000 0.000 0.17 198 0.34 0.87 0.95 0.97 0.96
30 1 0.000 0.000 0.000 0.06 0.24 0.15 1.00 0.95 0.95 0.96
0.5 0.000 0.000 0.000 0.06 0.25 0.26 0.98 0.95 0.95 0.96
0.2 0.000 0.000 0.000 0.07  0.30 0.60 0.50 096 0.95 0.94
0.1 0.000 0.000 0.000 0.08 0.41 0.85 0.29 096 0.95 0.83
0.05 0.000 0.000 0.000 0.10 0.59 1.16 0.15 0.97 0.94 0.90
60 1 0.000 0.000 0.000 0.07 0.22 0.33 0.90 0.95 0.95 0.96
0.5 0.000 0.000 0.000 0.07 0.22 049 0.65 0.95 0.95 0.96
0.2 0.000 0.000 0.000 0.07 0.23 0.92 0.25 0.95 0.95 0.87
0.1 0.001  0.000 0.000 0.08 0.24 1.83 0.06 0.98 0.95 0.00
0.05 0.001 0.000 0.001 0.10 0.29 248 0.03 1.00 0.93 0.00
7w = 0.005
1 1 0.001 0.000 0.000 0.07  3.13 0.07 091 094 096 0.95
0.5 0.002 0.001 0.000 0.07  4.30 0.07 0.71 0.95 095 0.95
0.2 —0.002 0.004 0.000 0.08  6.48 0.07 0.38 0.95 0.87 0.95
0.1 0.002 0.008 0.000 0.09 8.63 0.07 0.20 0.97 0.88 0.94
0.05 —0.001 0.017 0.000 0.11 10.41 0.07 0.10 0.97 0.01 0.94
20 1 0.000 0.000 0.000 0.02 0.71 0.07 1.00 095 0.95 0.95
0.5 0.000 0.000 0.000 0.02 1.04 0.08 1.00 095 095 0.95
0.2 —-0.001 0.001 0.000 0.02 1.65 0.11 1.00 095 096 0.95
0.1 0.000 0.001 0.000 0.02 235 0.15 0.98 0.95 0.96 0.96
0.05 0.000 0.001 0.000 0.03 3.31 0.21 0.86 0.97 0.95 0.96
100 1 0.000 0.000 0.000 0.01 035 0.09 1.00 095 0.95 0.95
0.5 0.000 0.000 0.000 0.01 0.44 0.16 1.00 095 0.95 0.96
0.2 0.000 0.000 0.000 0.01 0.69 0.25 0.98 095 0.95 0.96
0.1 0.000 0.000 0.000 0.01 096 0.36 0.85 0.95 095 0.95
0.05 0.000 0.000 0.000 0.01 1.34 0.1 0.61 0.96 095 0.93
200 1 0.000 0.000 0.000 0.01 0.27 0.12 1.00 095 0.95 0.95
0.5 0.000 0.000 0.000 0.01 0.28 0.26 098 095 095 0.97
0.2 0.000 0.000 0.000 0.01 0.43 041 0.76 0.96 0.95 0.93
0.1 0.000 0.000 0.000 0.01  0.59 0.58 0.51 0.96 0.95 0.93
0.05 0.000 0.000 0.000 0.01 0.83 0.81 0.30 0.97 0.95 0.84




Web Table 2: Selected k-values in the top candidate VGS designs shown in Figure 6.

T Constraint K
5 15 50 150
0.05 fixed n (1,3,5) (1,6,15) (1,15,50) (1,22,150)
fixed N (1,2,5) (1,4,15) (1,7,50) (1,12,150)
0.005 fixed n (1,3,5) (1,6,15) (1,15,50) (1,22,150)
fixed N (1,2,5) (1,4,15) (1,7,50) (1,12,150)
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