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Figure S1: Diagram of the three-stage hierarchical testing algorithm used for HIV testing in San Francisco.

S1. Notation for Section 2

In Section 2, we provided the following expression for the expected number of tests for three-stage hierarchical testing:

C2
E(T) =1 +’I7’L11P(G11 = 1) + ngjP(Gu = 1,G2j = 1)
7j=1

To help explain the expression’s notation, Figure S1 provides a visual representation of this type of algorithm as it
is used for HIV testing in San Francisco[1]. The binary random variable G; indicates the positive (1) or negative
(0) outcome for group j at stage s. For the initial group of 50 individuals in the first stage of Figure S1, there will
be a single group testing result for G1;. When G1; = 1, ¢co = 5 subgroups of size m;; = 10 are formed for a second
stage of testing. These five subgroups have binary testing outcomes of Ga1, G2z, Ga3, Gas, and Gas. If Go; =1 for
some subgroup j = 1,...,5, mg; = 10 individual tests are performed in the third and final stage of testing.

S2. Additional results for Section 3.1

We provide additional results to coincide with our investigations in Section 3.1. Overall, these additional results
continue to show that the OTCs have the same or very similar operating characteristics when using either objective
function. We also include in our summaries the pooling positive predictive value, PPPV, and the pooling negative
predictive value, PN PV, as additional accuracy measures. The pooling positive (negative) predictive value is the
probability that an individual who is determined to be positive (negative) by the testing algorithm is truly positive
(negative). Predictive values simply provide an alternative way of looking at accuracy in comparison to the pooling
sensitivity and pooling specificity. Expressions for all accuracy measures are available in Kim et al[2], McMahan et
al[3, 4], and Black et al[5].

Table 1 in the paper provides a summary of the optimal testing configurations (OTCs) and their operating
characteristics when p = 0.01. This table is reproduced here as Table S1 with the addition of the predictive values.
Similar tables for p = 0.05 and p = 0.10 are shown in Tables S2 and S3, respectively. The largest differences between
operating characteristics for OTCs are shown in Table 2 of the main paper. Table S4 displays the same results with
the addition of the predictive values.

S3. Additional results for Section 3.2

S3.1. Tables

We provide additional results to coincide with our investigations in Section 3.2. Once again, these additional results
show that the same or very similar operating characteristics are obtained regardless of which objective function is
used. Table S5 displays the same results as Table 3 in the paper but with the addition of the predictive values.



Similar tables for E(P;) = 0.05 and F(F;) = 0.10 are provided in Tables S6 and S7, respectively. Table S8 displays
the same findings as Table 4 in the paper but with the addition of the predictive values.

Because informative group testing results in potentially different accuracy measures for each individual tested,
we formed weighted averages across all individuals tested to present one overall value for each accuracy measure.
These weighted averages are developed from accuracy definitions given by Altman and Bland[6, 7] and were used by
Black et al[5]. The pooling sensitivity is defined as

w _ 22 PiPSei

D VT

(1)

and the pooling specificity is defined as

Zi(l _Pz‘)PSp,i
>:(1—ps) .

Similarly, the pooling positive predictive value is defined as

;i PS.
pppvW = 2iPiPSes :
2oiPiPSei+ (1 —p;)(1 = PSp;)

and the pooling negative predictive value is defined as

ps) =

Ez(l _pi)PSp,i
Y i(L=pi)PSy i+ pi(1 — PS. ;)

Expressions (1) through (4) represent weighted averages over all I individuals within the initial group for a hierarchical
algorithm or all I? individuals within the array for an array testing algorithm.

PNPVVW = (4)

S3.2. OTCs for informative group testing

Due to the lack of available space, Tables S5, S6, and S7 display at most only the initial (stage 1) group size for the
informative hierarchical algorithms. We display their full algorithms in Tables S9 - S14. Define I; as the size of
group j at stage s. For two-stage hierarchical testing, individuals are assembled into blocks[3], where we use a block
size of 50. Thus, we have >, I1; = 50 by design.

To better understand the displayed OTCs in the tables, consider the OTC given in the first row of results in
Table S12. The algorithm is performed over S = 3 stages with an initial group size of I;; = 10 individuals. If
this initial group tests positively, four new groups are formed for the second stage of testing with sizes I5; = 4,
I =3, I3 = 2, and Iy4 = 1. Informative group testing always orders individuals by their probabilities of positivity.
Therefore, the first group consists of the individuals with the four smallest probabilities, and the last group consists
of the individual with the largest probability. If any of these groups test positively and has a size greater than 1,
individual testing is performed upon its group members. For the first group in stage 2, this means that individual
tests would be performed on each of its members in stage 3 (I31 = Is2 = Is3 = Is4 = 1). For the last group in stage
2, no subsequent retesting would be performed. Figure S2 provides a pictorial representation of this group testing
algorithm.

S4. Additional results for Section 4

We provide additional results to coincide with our investigations in Section 4. Tables S15 and S16 display the same
results as Tables 5 and 6 in the paper, respectively, but with the addition of the predictive values. Due to the lack
of available space, Table S16 displays at most only the initial (stage 1) group size for the informative hierarchical
algorithms. We display their full algorithms in Tables S17 and S18.

S5. Additional results for Section 5

Graft and Roeloffs[8] proposed an objective function that is a linear combination of the expected number of tests,
the number of misclassified negative individuals (F'N7), and the number of misclassified positive individuals (FP;).
This linear combination can be expressed as

I
E(T)+ Dy x FNy 4+ Dy x FPy = E(T) + Y _{D1(1 = PS,;)(1 = p;) + Da(1 — PSe.i)pi}

i=1
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Figure S2: Diagram of the group testing algorithm described in Section S3.2. Group sizes are provided within nodes.

where D; and D are subjectively chosen weights. The OTC is found by minimizing the value of this linear combi-
nation per individual, denoted by Oggr. Because weights are subjectively chosen, there will be weights that result
in an OTC different than what is obtained by using Ogr or Opar. We provide results in Tables S19 and S20 to
illustrate these differences. Overall, the value of D, has a larger effect than the value of D5, because there are many
more individuals who are truly negative than positive due to the small probability of being positive.

S6. R examples

To reproduce the research in this paper, we make available a set of R functions in the binGroup package that
e Calculate E(T) and associated accuracy measures for different objective functions, and
e Find the OTC over a wide variety of settings.

All calculations for the paper were performed in version 3.4.1 of R[9].

The examples provided next show how to use binGroup to reproduce results from Tables 1 and 3. Examples 1 and
2 use non-informative group testing with an overall disease prevalence of p = 0.01. Examples 3 and 4 use informative
group testing with an overall disease prevalence of E(P;) = 0.01. Estimated running times for each example were
calculated using a computer with 16 GB of RAM and one core of an Intel i7-6500U processor.

A\

library (binGroup)

LRI E TR RIS EE SRR E IR EEL TR LT

# Example 1

# Finding the 0TC using non-informative

# three-stage hierarchical testing, where

p denotes the overall prevalence of disease,

Se denotes the sensitivity of the diagnostic test,

Sp denotes the specificity of the diagnostic test,

group.sz denotes the range of initial pool sizes for consideration, and
obj.fn specifies the objective functions for which to find results.

VVVVVVYVYVYV
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# This example takes approximately 2.5 minutes to run.

resultsl <- 0TC(algorithm="D3", p=0.01, Se=0.99, Sp=0.99, group.sz=3:40,
obj.fn=c("ET", "MAR"))

You have specified an overall probability of disease.

A probability vector will be generated based on the algorithm specified.

Algorithm: Non-informative three-stage hierarchical testing

\Y4

Initial Group Size = 3
Initial Group Size = 4
Initial Group Size = 5
<0UTPUT EDITED>

Initial Group Size = 38
Initial Group Size = 39
Initial Group Size = 40

Number of minutes running: 2.429667

> # Print the results.



> data.frame ("0Obj.Fn"=c("0O_ET", "O_MAR"),
"0TC"=c(paste(resultsi$opt.ET$0TC$Stagel,

resultsi$opt.ET$0TC$Stage2[1], 1, sep="-"),
paste(resultsl$opt.MAR$0TC$Stagel ,
resultsi$opt.MAR$0TC$Stage2[1], 1, sep="-")),

"ET.I"=c(round(resultsi$opt.ET$ET/resultsi$opt.ET$0TC$Stagel , 4),
round (resultsi1$opt . MAR$ET/resultsi$opt.MAR$0TC$Stagel , 4)),
"PSe"=c(round (resultsi$opt.ET$PSe, 4),
round (resultsli$opt.MAR$PSe, 4)),
"PSp"=c(round(resultsi$opt.ET$PSp, 4),
round (resultsi$opt.MAR$PSp, 4)))
Obj.Fn 0TC  ET.I PSe PSp
1 0_ET 25-5-1 0.1354 0.9703 0.9996
2 O0_MAR 25-5-1 0.1354 0.9703 0.9996

> O HHHARHARRAARAH AR AR HAR AR AR AARAA R BR R AR AR R R AR ARG R BB R AR R R RS S

> # Example 2

> # Finding the O0TC using non-informative

> # array testing with master pooling.

> # The O0TC differs for the ET and MAR objective functions in this example.
> # This example takes approximately 2 minutes to run.

> results2 <- 0TC(algorithm="A2M", p=0.01, Se=0.90, Sp=0.90, group.sz=3:30,

obj.fn=c("ET", "MAR"))
You have specified an overall probability of disease.
A probability vector will be generated based on the algorithm specified.
Algorithm: Non-informative square array testing with master pooling
Row/Column Size 3, Array Size

Row/Column Size = 4, Array Size = 16
Row/Column Size = 5, Array Size = 25
<0UTPUT EDITED>

Row/Column Size = 28, Array Size = 784
Row/Column Size 29, Array Size = 841

Row/Column Size 30, Array Size = 900
Number of minutes running: 1.745667

> # Print the results.
> data.frame ("0bj.Fn"=c("0O_ET", "O_MAR"),
"O0TC"=c(paste(results2$opt.ET$0TC$Array.sz,

results2$opt.ET$0TC$Array.dim, 1, sep="-"),
paste (results2$opt.MAR$0TCS$Array.sz,
results2$opt . MAR$0TC$Array.dim, 1, sep="-")),

"ET.I"=c(round(results2$opt .ETSET/results2$opt .ET$0TC$Array.sz, 4),
round (results2$opt . MARSET/results2$opt . MAR$0TC$Array.sz, 4)),
"PSe"=c(round (results2$opt.ET$PSe, 4),
round (results2$opt . MAR$PSe, 4)),
"PSp"=c(round (results2$opt.ET$PSp, 4),
round (results2$opt . MAR$PSp, 4)))
Obj.Fn 0TC ET.I PSe PSp
0_ET 625-25-1 0.145 0.6562 0.9934
0_MAR 576-24-1 0.145 0.6562 0.9937

N =
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Example 3

Finding the O0TC using informative two-stage

hierarchical testing, implemented via the pool-specific optimal Dorfman
(PSOD) method described in McMahan et al. (2012), where

alpha denotes the level of heterogeneity in the beta distribution

used to generate the vector of individual probabilities.

VVVVVVYV
HHEH FHH

Depending on the specified probability, level of heterogeneity,
and initial group size, simulation may be necessary in order

to generate an ordered vector of individual probabilities. This
is done with the beta.dist() function (see Black et al. 2015)
using 10,000 simulated data sets.

The user will need to set a seed in order to reproduce results.

VVVVVYV
HHEFH FHH
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# This examples takes approximately 2.5 minutes to run.

set.seed (1002)

results3 <- 0TC(algorithm="ID2", p=0.01, Se=0.95, Sp=0.95, group.sz=50,
obj.fn=c("ET", "MAR"), alpha=2)

You have specified an overall probability of disease.

A probability vector will be generated based on the algorithm specified.

A single group size was provided. The optimal testing configuration will be found

over all possible testing configurations for the specified group size.

NOTE: You have specified a maximum group size of 50 or larger.

This function may take a VERY long time to run.

Press ’ESC’ if you wish to cancel the submitted statements.

Algorithm: Informative Dorfman testing

A4



[1] "Using simulation"

Block Size = 50

[1] "Using simulation"

[1] "Using simulation"

Number of minutes running: 2.617833

> # Print the results.
> data.frame ("0bj.Fn"=c("0O_ET", "O_MAR"),
"0TC"=c(results3$opt.ET$0TC$Block.sz,
results3$opt.MAR$0TC$Block.sz),
"ET.I"=c(round(results3$opt .ETSET/results3$opt.ET$0TC$Block.sz, 4),
round (results3$opt.MARSET/results3$opt . MAR$0TC$Block.sz, 4)),
"PSe"=c(round (results3$opt.ET$PSe, 4),
round (results3$opt.MAR$PSe, 4)),
"PSp"=c(round (results3$opt.ET$PSp, 4),
round (results3$opt.MAR$PSp, 4)))
Obj.Fn OTC  ET.I PSe PSp
0_ET 50 0.2264 0.9025 0.9931
0_MAR 50 0.2264 0.9025 0.9931

# Second-stage of 0TCs
results3%opt . ET$0TC$pool.szs
[1] 18 13 11 8

> results3$opt.MAR$0TC$pool.szs
[1] 18 13 11 8

vV N~
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# Example 4
> # Finding the 0TC using non-informative two-stage hierarchical testing

VvV Vv

\4

# This example takes approximately 2.5 minutes to run.

> set.seed (1002)

> results4 <- 0TC(algorithm="ID3", p=0.01, Se=0.95, Sp=0.95, group.sz=3:40,
obj.fn=c("ET", "MAR"), alpha=0.5)

You have specified an overall probability of disease.

A probability vector will be generated based on the algorithm specified.

Algorithm: Informative three-stage hierarchical testing

Initial Group Size = 3
Initial Group Size = 4
Initial Group Size = 5
<0UTPUT EDITED>

Initial Group Size = 38
Initial Group Size = 39
Initial Group Size = 40

Number of minutes running: 2.614333

> # Print the results.
> data.frame ("0bj.Fn"=c("0O_ET", "O_MAR"),
"O0TC"=c(results4$opt.ET$0TC$Stagel,
results4$opt.MAR$0TC$Stagel),
"ET.I"=c(round(results4$opt.ET$ET/results4$opt.ET$0TC$Stagel , 4),
round (results4$opt.MAR$ET/results4$opt . MAR$0TC$Stagel, 4)),
"PSe"=c(round (results4$opt.ET$PSe, 4),
round (results4$opt . MAR$PSe, 4)),
"PSp"=c(round (results4$opt.ET$PSp, 4),
round (results4$opt.MAR$PSp, 4)))
Obj.Fn 0OTC ET.I PSe PSp
1 0_ET 28 0.1291 0.8574 0.9977
2 O0_MAR 28 0.1291 0.8574 0.9977

The next example shows how to use binGroup to reproduce results from Table S19.

HERBHRRARAHA BB AR AR AR B R AR BB R R AR B H AR BB R AR BB R AR B RSB R RS R RS RHS
# Example 5
> # Finding the O0TC using two-stage hierarchical testing with O0_GR

Vv Vv

Y

# This example takes less than 1 second to run.

> resultsb <- 0TC(algorithm="D2", p=0.01, Se=0.99, Sp=0.99, group.sz=3:40,
obj.fn="GR", weights=matrix(data=c(1, 1, 1000, 1000), nrow=2, ncol=2,
byrow=TRUE))

You have specified an overall probability of disease.

A probability vector will be generated based on the algorithm specified.

Algorithm: Non-informative two-stage hierarchical (Dorfman) testing

Initial Group Size = 3
Initial Group Size = 4
Initial Group Size = 5



<0UTPUT EDITED>

Initial Group Size = 38
Initial Group Size = 39
Initial Group Size = 40

Number of minutes running: 0.0001666667

> names (resultsb)

[1] "prob" "Se" "Sp" "opt.ET" "opt.GR1" "opt.GR2" "Configs"

> data.frame ("0bj.Fn"=c("0O_GR", "O_GR"),
"O0TC"=c(paste(results5%opt.GR1$0TC$Stagel , 1, sep="-"),
paste(results5$opt.GR2$0TC$Stagel , 1, sep="-")),

"ET.I"=c(round(results5$opt.GRI$ET / results5$opt.GR1I$0TC$Stagel , 4),
round (results5$opt.GR2$ET / results5$opt.GR2$0TC$Stagel, 4)),
"PSe'"=c(round (results5%opt.GR1$PSe, 4), round(results53opt.GR2$PSe, 4))
"PSp"=c(round(results5$opt.GR1$PSp, 4), round(results5%opt.GR2$PSp, 4))
Obj.Fn O0OTC ET.I PSe PSp
1 0_GR 11-1 0.2035 0.9801 0.9990
2 0_GR 3-1 0.3724 0.9801 0.9997

)
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Table S1: OTC summary for p = 0.01 under non-informative group testing. Equally sized groups are optimal at
each stage; thus, an OTC of “24-6-1” means that stage 1 has a group of size 24, stage 2 has four groups of size 6, and
stage 3 has twenty-four groups of size 1. Differences between Opr and Op;ar are highlighted.

Objective

Algorithm S. S, function OTC E(T)/I PS. PS, PPPV PNPV
0.99 0.99 Ogr 11-1 0.2035 0.9801 0.9990 0.9052 0.9998

OMAR 11-1 0.2035 0.9801 0.9990 0.9052 0.9998

0.95 0.95 Ogr 11-1 0.2351 0.9025 0.9932 0.5727 0.9990

OMAR 11-1 0.2351 0.9025 0.9932 0.5727 0.9990

Two-stage 0.90 0.90 Ogr 12-1 0.2742 0.8100 0.9816 0.3081 0.9980
hierarchical ) ) OpmAR 12-1 0.2742 0.8100 0.9816 0.3081 0.9980
0.99 0.90 Ogr 11-1 0.2841 0.9801 0.9815 0.3485 0.9998

OM AR 11-1 0.2841 0.9801 0.9815 0.3485 0.9998

0.90 0.99 Ogr 11-1 0.1941 0.8100 0.9990 0.8959 0.9981

OMmAR 11-1 0.1941 0.8100 0.9990 0.8959 0.9981

0.99 0.99 Ogr 25-5-1  0.1354 0.9703 0.9996 0.9604 0.9997
’ ’ Owmar 25-5-1  0.1354 0.9703 0.9996 0.9604 0.9997
Ogr 24-6-1 0.1443 0.8574 0.9973 0.7634 0.9986
OmAR 24-6-1 0.1443 0.8574 0.9973 0.7634 0.9986
Three-stage 0.90 0.90 Ogr 24-6-1 0.1562 0.7290 0.9938 0.5437 0.9973
hierarchical ) ) Onmar 24-6-1 0.1562 0.7290 0.9938 0.5437 0.9973
Ogr 24-6-1  0.1708 0.9703 0.9928 0.5780 0.9997

0.95 0.95

099090 OMmAR 24-6-1  0.1708 0.9703 0.9928 0.5780 0.9997

0.90 0.9 OgT 25-5-1  0.1229 0.7290 0.9997 0.9564 0.9973

OMAR 25-5-1 0.1229 0.7290 0.9997 0.9564 0.9973

0.99 0.99 Ogr 25-1 0.1378 0.9703 0.9995 0.9529 0.9997

Or AR 25-1 0.1378 0.9703 0.9995 0.9529 0.9997

0.95 0.95 Ogr 25-1 0.1475 0.8575 0.9970 0.7456 0.9986

OMAR 24-1 0.1475 0.8575 0.9972 0.7566 0.9986

Array w/o 0.90 0.90 OgT 25-1 0.1611 0.7291 0.9926 0.4996 0.9973
master pooling ) OMAR 24-1 0.1611 0.7291 0.9930 0.5112 0.9973
0.99 0.90 Ogr 23-1 0.1726 0.9703 0.9923 0.5614 0.9997

Onrar 23-1 0.1726 0.9703 0.9923 0.5614 0.9997

0.90 0.9 OeT 27-1 0.1279 0.7292 0.9995 0.9410 0.9973

OMAR 27-1 0.1279 0.7292 0/9995 0.9410 0.9973

0.99 0.99 Ogr 625-25-1 0.1364 0.9606 0.9995 0.9529 0.9996

Omar 625-25-1 0.1364 0.9606 0.9995 0.9529 0.9996

0.95 0.95 Ogr 625-25-1 0.1402 0.8146 0.9972 0.7458 0.9981

’ ) Omar 576-24-1 0.1402 0.8146 0.9974 0.7569 0.9981

Array w/ 0.90 0.90 Ogr 625-25-1 0.1450 0.6562 0.9934 0.4997 0.9965

master pooling Omar  576-24-1 0.1450 0.6562 0.9937 0.5115 0.9965
0.99 0.90 Ogr 529-23-1 0.1708 0.9606 0.9924 0.5618 0.9996

Omar 529-23-1 0.1708 0.9606 0.9924 0.5618 0.9996
OEeT 729-27-1 0.1151 0.6563 0.9996 0.9410 0.9965
Opar 729-27-1 0.1151 0.6563 0.9996 0.9410 0.9965

0.90 0.99




Table S2: OTC summary for p = 0.05 under non-informative group testing. Equally sized groups are optimal at
each stage; thus, a “24-6-1” means that stage 1 has a group of size 24, stage 2 has four groups of size 6, and stage 3
has twenty-four groups of size 1. There are no differences between the OTCs.
Objective

Algorithm Se S, function oTrc E(T)/I PS. PS, PPPV PNPV

0.99 0.99 Ogr 5-1 0.4317 0.9801 0.9981 0.9642 0.9990

' ' OMAR 5-1 0.4317 0.9801 0.9981 0.9642 0.9990

0.95 0.95 Ogr 5-1 0.4536 0.9025 0.9892 0.8141 0.9948

OMAR 5-1 0.4536 0.9025 0.9892 0.8141 0.9948

Two-stage 090 0.90 Ogr 6-1 0.4786 0.8100 0.9719 0.6027 0.9898
hierarchical ’ ' OMmAR 6-1 0.4786 0.8100 0.9719 0.6027 0.9898
0.99 0.90 Ogr 5-1 0.5013 0.9801 0.9735 0.6605 0.9989

OmARr 5-1 0.5013 0.9801 0.9735 0.6605 0.9989

0.90 0.99 Ogr 5-1 0.4113 0.8100 0.9982 0.9605 0.9901

' ' OMmAR 5-1 0.4113 0.8100 0.9982 0.9605 0.9901

099 0.99 Ogrr 9-3-1 0.3773 0.9703 0.9990 0.9812 0.9984
OmARr 9-3-1 0.3773 0.9703 0.9990 0.9812 0.9984
Ogr 9-3-1 0.3798 0.8574 0.9950 0.8993 0.9925

OMAR 9-3-1 0.3798 0.8574 0.9950 0.8993 0.9925
Three-stage 0.90 0.90 Ogr 12-4-1  0.3806 0.7290 0.9853 0.7227 0.9857
hierarchical ' ' OnmAar 12-4-1  0.3806 0.7290 0.9853 0.7227 0.9857
0.99 0.90 Ogrr 9-3-1 0.4227 0.9703 0.9874 0.8023 0.9984

OMAR 9-3-1 0.4227 0.9703 0.9874 0.8023 0.9984

0.90 0.99 Ogr 12-4-1  0.3409 0.7290 0.9988 0.9701 0.9859

OnmAr 12-4-1  0.3409 0.7290 0.9988 0.9701 0.9859

099 0.99 Ogrr 10-1 0.3809 0.9705 0.9986 0.9735 0.9984

OMmAR 10-1 0.3809 0.9705 0.9986 0.9735 0.9984

0.95 0.95

0.95 0.95 Ogr 10-1 0.3852 0.8581 0.9926 0.8597 0.9925

OMmAR 10-1 0.3852 0.8581 0.9926 0.8597 0.9925

Array w/o 0.90 0.90 Ogrr 10-1 0.3907 0.7302 0.9842 0.7086 0.9858
master pooling ' OmAar 10-1 0.3907 0.7302 0.9842 0.7086 0.9858
0.99 0.90 Ogr 9-1 0.4243 0.9705 0.9839 0.7602 0.9984

OMmAR 9-1 0.4243 0.9705 0.9839 0.7602 0.9984

0.90 0.99 Ogr 11-1 0.3511 0.7301 0.9986 0.9659 0.9860

OnmAr 11-1 0.3511 0.7301 0.9986 0.9659 0.9860

0.99 0.99 Ogr 100-10-1  0.3772 0.9608 0.9986 0.9736 0.9979

Omar 100-10-1 0.3772 0.9608 0.9986 0.9736 0.9979

0.95 0.95 Ogr 100-10-1 0.3660 0.8152 0.9930 0.8600 0.9903

Omar 100-10-1 0.3660 0.8152 0.9930 0.8600 0.9903

Array w/ 090 0.90 Ogrr 100-10-1 0.3517 0.6572 0.9858 0.7091 0.9820

master pooling Omar  100-10-1 0.3517 0.6572 0.9858 0.7091 0.9820

0.99 0.90 Ogr 81-9-1  0.4201 0.9608 0.9842 0.7617 0.9979
’ ' OMmAR 81-9-1  0.4201 0.9608 0.9842 0.7617 0.9979
Ogr 121-11-1 0.3160 0.6571 0.9988 0.9660 0.9823
Omar 121-11-1 0.3160 0.6571 0.9988 0.9660 0.9823

0.90 0.99
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Table S3: OTC summary for p = 0.10 under non-informative group testing. Equally sized groups are optimal at
each stage; thus, a “24-6-1” means that stage 1 has a group of size 24, stage 2 has four groups of size 6, and stage 3
has twenty-four groups of size 1. Differences between Ogp and Op; g are highlighted.
Objective
Algorithm Se S, function OTC E(T)/I PS. PS, PPPV PNPV
Ogr 41 05970 0.9801 0.9972 0.9753 0.9978

0-99 0.9 OwmARr 4-1 05970 0.9801 0.9972 0.9753 0.9978

0.95 0.95 Ogr 41 0.6095 0.9025 0.9853 0.8722 0.9891

) ) OmAar 41 0.6095 0.9025 0.9853 0.8722 0.9891

Two-stage 0.90 0.90 Ogr 41 0.6251 0.8100 0.9683 0.7396 0.9787

hierarchical ) OwmAr 41 0.6251 0.8100 0.9683 0.7396 0.9787
0.99 0.90 Ogr 41 0.6561 0.9801 0.9659 0.7614 0.9977

Owmar 41  0.6561 0.9801 0.9659 0.7614 0.9977
Ogr 41  0.5661 0.8100 0.9975 0.9728 0.9793
OmARr 41  0.5661 0.8100 0.9975 0.9728 0.9793
0.99 0.99 Ogr 9-3-1 0.5836 0.9703 0.9981 0.9827 0.9967
Omar  9-3-1 0.5836 0.9703 0.9981 0.9827 0.9967
Ogr 9-3-1 0.5733 0.8574 0.9905 0.9091 0.9843
Omar  9-3-1 0.5733 0.8574 0.9905 0.9091 0.9843
Three-stage 0.90 0.90 Ogr 9-3-1 0.5619 0.7290 0.9808 0.8081 0.9702
hierarchical ) ) Omar  9-3-1 0.5619 0.7290 0.9808 0.8081 0.9702
0.99 0.90 Ogr 9-3-1 0.6295 0.9703 0.9772 0.8254 0.9966

Omar  6-3-1  0.6295 0.9703 0.9786 0.8345 0.9966
Ogr 9-3-1 0.5188 0.7290 0.9984 0.9809 0.9707
Omar  9-3-1 0.5188 0.7290 0.9984 0.9809 0.9707
0.99 0.99 Ogr 7-1  0.5821 0.9705 0.9978 0.9800 0.9967
OwmAr 7-1  0.5821 0.9705 0.9978 0.9800 0.9967
Ogr 7-1  0.5776 0.8585 0.9888 0.8950 0.9843
Omar 7-1  0.5776 0.8585 0.9888 0.8950 0.9843
Array w/o 0.90 0.90 Ogr 7-1  0.5722 0.7310 0.9772 0.7808 0.9703
master pooling ) OmARr 7-1  0.5722 0.7310 0.9772 0.7808 0.9703
0.99 0.90 Ogr 7-1  0.6250 0.9704 0.9732 0.8009 0.9966

Owmar 7-1  0.6250 0.9704 0.9732 0.8009 0.9966

0.90 0.99 Ogr 7-1  0.5335 0.7324 0.9982 0.9778 0.9711

OmAr 7-1  0.5335 0.7324 0.9982 0.9778 0.9711
Ogr 49-7-1 0.5767 0.9608 0.9978 0.9800 0.9957

0.90 0.99

0.95 0.95

0.90 0.99

0.95 0.95

0-99 0.9 Omar  49-7-1 0.5767 0.9608 0.9978 0.9800 0.9957

0.95 0.95 Ogr 49-7-1 0.5491 0.8156 0.9894 0.8952 0.9797

) ) Omar  49-7-1 0.5491 0.8156 0.9894 0.8952 0.9797

Array w/ 0.90 0.90 Ogr 49-7-1 0.5154 0.6579 0.9795 0.7812 0.9626

master pooling Omar 49-7-1 0.5154 0.6579 0.9795 0.7812 0.9626
0.99 0.90 Ogr 49-7-1 0.6191 0.9607 0.9735 0.8013 0.9955

Omar  49-7-1 0.6191 0.9607 0.9735 0.8013 0.9955
Ogr 49-7-1 0.4806 0.6592 0.9983 0.9778 0.9635
Omar  49-7-1 0.4806 0.6592 0.9983 09778  0.9635

0.90 0.99
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Table S4: Largest differences between operating characteristics for OTCs under non-informative group testing. Values
of p range from 0.005 to 0.150 by 0.005. The frequency column denotes the number of times a different OTC was
found for Ogr and Oy ap among these values of p. Differences between operating characteristics are rounded to
four decimal places. Note that the operating characteristic value for Ogp is always subtracted from the operating
characteristic value for Op;ar. Thus, a negative value (indicated with parentheses) means that the value for Ogr

was larger than the value for Op;apg.

Largest difference

Algorithm Se  Sp Frequency E(T)/I  PS. PS, PPPV PNPV
0.99 0.99 0 - - - - -
Two-stage 0.95 0.95 3 0.0018 0.0000 0.0049 0.0262 0.0001
hierarchical 0.90 0.90 4 0.0023 0.0000 0.0054 0.0345 0.0001
0.99 0.90 7 0.0056  0.0000 0.0096 0.0382  0.0000
0.90 0.99 0 - - - - -
0.99 0.99 0 - - - - -
Three-stage 0.95 0.95 1 0.0014 0.0000 0.0051 0.0296 0.0001
hierarchical 0.90 0.90 3 0.0015 0.0000 0.0049 0.0575 0.0001
0.99 0.90 7 0.0041 (0.0098) 0.0136 0.0580 (0.0015)
0.90 0.99 1 0.0000  0.0000 0.0002 0.0097 0.0000
0.99 0.99 0 - - - - -
Array w/o 0.95 0.95 5 0.0010 0.0018 0.0026 0.0195 0.0003
master pooling 0.90 0.90 8 0.0028 0.0022 0.0054 0.0305 0.0005
0.99 0.90 ) 0.0043 0.0005 0.0076 0.0317 0.0001
0.90 0.99 1 0.0000  0.0006 0.0001 0.0042 0.0000
0.99 0.99 2 0.0005 0.0006 0.0008 0.0046 0.0001
Array w/ 0.95 0.95 4 0.0012 0.0017 0.0026 0.0198 0.0003
master pooling 0.90 0.90 8 0.0015 0.0018 0.0051 0.0307 0.0005
0.99 0.90 ) 0.0048 0.0005 0.0077 0.0327 0.0001
0.90 0.99 2 0.0003 0.0026 0.0005 0.0048 0.0004
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Table S8: Largest differences between operating characteristics for OTCs under informative group testing. Values
of E(P;) = p range from 0.005 to 0.150 by 0.005. The frequency column denotes the number of times a different
OTC was found among these values of p. Differences between operating characteristics are rounded to four decimal
places. Note that the operating characteristic value for Ogr is always subtracted from the operating characteristic
value for Opsar. Thus, a negative value (indicated with parentheses) means that the value for Ogp was larger than

the value for Op ag.

Largest difference

Algorithm a Se S Frequency E(T)/I PSY PSXV pPPPVW PNPVW
0.99 0.99 0 - - - - -

0.95 0.95 7 0.0006 (0.0023) 0.0011  0.0156 0.0004

2 090 0.90 12 0.0010 (0.0052) 0.0023  0.0160 0.0007

0.99 0.90 12 0.0011 (0.0008) 0.0022  0.0182  (0.0001)

Two-stage 0.90 0.99 2 0.0003  0.0052  0.0000 0.0002 0.0007
hierarchical 0.99 0.99 0 - - - - -

0.95 0.95 3 0.0003 (0.0035) 0.0011 0.0102 0.0003

0.5 0.90 0.90 15 0.0008 (0.0103) 0.0022  0.0277 0.0007

0.99 0.90 16 0.0012 (0.0011) 0.0022  0.0194  (0.0001)

0.90 0.99 11 0.0006  0.0078 (0.0002) (0.0028) 0.0007

0.99 0.99 1 0.0000 (0.0019) 0.0002 0.0057 (0.0001)

0.95 0.95 2 0.0035 0.0219  0.0033 0.0270 0.0034

2 090 0.90 6 0.0044 0.0152  0.0062  0.0409 0.0023

0.99 0.90 4 0.0035 0.0006  0.0066  0.0445 0.0001

Three-stage 0.90 0.99 14 0.0180  0.0500  0.0003  0.0046 0.0064

hierarchical 0.99 0.99 1 0.0000  0.0001  0.0001 0.0018 0.0000
0.95 0.95 0 - - - - -

0.5 0.90 0.90 3 0.0010  0.0250  0.0033  0.0296 0.0025

0.99 0.90 5 0.0022 0.0034  0.0070  0.0385 0.0005

0.90 0.99 9 0.0057  0.0355  0.0003  0.0051 0.0030

0.99 0.99 1 0.0003  0.0004  0.0005 0.0039 0.0001

0.95 0.95 2 0.0011  0.0012  0.0027 0.0169 0.0002

2 090 0.90 5 0.0016  0.0012  0.0040 0.0265 0.0003

0.99 0.90 4 0.0028 0.0003  0.0053  0.0277 0.0001
Array w/o 0.90 0.99 0 - - - - -
master pooling 0.99 0.99 0 - - - - -

0.95 0.95 4 0.0003 0.0004  0.0015 0.0129 0.0001

0.5 0.90 0.90 14 0.0015 0.0004  0.0032 0.0194 0.0002

0.99 0.90 8 0.0024  0.0001  0.0041  0.0211 0.0000

0.90 0.99 1 0.0003  0.0005 0.0003  0.0027 0.0001
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Table S9: Full OTCs for E(P;) = 0.01 under informative two-stage hierarchical group testing. There are no differences
in the OTCs for Ogr and Opag.-

Objective  Block Group sizes

a S, S, function size  E(T)/I I Ly hLs ha Iis

0.99 0.9 O(ifZR 28 g:igg ig ﬂ 3 g g
0.95 0.95 OOMEZR 28 8:3;23 }S }2 ﬂ S
2 0.90 0.90 OO]\fZR 28 8:522; }2 }2 ﬂ S
m ow D @l
0.90 0.9 OO;ZR 28 8:12;3 }S g ﬁ S
0.99 0.9 OOAfZR 28 81223 3? }3 Z ?
0.95 0.95 OO]VJ'[EZR 28 8:3813 3? E S g
0.5 0.90 0.90 O(if; 28 8;3323 3? ﬁ 2 ?
099 090 SET 3 Gmn w13 s 3
ow g e

Table S10: Full OTCs for E(P;) = 0.01 under informative three-stage hierarchical group testing. There are no
differences in the OTCs for Ogr and O aR.

Objective Group sizes
« S, Sp function Iy E(T)/I Ion Iop Ing Iny  Ios
099 09 G 0 oamm o 3 5 4 3
I T R N
2 00 00 G G owr w0 7 5
099 030 O 0 om0 1 3 4
090 09 G 6 omes o 3 5 4 s
099 09 G W omor 1 o 5 4 3
005 095 G o 13 1 5 s
05 090 090 o N oz 1 1 5 3
099 080 G oama 13 1 5 3
000 099 G Gm  ar 1 6 43
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Table S11: Full OTCs for E(P;) = 0.05 under informative two-stage hierarchical group testing. Differences between
Opgr and Oprag are highlighted.

Objective  Block Group sizes

@ Se Sp function size  E(T)/1 Iw Ly ©Lis Ly Lty Lig Ly ILig I
T A
CRTI A -
SRR
0.99  0.90 OOJVfZR gg gzggg 3 ; 2 2 ? ? i i i
090 099 5 5 owes o 1 6 6 5 5 4 i i
TR -
TRTN A

RTINS
TR i S R
oM 0% SF % owmn 1 9 6 5 4 4 3 3

Table S12: Full OTCs for E(P;) = 0.05 under informative three-stage hierarchical group testing. Differences between
Opr and Oy 4R are highlighted.

Objective Group sizes
a S, S, function I;; E(T)/I Iy Iy Ips  Tos
I A AR
0.95 0.95 OOAZR 1 oo 3
2 090 0.90 OO]\f:R E 8;3;33 ? i g
0.99 0.90 OOMEZR g 8:3}22 Z § }
0.90 0.99 OOJZR i 33322 g g g 1
0.99 0.99 O(jij o030 c 5 1
TRTI AR I IR
0.5 0.90 0.90 OO;ZR 18 813?83 2 g 1
CEC A B
0.90 0.99 OO]ER il oo S5 1
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Table S14: Full OTCs for E(P;) = 0.10 under informative three-stage hierarchical group testing. Differences between
Opr and Opy 4R are highlighted.

Objective Group sizes
a S S,  function Iz E(T)/I I

3 JTou Ios Ing Ioy Iog Iag  Izno

[\
)
o
[ V)
ox

09 099 o D 0o 3 1 1
09 095 5% 0 om0 4 3 1
2 090 0.90 O?\f; 2 g:gig} i 2 }
oo T a0
CRCI AR i
RN A
CC A IR R
s om ow g pmT Ty
EXCN A
XTI A N A

Table S15: OTC summary for HIV testing using S, = 0.963, S, = 0.9903, and p = 0.004 with non-informative group
testing. Equally sized groups are optimal at each stage; thus, an OTC of “24-6-1” means that stage 1 has a group of
size 24, stage 2 has four groups of size 6, and stage 3 has twenty-four groups of size 1. There are no differences in
the OTCs for OET and O]\/IAR-

Objective

Algorithm function OTC E(T)/I  PS, pPS, PPPV PNPV
Two-stage OgT 17-1 0.1313 0.9274 0.9993 0.8478  0.9997
hierarchical OMAR 17-1 0.1313  0.9274 0.9993 0.8478  0.9997
Three-stage Ogr 49-7-1 0.0732  0.8931 0.9998 0.9402 0.9996
hierarchical OMAR 49-7-1 0.0732  0.8931 0.9998 0.9402 0.9996
Array w/o Ogpr 44-1 0.0749  0.8931 0.9997 0.9348  0.9996
master pooling OMAR 44-1 0.0749  0.8931 0.9997 0.9348 0.9996
Array w/ OgT 1936-44-1 0.0721 0.8600 0.9998 0.9348  0.9994

master pooling OMAR 1936-44-1 0.0721  0.8600 0.9998  0.9348 0.9994
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Table S17: Full OTCs for informative, two-stage hierarchical testing summarized in Table S16. Differences between
Opgr and Oprapg are highlighted.

Objective Block Group sizes
function size E(T)/I Ill 112 113 114 115 116 117 Ilg 119 11710 11711
Female Ogr 50 0.4757 1 7 6 5 5 4 4 4 4
Omar 50 0.4761 10 7 6 5 4 4 4 4 3 3
Male Ogr 50 0.5462 8 6 5 5 4 4 4 4 4 3 3
Omar 50 0.5462 8 6 5 5 4 4 4 4 4 3 3

Table S18: Full OTCs for informative, three-stage hierarchical testing summarized in Table S16. Differences between
Opgr and Oprap are highlighted.

Objective Group sizes
function Ill E(T)/I 121 122 123 124
Opr 19 ~0.4102 7 5 4 3
Female 5 ° 14 0.4113 6 4 3 1
Opr 8  0.5081 1 3 1
Male & in 8  0.5081 4 3 1

Table S19: OTC summary for Ogg with p = 0.01 under non-informative, two-stage hierarchical testing. An OTC of
“11-1” means that stage 1 has a group of size 11 and stage 2 consists of individual testing.
Se Sp Dy D, OTC E(T)/I PS. pPS, PPPV PNPV
1 1 11-1  0.2035 0.9801 0.9990 0.9052  0.9998
1000 1000  3-1 0.3724  0.9801 0.9997 0.9711  0.9998
1 10 11-1 0.2035 0.9801 0.9990 0.9052  0.9998

099099 1 100 11-1 02035 09801 09990 09052  0.9998
10 1 10-1 02037 009801 0.9991 09127  0.9998
100 1 71 02194 09801 0.9993 0.9363  0.9998
1T 1 111 02351 09025 09932 05727 09990
1000 1000 3-1 04101 09025 0.9966 0.7286  0.9990
005 005 L 10 111 02351 09025 09932 05727 09990
1100 111 02351 09025 09932 05727  0.9990
10 1 91 0238 09025 09940 06040  0.9990
100 1 41 03355 09025 09962 0.7038  0.9990
11 1.1 02746 08100 09824 03167 0.0981
1000 1000 3-1 04571 08100 09884 04138  0.9981
000 oop 110 111 02746 08100 09824 03167  0.9981
1 100 11-1 02746 08100 0.9824 03167  0.9981
10 1 81 02868 08100 09846 03464  0.9981
100 1 31 04571 0.8100 009884 04138  0.9981
1 1 111 02841 09801 00815 03485 0.9998
1000 1000 3-1 04598 09801 0.9882 0.4568  0.9998
0o ooo L 10 111 02841 09801 09815 03485 09998
1 100 11-1 02841 09801 0.9815 0.3485  0.9998
10 1 81 02938 009801 09840 03816  0.9998
100 1 31 04598 09801 009882 04568  0.9998
1 1 11 0.1941 08100 0.9990 0.8059  0.0981
1000 1000 3-1 03698 08100 09997 09672  0.9981
000 099 110 111 01941 08100 09990 08959  0.9981

1 100  11-1  0.1941 0.8100 0.9990 0.8959  0.9981
10 1 11-1  0.1941 0.8100 0.9990 0.8959  0.9981
100 1 8-1 0.2038  0.8100 0.9993 0.9207  0.9981
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Table S20: OTC summary for Oggr with p = 0.01 under non-informative, three-stage hierarchical testing. When
equally sized groups are optimal, we use the same notation as given in other tables (e.g., Table S1). When unequally
sized groups are optimal, we write out each group size for its stage. For example, an OTC of “21-6,5,5,5-1" means
that stage 1 has a group of size 21; stage 2 has groups of size 6, 5, 5, and 5; and stage 3 has groups of size 1.

S. S, Dy D, OTC E(T)/I PS. PS, PPPV PNPV
1 1 25-5-1 0.1354  0.9703 0.9996 0.9604  0.9997
1000 1000  14-21 0.1614  0.9703 0.9999 0.9889  0.9997
099 099 L1 10 25-5-1 0.1354 0.9703 0.9996 0.9604  0.9997
1 100 25-5-1 0.1354 0.9703 0.9996 0.9604  0.9997
10 1 25-5-1 0.1354  0.9703 0.9996 0.9604  0.9997
100 1 18-3-1 0.1435 0.9703 0.9998 0.9791  0.9997
1 1 25-5-1 0.1444 08574 0.9977 0.7907  0.9986
1000 1000 6-2-1 0.2401 0.8574 0.9993 0.9289  0.9986
005 095 110 25-5-1 0.1444 08574 0.9977 0.7907  0.9986
1 100 25-5-1 0.1444 08574 0.9977 0.7907  0.9986
10 1 20-4-1 0.1479  0.8574 0.9982 0.8290  0.9986
100 1 12-2-1 0.1841 0.8574 0.9992 0.9166  0.9986
1 1 24-6-1 0.1562  0.7200 0.9938 0.5437  0.9973
1000 1000 4-2-1 0.3432  0.7200 0.9980 0.7900  0.9973
090 090 L 10 24-6-1 0.1562  0.7200 0.9938 0.5437  0.9973
1 100 24-6-1 0.1562  0.7290 0.9938 0.5437  0.9973
10 1 20-4-1 0.1644 0.7290 0.9955 0.6192  0.9973
100 1 10-2-1 02202  0.7200 0.9976 0.7533  0.9973
1 1 2165551 0.1714 09703 0.9937 0.6074  0.9997
1000 1000 4-2-1 0.3486  0.9703 0.9979 0.8204  0.9997
009 090 1 10 2165551 01714 09703 09937 0.6074  0.9997
1 100 2165551 01714 09703 0.9937 0.6074  0.9997
10 1 16-4-1 0.1785 0.9703 0.9951 0.6684  0.9997
100 1 8-2-1 0.2438  0.9703 0.9975 0.7977  0.9997
1 1 25-5-1 0.1229 0.7200 0.9997 0.9564  0.9973
1000 1000 31 0.3698  0.8100 0.9997 0.9672  0.9981
000 099 L 10 25-5-1 0.1229 0.7200 0.9997 0.9564  0.9973
1 100 11-1 0.1941 0.8100 0.9990 0.8959  0.9981
10 1 25-5-1 0.1229 0.7290 0.9997 0.9564  0.9973
100 1 21-3-1 0.1330  0.7200 0.9998 0.9766  0.9973
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