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Abstract— As the COVID-19 pandemic continues worldwide,1

there is an urgent need to detect infected patients as quickly2

and accurately as possible. Group testing proposed by Technion3

[2] could improve efficiency greatly. However, the false negative4

rate (FNR) would be doubled. Using USA as an example, group5

testing would have over 70,000 false negatives, compared to6

35,000 false negatives by individual testing.7

In this paper, we propose a Flexible, Accurate and Speedy8

Test (FAST), which is faster and more accurate than any9

existing tests. FAST first forms small close contact subgroups,10

e.g. families and friends. It then pools subgroups to form larger11

groups before RT-PCR test is done. FAST needs a similar12

number of tests to Technion’s method, but could sharply reduce13

the FNR to a negligible level. Again taking USA as example,14

FAST reduces the number of false negatives to just 2000 while15

it is seven times faster than individual testing.16

I. INTRODUCTION17

Reverse Transcription Polymerase Chain Reaction18

(RT-PCR) is one of the main diagnostic methods for early19

detection of coronavirus, SARS-CoV-2. However, RT-PCR20

is a technical intensive testing method, which requires21

professional technicians to perform in some specialized22

laboratories [1]. The overload at testing facilities would23

hinder the process of virus tests for a large population. As24

a result, there is an urgent need to improve the efficiency of25

overall testing. Researchers at Technion - Israel Institute of26

Technology and Rambam Health Care Campus introduced27

a faster way to test coronavirus by pooling samples (Fig.1).28

Such idea of applying group testing to reduce the number29

of necessary tests can be traced back to Dorfman [2]. They30

also suggested a positive pool up to the size of 32 or31

even 64 containing a single infected sample could still be32

confidently identified [3][4].33

Despite the high efficiency of Technion’s proposal, one34

major drawback is its false negative rate will double that of35

individual testing. Taking USA as an example, as in late36

May, there were about 1.7 million confirmed COVID-1937

cases[5]. Assuming the false negative rate of RT-PCR test is38

2%, individual test will estimate that around 35,000 infected39

patients as healthy, while the number would be 70,000 using40

Technion’s method.41

To overcome this problem and maintain the high42

efficiency, we propose a Flexible, Accurate and Speedy Test43
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Fig. 1: Group testing suggested by Technion. The pools of samples
are tested and positive pools are later tested individually.

(FAST), an adaptive group testing strategy (Fig.2). We first 44

form small sub-groups of people who are close to each 45

other socially and/or physically, e.g. families, colleagues, 46

passengers from the same flight. These subgroups are then 47

pooled together to form a larger group to be tested with a 48

design of repeated tests. FAST can substantially reduce the 49

number of tests and in the meantime drastically lower the 50

false negatives from over 70,000 to about 2,000. 51

Interestingly, we discover a simple relationship between 52

the optimal pool size and the prevalence i.e. kopt ≈ 53

1/
√
prevalence, which can be used to determine the optimal 54

pool size in practice easily. More details will be described 55

in RESULTS. 56

Unless otherwise stated, all the results below concern the 57

COVID-19 cases in USA The same analysis can be carried 58

out to the other nations. 59

II. RESULTS 60

Efficiency comparisons We evaluate the efficiency of 61

testing strategies by calculating persons per test, i.e. the 62

size of population divided by the total number of tests 63

performed. Fig.3 compares the performance of individual 64

test, Technion’s strategy and FAST on the simulation set 65

of 10,000 families. We assume the prevalence ρ = 0.005 66

and within-close-contact-subgroup-infection rate β = 0.7. β 67

is defined by the probability that one individual is infected 68

by a virus carrier in the same subgroup. Fig.3(a) shows that 69

optimal pooling sizes of FAST and Technion’s strategy are 15 70

and 32 respectively. And both FAST and Technion’s strategy 71

are over seven times efficient than individual test. 72

Dramatically lower FNR Fig.3(b) shows the results of 73

false negative rates under different pooling sizes. Technion’s 74

strategy doubles the false negative rate from 2% to 4%. FAST 75

dramatically lowers the false negative rate to nearly 0.0012. 76

Such improvement is significant in reality: Taking USA as 77

an example, 1.7 million cases were confirmed in late May. 78
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Fig. 2: An example of performing FAST when each group containing four close contact subgroups. FAST performs two RT-PCR tests
for each test simultaneously, and either one of the two tests shows positive, such group, subgroup or individual would be labeled positive.
FAST first tests groups of samples in the first step, subgroups in a positive group will be tested one-by-one. Finally, samples in a positive
subgroup will be re-tested individually.

Individual test would miss 35,000 infected patients while79

Technion’s strategy would double such number to 70,000. If80

FAST is applied, the number would sharply drop to around81

2,000.82

Low and stable FPR Fig.3(c) shows the results of false83

positive rates under different pooling sizes. By assuming the84

false positive rate to be 0.001 for RT-PCR test, the simulation85

shows that FAST has stable and almost zero false positive86

rate. Despite the false positive rate of Technion’s strategy is87

also far less than individual test, it is higher than FAST and88

nearly linear to the pooling size, which suggests avoiding89

pooling too much samples. However, FAST can pool much90

larger number of samples without increasing false positive91

rate. If the universal virus testing is applied to USA with92

around 300 million residents, and the optimal pooling sizes93

are applied, individual tests would wrongly diagnose 300,00094

healthy people as infected. Technion’s strategy would reduce95

this number to 22,500, yet FAST can lower this number to96

3,600 in total.97

How does FAST achieve such an improvement? To98

answer this question, it is helpful to compare the design99

of FAST and other group testing methods. Fig.2 illustrates100

the flow chart of performing FAST. FAST first forms small101

subgroups of people who have been in close contact, then a102

fixed number of subgroups are pooled into larger groups to103

be tested. Like Technion’s strategy, FAST gathers samples104

into pools to perform group testing, and only subgroups or105

individuals in positive pools will be re-tested one by one.106

But FAST differs in its procedure of performing each test107

and its design of groups.108

FAST performs two RT-PCR tests for each test109

simultaneously, and either one of two tests shows positive,110

such subgroup or individual would be labeled positive. Such 111

procedure can decrease false negative rate of each single test 112

to second order immediately. But, as a cost, this procedure 113

also doubles both the number of tests and the false positive 114

rate. 115

To alleviate the loss of efficiency and increase the false 116

positive rate by repeated tests, FAST adopts two-layer 117

grouping methods, which pools subgroups to a larger group. 118

By virtue of hierarchical two-layer structure, FAST can 119

largely reduce the number of required tests and at the same 120

time sharply reduce false positive rate. 121

Unlike Technion’s random pooling, FAST pools close 122

contact subgroups to a larger group which contributes to the 123

improvement of efficiency as it can dense the distribution of 124

infected patients. In our simulation, we take families as close 125

contact groups. The concept can be generalized to any groups 126

of people who are in close contact to each other socially 127

and/or physically, such as friends, colleagues, or passengers 128

from the same flights. Since subgroups are in different sizes, 129

compared to uniform sizes of groups in Technion’s strategy, 130

FAST does not restrict the number of samples in each group 131

or subgroup to be fixed, which makes FAST even more 132

flexible. 133

Effects of within-close-contact-subgroup-infection rate 134

Fig.4 compares the performance of Technion’s strategy 135

and FAST with optimal pooling size under different 136

within-close-contact-subgroup-infection rate β ∈ [0, 1]. β 137

is defined as the probability that one individual is infected 138

by a virus carrier in the same subgroup. Here we fix the 139

prevalence ρ = 0.005. Fig.4(a) shows that FAST always 140

pools more samples than Technion’s strategy and the pooling 141

size is linear to β. Fig.4(b) shows that when β ≥ 0.72, 142
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Fig. 3: The performance of FAST, Technion’s strategy and individual tests on 50 simulation sets. Each simulation set contains
10,000 families with distribution of household sizes following data in USA[6]. We fixed individual prevalence ρ = 0.005 and
within-close-contact-subgroup-infection rate β = 0.7. We evaluate the efficiency and accuracy along different pooling sizes. (a): The
efficiency versus pool size. (b): The false negative rate versus pool size. (c): The false positive rate changing pool size.

Fig. 4: The best performance of FAST and Technion’s strategy
under different within-close-contact-subgroup-infection rate. The
prevalence and infection rate is fixed to be the same as Fig.2. (a):
The optimal pooling size of FAST and Technion’s strategy with
respect to changing β. (b): The best efficiency and relative efficiency
of FAST and Technion’s strategy with respect to changing β.

FAST beats Technion’s strategy in terms of efficiency. Since143

SARS-CoV-2 spreads very easily and sustainably between144

people[7], it is reasonable to speculate that FAST would be145

more efficient in reality.146

Different prevalence levels Fig.5 compares the147

performance of two methods under different prevalence. We148

fix the within-close-contact-subgroup-infection rate β = 0.7149

and change the prevalence from 0.01% to 1%. Fig.5(a) and150

Fig.5(b) show that the number of optimal pooling sizes and151

efficiency of both two group testing strategies shrink almost152

exponentially when the prevalence increases. Fig.5(b) shows153

that the relative efficiencies of both methods do not change154

a lot by prevalence. If FAST performs better than Technion’s155

strategy when prevalence is high, it would also be favorable156

for universal testing of areas with lower prevalence.157

Estimation of the optimal pooling size. Surprisingly, we158

discover a simple relationship between the optional pooling159

size and prevalence level. The significance of these simple160

estimations is that they can be used in reality to guide161

the implementation of grouping testing without tedious162

computation. Here we introduce the results without proofs:163

164

1. Given the prevalence ρ, the optimal pooling size kopt165

Fig. 5: The best performance of FAST and Technion’s strategy
under different prevalence. The prevalence and infection rate is
fixed to be the same as Fig.2.(a): The optimal pooling size of two
methods with respect to changing ρ. (b): The efficiency and relative
efficiency of two methods with respect to changing ρ.

of individuals could be estimated by kopt ≈ 1/
√
ρ for small 166

ρ. 167

168

For example, when the prevalence is 0.005, it is estimated 169

that the optimal pooling size of Technion’s strategy is 170

1/
√
0.005 ≈ 14. It is very close to the simulation result 171

which optimally pools 15 samples. This can also be used to 172

estimate the optimal pooling size of sub-pools: 173

174

2. Suppose the probability of a sub-pool containing 175

infections is ρ∗, the optimal pooling size k∗opt of sub-pools 176

could be estimated by k∗opt ≈ 1/
√
ρ∗ for small ρ∗. 177

178

For FAST, ρ∗ = m
1+(m−1)β ρ with known average close 179

contact subgroup size m and infection rate β. In our 180

simulation m = 2.5[6], β = 0.7, ρ = 0.005, thus ρ∗ ≈ 181

0.0061, we can quickly compute optimal pooling size to 182

be about 1/
√
0.0061 ≈ 13 families or equivalently 32 183

people, which is the same as our simulation result. In our 184

experiments, such estimation is effective with an error of at 185

most one sample for ρ ≤ 0.4. 186
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Fig. 6: The theoretical efficiency of one-layer group testing method
with repeated tests when the prevalence level is high.

III. DISCUSSION187

How accurate can group testing achieve? If repetition188

is not adopted, two-layer grouping, which applies to the189

groups of subgroups, is much more efficient than one-layer190

grouping. However, compared with individual test, one-layer191

grouping (like Technion’s method) doubles FNR, and its FPR192

is nearly linear to the group size. Two-layer grouping triples193

FNR, and their FPR is nearly linear to the subgroup size.194

These facts direct us to avoid overmuch number of layers195

and prevent pooling too many individual samples in the last196

layer of group testing strategy.197

To alleviate the problem of multiplying FNR without198

loss of much efficiency, FAST adopts two-layer grouping199

structure and performs repeated tests, whose FNR is200

controlled to be at the level of second order and FPR201

is stable along different pooling sizes. Although repetition202

intuitively increases the total number of tests, by virtue203

of two-layer structure and infection information, FAST204

maintains comparable efficiency as Technion’s strategy.205

Necessity of group testing When prevalence becomes206

very high, both efficiency and accuracy of group testing207

will be greatly reduced. Thus we have to consider if it208

is necessary to implement group testing when level of209

prevalence is severe. Fig.6 provides theoretical efficiency of210

naive grouping testing with repeated tests, which suggests211

that when prevalence is over 10%, the number of tests of212

grouping patients would outnumber the individual tests. It213

could be a loss of the original intention for designing group214

testing. For areas with very severe epidemics, small pooling215

size will be appreciated or just remain as simple as individual216

testing. However, to the best of our knowledge, prevalence in217

most areas for COVID-19 is about 1% [8] or even lower, so218

the necessity of group testing is still evident for COVID-19219

pandemic.220

Determine Close contact group The concept of close221

contact group can be freely generalized to any clique of222

close contacts, not only families. For example, the residential223

relations, roommates staying in the same dormitory unit.224

Furthermore, when applying group testing strategies in225

airport to diagnose the virus status of commuters, passengers226

sitting in front and back rows on the same plane can be227

pooled in the same close contact group.228

Unlike Technion’s strategy, which pools fixed number229

of individuals, FAST pools samples by fixed number of 230

close contact subgroups. Since the size of close contact 231

subgroups is flexible, FAST pools different number of 232

samples from group to group, which concerns more about 233

contact information than restrictions on specific pooling size. 234

In this paper, the contact between groups or subgroups is 235

ignored. However, in reality, the contact between people is 236

much more complicated. The contact information of patients 237

plays an important role to distinguish high risk susceptible 238

patients from low risk ones. A flexible grouping strategy 239

based on contact network might help cluster the infected 240

patients to certain pools and largely reduce the number of 241

tests. 242

Flexibility of FAST strategy Not limited to USA, FAST 243

can be flexibly adopted to different nations in different 244

disease stage. With appropriate settings including prevalence 245

and within-close-contact-subgroup-infected rate, FAST can 246

generate the optimal pooling size with the corresponding best 247

efficiency to achieve. Under the guidance of FAST, the false 248

negative rate and the false positive rate can be maintained at 249

a dramatically low level with good performance in efficiency 250

in some range of parameters. 251

“Predictive” group testing In some areas, government 252

would propose universal testing among all the population, 253

where millions of individuals could be involved. In order to 254

perform a more efficient testing, it is prioritized to test people 255

who have high probability of getting infected. Before testing, 256

we can make prediction of the risk level for someone based 257

on their contact information, symptoms and residential areas. 258

Such risk prediction is usually non-uniform among different 259

groups of people. In the future, we hope to develop methods 260

to predict the risk of people and build testing strategies based 261

on different predictions. 262

IV. METHODS 263

Simulation Setup. To fairly evaluate the performance of 264

FAST, we set up our simulations with practical assumptions. 265

We assume 0.005 prevalence according to the number of 266

infections in USA up to 29th May 2020 [5], and the 267

distribution of family sizes follows data of the household 268

in America [6]. That is, we choose number of family 269

members from {1, 2, 3, 4, 5, 6, 7} with probabilities equal to 270

{0.28, 0.35, 0.15, 0.13, 0.06, 0.02, 0.01} respectively. As for 271

the accuracy of each RT-PCR test, we assume FNR=0.02 272

and FPR=0.001, following the same configuration proposed 273

in Hanel etc.(2020)[9]. 274

In Fig.3 we assume a within-close-contact-subgroup 275

infection rate i.e. β = 0.7, in order to model the realistic 276

case for COVID-19. In our data preparation, we first generate 277

10,000 families with fraction of infection equal to 0.0061, 278

then we generate the number of members and infections of 279

each family by the household distribution and the infection 280

rate to make sure the overall individual prevalence is 0.005. 281

For each pooling size, we simulate 50 replicates and evaluate 282

the average performance. 283

In Fig.4, we follow the same configuration in Fig.3 except 284

for changing infection rate β from 0 to 1 with a gap equal 285
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to 0.1. For each β, we search for the optimal pooling size286

by evaluating strategies with pooling sizes less than 500 and287

choose the size with the best efficiency. Similarly, in Fig.5288

we fix β = 0.7 and change prevalence from 10−4 to 10−2
289

with a gap of log-scale equal to 0.2 in order to evaluate the290

best performance on different prevalence levels. To avoid the291

variance when searching for the best efficiency, we simulate292

10 replicates of simulation set containing 50,000 families and293

the average performance is compared.294

V. CONCLUSION295

In this paper, we introduce FAST, an Flexible, Accurate296

and Speedy Test, based on the design of group testing,297

adoption of close contact information and necessary298

repetition. Simulations concerning the cases in USA299

demonstrate that FAST can be over 7 times efficient as the300

individual test, and greatly reduce the false negative rate and301

the false positive rate to be far below the level of naive group302

testing. We also introduce a simple and very close estimation303

of the optimal pooling size kopt ≈ 1/
√

prevalence, which can304

be flexibly implemented in reality.305

VI. CODE AVAILABILITY306

Our code is available on https://github.com/307

Fang-Lin93/FAST_group_testing308
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