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A B S T R A C T

In the advent of COVID-19 pandemic, testing is highly essential to be able to identify, isolate, treat infected
persons, and finally curb transmission of this infectious respiratory disease. Group testing has been used pre-
viously for various infectious diseases and recently reported for large-scale population testing of COVID-19.
However, possible sample dilution as a result of large pool sizes has been reported, limiting testing methods’
detection sensitivity. Moreover, the need to sample all individuals prior to pooling overburden the limited re-
sources such as test kits. An alternative proposed strategy where test is performed on pooled samples from
individuals representing different households is presented here. This strategy intends to improve group testing
method through the reduction in the number of samples collected and pooled during large-scale population
testing. Moreover, it introduces database system which enables continuous monitoring of the population’s virus
exposure for better decision making.

Introduction

The emergence of COVID-19 pandemic, caused by the virus severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has devastated
economies and lives worldwide [1]. Testing is paramount in order to
identify and isolate infected people, and be able to curb transmission of
this infectious disease. To date, large-scale population testing has not
been carried out in most countries, particularly those in third world,
mainly due to the shortage of test kits, financial and logistical chal-
lenges, which has limited the efforts to identify and isolate infected
persons. In some situations, the test kits (e.g. polymerase chain reaction
(PCR) reagents, swabs) are reserved for only frontline workers or those
showing clinical symptoms, although, this virus can also be transmitted
by asymptomatic carriers with recent data indicating that these group
of individuals may be a major source of transmission [1,2].

One way to overcome this limitation is the adoption of group
testing, where samples are not individually tested but multiple samples
from different people are combined and tests are then performed on
these groups or pooled samples. Any group that tests negative are
eliminated and no further individual tests is conducted whilst for
groups that test positive, further tests are conducted to determine the
infected samples [3]. A recent report involving the pooling of up to 10
samples has been demonstrated for SARS-CoV-2 PCR [4]. Moreover,
group testing approach was recently utilized for large-scale population
testing in Chinese cities of Wuhan and Mudanjiang [5,6]. However, in
group testing, the large pool size has been reported to cause sample
dilution, exceeding the sensitivity for the current SARS-CoV-2 testing
methods [7]. Furthermore, each individual is sampled prior to pooling,

increasing the demand of test kits.

Hypothesis

An alternative strategy is therefore suggested, where samples of
representative individuals from different households are pooled and
tested. The idea is borne from the fact that, occupants in a house rarely
observe social distancing or wear face masks and therefore, physically
interact with each other regularly. Transmission of SARS-CoV-2 among
individual to individual through droplets, contaminated surfaces and
hands have been reported [8,9]. Hence, in case of an infected occupant,
there is a likelihood of a cross-sectional virus transmission among the
occupants in the house. Therefore, the result from the representative
sample of a household would indicate the virus exposure of the occu-
pants of the house.

Evaluation of hypothesis

In order to test this idea for COVID-19 large-scale population
screening, the people within a residential neighborhood in a city would
be organized into groups, where each group would comprise the
household (Fig. 1). The unique identification of these households would
be their postal addresses or the use of Global Positioning System (GPS).
The occupants in the house characterize the samples and only one re-
presentative sample (one person) would be collected for each house-
hold irrespective of the number of occupants in the house (Fig. 1). It is
expected that the occupants of the house must have stayed together for
an extended period (e.g. 3 weeks to 1 month) to be considered as a
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group. The selection of the group’s representative and the number of
households to be put in a group would be done randomly. The example
indicated in Fig. 1 comprise sixteen groups of households with their
selected representatives. The samples of four selected household re-
presentatives are then collected and pooled for testing. If any pooled
sample (labeled as A, B, C and D, Fig. 1) tests negative, it can be con-
cluded that all members in groups (house occupants) are negative and
no individual tests would be required. Whereas, if any pooled sample
tests positive, further tests would be performed on the samples of the
selected household representatives to identify the infected sample and
subsequently isolate and test all occupants in the household/group from
which that individual represents.

Overall, the results of the pooled samples (designated A to D, Fig. 1)
would provide virus exposure information of many individuals from
different households within the residential neighborhood by using
small pool sizes and relatively few sample collection. For instance, in
this method, if each household or group (e.g. designated 1 – 4, Fig. 1)
has minimum of three occupants, then one pooled sample (e.g. labeled
as A, Fig. 1) would give virus exposure information of twelve people
from different households as compared with traditional group testing
method, where samples of all twelve individuals would have been
collected and pooled prior to testing, resulting in enormous required
resources.

Periodic rotational group testing

Periodic rotational group testing would also be carried out in order
to gather adequate data on COVID-19 infection for better decision
making. Hence, the selected representative from each household for
testing could be rotated randomly among the occupants in the house
and the results computed in a database. This holistic approach is more
effective because, if infection is missed among the occupants in Period 1
testing, it is likely to be detected in Period 2 testing. It is recommended
to conduct testing within 3 weeks or one month intervals, which cor-
respond with the reported incubation period of the SARS-CoV-2 [10].

Database build-up

Prior to testing, the selected representatives would schedule an
appointment with the testing center (hospitals, clinics or designated
places) or health personnel (in case of home visit). During testing, the
unique identifier (postal address or GPS) for each selected re-
presentative sample would be computed in a database for fast-tracking
the testing and contact tracing process. For instance, in situation of
infection, the information in the database can enable identification of

people contacted by the infected person’s group members, and thereby
quickly trace, test and isolate infected individuals.

Potential and relevance

The implementation of the proposed household representative
sample strategy for group testing has the potential to reduce the pool
size and required test kits/resources, leading to economical conduct of
COVID-19 large-scale population screening for efficient control of the
spread of SARS-CoV-2.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

Special thanks to Dr.Ambrose Okem (Wits health Consortium, South
Africa) and Dr. Phanankosi Moyo (University of Pretoria, South Africa)
for their valuable discussions.

Funding

No funding.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mehy.2020.110200.

References

[1] Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and im-
munological assessment of asymptomatic SARS-CoV-2 infections. Nat Med 2020.

[2] Zhu C-Q, Gao S-D, Xu Y, Yang X-H, Ye F-Q, Ai L-L, et al. A COVID-19 case report from
asymptomatic contact: implication for contact isolation and incubation management.
Infect Dis Poverty 2020;9(1):70.

[3] Eberhardt JN, Breuckmann NP, Eberhardt CS. Multi-stage group testing improves
efficiency of large-scale COVID-19 screening. J Clin Virol 2020;128:104382.

[4] Eis-Hübinger AM, Hönemann M, Wenzel JJ, Berger A, Widera M, Schmidt B, et al. Ad
hoc laboratory-based surveillance of SARS-CoV-2 by real-time RT-PCR using mini-
pools of RNA prepared from routine respiratory samples. J Clin Virol
2020;127:104381.

[5] S. Patranobis, After Wuhan, China conducts mass testing in the city of Mudanjiang,
Hindustan Times Beijing, 2020, June 09.

[6] T. Li, China's Wuhan Tests 11 Million for COVID-19, Voanews, 2020, June 01.

Fig. 1. Households within a residential neighborhood in a city divided into groups. The samples of selected representatives per households are pooled for COVID-19
testing. Four samples of selected representatives (1 – 16) are pooled for testing (A – D). The numbers (1 – 16) signifies the unique identifiers (postal address or global
positioning system) of the households, which is computed in a database for continuous monitoring of virus exposure.

J. Takyi-Williams Medical Hypotheses 144 (2020) 110200

2

https://doi.org/10.1016/j.mehy.2020.110200
https://doi.org/10.1016/j.mehy.2020.110200
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0005
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0005
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0010
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0010
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0010
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0015
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0015
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0020
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0020
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0020
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0020


[7] Yelin I, Aharony N, Shaer-Tamar E, Argoetti A, Messer E, Berenbaum D, et al.
Evaluation of COVID-19 RT-qPCR test in multi-sample pools. medRxiv 2020.
2020.03.26.20039438.

[8] van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A, Williamson
BN, et al. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-
1. New Engl J Med 2020;382(16):1564–7.

[9] Ren S-Y, Wang W-B, Hao Y-G, Zhang H-R, Wang Z-C, Chen Y-L, et al. Stability and
infectivity of coronaviruses in inanimate environments. World J Clin Cases
2020;8(8):1391–9.

[10] The Incubation Period of Coronavirus Disease 2019 (COVID-19) From Publicly
Reported Confirmed Cases: Estimation and Application, Annals of Internal Medicine
172(9) (2020) 577-582.

J. Takyi-Williams Medical Hypotheses 144 (2020) 110200

3

http://refhub.elsevier.com/S0306-9877(20)32474-9/h0035
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0035
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0035
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0040
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0040
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0040
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0045
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0045
http://refhub.elsevier.com/S0306-9877(20)32474-9/h0045

