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A key challenge many governments have faced in developing
a response to the emergence of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has been constraints in
the availability of diagnostic tests. The initial focus has been
on case identification [1] to facilitate index case isolation,
contact tracing and quarantining—necessary measures to
maximise disease suppression. Alongside this there will be
an increasing need to monitor the spread of the disease in the
community to understand the level of age- and geography-
specific population immunity. The challenges presented by
testing for SARS-CoV-2 are as much about manufacturing
capacity, economics and resource allocation as epidemiol-
ogy. Here we examine the case for whether group testing
should become a key component of the strategy to combat
coronavirus disease 2019 (COVID-19).

Even in the most developed countries, reverse transcrip-
tion polymerase chain reaction (RT-PCR) testing, which
involves swab testing for the virus’ genetic material and is
currently the standard test, is severely constrained [2, 3].
This is due to shortages in key supplies, such as reagents,
and a limit to the number of tests that can be performed per
day using existing equipment [4]. Though no demonstrably
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effective antibody test yet exists, some governments have
emphasised mass deployment of such tests as a key element
of their strategy. Though still to be adequately tested, the
United Kingdom (UK) government, for example, has pur-
chased 3.5 million such tests to be used for key workers, with
the hope that they will later become widely available in the
community [5].

Low- and middle-income countries (LMICs) typically
face even greater constraints to testing resources. A survey
of preparedness across African countries indicated that in
some countries testing capacity is extremely limited, leaving
them ill-equipped to respond to the pandemic [6]. Low-cost,
rapid diagnostic tests such as that being developed by The
UK’s Department for International Development, together
with the government of Senegal, may be a vital tool in many
LMICs’ battle against COVID-19 [7]. Yet, even at that test’s
proposed cost of just US$1 [7], the feasibility of wide-scale
administration of such tests in Senegal and beyond remains
unclear. Even US$1 is more than 10% of the annual public
per capita health expenditure in nearly half of Sub-Saharan
African countries [8], and using human immunodeficiency
virus (HIV) PCR tests as a benchmark, costs of US$10 for
rapid diagnostic tests for SARS-CoV-2 seem feasible [9].

There are good reasons why the World Health Organiza-
tion has made “test, test, test” its mantra in the fight against
COVID-19 [10]. As well as facilitating index case isolation
and contact tracing in the early stages, testing for infection
enables frontline healthcare and other key workers to safely
go to work. Effective antibody tests could enable billions
globally to safely return to work from lockdowns much
sooner, with enormous economic benefits. Testing is also
integral to estimating age- and geography-specific propor-
tions of the immune compartment of the population. For
example, serosurveys are crucial to predicting the future
behaviour of the virus in the population. This would allow
governments to understand the likelihood (and expected
size) of future waves of the epidemic, and when it can be
expected that sufficient herd immunity will be reached to
protect the remainder of the susceptible (yet to be infected)
population. Testing is also necessary to understanding the
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value of a vaccine (should one become available), and
informing its implementation strategy. For example, a vac-
cine will be much less valuable if it becomes available only
after most of the population have developed immunity. How-
ever, if testing indicates that certain geographic regions have
lower rates of immunity, then these regions could be priori-
tised for vaccination.

Going forward, there is a need to expand testing of both
infection and population immunity levels. This would help
provide an evidence base on COVID-19 trajectory and
severity that could inform public health policies [11]. The
capacity to undertake widespread community-level testing
could help mitigate the risk that a relaxation of the current
unprecedented social-distancing restrictions many govern-
ments have imposed (e.g. ceasing international passenger
movements and school and workplace closures) would pro-
duce further outbreaks of SARS-CoV-2, which has been
estimated to reduce global gross domestic product by up to
2.5% per month of lockdown [12].

Given these challenges, how could SARS-CoV-2 testing
capacity be expanded? One possibility is to initially test at
group level, an approach first proposed by statistician Rob-
ert Dorfman in the context of screening World War 2 army
recruits for syphilis [13]. The advantage of group testing
is that if the initial test is negative, the entire group can
be eliminated, leading to far fewer tests being used for dis-
eases with low prevalence. If instead the initial test is posi-
tive, further testing within the group is needed to determine
which members are positive. Group testing has subsequently
been used mainly to detect a variety of sexually transmitted
diseases [14]. Should we be considering the use of group
testing for SARS-CoV-2, as has recently been suggested?
[15-17]

There are three questions that should be carefully
assessed when evaluating whether group testing might be a
useful solution to resource constraints that limit the number
of individuals that can be tested. First, can more patients be
tested with a fixed number of tests using group testing? Sec-
ond, to what extent does group testing affect the sensitivity
and specificity of the test? Third, would group testing cause
operational delays that may have adverse consequences?

There is evidence that nasopharyngeal/throat swab speci-
mens could be pooled and tested for the presence of 2009
HINTI influenza virus using RT-PCR without a clear detri-
mental effect on sensitivity [18]. As of 7 April 2020, 26% of
specimens have tested positive during the current COVID-19
outbreak [19]. While this is close to the prevalence at which
Dorfman group testing becomes less efficient than individual
testing (above 30%) [13], increasing the number of indi-
viduals tested using group testing is expected to reduce the
pre-test probability sufficiently to make group testing more
efficient [13]. Among populations where the risk of being
infected by SARS-CoV-2 is lower, such as tests performed
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among symptom-free individuals not directly exposed to a
known case, group testing is expected to be even more effi-
cient, because larger group sizes can be used. Furthermore,
other group testing approaches could be considered if the
pre-test probability is relatively high, although there is no
grouping method that is more efficient than individual test-
ing above 38% [20].

However, group testing is only a reasonable option if
pooling does not clearly reduce the sensitivity of the test.
Pooling specimens for group testing may reduce the sensi-
tivity of the test due to so-called pooling dilution, where an
infected specimen is diluted by infection-free specimens,
thereby potentially making the infected specimen undetect-
able. Sensitivity at various group sizes is crucial for deter-
mining whether group testing is desirable and for estimat-
ing optimal group size. This can be informed by evaluating
the effect of pooling one infected specimen with a varying
number of uninfected specimens on the sensitivity and cycle
threshold (Ct) values [18, 21] and mathematical models tak-
ing into account viral load progression and dilution effects
[22]. Early results from laboratory experiments suggest that
a single positive SARS-CoV-2 sample can be detected in
pools of up to 32 samples, with an estimated false negative
rate of 10% [16]. With smaller group sizes, additional ampli-
fication cycles, or inclusion of a re-test for negative group
samples, the false negative rate could be reduced further
[16, 23].

At low prevalences, group-testing procedures could
reduce the number of false negatives and false positives
compared with individual testing [23]. The optimal test-
ing design and group size (which may indeed be one under
certain conditions) ultimately has to be estimated taking
resource constraints, pre-test probabilities, expected number
of tests and expected false negative and false positive rates
into account. It is not clear whether current RT-PCR tests are
sufficiently sensitive for group testing, but given the poten-
tial gains in efficiency, ascertaining this for both current and
future tests should be a priority. Given the global character
of pandemics like COVID-19 and the substantial budget
constraints in LMICs, group testing could enable testing of
patients that would otherwise not be feasible or affordable.

An obvious concern with group testing, followed by
retesting with individual specimens in the event of a posi-
tive, is that this may cause operational delays and increase
the time between specimens being taken and results being
received. This will be test- and context-specific and needs
to be carefully evaluated. However, because group testing
potentially requires fewer tests to be performed, average time
delays may actually be reduced, especially in a pandemic
setting where laboratories are working at full capacity. For
example, a study from France found that, compared with
individual testing, pooling deoxyribonucleic acid (DNA)
from nasopharyngeal specimens, and retesting positive
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group samples, considerably reduced both the cost and time
delays of using RT-PCR for bacterial detection [21].

There may also be community settings in which finding
a single positive in a group would have implications for the
whole group. For instance, if a single household member is
positive, all other household members would currently be
advised to self-isolate for 14 days so treating the household
as a single pool would not radically alter advice relative to
individual testing.

It may be too late to adapt existing rapid SARS-CoV-2
diagnostic self-tests for group testing, but the design phase
of future tests should consider the feasibility of one test
being used to test all members of a household or workplace.
Pooled assay performance is key, and as this will differ from
test to test, the development of assays and assessment of
their performance in group testing should go hand in hand.

We conclude that group testing has the potential to sub-
stantially reduce constraints in availability of diagnostic tests
for SARS-CoV-2. In many circumstances, it could enable
limited numbers of diagnostic tests to be used more effi-
ciently, testing more patients without increasing operational
delays. The sensitivity of existing and future tests at different
group sizes therefore deserves urgent consideration. Group
testing should be a forethought not an afterthought.
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