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of effectiveness on a transmission outcome. Studies that assessed the effect of testing or
diagnosis on disease outcomes via treatment, but did not assess a transmission outcome, were
not included. We focused on interventions implemented among the general population rather
than in specific settings; these were from anywhere in the world and published any time after 1
January 2020 until the end of 2022. From 26 720 titles and abstracts, 1181 were reviewed as full
text, and 25 met our inclusion criteria. These 25 studies included one randomized control trial
(RCT) and the remaining 24 analysed empirical data and made some attempt to control for
confounding. Studies included were categorized by the type of intervention: contact tracing
(seven studies); specific testing strategies (12 studies); strategies for isolating cases/contacts
(four studies); and “test, trace, isolate’ (TTI) as a part of a package of interventions (two studies).
None of the 25 studies were rated at low risk of bias and many were rated as serious risk
of bias, particularly due to the likely presence of uncontrolled confounding factors, which
was a major challenge in assessing the independent effects of TTI in observational studies.
These confounding factors are to be expected from observational studies during an on-going
pandemic, when the emphasis was on reducing the epidemic burden rather than trial design.
Findings from these 25 studies suggested an important public health role for testing followed
by isolation, especially where mass and serial testing was used to reduce transmission. Some
of the most compelling analyses came from examining fine-grained within-country data on
contact tracing; while broader studies which compared behaviour between countries also
often found TTI led to reduced transmission and mortality, this was not universal. There
was limited evidence for the benefit of isolation of cases/contacts away from the home
environment. One study, an RCT, showed that daily testing of contacts could be a viable
strategy to replace lengthy quarantine of contacts. Based on the scarcity of robust empirical
evidence, we were not able to draw any firm quantitative conclusions about the quantitative
impact of TTI interventions in different epidemic contexts. While the majority of studies found
that testing, tracing and isolation reduced transmission, evidence for the scale of this impact
is only available for specific scenarios and hence is not necessarily generalizable. Our review
therefore emphasizes the need to conduct robust experimental studies that help inform the
likely quantitative impact of different TTI interventions on transmission and their optimal
design. Work is needed to support such studies in the context of future emerging epidemics,
along with assessments of the cost-effectiveness of TTI interventions, which was beyond the
scope of this review but will be critical to decision-making.

This article is part of the theme issue ‘“The effectiveness of non-pharmaceutical interventions
on the COVID-19 pandemic: the evidence’.

1. Introduction

Preventing people who have an infectious disease from making contact with others has been one
of the cornerstones of public health practice since antiquity [1]. During the COVID-19 pandemic
substantial efforts were made by many countries to identify people who were potentially
infectious through the use of polymerase chain reaction (PCR) tests or lateral flow viral antigen
tests, to isolate these people from others, and to trace and quarantine their contacts—who were
also potentially infected. In theory, test, trace and isolate (TTI) methods can work well when the
incidence of disease is low, and the generation time is long [2]. The low level of infection means
that limited public health resources can be targeted to where they are most needed, and the long
generation time means that isolation of the infected individual can occur before many secondary
infections are generated. In addition, contact tracing—finding likely secondary infections due to
their contact with the identified case—may help to more rapidly identify and prevent further
onward transmission from these new infections and further target public health resources. Such
testing has been common within public health responses to sexually transmitted infections [3],
which often conform to the ideal of low incidence, slow transmission and ease of identifying
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sexual contacts (although the recent outbreak of Mpox is a counterexample due to the difficulty
of identifying the sexual contacts of some of those who were affected [4]).

Testing followed by isolation of the identified infected individual has the potential to break
chains of transmission and limit the spread of SARS-CoV-2; when coupled with contact tracing
to form TTI there is the potential to accelerate this process. Compared to interventions that
aim to reduce transmission through blanket reductions to social contacts, such as stay-at-home
orders or workplace and educational closures, TTI interventions aim to identify and prevent
contacts between infectious and susceptible people only. They can therefore be seen as more
specific strategies compared to population wide social contact reductions, but which could come
at a cost to sensitivity and thus epidemic control, if identifying and preventing these contacts
is incomplete or delayed. However, as with many public health interventions, there can be a
complex range of practical and contextual issues that may affect the strength of the effect. These
can be broadly broken down into three categories that relate to: (i) the specific nature of the TTI
practices that are employed, (ii) how members of the public engage with these practices and (iii)
the current status of the pandemic. In the first category, we include factors such as the speed and
sensitivity of the testing mechanism, as well as the speed and accuracy of any contact tracing.
The second category includes the public’s ability and willingness to follow testing guidance
(e.g. testing on early symptoms or testing before entering specific settings) and the extent to
which the population is able to adhere to isolation rules [5]. The third category includes the
prevalence of infection and the transmissibility of the specific variants that are circulating, as
well as the presence of other non-pharmaceutical interventions (NPIs) that reduce the risk of
transmission.

(a) Uses of testing, tracing and isolating

During the COVID-19 pandemic, testing and/or TTI were used in a complex and overlapping
range of situations (figure 1), which changed as the epidemic progressed:

1) Focused testing of symptomatic and high-risk individuals especially during the early phase
of an in-country outbreak, when infection is rare, to contain the spread and prevent
transmission among the wider population. This was the case in the UK during the
early outbreak, when symptomatic individuals, in combination with other specific travel
histories and contact-based criteria, were tested and manual contact tracing performed
[6]. In some countries, an intensive TTI system was implemented that aimed to fully
contain re-introduced epidemics following periods of zero or very low transmission.

2) Mass testing of those with symptomatic respiratory disease to identify SARS-CoV-2 infection,
such that individuals could take appropriate action including home isolation and
authorities could organize contact tracing. In the UK, this was deployed from May 2020
to April 2022, with minor differences across the four nations [7]; prior to an increase in
testing capacity, the UK had adopted a less specific approach of asking everyone with a
new onset cough or fever to isolate [8].

3) Mass testing of those entering healthcare or other vulnerable settings such as care homes [9].
Here, the aim was to block the interaction between vulnerable susceptible people and
those who were infectious, thereby reducing transmission to individuals most likely to
suffer severe consequences.

4) Mass asymptomatic testing of all individuals, in an attempt to identify both symptomatic
and asymptomatic infections and hence dramatically reduce the amount of circulating
infection [10].

5) Regular asymptomatic testing to identify all infectious individuals in workplace and educational
settings. In the UK, this process required healthcare workers [11], care home workers
[9,12] and secondary school children [13] to perform regular (twice weekly) tests using
lateral flow devices (LFDs) in attempts to minimize spread.
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Figure 1. Infographic of the timing and variability in transmission risk from an infected individual with the time since infection,
showing the potential timing of symptomatic testing, reqular testing, testing following contact tracing and test to release.
Early tests combined with isolation were hypothesized to truncate the risk of onward transmission. LFD, lateral flow device;
PCR, polymerase chain reaction.

6) The requirement of a negative test result to undertake particular activities or enter particular
settings [14,15]. Of these, the need for negative tests before international travel was
common [16-18].

7) Testing of identified at-risk individuals. While the previous testing protocols are concerned
with identifying infections, tests could also be used to reduce the time spent in isolation;
either to inform the safe early release from isolation [19] or testing at-risk contacts rather
than asking them to isolate [20]. In January 2022, the UK advised that people could end
self-isolation after 5 days, if they had two negative lateral flow tests taken on consecutive
days [21].

Two main forms of diagnostic test were used throughout the COVID-19 pandemic: LFDs and PCR
tests [22,23]. PCR and LFD have different targets for detecting SARS-CoV-2: PCR is a laboratory-
based system that amplifies and detects viral RNA; LFDs detect the viral antigen [24]. Extensive
studies have shown that in general, PCR tests have a higher sensitivity at lower viral loads, thus
detecting infections early, as well as beyond the period of high infectiousness, while LFDs are
most sensitive when sampled viral load is highest, which is at times of high transmission risk
[25-27]. While LFDs have lower sensitivity over the full course of infection, they have the
substantial advantage that they provide a rapid assessment (within 15-30min) that can be
performed in the home environment. Here, we do not focus on the differences between PCR-
and LFD-based testing, which will be context-dependent, but instead consider the impact that all
forms of testing may have on reducing transmission.

When investigating the impact of testing, it is important to consider the wider context of the
outbreak, including the presence of other control measures, the incidence of infection and the
characteristics of the dominant variant. Control interventions such as mask-use, social distancing
or other NPIs aim to reduce the level of transmission from infectious to susceptible individuals,
while vaccination aims to reduce the number of susceptible individuals in the population. All of
these control measures might help to reduce transmission, such that that TTI can be less effective
and still maintain containment or control. PCR testing and manual contact-tracing are highly
intensive activities, such that when there is a high incidence of infection resources can become
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saturated leading to longer delay, weakening the impact of TTI [28]. As the dominant global
variants have evolved from wild-type to Alpha, Delta and Omicron there has been an increase
in transmission—implying that a greater number of secondary cases need to be prevented to
contain the infection. The Omicron variants also have a noticeably shorter generation time [29],
meaning that testing, isolation and tracing also need to be achieved more rapidly to maintain their
effectiveness.

Another key challenge to assessment of TTI interventions is that the intervention is often also
what is used to measure the outcome, e.g. reported confirmed cases. This presents a challenge
to evaluation, because a short-term rise in infections detected post-implementation of a TTI
intervention could indicate a lack of effectiveness or even harmful effect of the intervention, or it
could simply reflect TTI doing what it is intended to do in improving detection of cases.

(b) Testing and tracing policies

While there have been many different testing policies and practices in different countries [30]
and over the course of the pandemic (as knowledge and resources have changed), the impact of
any testing policy is fundamentally reliant on human behaviour [31], which might change over
time [32], and the extent to which the population is supported to take up and adhere to policies
[30,33,34]. Even the most theoretically rigorous TTI intervention is bound to fail if members of
the public do not engage with it. For example, if accessing a testing site requires the use of
public transport or if information about testing policies is not available in a suitable range of
languages, adherence might be lower [35]. Within the UK, concern specifically focused on whether
people received adequate financial compensation to enable them to take time off work in order to
isolate or to care for children who needed to isolate [36] and whether people recognized that their
symptoms necessitated taking a test [37].

Contract tracing policies may also be designed in different ways. In the UK, the National
Health Service (NHS) Test and Trace employed a ‘forwards tracing’ approach that sought to
identify and quarantine people who might have been exposed to a confirmed case during a time
when that case would have been infectious. For SARS-CoV-2, this ‘window’ was often defined
as 2 days before symptom onset (or test date if asymptomatic) and 14 days after, based on
what was understood about the duration of infectiousness and timing in relation to symptom
onset. A ‘backwards tracing’ approach seeks to also identify the source of a confirmed case’s
infection, which would then enable forwards tracing of additional chains of transmission that
might have otherwise been missed. Theoretical modelling work showed that this approach
could be particularly effective for an infection like SARS-CoV-2, which was observed to have
a highly skewed secondary case distribution—that is, a small proportion of cases led to a
disproportionately large number of secondary cases, while many cases led to none or few.
Backwards tracing could help to identify those relatively few cases who had transmitted to a
high number of secondary transmissions [38,39]. However, there are challenges that might limit
effectiveness in practice, such as recall of contacts further back in time [40] and the resources
required to implement the approach.

The probability of identifying cases by forward tracing and quarantining them before they
become infectious could be further enhanced by tracing and quarantining contacts-of-contacts
or secondary contacts, as was implemented in Vietnam [41]. While theoretically more effective
at reducing transmission, this approach to tracing and quarantining becomes less specific, and
could become so extensive throughout the contact network as to lead to effective ‘mini lockdowns’
within local communities, diluting the targeted nature of the isolation measures [42].

Another approach to contact tracing which is similar in practice to backwards and contacts-
of-contacts tracing was based on setting. Rather than attempting to trace individual contact links
which might be too numerous or difficult to individually determine, cases were instead linked to
settings they had attended for a sufficient period during the time that they had been infectious.
Contacts were considered to be all other people present at this time and place. While this approach
varied over time and was not extended to all types of settings in the UK—not least because of
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practicality and privacy concerns—at some points during the pandemic in the UK, whole school
classes were quarantined without attempting to trace children’s individual contacts [43].

One fundamental difference between the COVID-19 pandemic and most previous outbreaks
has been the wide-spread use of electronic apps to automate contact tracing [44,45], speeding-
up the process, eliminating delays occurring during manual contact tracing and potentially
identifying individuals that would otherwise be hard to trace. Most contact tracing apps operate
through mobile phones by monitoring local Bluetooth signals. This allows them to record the
presence of other phones in the vicinity and hence log ‘close’ interactions (e.g. interactions lasting
atleast 15 min within 2 m). This log of close interactions is only transferred to a centralized system
if the phone owner reports a positive test—helping to maintain privacy and security. Phones
listed in the log can then be contacted and their users advised to take appropriate action—usually
precautionary isolation and testing.

Although testing is primarily a tool for identifying and then isolating infectious individuals,
the testing data is also extremely useful for public health monitoring of the outbreak, and hence
projection of the likely short- and medium-term behaviour. These analyses and projections can
then help a range of government agencies, including health care providers, to plan for future
changes in incidence [46]. Additionally, samples sent to laboratories for PCR testing can also
undergo genomic sequencing allowing the rapid identification of new variants of concern and
highlighting growing risks to the appropriate government agencies.

Here, we have conducted a thorough literature review to identify peer-reviewed publications
assessing the real-world effectiveness of testing, contract tracing and isolation/quarantine
interventions on the transmission of SARS-CoV-2 infection. Previous reviews of contact tracing
for infectious diseases more broadly have included relatively little evidence related to COVID-
19 specifically and/or have not included studies looking only at testing and/or isolation
intervention components [47,48]. The evidence presented in this article has accumulated over
the course of the COVID-19 pandemic; it was not present at the start of the outbreak to directly
inform policy makers. Similarly, data specific to any future outbreak will take time to generate,
although some of the general principles shown here are likely to hold.

2. Methods

This review focused on studies that quantitatively assessed the real-world impact on SARS-CoV-2
transmission outcomes of testing, contact tracing and isolation/quarantine interventions during
the COVID-19 pandemic. The review forms one part of a larger project focusing on a range of
non-pharmaceutical measures to contain the COVID-19 pandemic, funded by the Royal Society.
To enhance the quality of this rapid review, we followed the Cochrane rapid review guidance
[49], with a modification noted below.

(@) Inclusion and exclusion criteria

We included studies that provided a quantitative measure of real-world TTI effectiveness on
reducing SARS-CoV-2 transmission. These included but were not restricted to the following
study designs: randomized controlled studies (RCTs); prospective cohort studies; retrospective
cohort studies; controlled before-and-after studies; interrupted time series; case-control studies;
cross-sectional studies; and mixed methods studies (if a quantitative measure of impact could
be extracted). Concentrating on real-world effectiveness studies, we excluded mathematical
modelling studies; however, we did identify them during abstract and full paper screening and so
are able to provide a list of mathematical modelling studies otherwise fitting our inclusion criteria
as ‘'supporting studies’, listed in electronic supplementary material, appendix 3. For observational
studies, we anticipated that many measured and unmeasured confounding factors could be
present, including but not limited to differences in population demographics, immunity, infection
variants, other transmission control interventions in place at the time, epidemic dynamics and
test-seeking behaviour (assuming this is not an intervention under study). We therefore restricted
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full extraction and inclusion to studies that attempted to adjust for such confounding factors.
Potential for risk of bias due to confounding was still assessed as part of study methodological
appraisal, as described in more detail below. Uncontrolled observational studies were listed as
supporting studies in electronic supplementary material, appendix 3.

We included only studies published in peer-reviewed journals which provides an additional
element of quality control to our review; studies published only on preprint servers were
excluded. Also, the following types of study were excluded: studies with no quantitative
measure of impact; purely qualitative studies; diagnostic studies focusing solely on sensitivity
and specificity of testing; non-empirical studies (e.g. commentaries, editorials, literature reviews);
systematic reviews; and conference abstracts or reports.

We included studies assessing transmission and TTI effectiveness in the general population
only. This general population could occur in any global location, with no restrictions relating to
age, gender or health conditions. Any studies in which interventions were delivered in specific
settings only were excluded. These included, but were not limited to: care homes; hospitals and
other healthcare settings; schools; specific workplace types; and prisons. Given the high degree of
vulnerability in some of these settings and the degree of close clustered contact, results in these
settings may amplify the impacts of controls meaning that their findings might not be applicable
outside the setting.

Studies were included if they focused on each of the following four components, in
combination with each other or individually:

1. SARS CoV-2 testing in combination with a transmission reduction element based on
the results of the test, including: isolation initiation; contact tracing; prevention from
attending setting (e.g. care home, workplace, school, healthcare setting); prevention from
attending events; and release from isolation. Studies focusing on diagnostic testing to
identify clinical treatment and pathways with no explicit transmission outcome were
excluded. This means that we did not include studies whose primary outcome was an
assessment of test sensitivity and specificity, which did not go on to assess the use of
these tests in an intervention to reduce transmission.

2. Contact tracing, if this is in combination with transmission reduction elements, including;:
quarantine initiation; and SARS-CoV-2 testing.

3. Isolation of probable infectious cases (PCR/antigen tested or symptom-based), including
interventions to facilitate and enable successful contact reduction while in isolation (e.g.
advice, support payments, accommodation provision).

4. Quarantine of exposed contacts of infectious cases, including interventions to facilitate
successful contact reduction for the duration of quarantine (e.g. advice, support
payments).

Studies of interventions employing TTI components which did not measure transmission
outcomes were excluded; this may include interventions aiming to improve treatment outcomes
among those infected or studies for which a transmission outcome is not reported. Studies
where TTI was employed as part of an international border policy were also excluded from our
analysis because these studies were included in a separate review on border policies. To make a
meaningful assessment of the impact of TTI components requires a comparator or counterfactual;
in our analysis, eligible comparators included populations, settings or time periods with no TTI
intervention or a variation in intensity to the intervention under study. Intervention versus non-
intervention assessment were included, for instance, the random assignment of individuals to
testing or non-testing (control) groups, or the controlled comparison of a time period in which
contact tracing was implemented to a time period when it was not. Variation in intervention
intensity included examples of differential numbers of tests per capita in different regions or
changes to contact tracing (as measured by a standardized scale) over time. Although the focus
of this review was on the reduction in transmission due to TTI interventions, transmission was
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rarely measured directly, so other outcomes of interest were assessed. These transmission-related
outcomes are listed below:

— positive SARS-CoV-2 tested infections (PCR or LFDs)
— secondary/tertiary attack rates

— estimated incidence

— estimated infections averted

— growth rate of confirmed cases or deaths

— the effective reproductive ratio R or R;

— peak height/incidence per day

— deaths

— rates of hospitalization

— intensive care unit (ICU) bed usage

Deaths, hospitalizations and ICU bed usage outcomes were also included, but only if these were
used as indicators of changes in rates of infection rather than changes in rates of treatment
conditional on infection.

Inclusion and exclusion criteria are summarized in table 1.

(b) Search strategy

We searched the literature using four main search components: SARS-CoV-2/COVID-19;
testing; contact tracing; and isolation/quarantine, details of which can be found in electronic
supplementary material, appendix 1. Systematic searches were run on the 6 January 2023 in
Ovid MEDLINE (1946 to present) electronic databases. Results were restricted to 2020 onwards
and limited to English language only. We also searched two COVID-19-specific databases on 9
December 2020. Firstly, the Cochrane COVID-19 Study Register (covid-19.cochrane.org), which
contains study references from ClinicalTrials.gov, WHO International Clinical Trials Registry
Platform (ICTRP), PubMed, Embase, CENTRAL, medRxiv and other handsearched articles from
publishers” websites; and secondly the WHO COVID-19 Research Database [50], restricted to
specific primary sources.

(c) Screening

Search results underwent deduplication using Endnote 20. After this, title and abstract screening
was undertaken using Rayyan software [51]. First, title and abstract screening was calibrated,
whereby all reviewers screened the same 20 records, before comparing results and clarifying
the application of inclusion and exclusion criteria. All titles and abstracts were then screened
by at least one reviewer, with 20% being screened by two reviewers (‘dual-screening’) to
enhance screening quality. Any conflicts were resolved by a third reviewer. This was a pragmatic
modification to the Cochrane Rapid Review guidance that at least 20% of abstracts are dual-
screened with a recommendation that a second review is conducted for all excluded abstracts.
Of the 20% of dual-screened abstracts, 373 (7% of dual-screened abstracts) were given a second
opinion due to low confidence of the initial reviewer as to whether the abstract should be included
or excluded and 4868 (93% of dual-screened abstracts) were not individually selected but were
assigned in batches prioritizing reviewers with less reviewing and/or TTI research experience,
though covering all reviewers.

Full text screening began with calibration, whereby all reviewers screened the same 10 full
texts, before discussing and clarifying the application of inclusion and exclusion criteria. All full
texts were screened by at least one reviewer, with 317 (27% of all full texts) dual-screened by two
reviewers. Any conflicts were resolved by a third reviewer. Full texts for dual screening included
those for which the first reviewer had low confidence in their judgement and those which were
not individually selected but were drawn in batches disproportionately from reviewers with less
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Table 1. Review inclusion and exclusion criteria. NGO, non-governmental organization; TTI, test trace isolate.

included excluded

population

studies reporting about TTl interventions
conducted in the general population

TTlinterventions implemented for and within
specific settings, such as prisons, care homes,
schools, hospitals and healthcare settings,
military barracks

intervention

study interventions included: testing in

combination with contact tracing and/or
isolation

or

contact tracing in combination with
quarantine

or

isolation of suspected or confirmed cases
(may or may not include testing)

interventions described as ‘quarantine’ which were
applied to the general population
indiscriminately (i.e. not based on symptoms,
test results or contact with a confirmed case)
border control interventions (i.e. testing and
quarantine interventions implemented as pre-
or post-international travel requirements)

comparison

groups receiving:
— no TTlintervention
— less intense TTl intervention
— alternative TTl interventions
comparison could be across time, place or
population

studies that were descriptive only

outcome

measures of effect on transmission, which
could include incidence, numbers of cases,
reproduction number, growth rate, deaths
(when used to assess transmission),
hospitalizations (when used to assess
transmission)

measures indicating to treatment success rather
than transmission reduction (e.g. deaths or
hospitalizations among those with already
identified infection)
test validation metrics such as sensitivity,
specificity, positive or negative predictive value

study design

randomized controlled trials; prospective
cohort studies; retrospective cohort studies;
controlled before-and-after studies; time
series; case-control studies; cross-sectional
studies IF there was an attempt to control
for confounding factors

Mathematical transmission model
Observational study with no attempt to control
for confounding

publication

peer-reviewed journal articles

pre-prints
conference abstracts where a full paper was not
available
study protocols where a paper giving results was
not yet available
grey literature (government reports, NGO reports,
working papers)

(OVID-19 (with synonyms, see search strategy)
caused by SARS-CoV-2 infecti

experience. Reasons for exclusion were recorded at this stage and full text screening was managed
using a shared Excel database.
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(d) Data extraction

The data extraction form was piloted before study characteristics and data were extracted
by a single reviewer and checked by a second reviewer. This stage was managed using
a shared database. Data extraction consisted of the following categories: study information;
methods; population and setting; intervention type; findings; and contextual information. The
data extraction form headings can be viewed in electronic supplementary material, appendix 2.

(e) Risk of bias assessment

Risk of bias assessments were undertaken by one reviewer and all were reviewed by another
for consistency. The Cochrane RoB 2 tool [52] was employed for randomized controlled trials. We
used ROBINS-I for the assessment of non-randomized studies of interventions [53], guided by the
Cochrane Handbook for Systematic Reviews of Interventions for assessing risk of bias of different types
of non-randomized studies [54]. ROBINS-I requires the identification of potentially important
domains of confounding a priori, as well as imagining a target trial of best practice for each
study to be compared to. These were differences in: sociodemographic characteristics between
intervention and comparison groups, epidemic dynamics over the time period of the study,
population immunity, dominant SARS-CoV-2 variant and co-occuring interventions during the
study period and means of measuring the outcome. Additional domains might be identified
in individual studies. Each study was assessed as either ‘low’, ‘moderate’, ‘serious’ or ‘critical’
risk of bias. Any study rated at critical risk of bias was excluded from the review, in alignment
with Cochrane Handbook guidance. For RoB-2, studies were rated as ‘low’ risk, as having ‘some
concerns’ or as having a ‘high’ risk of bias. Risk of bias ratings for each study are summarized in
electronic supplementary material, appendix 4.

(f) Synthesis

Data were narratively synthesized using the synthesis without meta-analysis (SWiM) guidance
[55]. Studies were separated according to the intervention, or combination of test, trace and isolate
interventions for which they reported data. Studies were included in multiple sub-sections if they
reported on more than one intervention. Extracted data were then summarized narratively, and
presented in a table.

3. Results

The PRISMA flow diagram (figure 2) shows the sources and numbers of articles identified at
each stage of screening. The database search identified 26 720 unique records, of which 358 were
duplicate records. After screening the titles and abstracts of the remaining 26 362 papers, 1070
were taken forward into full text screening, and an additional 111 studies identified via examining
the references of related systematic reviews also screened. From these, we identified 25 studies
[10,20,56-78] that met all our inclusion criteria. Reasons for exclusion are included in figure 2.
There were two studies which presented results only graphically, and it was not possible to extract
quantitative findings [79,80]. There were 374 peer-reviewed studies which were mathematical
transmission modelling studies and 18 uncontrolled observational studies, not included in the
review but listed in electronic supplementary material, appendix 3.

Many of the 374 transmission model-based studies used compartmental models in which
an isolation or quarantine class was added to the standard susceptible infectious recovered
(SIR) model paradigm. Transmission models varied in their sophistication and their real-world
applicability, with some models focusing on generic concepts of invasion and stability while
others more closely matched the dynamics of SARS-CoV-2 spread in their chosen focal areas.
The majority of these model-based studies concluded that adding an isolation class (into which
infected individuals can be diverted) reduces the transmission of SARS-CoV-2. The strength of
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Figure 2. PRISMA flow diagram showing the source of studies identified during screening stages, reasons for exclusion and the
final number of included and supporting studies.

this reduction is critically dependent on model assumptions and parameters, which may be
difficult to correctly infer without very detailed individual-level data.

(a) Description of included studies

Included study characteristics are given in table 2. One included study was an individually
randomized controlled trial [67]. Eleven studies used observational time-series designs
[56,57,60,62,64,70-73,75,78]. These compared variation across, for instance, geographical time
units while variously adjusting for characteristics of the units, other interventions and features of
the epidemic. Some studies assumed or investigated time lags between exposures and outcomes,
assuming that the effects of the intervention would take time to impact transmission. Two studies
used difference-in-difference designs [58,76] comparing the change over time in between groups
exposed and unexposed to the intervention, accounting for baseline characteristics and thus
more robustly controlling for confounding than in observational time-series designs. Three used
synthetic control designs [65,69,77], reconstructing a counterfactual ‘unexposed’ scenario for the
intervention group, based on the trends in unexposed controls [82] and thus enabling better
control for time-varying confounding. One study used a controlled before-and-after design [10].
There were two retrospective [59,68] and two prospective cohort designs [20,61] which compared
the transmission outcome over time among individuals who were either exposed or unexposed to
the TTI intervention of interest. Three studies were cross-sectional and used cumulative outcomes:
cases by a given time [74], drop in growth post peak incidence [63] and per capita mortality [66].

Of the 25 studies included, 12 used data from multiple countries across Europe, America,
Africa and Asia [56,57,60,63,64,66,69-72,75,78]. From the remaining studies, there were nine
studies based in Europe, including five from the UK or England [65,67,74,76,77], and one from
each of the following countries: Portugal [68]; Spain [61]; Switzerland [20] and Slovakia [10]. Two
studies were based in Asia, one from China [58] and one from South Korea [62] and the final two
studies were based in Colombia [59,73].
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All but one study examined policies implemented across the general population, while one
examined testing conducted among the labour force [20].

The interventions examined in the 25 included studies varied depending on which activities
were undertaken during the study period, either testing, tracing and isolation or a combination of
the three. TTI intervention exposure measures included continuous measures, such as the number
of tests performed per capita as well as ordinal response scales of TTI intervention intensity (e.g.
the commonly used Oxford COVID-19 Government Response Tracker (OxCGRT) [83] which used
a 4-point scale to characterize testing policy and a 3-point scale for contact tracing), finding an
effect of a one category increase in intensity. The RCT compared assignment to the intervention
arm (daily contact testing) and assignment to the control arm (contact home isolation) [67].

Outcomes were categorized into three groups; transmission, healthcare usage (as a proxy of
transmission) and deaths. Within the transmission category, 12 studies focused on number of
cases, three focused on reproduction number, three on onward transmission, two on growth rate
and one on relative risk. Several studies reported more than one outcome. Six studies measured
number of deaths. One study used hospitalizations, over a given time period, as the transmission
outcome because hospitalizations are less affected by changes in levels of case detection than
other outcomes [77].

One study was assessed using the Cochrane RoB 2 tool for RCTs and the risk of bias was
assessed to be as of ‘some concerns’ [67]. The remaining 24 studies were assessed using the
ROBINS-I tool for non-randomized study designs; of these, six were assessed as moderate risk
of bias [10,58,65,74,76,77] and the remaining 18 were assessed as serious risk of bias. The risk of
bias analysis is summarized in electronic supplementary material, appendix 4.

(b) Intervention effects

Studies were separated into four groups according to the elements of TTI investigated: contact
tracing only (seven papers); specific testing strategies, in some cases alongside contact tracing (12
papers); strategies for isolating cases/contacts (four papers); and TTI as part of an intervention
package (two papers). The majority of studies use data from 2020, as such the results are largely
unaffected by variants, vaccination or population-level immunity.

Detailed quantitative study findings, including analytical methods and statistical uncertainty,
are given in table 3.

(i) Contact tracing (seven papers)

Seven papers considered the impact of contact tracing (as part of a TTI scheme) on the dynamics
of the pandemic, figure 3. Six of these studies considered data from single countries and made
use of spatial or temporal heterogeneity in contact tracing to assess its population impact
[58,59,65,73,74,76]. One study considered contact tracing policies across multiple countries [60].

Deng et al. [58] showed that across 313 Chinese cities from January to July 2020, the number
of new COVID-19 cases were significantly negatively correlated with the stringency of contact
tracing at lags of 0, 7 and 14 days.

Fernandez-Nino et al. [59] and Vecino-Ortiz et al. [73] both examined contact tracing in
Colombia. Vecino-Ortiz et al. considered the proportion of cases identified through contact tracing
between March and July 2020 as a measure of the intensity of contact tracing, and found that
the number of deaths was negatively correlated with the intensity of contact tracing 21 days
previously, with some evidence that the effect on deaths for a given contact tracing intensity
tapered off somewhat as tracing effort increased (a possible ‘saturating’ effect). Fernandez-Nino
et al., considering data between March 2020 and January 2021, observed that cases that were part
of chains of at least five contacts (and hence when contact tracing was more comprehensive) had
a statistically significant 48% reduction in fatality.

Three papers focused on data from the UK; Kendall et al. [65] and Wymant et al. [74] considered
the NHS COVID-19 contact tracing app in England and Wales, while Fetzer et al. [76] concentrated
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Figure 3. Graphical representation of the 25 studies showing the associated time interval of the study (x-axis), the scale
of interventions and analysis (multi-national black; national dark grey; sub-national light grey) and the reported statistical
significance of the results: solid bars are studies where there was a significant reduction in transmission, cases or deaths due to
aTTlintervention; diagonal hashed bars are where the results were not statistically significant; and long dashed bars are where
findings were conflicted in different regions, times or scales.

on delays to tracing. Kendall ef al. [65] focused on the pilot of the contact tracing app launched
on the Isle of Wight during May and June 2020, and estimated the reproductive ratio R; on the
Isle of Wight and in 150 other Upper-Tier Local Authorities in England. It was found that on the
Isle of Wight, R; had reduced from 1.3 (the third highest in England) before the app to 0.5 (the
twelfth lowest) after the piloting of the app. Wymant et al. [74] supported Kendall ef al.’s [65]
findings; looking at the proportion of the population that used the app in each of 338 Lower-Tier
Local Authorities they found a 1.1% (between October and November 2020) and 2.7% (between
November and December 2020) reduction in cases for every percentage increase in app usage.
Fetzer et al. [76] examined data from September 2020, when data handling issues within the public
health authority led to delays of 6-14 days in the time taken to perform contact tracing; compared
to such long delays, regression analysis suggested that timely tracing led to 63% fewer infections
and 63% fewer deaths over this period.
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By contrast, Gianino et al. [60] analysed data from Italy, Germany, Spain and the UK between
October 2020 and January 2021, and could find no significant correlation between contact tracing
and the incidence of SARS-CoV-2 cases. In its approach and use of the OxCGRT [83], which
provides a three-level categorization of contact tracing intensity, the study by Gianino et al. [60]
has more in common with the statistical approaches examined below in studies exploring testing
strategies.

Overall, six of the seven studies assessing contact tracing found that contact tracing (in
addition to other controls in use at the time) led to a significant decline in transmission; all of
these studies relied on detailed information about contact tracing strength at an individual or
small spatial scale. The only paper not finding a significant relationship [60] used coarse-grained
data at the country scale from the OxCGRT [83].

(ii) Testing strategies (12 papers)

Nine papers performed statistical analyses across multiple countries to assess the impact of
changing patterns of control [57,63,64,66,70-72,75,78], while three examined testing strategies in
single countries [10,20,77]. Many of the cross-country studies used the OxCGRT [83] to inform
the type and strength of epidemic controls in each country over time. The studies varied in the
number of countries/regions examined, the time scale over which the analysis was performed,
and the measure used to assess the impact of testing and contact tracing using early data (up to
May 2020), those that used later data when assessing contact tracing and then those that consider
the strength of community testing (separate to any measures of contact tracing).

The earliest pandemic data (up to May 2020) showed the smallest impacts of testing and/or
contact tracing. Haug et al.’s [64] analysis of 226 countries during March and April 2020 concluded
that contact tracing was one of the least effective interventions as measured by a change in the
reproductive ratio. Leffler et al. [66] analysed data from five countries (China, Macau, Cameroon,
Sierra Leone and Sudan) in April and May 2020 and found only weak statistical evidence for
an association between contact tracing completeness and lower per capita mortality (p =0.06).
Across the early epidemic period of 37 OECD countries, Pozo-Martin et al. [70] found no statistical
evidence for an association between contact tracing completeness and average daily case growth
rate.

Later results from cross-country statistical analyses tend to support a positive impact of
contact tracing intensity (together with testing) on transmission. Hong et al. [63] studied 108
countries from January to June 2020 and found in an unadjusted analysis that contact tracing
was significantly correlated with a more rapid decline from peak cases. However, adjusting for
concurrent interventions, and treating contact tracing as an effect modifier of these interventions,
the role of contact tracing was more mixed (contact tracing and school closures led to a
significantly faster decline, but contact tracing combined with cancelling public events or
workplace closures led to a significantly slower decline). Yalaman et al. [75] compared 138
countries over the period January to October 2020, and found that contact tracing had a strong
and significant association with reduced population level mortality rates. Examining the 100
days after the first case was reported among 37 low- and middle-income countries, ranging
from January to July 2020, Zamanzadeh and Cavoli [78] found that increased contact tracing
intensity (measured using the OxCGRT scale [83]) was associated with lower incidence. Chew
et al. [57], using neural networks to assess the impact of testing and contact tracing on growth
rates between May 2020 and October 2021, found that while the results at a global and continental
scale were mixed, contact tracing was the top measure for reducing growth rate when countries
were clustered according to their dynamics. Although, Spiliopoulos [71] did not find evidence
for an association between contact tracing and either case or death growth rates using data from
February 2020 to April 2021.

Seven papers considered the impact of testing separately or independently to any available
measures of contact tracing. Both positive and negative impacts of testing on transmission
were reported; this may be due to conflicting actions of testing; more testing leads to a higher
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proportion of infections being detected but if cases are effectively isolated this should lead to
fewer subsequent infections. Spiliopoulos [71] showed that testing had a significant negative
impact on the growth rate of cases and deaths based on the data from 132 countries between
February 2020 and April 2021 and the strength of this impact increased with the strength of
the testing. However, studying the early epidemic period of LMICs, Zamanzadeh and Cavoli
[78] found that increased testing was associated with higher cases, though they were not able to
separate out effects on transmission from the effects of enhanced case detection on the proportion
of cases identified. Leffler et al. [66] found no statistical evidence for an association with log per
capita testing and per capita mortality across five countries from April to May 2020. Pozo-Martin
et al. [70] found varying results depending on study period across 37 countries: from January to
September 2020 they found that for every test per 1000 people there was a 0.02% reduction in the
weekly growth rate, but later data (October to December 2020) showed that testing was positively
correlated with the growth in confirmed cases, possibly indicating a difficulty with case growth
rate being an indicator of both case detection and transmission. Ssentongo et al. [72] restricted
their analysis to 46 countries in mainland Africa using data between January and August 2020
and found that testing (one week previous) significantly reduced the level of within-country
transmission by 18%, but was associated with an increase in between-country transmission. Two
studies failed to find statistical evidence for an effect of testing on transmission (Yalaman et al.
[75] and Chew et al. [57]).

Studies using later (post-May 2020) and therefore more data, tended to find stronger
relationships, with both testing levels and contact tracing leading to better public health
outcomes, although this was not universal. However, these statistical analyses highlight the
difficulties of assessing control measures by comparing across countries and times. By virtue
of incorporating data from many countries, and including many different types of mitigation,
the classification of control intensity is necessarily coarse; data from OxCGRT [83] for contact
tracing has just three classifications: no contact tracing; limited contact tracing, not done for
all cases, and comprehensive contact tracing, done for all identified cases. As shown by
the study of Wymant et al. [74], heterogeneities exist at relatively small scales and can be
informative for understanding the impacts of control. Both testing and contact tracing are likely
to lead to an increased proportion of cases that are detected, making it difficult to discern
effects on underlying incidence. In addition, such statistical analyses may not be able to fully
capture the complex non-linear interactions between epidemiological dynamics, synergies and
dependencies between testing and contact tracing, and with other interventions, and behavioural
responses.

Three other studies provide more detailed within-country analyses of the impact of testing
strategies. Pavelka et al. [10] examined the imposition of rounds of mass testing to exit lockdowns
in October and November 2020 in Slovakia. In total, over 4 million tests were performed (out
of a total population size of 4.5 million adults), with 50 thousand testing positive; while the
impact was spatially and temporally heterogeneous, it was estimated that mass testing led to
a 56% reduction in prevalence of infection between the first and second rounds. Gorji et al. [20]
analysed the impact of weekly testing of employees in the Canton Grisons area of Switzerland
during February and March 2021; companies enrolled in the testing scheme saw an 18%, 47% and
50% reduction in incidence in employees across three cohorts (with the latter two values being
significant at p < 0.05) for those that had been enrolled for one, two or three weeks compared to
newly enrolled companies. The Gorji et al. [20] study echoes similar findings where regular testing
has been used on specific sectors of the population including school children and healthcare
workers. Zhang et al. [77] estimated the effects of an asymptomatic testing pilot using rapid
antigen tests on transmission, comparing hospitalizations in Liverpool city middle layer super
output areas (MSOA, small geographical areas of around 7200 people) to a synthetic control based
on comparative MSOAs without availability of asymptomatic testing in November and December
2020. While the intervention evolved somewhat in its design over time and also included effects
of increased publicity around COVID-19 associated with the intervention, the study’s primary
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finding was a reduction in hospitalizations of 25% (35% to 11%) in intervention districts compared
to synthetic control.

Taken together, these three studies [10,20,77] show the benefits of large-scale testing of the
population—especially when infection is relatively common, as in Pavelka et al. [10] and Zhang
et al. [77]. Earlier in the outbreak, when resources were generally more limited, the actions of
testing and contact tracing might have been swamped by more stringent control measures such
as lockdowns or social distancing.

(iiii) Isolation strategies (four papers)

Four publications considered the effects of isolation of (suspected) cases or contacts but
considered different aspects of the isolation procedure.

Malheiro et al. [68] considered the time between being identified as a contact of a confirmed
case and the subsequent laboratory results, with the intervention group being quarantined while
waiting for the laboratory results. This study conducted in Portugal from 1 March to 20 April
2020, when there were a range of other strict mitigation measures in place, found slightly fewer
traced individuals having secondary cases from the intervention group (13.3% when compared
with 17.2%) but the result was not statistically significant and the study included relatively small
sample sizes (98 in the intervention group and 453 in the control group).

Lopez et al. [61] and Nam et al. [69] considered the location of quarantine, with Lopez
et al. [61] examining hotel quarantine in Spain during April to June 2020 and Nam et al. [69]
examining the step change in transmission on the introduction of centralized isolation in Japan
and China. Lopez et al. [61] report more secondary household contacts with household-based
quarantine than with hotel-based quarantine (with an odds ratio of 1.67), but the finding was
not statistically significant and included only 229 individuals in the study. By contrast, Nam
et al. [69] took a cross-country approach and report a 43% drop in transmission in Japan and a
96% drop in transmission in China when confirmed cases were centrally isolated, however given
the number of other changes occurring in February 2020 (including increased public awareness
of the pandemic) any assumptions around causality in statistical analysis should be made with
caution.

Finally, Love et al. [67] conducted a non-inferiority RCT on around 55000 adults identified by
contact tracing in England between 29 April and 28 July 2021. This study compared home-based
self-isolation of contacts for 10 days (policy at the time) versus daily LFD testing for 7 days and
no isolation while the LFD tests were negative. The outcome was the proportion of contacts-of-
contacts reporting positive tests to the national testing and contact tracing authority, a proxy for
the attack rate among this group of contacts. Individuals from each group that became infected
had a similar number of contacts (approx. 2.2 per case), and the percentage of them reporting
positive tests was lower in the intervention arm (-1.2%, 95%CI of —2.3% to —0.2%) so the daily
contact testing intervention was judged non-inferior to home isolation.

Taken together, these studies suggest some uncertainty around the benefit of rapid isolation of
contacts (before laboratory results are available [68]) away from the home environment [61,69],
with studies either small or unable to disentangle the effects of different concurrent interventions.
The findings of the study by Love et al. [67] that daily testing is at least equivalent to quarantine in
terms of transmission are important, given that it allows substantially more social and economic
freedom to those affected.

(iv) TTl as part of a broader package of measures (two papers)

Two papers analysed the impact of testing and contact tracing as part of a wider package of
measures, so the effects of TTI alone cannot be assessed. Closely aligned with the eight population
level studies of testing strategies detailed above, Chan et al. [56] considered data from 50 countries
and eight suites of control measures from the start of the pandemic to July 2020; a combined
package of case identification, contact tracing and related measures led to a net decline in the
reproductive ratio but the results were heterogeneous between countries and not statistically
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significant. Heo et al. [62] analysed controls and daily new cases of SARS-CoV-2 in South Korean
data from 20 January to 20 November 2020, and considered testing, contact tracing and public
information campaigns as a combined control measure as they are tightly clustered in their
implementation. The combined control measures were negatively correlated with cases at a
number of lags (from 0 to 10 days) but the statistical significance of these correlations is not given,
making the findings difficult to interpret.

4. Discussion

In total, we identified 417 peer-reviewed studies that examined the impact of testing and/or
contact tracing and isolation on the transmission dynamics of infection. The overwhelming
majority of these were transmission model-based studies, with only 25 empirical studies meeting
our criteria of reporting the real-world impact of testing and/or contact tracing together
with some adjustments for confounding factors such as changes to other control measures
or population characteristics. Of these 25 studies, 11 adopted a broad statistical approach
and attempted to link coarse classification of control measures in multiple countries to their
epidemiological dynamics [56,57,60,63,64,66,70-72,75,78]; five considered detailed contact tracing
data from either England [65,74,76] or Colombia [59,73]; four considered strategies for isolation
after testing or notification as contacts [61,67-69]; two considered within-country stringency of
TTI-type controls in China [58] and South Korea [62]; with other papers focusing on the impact of
mass-testing [10,77] and weekly testing of people without symptoms [20].

In general, these 25 studies showed that testing and/or contact tracing were associated with
reductions in transmission—either measured from the growth of cases, the number of cases per
capita or the level of mortality in the population. Three of the data analysis studies comparing
between country dynamics using data from the earlest stages of the pandemic did not find
statistically significant relationships [56,64,66]; this may reflect the strength of other control
measures (such as lockdowns) masking the impact of TTI. However, one study focusing on
the first 100 days in low- and middle-income countries did find associations between increased
intensity of contact tracing and reduced numbers of new infections [78]. Some of the cohort
studies [61,68] were considered to have been under-powered to yield significant results. All other
studies identified a public health benefit of TTI interventions. Given the variety of ways in which
both testing and contact tracing are characterized in different studies, and the different measures
adopted for quantifying transmission reduction, it is not possible to pull a coherent metric from
the studies for the impact of testing and related controls. There is a clear need for the relationship
between TTI and transmission to be framed in a consistent quantitative manner that makes
intuitive sense to policy-makers and public health officials. We would highlight Wymant et al. [74]
as a good example of intuitive quantification which stated that a 1% increase in contact-tracing
app usage was associated with a 2.7% reduction in cases (between November and December
2020).

We found a lack of RCTs of TTI interventions, identifying only one in the general population
[67]. There are a limited number of other randomized studies but these were in specific
settings, and therefore fell outside the scope of our review [84,85]. One was a trial of daily
contact testing in schools in England which also found this approach to be non-inferior to
contact isolation, consistent with the later findings among the general population [67]. The two
experimental studies of concert event attendance with pre-testing compared to no attendance did
not specifically measure the benefits of testing [86,87] and so were not included in our review.
Both found no statistically significant difference in infection incidence between event attenders
and non-attenders post event, though other measures, such as ventilation, face mask mandates,
sanitizing and social distancing were also used at the events, and attributing effectiveness to
pre-event testing alone is not possible.

The other 24 studies we identified were generally retrospective analyses of data, relying
on heterogeneities between cohorts, locations, or times to infer the impact of testing, tracing
and isolation methods. The difficulty with such retrospective observational analyses is the role
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of confounders. These confounders include underlying changes in the incidence of infection,
changes to type or intensity of other controls being implemented, changes in the dominant
variant, and changes to the public reaction and hence the compliance with mitigation measures.
Additionally, statistical analyses, particularly across many diverse countries, might struggle
to account for complex nonlinear interactions between epidemiological dynamics, control
interventions and diverse behavioural responses; and it may be difficult to provide a consistent
measure for the strength of TTI controls. TTI interventions have the additional complication for
evaluation that a more efficient testing and tracing scheme will (initially) identify more cases,
even though it should reduce the number of infectious individuals in the community.

Our review sought to use a sensitive search strategy with robust screening, review, and
appraisal methods to identify the empirical real-world effectiveness of a variety of TTI
interventions on SARS-CoV-2 transmission reduction. Our findings make an important and
unique contribution to the evidence base; we did not identify previous reviews covering
this range of testing, contact tracing and isolation interventions on SARS-CoV-2 transmission
outcomes. Two recently published systematic reviews of contact tracing effectiveness, one of
infectious diseases more broadly [48] and one specific to COVID-19 [47], did not review testing
or isolation strategies. With regards to contact tracing, our review came to similar conclusions as
the review of contact tracing for COVID-19 [47] which found a large number of mathematical
modelling and simulation studies that predicted the high theoretical effectiveness of contact
tracing strategies, alongside a relatively small set of empirical studies, with more mixed results.
This difference could indicate implementation challenges with achieving effectiveness from
TTI interventions in practice and/or a lack of empirical studies, though the highest quality
studies included in both our reviews did find strong evidence of TTI effectiveness on reducing
transmission.

Our review has some limitations. Given the large number of search results, it was only
feasible to use two reviewers to screen 20% rather than 100% of papers—although the 20% found
high levels of agreement between reviewers. While we might have identified more evidence by
including preprint papers, this would have risked including lower quality studies or studies
that never go on to be peer-reviewed. Future extensions of this review could include key
secondary outcomes of TTT interventions hypothesized to facilitate or be proxies for effectiveness,
such as proportions of cases identified as contacts, proportion identified prior to symptoms,
and testing and tracing delays which could give further insight to the relative effectiveness of
different approaches. A number of modelling studies have also considered such fine-grained
implementation questions, although generally lack the real-world data to support the policy
choices [33]. Synthesis and analysis of evidence relating to barriers to uptake and adherence to
TTI measures and effects of social and health inequalities will also be important to inform future
intervention development and deployment.

Our review did not consider the costs, either financial to the individuals concerned or to the
wider economy nor the potential health, well-being, social and educational harms of different TTI
strategies. This is clearly an important and generally overlooked area, as decisions about which
control policies to adopt must reflect both costs and benefits. Such a cost-benefit view would
also require a more detailed examination of testing using PCR rather than LFD, as PCR tests are
considerably more expensive.

While this review sought to identify independent effects of TTI interventions to assess their
optimal design and contribution to epidemic control, it is challenging to view each epidemic
control intervention as isolated from the others. At the very least, the action of initiating a change
in controls may alter the public perception of risks and therefore their level of compliance; the
role of enhanced publicity and communication around COVID-19 might have played a role in the
effects attributed to contact tracing and asymptomatic testing in this review’s included studies, as
explicitly mentioned by study authors [65,77]. In addition, important synergies also likely exist.
Some countries in Oceania and East Asia used very stringent international border controls to
prevent importation, along with extensive contact tracing and physical distancing (when cases
were identified) with the aim of local containment and elimination prior to mass vaccination. Of
these, Australia and New Zealand are key examples of where combinations of NPIs kept infection
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to low levels until herd immunity could be gained through vaccination [88,89]. The limited case
numbers associated with stringent border controls and other methods are likely to facilitate more
effective contact tracing, as the available resources can be focused on far fewer cases [90]. These
contexts were very different to countries like the UK in which TTI measures were implemented
in a context of varying and sometimes high prevalence. To prepare for future pandemics, these
synergies, for which we lack extensive robust empirical evidence, will need to be considered.

There are some clear recommendations that come from this review. First is the need for more
robustly designed experimental studies to inform TTI design; such studies need to quantity TTI
impact across diverse populations, over different levels of compliance, over different time periods
and for different epidemiological characteristics. Second is the need for in-depth studies that can
quantify the costs and benefits of different testing and control strategies, and how these might
vary between different epidemic phases and between different sectors of society. Finally, there
is a need for a better quantification of the interaction between different control measures, which
may act either synergistically or may weaken the effect of each other. Associated with all these is
the need for a consistent method of reporting findings, such that the results of multiple studies
can be compared.

Despite these gaps in our knowledge, two important conclusions can be drawn from the
studies we have considered. Firstly, while evidence is imperfect, the majority of studies (including
those of highest quality) suggest a considerable impact of testing, followed by isolation and
treatment of detected individuals. Pavelka ef al. [10] highlights the substantial reduction in
infection following rounds of nationwide mass testing, which removed a large proportion
of infected individuals from circulation within the general population. Similarly, Gorji et al.
[20] show that regular testing within groups of co-workers can reduce the levels of infection,
demonstrating both the utility of testing and the proportion of transmission that occurs in the
work environment. Increased access to testing for asymptomatic individuals was also found
to have reduced hospitalizations in Liverpool in the UK in late 2020 [77]. While the study by
Love et al. [67] shows that regular daily testing is non-inferior to isolation of contacts, again
emphasizing the strength of testing at detecting cases. Secondly, the studies from the UK [65,74,76]
and Colombia [59,73] highlight the benefits of contact tracing as a method of identifying potential
secondary cases. These studies of detailed data at a fine spatial scale demonstrate that timely
contact tracing in the UK reduced the population-level growth rate or levels of infection; while
the analysis of data from Colombia showed how contact tracing reduced mortality, both among
infected cases who were identified sooner through contact tracing and at the population scale due
to reduced transmission.

We conclude that testing, contact tracing and facilitated isolation can substantially reduce the
transmission of infection and improve public health outcomes, and therefore is a key public health
tool against future outbreaks—especially before infection-specific pharmaceutical interventions
are widely available. However, many aspects of TTI efficacy and real-world effectiveness were
unknown at the beginning of the COVID-19 pandemic, and many remain unquantified in general.
Considerably more research is required to fully elucidate the epidemiological consequences of
TTI under different scenarios (for example, the interaction with variants, vaccination and other
controls), as well as the broader costs and benefits of different approaches to TTI.
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