Open access

BM)J Open

To cite: Jenniskens K,

Bootsma MCJ, Damen JAAG,

et al. Effectiveness of

contact tracing apps for
SARS-CoV-2: a rapid

systematic review. BMJ Open
2021;11:¢050519. doi:10.1136/
bmjopen-2021-050519

» Prepublication history and
additional supplemental material
for this paper are available
online. To view these files,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2021-050519).

Received 23 February 2021
Accepted 15 June 2021

| '.) Check for updates

© Author(s) (or their
employer(s)) 2021. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Department of Epidemiology,
Julius Center for Health
Sciences and Primary Care,
UMC Utrecht, Utrecht University,
Utrecht, The Netherlands
%Cochrane Netherlands, Julius
Center for Health Sciences and
Primary Care, UMC Utrecht,
Utrecht, The Netherlands
3Department of Mathematics,
Faculty of Science, Utrecht
University, Utrecht, The
Netherlands

“*Knowledge Institute, Federation
of Medical Specialists, Utrecht,
The Netherlands

Correspondence to
Dr Kevin Jenniskens;
k.jenniskens@umcutrecht.nl

Original research

Effectiveness of contact tracing apps for
SARS-CoV-2: a rapid systematic review

Kevin Jenniskens

.2 Martin C J Bootsma,"® Johanna A A G Damen,?

Michiel S Oerbekke,?* Robin W M Vernooij,'? René Spijker,> Karel G M Moons,’

Mirjam E E Kretzschmar,' Lotty Hooft':2

ABSTRACT

Objective To systematically review evidence on
effectiveness of contact tracing apps (CTAs) for SARS-
CoV-2 on epidemiological and clinical outcomes.

Design Rapid systematic review.

Data sources EMBASE (OVID), MEDLINE (PubMed),
BioRxiv and MedRxiv were searched up to 28 October
2020.

Study selection Studies, both empirical and model-
based, assessing effect of CTAs for SARS-CoV-2 on
reproduction number (R), total number of infections,
hospitalisation rate, mortality rate, and other
epidemiologically and clinically relevant outcomes, were
eligible for inclusion.

Data extraction Empirical and model-based studies
were critically appraised using separate checklists. Data
on type of study (ie, empirical or model-based), sample
size, (simulated) time horizon, study population, CTA type
(and associated interventions), comparator and outcomes
assessed, were extracted. The most important findings
were extracted and narratively summarised. Specifically
for model-based studies, characteristics and values of
important model parameters were collected.

Results 2140 studies were identified, of which 17 studies
(2 empirical, 15 model-based studies) were eligible and
included in this review. Both empirical studies were
observational (non-randomised) studies and at high risk of
bias, most importantly due to risk of confounding. Risk of
bias of model-based studies was considered low for 12 out
of 15 studies. Most studies demonstrated beneficial effects
of CTAs on R, total number of infections and mortality rate.
No studies assessed effect on hospitalisation. Effect size
was dependent on model parameters values used, but in
general, a beneficial effect was observed at CTA adoption
rates of 20% or higher.

Conclusions CTAs have the potential to be effective in
reducing SARS-CoV-2 related epidemiological and clinical
outcomes, though effect size depends on other model
parameters (eg, proportion of asymptomatic individuals,
or testing delays), and interventions after CTA notification.
Methodologically sound comparative empirical studies on
effectiveness of CTAs are required to confirm findings from
model-based studies.

INTRODUCTION

The SARS-CoV-2 outbreak has dominated
worldwide news and scientific research
throughout 2020. Since its emergence in
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Strengths and limitations of this study

» This is the first paper to provide a comprehensive
overview and critical appraisal of studies assessing
the effectiveness of contact tracings apps for SARS-
CoV-2 on clinical and epidemiological outcomes.

» Studies were retrieved using a large repository that
is developed by a specific search string dedicated to
identify studies on SARS-CoV-2 published in various
underlying databases.

» Critical appraisal was performed by reviewers from
diverse backgrounds (ie, mathematical modelling,
epidemiology, medicine, systematic reviews) using
predefined customised templates for both empirical
and model-based effectiveness studies.

» Given the rapid execution and (preprint) publication
of studies on effectiveness of contact tracing apps
(CTAs) for SARS-CoV-2, this review is unlikely to
include the most recent studies published after the
search date.

» Due to high heterogeneity across studies, it was not
feasible to provide a pooled meta-analysis estimate
of the effectiveness of CTAs for SARS-CoV-2 on the
clinical and epidemiological outcomes.

Wuhan (People’s Republic of China) in early
December 2019, reducing transmission of
SARS-CoV-2 has been a worldwide priority.
Digital technology could be applied for effi-
cient contact tracing. Contact tracing appli-
cations (CTAs) are able to identify individuals
who have recently been in close contact with
infected individuals (and may have acquired
infection as a consequence). After identifi-
cation, the contact person can be instructed
to go in self-quarantine, preventing further
transmission and spread of the virus.

A substantial amount of research on CTAs
for SARS-CoV-2 has been performed since
the start of the pandemic. Summarising all
evidence, including results from research that
has not yet undergone, or is currently under-
going peerreview, is warranted to provide
an overview of what is known regarding
CTA effectiveness. Research that has not yet
undergone peer-review is often published by
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authors through so-called preprint databases. However,
identifying these articles, extracting data and drawing
conclusions can be a challenge, as this requires knowledge
on epidemiology, mathematical modelling, systematically
appraising evidence and summarising that evidence.

A few overviews of evidence on effectiveness of CTAs
have been published in recent time. Anglemyer et al
provided an overview of study characteristics and quality
appraisal of studies on effectiveness of CTAs and other
digital contact tracing technologies." However, their
data are based on both SARS-CoV-2 infections and other
infections (eg, Ebola), and lack a quantitative effective-
ness measure of CTAs on clinically relevant outcomes.
Other systematic reviews focused only on user experi-
ence in using a CTA for SARS-CoV-2 detection,? or only
studied manual, as opposed to digital, contact tracing.”
One systematic review did look into studies on automated
and semi-automated CTAs for SARS-CoV-2, but lacked
reporting on CTA effectiveness on total number of infec-
tions, and hospitalisation or mortality rates.*

In this rapid systematic review, we aim to evaluate all
(empirical and model based) studies addressing effective-
ness of CTAs for SARS-CoV-2 on relevant epidemiological
and clinical outcomes. We will provide descriptive char-
acteristics, critical appraisal and a narrative summary of
evidence of included studies.

METHODS

Search strategy

The Bern COVID-19 Open Access Project (COAP) database was
used for identification of relevant research. The COAP
database is comprised research from EMBASE (OVID),
MEDLINE (PubMed), BioRxiv en MedRxiv databases,
specifically focused on SARS-CoV-2. On 28 October 2020
the COAP database was searched for scientific literature
evaluating the effectiveness of CTAs for SARS-CoV-2 on
epidemiological and clinical outcomes. The complete
search strategy, as well as background information on the
COAP database provided by Bern University, are provided
in online supplemental file 1.

Eligibility criteria
Empirical (both observational and experimental) and
model-based studies evaluating effectiveness of CTAs for
SARS-CoV-2 were eligible for inclusion. Peerreviewed
publications as well as preprint papers were considered.

CTAs were considered when they provided feedback
about potential recent exposure to an infected individual,
based on proximity measurements (eg, Bluetooth or
GPS). Feedback should be provided directly to the indi-
vidual through a CTA, although other feedback mecha-
nisms, such as personal devices (eg, a smartwatch), were
also considered. National emergency warning systems
using SMS were also included, provided they used prox-
imity data to inform individuals.

All epidemiologically or clinically relevant outcomes quan-
tifying the impact of CTAs were considered, which include

but are not limited to: the reproduction number (R), total
number of infections, hospitalisation rate and mortality rate
related to SARS-CoV-2. Studies investigating other relevant
outcomes, such as prevention of outbreaks or a second
infection wave of SARS-CoV-2, were also included. Studies
solely assessing (determinants affecting) adoption rate of
CTAs (ie, the proportion of citizens using, and following
recommendations provided by, the CTA), temporal change
in incidence SARS-CoV-2, or other non-epidemiological or
clinical outcomes were excluded.

Study selection

Studies identified in the search were first screened inde-
pendently on title and abstract by two reviewers. Relevant
studies were included for full-text screening, and further
selection of articles was performed by two independent
reviewers. Any discrepancies were discussed and resolved.
When consensus was not reached, a third reviewer was
consulted to provide the final judgement.

Critical appraisal

Risk of bias was systematically assessed by two researchers
using separate checklists for empirical and model-based
studies. Discrepancies between researchers were discussed,
and a final verdict was provided by a third reviewer
if consensus was not reached. Empirical studies were
appraised using a formal scoring method based on the
Critical Appraisal Skills Programme and Cochrane’s Effec-
tive Practice and Organisation of Care checklists’® (online
supplemental file 2). Risk of bias in model-based research
was evaluated by assessing use of empirical input data for the
model, number of scenarios analysed and transparency of
model reporting (online supplemental file 3).

Data extraction

Data extraction was performed by one reviewer, and
checked by a second reviewer. Descriptive characteristics
on type of research, that is, empirical or model-based,
sample size, (simulated) time horizon, study population,
CTA properties and intervention, comparator, and epide-
miological and clinical outcomes studied, were extracted
from all included studies.

Specifically for model-based research, model character-
istics (ie, type of model and distributions used) and values
used for important model parameters were collected.
Furthermore, CTA-specific properties were extracted,
such as the method of contact tracing used by these apps.
Forward tracing CTAs can only detect the ‘offspring’, that
is, individuals the index case has infected. Bidirectional
tracing CTAs also detect the ‘parents’, that is, the indi-
vidual that infected the index case. Models were consid-
ered to use bidirectional (as opposed to forward) tracing
when, after the index case is detected and registered, all
contacts within a period of at least the incubation time
are identified, such that the parent of the index case
could be found.

Another CTA-specific property included the use of
I-step-tracing or sequential tracing. When a CTA-identified
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individual could only notify their contacts after testing
positive themselves, this was considered 1-step-contact
tracing. When notified contacts could subsequently also
notify their own contacts, creating a cascade, even before
that individual has shown symptoms or received a positive
test result for SARS-CoV-2, this was considered sequential
tracing.

The most important findings regarding effectiveness
of CTAs for SARS-CoV-2 on epidemiological and clin-
ical outcomes were extracted, synthesised and reported
narratively. These outcomes were pooled quantitatively
whenever it was feasible to do so.

All doctors, nurses, healthcare
workers and 50% of service
holders are using a contact
75% of the population are using
a contact tracing app for 2days.

achieved within 3weeks at 60% app
tracing app for 2days.

adoption rate.
» Cumulative incidence approach

0 within 3months when 75% app
adoption rate is achieved.

» Cumulative incidence is reduced by
3.5% when using a contact tracing
app compared with not using one.

» Cumulative incidence is reduced by
4.6% after 90 days when either:

» Reduction of R below 1.0 can be

Main findings

incidence
SARS-CoV-2.

RESULTS

Study selection

A total of 2140 potential studies were identified by the
search. After selection based on title and abstract, 2059
articles were excluded. Full texts of the 81 remaining
studies were assessed, after which 17 articles were
included for critical appraisal and data extraction (online
supplemental file 4). The 64 excluded studies with their
reasons for exclusion are summarised in online supple-
mental file 5.

Outcome(s)
» Cumulative

> R.

Comparison

» Extra
personal
protection.

Contact tracing P Lockdown.

Intervention
specified) with
quarantine

app (not

Characteristics of included studies

Seventeen primary studies were included, of which two
were empirical observational (non-randomised) studies,
and 15 were model-based studies (table 1).

Six of the 17 studies were published preprints, meaning
they had not (yet) gone through the peer-review process
at the time of submitting this paper.”? Included studies
focused predominantly on the general population,
although some analysed the effectiveness of CTAs for
specific populations such as hospital personnel, or school
children.® ¥ ' 1% Egspecially in model-based studies,
results were often presented graphically. Consequently,
the effectiveness of CTAs on epidemiological and clinical
outcomes was only partly, or not at all, reported in key
numerical figures.

The model-based studies typically assessed the effective-
ness of CTAs by simulating one or more scenarios based
on certain baseline or input values (eg, proportion of
asymptomatic infections). Table 2 provides an overview
of characteristics and the most important input param-
eters used in models of the 15 included articles. Nine
of the 15 model-based studies evaluated forward tracing
CTAs,*? "' 78 four studies analysed bidirectional tracing
CTAs” "' and one used an alternative method.*” Four
studies used a CTA that used sequential tracing.” '* 121
All of these also used bidirectional CTAs, which are more
effective than forward tracing CTAs in reducing R, but
require quarantining many more contact persons. This
is especially the case when a significant number of infec-
tions come from asymptomatic individuals (ie, transmis-
sion from a case who does not (yet) have symptoms), who
are unaware they have SARS-CoV-2."

workers.

» Students.

» Service
holders.

» Unemployed
people.

Specific
setting(s)
» Healthcare

Population
Susceptible
population

120 days (New

(Ford County)
York city)

Time horizon
60 days

Sample size/
simulations (n)

Study type
N/R

Bangladesh Modelling

Country
(of first
author)

Continued
*Household, school, work, community, church, professional sports, community sports, beaches, entertainment, cafés/restaurants, pubs/bars, public transport, national parks, public parks, large events, child care, social networks and aged care.

Characteristics of empirical epidemiological and model-based studies looking at effectiveness of contact and tracing apps for SARS-CoV-2.
ICU, intensive care unit; N/R, not reported; R, baseline reproduction number; R, reproduction number.

Table 1
Study
Shamil 2020
(preprint)"’
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The percentage of CTA adoption was varied in almost
08 \% & all studies, allowing for assessment of the impact of CTAs
£8| 3% on epidemiological and clinical outcomes. Average incu-
E2| IS} p g g
50| ¢ S bation time, that is, the mean time between infection
S XS < .
6% 388 2 . and symptom onset of SARS-CoV-2, was estimated to be
8 ymp 9 11-21
T E 5-6days for SARS-CoV-2." ™" The proportion of asymp-
al % ” 5 tomatic SARS-CoV-2 infections, used as input parameter
— C . .
EIBE3 | & & 3 in model-based studies, was estimated at 20%-50% based
algg8alc S S . 891618
g|leslw| ~ o 2 on empirical data, but could vary between 18% and
s & 5 p ry
o g 86%.” The baseline R value chosen in the model-based
3| g8 8 . . 7-10 12 14-21
S| sso ” e studies varied between 1.2 and 4.0.""
= > = c . . o .
R Egﬁ g § § Furthermore, so-called superspreaders (ie, individuals
Q = . . . .
2ja@s?] - ° @ that infect numerous other individuals, and consequently
o . . « . .
3 3 have a high individual R) were discussed in context of
-E £ 8
e 28 5 the SARS-CoV-2 pandemic. Tracing these superspreaders
.. o8| sg 8 p g persp
£ %2 e 2 g is key in containing outbreaks. Hence, it is warranted to
o = o qe .
sS85 55 £ use bidirectional CTAs to trace these superspreaders, and
e5c| &3 o E persp
g5 8| Ec > c advise them to immediately enter quarantine on identifi-
] g s y q
: cation.'*#
E .
o
(2] %) [0}
3 > o . .
-% 3|3 ES 8 Critical appraisal
5| = S ] Risk of bias in the two empirical studies was judged to
| EE(D 8 : wo emp judg
o £ v be high (table 3). Confounding variables (such as
£ £ 5 g g
g 5 " ” ° E smoking, work status and income) were insufficiently
g 8 T ) 2 c taken into account given the explanatory and observa-
30| 0 © o o g p y
3 2El@ 2 ° B tional nature of these empirical studies. It was also unclear
Tﬂ' -_— < © = _g p
© T e how missing (outcome) data were dealt with.
E = -5 | 8 g 8 .
2 2 ©8 e ©°3|<& e Most model-based research was judged to have a low
3 = 5 = ©
3 £233/8258 | ¢ 5 risk of bias (table 4). Three of the 15 studies had a high
e E|roerome=a = % risk of bias due to the lack of use of empirical distribu-
—_ (@] . . . . .
é 2 @ 3 tions for variables, the limited number of scenarios anal-
c © . . . .
2 g8 © $ g ysed and insufficient transparency regarding reporting of
o o et
& .§ 2|8 e 2 £ the model.'' 2!
o <®| o © 2 o
2 & S
K] %] c = = % H
o| & 5 5 £ g Synthesis of results
Sl 2s |3 = g ; . o .
gl % |G = £ o Evidence from empirical studies
© S5 c c 2 o .. . . .
o Tc_| g g © @ Two empirical comparative observational studies assessed
5| ®&E 3 5 P P
8 T T £ B the effectiveness of CTAs compared with a control grou
= S : P24 srotp
3z 2 8 that did not use CTAs (table 1). One study looked at
) . . . . .
N c 2 £ effectiveness of a text warning system used in 627 386 indi-
° ° ° = . . .
8 g’% § ‘g g i viduals who came in contact with a SARS-CoV-2 exposed
c @ = ° . . .
8 S=| 5 S 3 > population, and compared it to the general population
o T | WL [ = ) ’ s
5 % s of Taiwan who did not use such a warning system.'” They
+ o . . . . .
2 " @ g u showed a reduction in incidence of respiratory syndrome
E.| 2 @ g 4 i p y Sy
58| 2 o e & . O from 19.23 to 16.87 per 1000 individuals. They also
S| B = o) -
8|5 5 g 2 £ ¥ . N
N 582 2 SE= cgss showed a reduction in pneumonia incidence from 3.81
o @ ® 2 5 4 . .. .
g 28|38 8 §% 2% Ef 3 to 2.36 per 1000 individuals.'” The second observational
o O B ] . . . . .
2 5 5 ge gggg 2 study investigated the introduction and adoption of a
= ° T - O ¢ 5 . .. D)
2 E 2 3 g,é §§ §§ Test and Trace” app by 34000 individuals living on the
0L ® = o . .
2 ol 8 o EG8Ecgd Isle of Wight (UK), and compared the estimated value of
g p
< al & @ 5EE0 588 . . . .94
5 | £ 2| 8 & ga2se g R in that region to that in the general UK population.
S S| = iy 220 Co .
g § § g g 282 égé’? The CTA marked individuals as positive based on self-
S Joe] %0 . .. .
-% = =2 < g2 :ngg £ reporting of symptoms. Individuals that came in contact
«© 2 E oS . . .« . .. . .
8 5 58 o 3GEZ with an individual marked as positive were provided with
s I £E2868% social distancing advice. The study found that R was
o g8 82 | geiizss N
) S S8 = = 58 59 ° g reduced from 1.3 to 0.5 after implementation of the CTA.
-_— = L ol TE® s Q . . . . . .
= 3|3 ] E g 3 §§§§ EZ Within 2-3 weeks after implementation, incidence of
k=2 k=2 St . .
= 21 @ FResT SARS-CoV-2 diagnoses declined by around 90%.**
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Table 3 Critical appraisal of empirical studies

Information bias:

intervention Information bias: Overall
Selection bias: Selection bias:  misclassification/non- misclassification risk of
Study Confounding? participants? missing data? compliance? of the outcome? Other concerns? bias
Chen 2020 (peer- Yes* No Unclear No Unclear None High
reviewed)?
Kendall 2020 (peer- Yes No Unclear No No Competing interests  High
reviewed)?* and funding not

reported

Critical appraisal empirical epidemiological studies looking at effectiveness of contact and tracing apps for SARS-CoV-2.

*Only adjusted for age.

Evidence from model-based studies

Effecton R

Effectiveness of a 1-step-contact tracing in reducing R can
be approached using the following formula:

R.=Rx (1-p®xf)

Here, R is the reproduction number when a CTA is
used, R is the reproduction number without the use of
a CTA, p is the proportion of the population using the
CTA and f is the combination of other factors that affect
effectiveness of notification by the CTA. Such factors
include, but are not limited to: delay between CTA

notification and testing, delay between testing and test
result, delay between reception of test result and entry of
that result in the CTA, compliance to interventions (eg,
self-quarantine), and the proportion of infections that
occur presymptomatically or asymptomatically. Note that
p occurs as a quadratic term, which reflects the fact that
both infector and infectee have to use the CTA for the
transmission to get traced.

Nine of the 15 model-based studies assessed the effect
of CTAs on reduction of R.® ' 10181921 CTAs were able
to control an ongoing outbreak or epidemic through

Table 4 Critical appraisal of model-based studies

Were various different

Were empirical
distributions used for a
varying infectiousness

scenarios evaluated
for important model
assumptions and

Were models
reported

transparently? (ie, Overall study

Study since time of infection? parameter values? no black box) Other concerns? validity

Bradshaw 2020 (peer-reviewed)  Yes Yes Yes External funding* High

Bulchandani 2020 (preprint)7 No Yes Yes Competing interests and funding not High
reported

Cencetti 2020 (preprint)® Yes Yes Yes No High

Currie 2020 (peer-reviewed)'” Yes Yes Yes No High

Ferrari 2020 (peer-reviewed) No Yes Yes Competing interestst High

Ferretti 2020 (peer-reviewed)'® Yes Yes Yes No High

Grimm 2020 (preprint)® No Yes Yes No High

Guttal 2020 (preprint)™ Yes Yes Yes Competing interests and funding not High
reported

Kretzschmar 2020 (peer- Yes Yes Yes No High

reviewed)'®

Kucharski 2020 (peer-reviewed)'*  Yes Yes Yes Fundingt, though no influence of High
funder on study results

Kurita 2020 (peer-reviewed) No No§ Unclear Type of model used unclear Low

Nuzzo 2020 (peer-reviewed)® No No§ Yes Potential competing interests| Low

Pollmann 2020 (preprint)'? Yes Yes Yes Competing interests and funding not High
reported

Scott 2020 (peer-reviewed) Yes Yes Yes Funding* High

Shamil 2020 (preprint)'” No Yes Unclear No Low

Critical appraisal model-based studies looking at effectiveness of contact and tracing apps for SARS-CoV-2.
*This work was supported by gifts from the Reid Hoffman Foundation and the Open Philanthropy Project (to KME) and cluster time granted by the COVID-19 HPC consortium
(MCB20071 to KME). ECA was supported by a fellowship from the Open Philanthropy Project. ALL is supported by the Drexel Endowment (NC State University). The funders had no

role in the research, writing or decision to publish.

TES works for Bayer, is collaborating to COVID-19 Safe Paths app, by MIT, and advising LEMONADE tracing app, by Nuland. ASC works for Roche Pharma. MTF is a consultant for

Ely Lilly.

FWellcome Trust, UK Engineering and Physical Sciences Research Council, European Commission, Royal Society, Medical Research Council.
§Scenarios were limited only to variation in rate of adoption of the contact and tracing app and voluntary quarantine.
9IDr Raskar is the founder of a non-profit to facilitate digital contact tracing. The other authors report no potential competing interests.

**Funding by the Burnet Institute.
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quicker and more efficient feedback of a positive test
result, and by notifying close contacts of a positively
tested individual."”'® "’ This speed and efficiency were not
feasible using traditional manual contact tracing.'® New
outbreaks could be controlled (ie, RC<1.O) by CTAs, by
combining them with quarantine or self-isolation inter-
ventions, provided that hygiene and social distancing
measures are maintained.® '* '* *' CTAs were able to
reduce R by 0.3 more than traditional manual contact
tracing, provided that feedback about contact with a posi-
tively tested individual is given to all contacts of the index
case of the preceding 7days.'” Another model-based
study demonstrated that a CTA with 20% adoption rate
reduces R by 17.6% compared with no contact tracing,
whereas traditional manual contact tracing reduced R by
2.5% compared with no contact tracing.'” This study also
demonstrated that a CTA is able to reduce the R further,
even when social distancing has already reduced R to 1.2.
In this situation, R can be reduced further by 30%—0.8
when CTA adoption rate is 80%." Another model-based
study determined that 60% adoption rate of a CTA could
result in an R below 1.0."! In one study, adoption rate of
53% resulted in a 47% reduction in R when the complete
household of an individual with a positive test result is
advised to be quarantined." The last study looking at
effect of CTA on R showed that only at 60% adoption
rate of the app a significant beneficial effect on R would
become apparent.12 When R is high (eg, 3.0), and a
considerable proportion of individuals is asymptomatic
(eg, 40% of all infections), CTAs need to be combined
with other interventions (such as social distancing and
random testing) to be able to lower the R below 1.0."
Potential for CTAs to reduce R is not only dependent on
the adoption rate of the app, but also on (effectiveness
of) various other measures that are provided after a posi-
tive notification, the delay between positive notification
and opportunity for testing, and delay between receiving
a positive test result and sharing that result through the
CTA.”°'” One study found that the percentage of prevent-
able infections by one individual strongly depends on the
time delay between CTA notification and the ability to be
tested.'” When there was no delay (ie, 0days) 79.9% of
infections could be prevented, compared with 41.8% and
4.9% for 3 and 7 days delay, respectively.

Effect on total number of infections

Eight of the 15 model-based studies assessed the
effect of CTAs on reducing the total number of infec-
tions.* ! 1 1718 20 o studies indicated that the success
of CTAs in reducing the total number of infections could
only be ensured with a high adoption rate of that app.®*
Another study showed that with a high CTA adoption rate
of 75%, there would be no more new infections occur-
ring within 3 months after implementation.' It was found
that adequate hygiene and social distancing measures
are needed to enable CTAs to reduce the total number
of infections.® ¢ 17 18 Especially in areas where there is
low compliance to social distancing, a sufficiently high

adoption rate of a CTA is essential to maintain control of
an outbreak.”

The height of the peak number of new infections can,
according to one study, be reduced by half with a 50%
adoption rate of a CTA,' whereas another study showed
that this could be achieved with an adoption rate as low
as 20%.%" Another study demonstrated that at 27% CTA
adoption rate, a quarter of all new infections can be
prevented.'” However, according to another study that
used a similar adoption rate, the number of infections
would stabilise, but the epidemic would be maintained by
core groups in densely populated areas.'® There may be a
period of time of more than 2months between implemen-
tation of interventions (such as CTAs) and the effect of
that implementation on the total number of SARS-CoV-2
infections."

Effect on number of hospitalisations

None of the 15 model-based studies assessed the effect of
CTAs on the number of hospitalisations due to SARS-CoV-2
infection, possibly because the number of hospitalisations
is expected to be proportional to the number of infec-
tions, only with a time-delay. A German study did look
into the effect of a CTA on the number of days that inten-
sive care unit (ICU) capacity was exceeded.” They found
in their simulations that—based on the German popula-
tion, and assuming an ICU capacity of 24 000 beds—a
CTA adoption rate of 20% would prevent exceedance
of ICU capacity at any point in time. In contrast, if no
contact tracing (either manual or digital) would be used,
ICU capacity would be exceeded on a quarter of days.

Effect on mortality rate

Three of the 15 model-based studies assessed the effect
of CTAs on mortality rate.” '®*’ One study demonstrated
that a high adoption rate (80%) of a CTA would result in
an 85% reduction in mortality rate, over a period of 500
days.” Another study found that a low CTA adoption rate
(25%) is associated with a 10% decrease in mortality rate,
an average adoption rate (50%) with 25% decrease, and
a high adoption rate (75%) with 40%-60% decrease.'® A
third study showed that at 40% adoption rate, during the
peak of an outbreak, a reduction in number of deaths by
97% could be achieved.”

DISCUSSION

Empirical evidence regarding the effectiveness of using
CTAs for detection of SARS-CoV-2is still limited. Currently,
no randomised studies have been performed, and only
two observational comparative studies were identified in
this systematic review. Although some benefits of using
CTAs for detection of SARS-CoV-2 were observed, both
studies were deemed to be of low methodological quality.
However, the results of these studies were in accordance
with the 15 included, higher quality, model-based studies
assessing effectiveness of CTAs. These studies showed that
CTAs can be effective and a valuable addition to manual

12

Jenniskens K, et al. BMJ Open 2021;11:€050519. doi:10.1136/bmjopen-2021-050519

"1ybBuAdoo Aq parosloid 1senb Aq TZ0zZ ‘6T 1290190 uo jwod wq uadolwg//:dny wolj papeojumoq ‘120z AINC 2T U0 6TS0S0-TZ0z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado CING


http://bmjopen.bmj.com/

contact tracing. CTA use resulted in a lower R, lower total
number of infections, and lower mortality rate. These
reductions were already observed at relatively low adop-
tion rates (eg, 20%), though higher adoption rates of
CTAs resulted in greater reductions. Shortening delays
between CTA notification and diagnostic testing may
increase its effectiveness.

Strengths and limitations

This rapid systematic review assesses key features, quality,
and main clinical and epidemiological outcomes of a set
of studies, both empirical and model-based, on effective-
ness of CTAs for SARS-CoV-2. To our knowledge, no such
systematic review has been published, assessing these
specific properties. Methodological quality of empirical
studies was assessed using standardised tools. No such
tool was available in literature for model-based studies,
and as such a set of key features used in other systematic
reviews on this topic was used. This set was validated by
experts in mathematical modelling.

To fully appreciate the findings from this systematic
review, some considerations should be taken into account.
First, the set of studies identified in the literature search
may not be comprehensive. Studies on SARS-CoV-2 are
published at a rapid, almost daily, basis in various online
repositories. Although we cannot ensure that all studies
on the effectiveness of CTAs for SARS-CoV-2 have been
identified, we believe that the set of included studies that
we have identified is a representative sample.

Furthermore, effectiveness of CTAs for SARS-CoV-2
described in model-based studies is complex. Numerous
input variables used in the models interact with one
another, and consequently affect effectiveness of, for
example, adoption rate of CTAs on clinical or epidemi-
ological outcomes. Summarising these findings into a
general effectiveness is difficult, and will always suffer
from simplification of a system of complex interactions.
Though we feel that providing some (conditional) find-
ings from these studies will help provide some general
insight in the impact CTAs can have on clinical and epide-
miological outcomes for SARS-CoV-2.

CONCLUSION AND IMPLICATIONS FOR FURTHER RESEARCH

Current evidence on the effectiveness of CTAs for
SARS-CoV-2 is predominantly based on modelling studies,
which indicate that there is potential in beneficially
affecting key clinical and epidemiological outcomes.
High-quality empirical evidence, either from experi-
mental or methodologically sound observational studies,
is needed in order to be able to draw more robust conclu-
sions regarding effectiveness of CTAs for SARS-CoV-2.
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