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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

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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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.

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

11

1ybuAdoo
Aq pesioid “Areiqiy Ausianiun yoann e gzoz ‘¢ Arenuer uo /wodfwg-uadolwqy/:dny woly papeojumod "TZ0zZ AINC ZT U0 6TS0S0-TZ0Z-uadolwa/9eTT 0T St paysiignd 1s1y :usdo CING


http://bmjopen.bmj.com/

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
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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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Supplementary file 1. Search strategy

Search strategy

On October 28th 2020 the comprehensive set of studies included in the COAP database
(available on https://ispmbern.github.io/covid-19/living-review/collectingdata.html) was
loaded in Endnote X9.

The dataset consisted of 82,401 references related to research on COVID-19. The following
search was performed within this dataset:

(contact OR tracing OR track OR tracking OR warn OR warning) AND
(smartphone OR app OR smartwatch OR device OR mobile OR smart phone OR bluetooth
OR wearable OR iphone OR cell phone)

Background COAP database

The COAP database is a repository provided by Bern University, in which studies related to
COVID-19 are incorporated. (available on https://ispmbern.github.io/covid-19/living-
review/collectingdata.html)

Studies included in this repository are extracted on a daily basis from EMBASE (OVID), MEDLINE
(PubMed), BioRxiv, and MedRxiv. References that are not yet available in the repository are
added based on the date of publication provided by the aforementioned databases. The date
on which the reference is added to the COAP database is included under the heading
‘strategydate’.

Search strategies used for the COAP database are updated on a regular basis. An overview of
these updates can be found below.

Initial search: 01.01.2020

MEDLINE

("Wuhan coronavirus" [Supplementary Concept] OR "COVID-19" OR "2019 ncov"[tiab] OR
(("novel coronavirus"[tiab] OR "new coronavirus”[tiab]) AND (wuhan[tiab] OR 2019][tiab])) OR
2019-nCoV[All Fields] OR (wuhan[tiab] AND coronavirus[tiab])))))

EMBASE
ncov OR (wuhan AND corona) OR COVID

BioRxiv/MedRxiv
ncov or corona or wuhan or COVID
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Update #1: 26.03.2020

MEDLINE

("Wuhan coronavirus" [Supplementary Concept] OR "COVID-19" OR SARS-CoV-2 OR "2019
ncov"[tiab] OR (("novel coronavirus"[tiab] OR "new coronavirus"[tiab]) AND (wuhan[tiab] OR
2019[tiab])) OR 2019-nCoVJAll Fields] OR (wuhan[tiab] AND coronavirus[tiab]))

EMBASE
(nCoV or 2019-nCoV or ((new or novel or wuhan) adj3 coronavirus) or covidl9 or covid-19 or
SARS-CoV-2).mp.

BioRxiv/MedRxiv

ncov or corona or wuhan or COVID or SARS-CoV-2

With the kind support of the Public Health & Primary Care Library PHC, and following
guidance of the Medical Library Association

Update #2: 01.04.2020
From 01.04.2020, we retrieve the currate BioRxiv/MedRxiv dataset Link

Update #3: 29.04.2020

MEDLINE

("coronavirus"[MH] OR "coronavirus infections"[MH] OR "coronavirus"[TW] OR "corona
virus"[TW] OR "HCoV"[TW] OR "nCov"[TW] OR "covid"[TW] OR "covid19"[TW] OR "Severe
Acute Respiratory Syndrome Coronavirus 2"[TW] OR "SARS-CoV2"[TW] OR "SARS-CoV
2"[TW] OR "SARS Coronavirus 2"[TW] OR "MERS-CoV"[TW]) AND (2019/1/1:3000[PDAT])

Update #4: 01.05.2020

EMBASE

(SARS coronavirus/ or middle east respiratory syndrome/ or severe acute respiratory
syndrome/ or (coronavirus* or corona virus* or HCoV* or ncov* or covid or covidl9 or sars-
cov* or sarscov* or Sars-coronavirus* or Severe Acute Respiratory Syndrome
Coronavirus*).mp.) and 20191201:20301231.(dc).

Update #5: 30.10.2020

EMBASE

(exp SARS-related coronavirus/ or severe acute respiratory syndrome/ or coronavirus disease
2019/ or (coronavir* or corona virus* or HCoV* or ncov* or 2019 cov or covid or covidl9 or
sars-cov* or sarscov* or sars-coronavirus* or Severe Acute Respiratory Syndrome
Coronavirus* or nCoV).mp.) and 20191101:20301231.(dc).
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MEDLINE

("severe acute respiratory syndrome coronavirus 2"[Supplementary Concept] OR "COVID-19"
[Supplementary Concept] OR "coronavirus" OR "corona virus" OR "HCoV" OR "nCoV" OR
"2019 CoV" OR "covid" OR "covid19" OR "Severe Acute Respiratory Syndrome Coronavirus 2"
OR "SARS-CoV2" OR "SARS-CoV 2" OR "SARS Coronavirus 2") AND
(2019/11/01:3000/12/31[PDAT])
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Supplementary file 2. Method for critical appraisal of empirical studies

Method used for critical appraisal of empirical epidemiologic studies

Confounding

Have the authors identified all important confounding factors? Yes / No / Unclear

Were the identified confounding factors adjusted for in the design and/or analysis? Yes / No
/ Unclear

- Model-based adjustment of confounders

- Stratification

- Matching

- No adjustment required (randomization)

Selection bias

Was patient exposure / intervention status at inclusion likely to result in bias? Yes / No /
Unclear

- Non-randomized study

- Randomized study with issues regarding allocation concealment or non-random sequencing

- Stringent exclusion criteria

Was missing data or loss to follow-up during the study likely to result in bias? Yes / No /
Unclear

- Missingness likely not completely at random (i.e. not MCAR or % of missingness different between
groups)

- No methods described for handling missingness (i.e. imputation)

- Other methods explored to prevent missingness (i.e. cross checking data sources)

Informationbias

Was measurement of exposure / administration of the intervention likely to result in bias? Yes
/ No / Unclear

- Blinding

- Standardization

- Objective

- Non-compliance

- Breaking protocol

Was measurement of outcome likely to result in bias? Yes / No / Unclear
- Blinding

- Standardization

- Objective (note: if this is the case item should be scored 'No')

Other concerns? FREE TEXT

Items to consider (but not limited to)
- Reporting bias
- Conflict of interest
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Supplementary file 3. Method for critical appraisal of model-based studies

Method used for critical appraisal of model based studies

Were empirical distributions used for a varying infectiousness since time of infection?
Yes / No / Unclear
Keywords indicating distributions were used

e Weibull

e Log-normal

e Exponential distribution

Were various different scenarios evaluated for important model assumptions and
parameter values? Yes / No / Unclear
Keywords indicating uncertainty was taken into account

e Sensitivity analysis

e Scenario analysis

Were models reported transparently? (i.e. no black box) Yes / No / Unclear
Key elements indicating that model can be reproduced

e (differential) Equation specified

e Behavior of agents specified

e Graphic representation of model

e All variables and distributions specified

Other concerns? FREE TEXT
Items to consider (but not limited to)
e Reporting bias
e Conflict of interest
o lllogical properties of the model not captured by the criteria above
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Supplementary file 4. Flowchart study selection

Flowchart regarding selection of studies looking at effectiveness of contact- and tracing apps for

SARS-CoV-2
)
Records available in
the COAP database
n=382,401
=
.0
=]
(0]
g l
s
=]
f=
3
= Records identified through
searching COAP database
n=2,140
—
)
A
b0
g Records screened R Records excluded
d n=2,140 - n=2,059
5]
wv
—
)
v Full-text articles excluded n = 64
z Full-text articles assessed Wrong article type n=17
E for eligibility »| Wrong outcome n=9
5o n=81 App without tracking n =15
No app or individual
feedback n=19
Full text not accessible n=2
— Duplicate n=2
)
\ 4
° Studies included for
= critical appraisal and
° data extraction
- n=17
—
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Supplementary file 5. Excluded studies

Studies not meeting inclusion criteria after full text screening, and excluded from analyses (n=64)

Reference Reason for exclusion ‘
Aleta 2020 No app or individual feedback

Aleta 2020 No app or individual feedback

Ayres 2020 Wrong outcome

Bian 2020 Wrong article type

Bianconi 2020 Full text not accessible

Braithwaite 2020 Wrong article type

Braithwaite 2020 Duplicate

Braun 2020 Full text not accessible

Brooks-Pollock 2020

No app or individual feedback

Chan 2020 Wrong article type

Chen 2020 No app or individual feedback
Di Domenico 2020 No app or individual feedback
Drake 2020 Wrong article type

Drew 2020 App without tracking
Fateh-Moghadam 2020 App without tracking

Fenton 2020

Wrong outcome

Firth 2020 No app or individual feedback
Gozzi 2020 App without tracking

Grantz 2020 Wrong outcome

Giiemes 2020 App without tracking

Haller 2020 Wrong article type

Huang 2020 Wrong outcome

Hussein 2020 No app or individual feedback
Jian 2020 Wrong outcome

Kassaye 2020 App without tracking

Kendall 2020 Duplicate

Khataee 2020 Wrong article type

Kogan 2020 Wrong outcome
Kretzschmar 2020 Duplicate

Lambert 2020 Wrong article type

Leith 2020 Wrong article type

Liu 2020 No app or individual feedback

Maghdid 2020

Wrong article type

Marin-Garcia 2020

Wrong article type

Menni 2020 App without tracking
Menni 2020 App without tracking
Milenkovic 2020 No app or individual feedback
Mishra 2020 App without tracking
Morley 2020 No app or individual feedback
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Nagarajan 2020

No app or individual feedback

Ni Lochlainn 2020

App without tracking

Pépin 2020

Wrong outcome

Petrellis 2020

Wrong article type

Ranjan 2020

App without tracking

Ruediger 2020

No app or individual feedback

Salathe 2020 Wrong outcome

Sattler 2020 Wrong article type

Serafino 2020 App without tracking

Sun 2020 App without tracking

Sun 2020 No app or individual feedback
Szocska 2020 No app or individual feedback
Unwin 2020 No app or individual feedback
Vannoni 2020 No app or individual feedback
Varsavsky 2020 No app or individual feedback
Vinceti 2020 App without tracking

Wallentin 2020

Wrong article type

Whaiduzzaman 2020

Wrong article type

Wilson 2020 Wrong article type

Wong 2020 Wrong article type

Yabe 2020 No app or individual feedback
Yap 2020 Wrong outcome

Yasaka 2020 Wrong article type

Zens 2020 App without tracking

Zhan 2020 No app or individual feedback
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