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Abstract

Background: Several countries have released digital proximity tracing (DPT) apps to complement manual contact tracing for
combatting the SARS-CoV-2 pandemic. DPT aims to notify app users about proximity exposures to persons infected with
SARS-CoV-2 so that they can self-quarantine. The success of DPT apps depends on user acceptance and the embedding of DPT
into the pandemic mitigation strategy.

Objective: By searching for media articles published during the first 3 months after DPT launch, the implementation of DPT
in Switzerland was evaluated to inform similar undertakings in other countries. The second aim of the study was to create a link
between reported DPT implementation challenges and normalization process theory for planning and optimizing complex digital
health interventions, which can provide useful guidance for decision-making in DPT design and implementation.

Methods: A Swiss media database was searched for articles on the Swiss DPT app (SwissCovid) published in German or French
between July 4 and October 3, 2020. In a structured process, topics were extracted and clustered manually from articles that were
deemed pertinent. Extracted topics were mapped to four NPT constructs, which reflected the flow of intervention development
from planning, stakeholder onboarding, and execution to critical appraisal. Coherence constructs describe sense-making by
stakeholders, cognitive participation constructs reflect participants’ efforts to create engagement with the intervention, collective
actions refer to intervention execution and joint stakeholder efforts to make the intervention work, and reflexive monitoring refers
to collective risk-benefit appraisals to create improvements.

Results: Out of 94 articles deemed pertinent and selected for closer inspection, 38 provided unique information on implementation
challenges. Five challenge areas were identified: communication challenges, challenges for DPT to interface with other processes,
fear of resource competition with established pandemic mitigation measures, unclear DPT effectiveness, and obstacles to greater
user coverage and compliance. Specifically, several articles mentioned unclear DPT benefits to affect commitment and to raise
fears among different health system actors regarding resource competition. Moreover, media reports indicated process interface
challenges such as delays or unclear responsibilities in the notification cascade, as well as misunderstandings and unmet
communication needs from health system actors. Finally, reports suggested misaligned incentives, not only for app usage by the
public but also for process engagement by other actors in the app notification cascade. NPT provided a well-fitting framework
to contextualize the different DPT implementation challenges and to highlight improvement strategies, namely a better alignment
of stakeholder incentives, or stakeholder-specific communication to address their concerns about DPT.

Conclusions: Early experiences from one of the first adopters of DPT indicate that nontechnical implementation challenges
may affect the effectiveness of DPT. The NPT analysis provides a novel perspective on DPT implementation and stresses the
need for stakeholder inclusion in development and operationalization.

(JMIR Mhealth Uhealth 2021;9(2):e25345) doi: 10.2196/25345

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e25345 | p. 1https://mhealth.jmir.org/2021/2/e25345
(page number not for citation purposes)

von WylJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mailto:viktor.vonwyl@uzh.ch
http://dx.doi.org/10.2196/25345
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

epidemiology; normalization process theory; implementation; digital health; digital proximity tracing; digital contact tracing;
COVID-19; app; surveillance; implementation; tracking; tracing; framework

Introduction

The Use of Digital Tools for Pandemic Mitigation
The current SARS-CoV-2 pandemic is one of the first global
events in which digital tools have played a prominent role in
epidemiological crisis management [1,2]. Earlier attempts to
operationalize digital tools for infection control included
crowdsourced surveillance applications for influenza (eg, [3])
or the Zika virus [4]; however, these attempts often met with
limited success due to recruitment or reporting adherence
challenges [5-7]. In the current SARS-CoV-2 pandemic, digital
tools that rely on passive contact sensing have gained significant
traction to support manual contact tracing (MCT). Often referred
to as digital proximity tracing (DPT), these technologies aim
to facilitate contact tracing by storing proximity contacts or
visited locations through apps or wristbands [8]. Some
applications rely on a GPS to track movements; however, they
have the downside of not preserving privacy (in cases in which
the movement data are stored centrally) and only operate within
the technical limitations of GPS (eg, accuracy limitations,
limited operability in buildings) [9].

A more novel approach to proximity tracing is based on
peer-to-peer tracking, such as through Bluetooth low energy
beacons [10]. In this approach, apps send out signals that include
a user-specific identification number, which are then received
by smartphones within a certain radius [11]. The signal strength
correlates with proximity (the stronger the signal, the closer the
sending device), which can be leveraged to determine proximity
contacts that occurred within a distance that potentially enables
SARS-CoV-2 transmission. If one of the proximity contacts
tests positive for SARS-CoV-2, all other app users with relevant
proximity within the window of infectivity are warned by the
app. While the accuracy is not perfect, it appears to be fit for
the purpose of DPT [11,12], as also evidenced by reports of
alerted app users who tested positive (eg, [13]).

Implementation Challenges of DPT
Several countries are developing or employing DPT smartphone
apps (eg, those listed in [9,14]). Early on, it was recognized that
DPT needs to respect privacy [15], gain public trust [16], and
adhere to ethical standards [17] to obtain a critical mass of app
users required to have a significant impact on SARS-CoV-2
transmission [10]. Indeed, public surveys, some of which were
conducted prior to app release, found that user acceptance of
DPT strongly depends on privacy guarantees and public trust
in app developers and sponsors [18-20]. Moreover, analyses of
early DPT implementations, for example in Australia, suggest
that technical aspects (eg, battery consumption, the need for
apps to run in the foreground [21]) as well as persistent
misconceptions [22,23] also play roles in user decisions and
may hinder wide adoption. Therefore, privacy and trust
deliberations have steered many of the academic [24] and public
[25] debates as well as design decisions [26,27] related to DPT.

The following paragraphs of the introduction summarize some
of these considerations before moving on to addressing the aims
and contribution of this analysis. The first aim of this study was
to compile and contextualize media debates regarding DPT
implementation and effectiveness in Switzerland so that other
countries can benefit from the experiences of one of the earliest
DPT adopters. The second aim was to create a link between
reported DPT implementation challenges with frameworks for
analyzing complex digital health interventions, which can be
useful to guide DPT design and (nontechnical) implementation
decisions.

Centralized Versus Decentralized DPT
In the beginning, two initiatives presented possible DPT
architecture designs, and they differed by their degree of data
decentralization. Decentralization means that
Bluetooth-measured proximity contacts are only stored locally
on the smartphone (an approach promoted and developed by
the Decentralized Privacy-Preserving Proximity Tracing
[DP-3T] consortium) [27]. By contrast, the centralized DPT
concept proposed by the Pan-European Privacy-Preserving
Proximity Tracing (PEPP-PT) initiative [26] also foresees
contact information storage (static personal identifier numbers)
on a central server, thus potentially enabling the gleaning of
information about a user’s contact network [14]. These plans
for centralized contact data storage led to privacy concerns and
ensuing fears of lower population adoption rates, not only in
public and academic circles [15] but also among major tech
companies such as Google and Apple, who eventually decided
to support the decentralized DPT architecture through the
provision of smartphone application programming interfaces
(APIs) [28]. As a consequence, many countries followed suit,
with a majority of deployed DPT apps now being based on the
decentralized DPT design [9]. In decentralized DPT, proximity
contacts are evaluated locally on smartphones. The only data
sent to a central server are anonymous random identifiers of
persons with confirmed SARS-CoV-2 infection. These
“infectious” identifiers are downloaded by all other users and
compared against the locally stored identifiers of proximity
encounters. If a match is found, users are notified and
information on further steps is provided.

DPT Is a Complement to Manual Contact Tracing
Manual contact tracing (MCT) is a cornerstone of many
countries’ public health responses to SARS-CoV-2 (including
Switzerland [29]). DPT is designed as a complement to MCT
because it has distinct advantages. Specifically, DPT can warn
exposed contacts much faster, warn multiple contacts
simultaneously, and reach contacts not personally known to the
index case [30]. By contrast, MCT identifies index case contacts
through interviews, which is a labor-intensive process [31].
Given that exposed contacts enter quarantine upon app
notification, the speed advantage of DPT should also lead to a
faster interruption of transmission chains [10,32]. However, to
achieve the desired goals, DPT needs adequate embedding in
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a country's overall test-trace-isolate-quarantine (TTIQ) response
against the epidemic [29,33]. Furthermore, MCT remains
indispensable because it enables better identification of
transmission chains (eg, by including persons who do not use
a DPT app) to assert prevention adherence (eg, compliance with
mandatory isolation or quarantine) and obtain vital information
about the time and setting of transmissions, thus providing
valuable epidemiological data [31].

Implementation of DPT in Switzerland
Switzerland was one of the first countries to release its own
DPT app (the SwissCovid app) on June 25, 2020, based on the
decentralized, privacy-preserving proximity tracing architecture
(DP-3T) [27]. The overall principle of the SwissCovid

notification cascade is illustrated in Figure 1. Of note, the app
notification sequence involves multiple actors, including the
testing laboratory, the physician ordering the test, MCT (which
also generates the “CovidCodes,” that is, the authentication
codes to be uploaded by the positive tested user), and an infoline
that notified users are recommended to call. Although the
SwissCovid infoline is centralized, MCT is organized at the
level of the 26 cantons. The operational lead of MCT resides
with the cantonal physician. Testing laboratories are decentrally
organized private or public institutions. Guidelines and reporting
forms are in place to inform the Federal Office of Public Health
and the responsible cantonal health authorities about each newly
detected SARS-CoV-2 case.
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Figure 1. Steps in the notification cascade of digital proximity tracing. An infected person A tests positive for SARS-CoV-2 (red test tube), is referred
to MCT, and receives and uploads a CovidCode to warn other app users. Person B was in close proximity and may have been infected. This person
receives the app notification, upon which she has several options: calling an infoline (1), which is the recommended option, receiving a free test (2),
and staying home voluntarily (3). MCT: manual contact tracing.

App-notified users have several options on how to proceed. The
app notification suggests calling an official infoline. The infoline
informs users that they are eligible for a free test after exposure
notification and inquires more specifically about the potential
risk of exposure. If indicated, the infoline recommends a
voluntary quarantine (Step 1 in Figure 1). By comparison, MCT
can result in order and enforcement of mandatory quarantine,
but with salary compensation for working persons. Furthermore,
notified app users can also directly request a free polymerase
chain reaction (PCR) test (Step 2, Figure 1) or voluntarily stay
at home without calling the infoline (Step 3, Figure 1), in which
case they would not appear in any statistics. In the first phase

after the app launch, the infoline could not directly refer callers
to the responsible cantonal authorities and MCT; however, since
September 2020, a respective agreement has been in place. Early
on, the infoline was also confronted with erroneous calls; for
example, some calls were triggered by an inaccurate translation
of “weekly update notification” in Apple iOS 13.6 [34].

Some of the notification cascade steps have relatively strict
timelines. Laboratories and attending physicians must report
positive PCR test results to the responsible cantonal physician
within two hours. The cantonal physician should generate the
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CovidCode and provide it to the infected app user, who has 24
hours to enter the code (after which the code expires).

Known Challenges to the Implementation of DPT
In implementation science, complex interventions are defined
as “consisting of multiple behavioral, technological, and
organizational components” [35]. As illustrated in Figure 1,
DPT fulfills this definition of complex public health
interventions because it involves several steps from laboratory
testing to communication of results, notification triggering,
notification receipt, and quarantine. Consequently, the success
of DPT hinges on an efficient cascade of notifications from
positive PCR test results to proximity contacts and involves app
users, SARS-CoV-2 testing laboratories, health authorities, and
possibly other actors. Therefore, seamless integration of DPT
into broader pandemic mitigation measures (eg, testing facilities)
and high app user compliance with recommended measures (eg,
trigger notifications, entering quarantine) is crucial, especially
in settings with voluntary DPT usage.

Emerging data provide early evidence for the effectiveness and
impact of DPT on the transmission dynamics of the pandemic
[36,37]. For Switzerland, the first studies about the performance
of SwissCovid, both in terms of individual notification cascade
steps and overall, paint a mixed picture. A recent report
demonstrated proof-of-principle for the technical infrastructure
of DPT [13]. Specifically, the study reports on at least 60
persons who were tested after an app notification and who were
found to test positive by PCR for SARS-CoV-2. However, the
same report also highlights some inefficiencies in the
notification chain as described above. For example, the number
of CovidCodes exceeds the number of entered codes by
approximately 50%, which—in part—is a result of the voluntary
nature of DPT: at each step, users can select whether or not to
use the app and undertake the recommended steps, without fear
of retribution. Along similar lines, a separate report examined
the uptake and reasons for nonuse of the SwissCovid app [23].
For example, higher monthly household income or being a
nonsmoker were associated with higher SwissCovid app uptake,
whereas older age, lack of trust in health authorities, or having
a non-Swiss nationality correlated with a lower uptake.
Furthermore, early media coverage of SwissCovid [25], as well
as a systematic review [38], unearthed some organizational
challenges for DPT implementation. This is not completely
surprising given the novelty and complexity of the intervention.
Combined, these reports underscore the relevance of
nontechnical implementation aspects for optimal DPT
functioning.

Normalization Process Theory to Guide Planning and
Implementation of Complex Digital Interventions
In other instances of complex intervention assessments,
normalization process theory (NPT) has proven useful to
systematically investigate the embedding of complex (digital)
health interventions [35,39]. NPT aims to explain and promote
factors that normalize an intervention, that is, to make it part of
routine practice. NPT is centered around four core constructs,
which also reflect the flow of an intervention development from
planning, stakeholder onboarding, and intervention execution
to critical appraisal [40]. Along this “life course” of an

intervention, the coherence constructs describe how individual
participants make sense of the implementation, cognitive
participation reflects the participants’collective efforts to create
commitment and engagement with the intervention, collective
action refers to the execution of the intervention and describes
the joint efforts of all actors to make it work, and reflexive
monitoring refers to collective appraisals of risks and benefits
and developing improvements by all actors [40].

Aims of the Analysis
To summarize, although some challenges and bottlenecks in
DPT implementation are already known, a systematic
compilation and framing of these implementation challenges is
largely lacking. Furthermore, it remains unexplored whether
and how generic digital health implementation frameworks help
to conceptualize these DPT challenges and inform possible
optimizations. Therefore, this analysis aimed to systematically
scrutinize media reports on SwissCovid for statements and
examples reflecting challenges to optimal intervention
functioning. A major goal of this analysis was to identify and
report challenges in the nontechnical implementation and
embedding of DPT. These early experiences may inform other
countries that are considering or actively implementing DPT
about possible challenges and optimization strategies.

Furthermore, by mapping the identified challenges to the NPT
constructs, the analysis also creates a link to the rich NPT
literature, which provides tools and frameworks to optimize the
adoption and effectiveness of digital health interventions.

Methods

Media Analysis
The present analysis was informed by Swiss media reports. The
Swissdox Essentials media database was searched from July 4
to October 3, 2020 [41]. This database covers all Swiss print
media and the most important web-based portals. Only entries
in German or French, languages that are spoken by 85% of
Swiss inhabitants [42], were considered. Using the search phrase
SwissCovid or ('Swiss Covid' AND app), the Swissdox database
was searched for unique print and web-based articles reflecting
independent journalistic investigations. That is, reprinted articles
or articles that referred to other articles without adding
information were excluded. Live ticker transcripts were also
excluded from our search.

Eligible articles were manually prescreened to determine
whether they reported on problems or inefficiencies of the
SwissCovid app. This screening process was facilitated by the
Swissdox database, which highlighted all sentences containing
the prespecified search terms. In a subsequent, more detailed
screening, the selected pertinent news articles were read
completely, and relevant sections were highlighted. During this
process, duplicate articles were removed (along with those that
simply paraphrased an earlier article), and topics were manually
extracted based on the following predefined topic list (informed
by subject knowledge of the author): problems referring to (a
lack of) communication, technical problems or confusion
regarding the app, issues related to the effectiveness of the app,
delays in receiving test results, delays in receiving CovidCodes,
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issues related to the infoline, lack of support from participants,
and competition for strained resources by SwissCovid. The key
issues regarding the SwissCovid app were summarized manually
and grouped by the author. All news article files are available
from the author upon request.

Linking of Reported Challenges With Normalization
Process Theory
Finally, the key challenges reported in the press articles were
contextualized and interpreted using the NPT questions
developed by Murray et al [39]. NPT was selected a priori as
an assessment framework based on findings in the literature.
The present study followed the guiding questions outlined by
Murray et al [39]. and considered the following stakeholders
involved in the DPT notification cascade in Switzerland
(henceforth also called “participants” to remain compatible with

NPT terminology): app users; SARS-CoV-2 testing laboratories;
cantonal health authorities and cantonal physicians who perform
MCT; the Federal Office of Public Health (FOPH), which is
the product owner of the SwissCovid app; and the infoline,
operated on behalf of the FOPH by a commercial telehealth
company. Mapping of DPT challenges to the different NPT
constructs was performed manually by the author.

Results

Findings From the Media Analysis
Figure 2 outlines the search process of the media database,
which resulted in a total of 38 articles deemed relevant for the
analysis. The key topics extracted from the selected articles are
outlined in Table 1 (with information on the 38 articles presented
in Multimedia Appendix 1).
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Figure 2. Flowchart of article selection from the Swissdox media database. NPT: normalization process theory.
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Table 1. Major topics identified in the selected articles.

Media reportsaTopicItem numberNameGroup

#22, #28, #53Need for optimization of app error messagesA1CommunicationA

#10, #32Communication concerning DPTb usage, privacy, and benefits could
be improved

A2

#29, #14Unmet communication needs by some participants in the notification
cascade, such as cantonal health authorities or physicians

A3

#2, #8, #14, #17Delays in CovidCode generationB1Interfaces and processesB

#20Unclear connection between infoline and cantonal health authoritiesB2

#29Legal hurdles for cantonal physicians to order a mandatory quarantine
based on app notification

B3

#14Following a change of testing criteria, some confusion about proce-

dures for obtaining free PCRc test upon app notification

B4

#61, #35Interference with work, such as nurses with proximity contacts to
patients infected with SARS-CoV-2

B5

#20Initial fears of cantonal authorities of being overwhelmed by persons
receiving app notifications

C1Competition for resourcesC

#29, #30Concerns that app development and operation will drain resources
from other pandemic mitigation efforts

C2

#5, #18Some disappointment when download numbers started to plateau;
fears that the number of active app users will not suffice for DPT ef-
fectiveness

D1Unclear effectivenessD

#18, #32, #14, #29Effect on pandemic mitigation still unclear for users and other partic-
ipants, such as cantonal physicians

D2

#5, #22The app does not work abroadE1Obstacles to higher user
coverage and compliance

E

#11, #12, #25Lingering fears regarding privacyE2

#12Temporary lower infection numbers reduced the urgency for app usageE3

#2, #28PCR-positive app users are not entering the CovidCodesE4

#57, #58App-notified users are not calling the infoline (and do not appear in
any statistics

E5

#42, #48Lack of personal incentives to use or regularly check the app status
(could be remedied, for example, by the inclusion of news updates
about pandemic); The app remains silent unless there is a notification

E6

a#ID refers to the individual media reports listed in Multimedia Appendix 1.
bDPT: digital proximity tracing.
bPCR: polymerase chain reaction.

Topic Extraction
A more detailed analysis of the 38 pertinent articles revealed
several challenges that largely fell into five topics: (1)
communication challenges, (2) challenges to optimal DPT
interfacing with other processes, (3) fear of competition for
limited resources with established pandemic mitigation
measures, (4) unclear effectiveness of DPT, and (5) obstacles
to greater user coverage and compliance (Table 1).

Several articles cited communication challenges (group A, Table
1). Some reports referred to confusing app error messages, the
need for intensified or improved communication to app users
about the benefits and processes involved in SwissCovid, and
a need for improved exchanges with other participants in the
intervention, particularly the 26 cantonal health authorities.

Most articles saw a solution for overcoming these challenges
through intensified communication by the FOPH (being the
SwissCovid product owner) with the public and other
participants.

Regarding operational challenges (group B, Table 1), the most
frequently echoed concern pertained to delays in sending
CovidCodes to SwissCovid users with positive PCR tests for
SARS-CoV-2. First media reports appeared in August 2020
after testimonies of persons who only received the codes after
significant delays. Later articles also reported on procedural
adjustments by cantonal health authorities to increase the speed
of CovidCode generation and delivery.

In the context of delays of CovidCode generation, other
processes, such as reporting of positive PCR test results by
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laboratories or access to testing, also came under scrutiny.
Thereby, further potential problems surfaced that could affect
the speed of the notification cascade. First, laboratories or
physicians ordering PCR tests may sometimes be unable to
adhere to the 2-hour timeline for communication of positive
test results to cantonal authorities (eg, due to high testing
volumes). Second, one physician stated that changing testing
criteria and guidelines may have created some temporary
confusion regarding procedures for accessing free testing by
app-notified persons, which was resolved shortly after. Third,
during the initial weeks after the app launch, the infoline was
unable to refer app-notified callers directly to their respective
cantonal health services for further evaluation. One article
quoted a cantonal physician, who stated data protection reasons
for this referral gap. Data protection was also stated as a reason
why some health authorities found it difficult to integrate DPT
into manual tracing procedures. According to one cantonal
physician, the (intended) inability of DPT to provide additional
data on the timing and place of potential exposure was
diminishing its value for manual contact tracers.

Furthermore, some articles reported on challenges for health
care workers to using the app, especially when they were
engaged in the care of patients infected with SARS-CoV-2.
Hospitals were concerned about frequent notifications (despite
personnel wearing protective gear) and ensuing confusion. Some
hospitals asked their employees to switch off SwissCovid while
at work.

The third group of topics (group C, Table 1) concerned the
resource situation on the part of the FOPH and the cantons. A
retired FOPH official and at least two cantonal physicians were
cited to have some doubts regarding DPT effectiveness and
were therefore concerned that DPT would compete for scarce
human resources at the FOPH and cantonal health authorities.
The initial referral gap between the infoline and cantonal health
authorities (cf group B) was, according to one source, driven
by concerns of cantons of becoming overwhelmed by
app-notified contacts.

The fourth cluster of challenges (group D, Table 1) pertained
to a perceived unproven effectiveness of DPT. Because DPT
was developed and released under immense time pressure and

with limited real-world testing, doubts about the usefulness and
contribution of DPT to pandemic mitigation persist. This
uncertainty could potentially create a vicious cycle: the target
population may not be inclined to use the app because of
unproven effectiveness, but without widespread use, its
effectiveness cannot be demonstrated. These concerns were
echoed shortly after the public release of SwissCovid, when the
number of active users seemed to plateau at approximately 1
million (on October 14, the SwissCovid app had 1.67 million
active users and 2.5 million downloads [43]). This perceived
lack of benefit was not confined to the public but also appeared
to exist among some health authorities. Statements by two
cantonal physicians alluded to views that DPT was considered
to be an additional burden with unclear benefits by some health
authority members.

The fifth cluster of topics (group E, Table 1) was related to user
coverage and compliance. In July 2020, several media outlets
reported on the plateauing (or even decreasing) user numbers
as well as on discrepancies in the numbers of generated and
uploaded CovidCodes (indicating that not all app users with
positive PCR tests chose to trigger notifications). Several
explanations were explored, such as lingering concerns about
privacy (with a need for better communication), low overall
case numbers of SARS-CoV-2 infections in July, or the inability
to use the SwissCovid app abroad (eg, during vacation). A
frequent conclusion by the media was a need for more
communication by the FOPH to address these privacy concerns
and to emphasize the potential benefits of the SwissCovid app.
With increasing active SwissCovid use and the first
manifestations of positive effects, these concerns moved
somewhat to the background but never disappeared entirely.

Mapping of Topics to NPT Constructs
Table 2 illustrates the mapping of identified topics to different
NPT constructs. Overall, the media analysis provided
information for most of the NPT questions. Except for topic E1
(“The app does not work abroad”), all topics mapped well to
specific NPT constructs and individual subquestions. Of the
individual topics, 10 fell into the Coherence construct, 5 into
the Cognitive Participation construct, 10 into the Collective
Action construct, and 3 into the Reflexive Monitoring construct.
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Table 2. Mapping of topics to normalization process theory constructs.

AssessmentTopic domains (cf Table 1)Normalization process theory construct

Coherence (making sense of the intervention, ie, meaning and sense-making by participants)

DPTa is difficult to explain; some misconceptions of what DPT should
achieve (eg, generating helpful data) or requirements for success (eg,
need of 60% participation rate in population to be successful).

D1, D2, E3, E6Is the intervention easy to describe?

Because DPT is an adjunct to manual contact tracing, the distinction
is not always obvious to all participants; DPT may even be seen as
competition to manual tracing.

C2Is it clearly distinct from other inter-
ventions?

There were doubts about the purpose of DPT or even the right to co-
exist with manual contact tracing.

C2, D2Does it have a clear purpose for all
relevant participants?

Not all participants are convinced, including parts of the population
and cantonal health authorities.

C2, D2Do participants have a shared sense
of its purpose?

Benefits are abstract, not immediately visible, and partially context
dependent (eg, role of second line of defense).

C1, D1, D2, E6What benefits will the intervention
bring and to whom?

The overall potential benefits (slowing transmission) are valued by
most, but doubts persist whether DPT can contribute toward that goal.

D1, D2, E2, E4, E6Are these benefits likely to be valued
by potential participants?

DPT was designed to complement manual contact tracing; In principle,
DPT is well aligned with other pandemic mitigation goals.

N/AcWill it fit with the overall goals and
activity of [pandemic mitigation

goals]b?

Cognitive participation (working out participation in the intervention, ie, commitment and engagement of participants)

Some doubts seem to persist among all participants. Not all actors
seem convinced of the benefits.

C1, C2, D1, D2Are target user groups likely to think
it is a good idea?

DPT was released during a time when case numbers were low. Bene-
fits remained abstract and unclear, in part also because of low infection

E3Will they see the point of the interven-
tion easily?

numbers. Initially, this may have affected the willingness to engage
in DPT work processes.

DPT was seen as competing for time and resources with other mitiga-
tion measures by some actors. Therefore, the willingness to engage
in cognitive participation may have been limited.

C1, C2Will they be prepared to invest time,
energy, and work in it?

Collective action (executing the intervention, ie, the work participants do to make the intervention function)

DPT introduces additional steps and processes for MCTd. There were
also some unclarities and frictions between different processes and

B1, B2, B3, B4, B5How will the intervention affect the
work of [participants]?

interfaces (eg, between testing labs and cantonal physicians or between

users with positive PCRe tests and cantonal physicians).

DPT potentially adds to the workload of MCT; app use can be prob-
lematic for health care workers.

B2, B5, C1, C2Will it promote or impede their work?

DPT notifications are an additional dimension to be covered in MCT
interviews; interface between infoline and cantonal health authorities
needed optimization.

B2, B3, B4, C2What effect will it have on [interac-
tions]?

In principle, yes, some reports indicate an additional need for instruc-
tions or communication for some (health system) actors.

A3, B4Will staff require extensive training
before they can use it?

DPT is seen as something separate that adds to the workload. Data
protection apparently inhibits complete DPT integration into MCT.

C2, D2, E5, E6How compatible is it with existing
work practices?

Notified users may take actions, but not always as recommended (eg,
directly seeking tests).

Reports indicate several “interfacing” challenges, such as between
infoline and cantonal health authorities. Reports of confusion regarding
eligibility of free PCR testing for notified users.

B2, D2What impact will it have on division
of labor, resources, power, and respon-
sibility between different professional
groups?

Reflexive monitoring (reflecting on the intervention, ie, participants reflect on or appraise the intervention)

Effectiveness still seems unclear or unproven for some actors. New
case numbers of SARS-CoV-2 remained relatively low for most of
the observation period, thus affecting perceived effectiveness.

D1, D2How are users likely to perceive the
intervention once it has been in use
for a while?
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AssessmentTopic domains (cf Table 1)Normalization process theory construct

This seems not to be the case for all actors.C2, D1, D2Is it likely to be perceived as advanta-
geous for [users and other partici-
pants]?

The uncertainty regarding DPT effectiveness hampers usage and im-
plementation.

D1, D2Will it be clear what effects the inter-
vention has had?

App users gave indirect feedback (eg, via social media). Other actors
had direct interactions with the Federal Office of Public Health and
the app developers.

N/A, but indicated by some re-
ports.

Can users/participants contribute
feedback about the intervention once
it is in use?

App development is continuous; there is regular exchange about
possible improvements.

N/A, but indicated by some re-
ports.

Can the intervention be adapted or
improved on the basis of experience?

aDPT: digital proximity tracing.
bExpressions in brackets reflect adaptations of the original question wordings [39] to better fit the current analysis.
cN/A: not applicable.
dMCT: manual contact tracing.
ePCR: polymerase chain reaction.

The greatest concerns in the coherence construct pertained to
unclear benefits and distinctions from other processes (especially
manual contact tracing). These concerns were voiced by
different participants, including app users and cantonal
authorities. Additionally, fears of resource competition with
other mitigation measures were cited. In part, these concerns
reflected the complexity of the SwissCovid app notification
cascade and possibly also an incomplete understanding of the
role requirements by some participants.

Multiple reports also indicated challenges in the cognitive
participation domain that overlap with other NPT constructs.
Specifically, the interplay between different actors may require
optimization, as well as clarifications regarding resource
situations (eg, on the part of cantonal authorities).

Furthermore, many of the reported problems in the collective
action domain indicated a need for optimized integration of
SwissCovid into existing work processes. From the viewpoint
of some cantonal health authorities, SwissCovid was perceived
to add to the existing workload while providing unclear benefits.
Additionally, some statements reflected a need for additional
communication and knowledge transfers to different participants,
for which the FOPH was seen to be in the lead.

By contrast, there were fewer media reports regarding the
Reflexive Monitoring construct. However, some reports indicate
that communication between different participants (FOPH,
cantonal physicians, infoline operators) is ongoing, and
optimizations have been planned or even put in place (eg, better
coordination between infoline and cantonal health authorities;
integration of news into the SwissCovid app to provide
additional user incentives).

Discussion

DPT is a complex public health intervention to mitigate the
SARS-CoV-2 pandemic. Its effectiveness depends on
appropriate embedding into a country's overall TTIQ strategy
and requires multiple, timely actions by different actors. This
article describes early experiences with DPT implementation

in Switzerland, which has one of the longest track records of
decentralized DPT operation.

Based on Swiss media articles published during the first three
months after DPT release, this study presents different
challenges in nontechnical DPT implementation. These
challenges included unclear DPT benefits, which affected
commitment and raised fears among different health system
actors for resource competition with established pandemic
mitigation measures. Moreover, media reports indicated process
interface challenges in the notification cascade (eg, in the
hand-over of app notified users from the infoline to responsible
cantonal authorities), as well as misunderstandings and unmet
communication needs on the side of some health system actors.
Finally, some reports suggested misaligned incentives, both for
app usage by the public as well as for process engagement by
other actors in the app notification cascade [44].

Challenges Viewed Through the Lens of NPT
In the SARS-CoV-2 pandemic, timely diagnosis, isolation, and
quarantine are essential processes, which DPT apps are intended
to support. However, procedural frictions can lead to delays,
which also affect the effectiveness of DPT. Examples are late
deliveries of CovidCodes (codes to trigger notifications) or
uncertainties regarding access to PCR tests upon app
notification. Furthermore, most challenges identified in the
media search bear close relationships to the constructs of NPT.
Specifically, many identified challenges mapped well to the
coherence (“making sense of the intervention”) and collective
action (“executing the intervention”) domains. For example,
unmet communication and training needs regarding DPT
usefulness and integration into existing workflows seemed to
exist, which hindered stakeholder onboarding and optimal
process flows in the notification cascade. Perceived lack of
usefulness is also affecting the uptake of the DPT app in the
population. However, “sense-making” by different participants
may also be context- and time-dependent. The SwissCovid app
was released at a time of relatively low SARS-CoV-2 incidence,
which meant that DPT effects could not become apparent
immediately [45]. However, in late August 2020, the FOPH
presented data indicating rising numbers of app users who
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sought PCR testing after a SwissCovid notification and then
tested positive, which may have alleviated some of the concerns
regarding effectiveness.

It is worth noting that public agenda setting also played a role
in media reports, as illustrated by articles including statements
of DPT developers or reports covering FOPH press conferences.
For example, in one article (#6, Multimedia Appendix 1), a
member of the DPT development voiced concerns about
insufficient engagement of some cantonal authorities in the DPT
notification cascade. In another example (#37, Multimedia
Appendix 1), the FOPH presented preliminary data from an
effectiveness analysis to increase public confidence and
ultimately app uptake in the population, which was followed
by an increase in the number of active users around the end of
August 2020 [43].

Contribution to the Literature
The present analysis may contribute to the international debate
on DPT on two levels. First, it provides insights into challenges
of DPT implementation from a country with one of the longest
track records of DPT implementation and a complex, federalistic
health system. Second, by applying the NPT framework to
classify different reports, the analysis also contributes on a
methodological level by illustrating the usefulness of the NPT
approach. NPT can provide guidance on how to bring complex
digital health interventions to fruition by considering
motivations, potential benefits, or operational burdens of a
digital health intervention for different stakeholders who should
engage in implementation. NPT postulates that individual and
collective actions need to be in synchronization for a complex
intervention to be successful. To quote one of the foundational
papers of NPT: “The starting point of the theory is that to
understand the embedding of a practice we must look at what
people actually do and how they work [46].”

The present analysis indicates that NPT can indeed provide a
useful framework to classify DPT challenges and may help to

identify suitable optimization. For example, as suggested by
the reflexive monitoring construct, some media reports indicate
continuous DPT process adaptations, as well as constant
communication with actors and assessments of potential
improvements. Ideally, NPT or similar implementation
frameworks should already be considered during the
development and release of novel technologies, which was
hindered in Switzerland by immense time pressures created by
the pandemic situation.

Study Limitations
Some limitations of the study and its interpretation are worth
noting. The reliance on published media reports (and not, for
example, on stakeholder interviews) may have limited the
diversity and level of detail of the current debates about DPT.
It may also have missed aspects that were never raised by the
media but were discussed bilaterally between different actors.
The reliance on published media reports was an advantage, as
it enhanced the reproducibility of our study. Furthermore, it
should be noted that the challenges outlined in this report do
not reflect the status quo, and it is not intended to pass judgment
on the success of DPT or the roles of the different participants
in Switzerland. Finally, extraction and classification of the media
reports was performed by a single person, which should also
be considered as a limitation.

To summarize, the analysis of media reports on implementation
challenges for DPT in Switzerland demonstrates that the
nontechnical implementation of DPT must not be forgotten.
The experiences in Switzerland indicate that the technical
aspects work well, but in some instances, the nontechnical
processes led to bottlenecks in the notification chain. This is
understandable given the multiple interactions required between
different participants. The lessons from Switzerland, one of the
earliest adopters of DPT, and the demonstration of the usefulness
of NPT for planning and analyzing NPT implementation will
hopefully serve as an inspiration for other countries that are
developing their own DPT implementations.

Conflicts of Interest
The author has received funding from the Federal Office of Public Health for other studies.

Multimedia Appendix 1
Articles that were included in the topic analysis.
[DOCX File , 18 KB-Multimedia Appendix 1]

References

1. Budd J, Miller BS, Manning EM, Lampos V, Zhuang M, Edelstein M, et al. Digital technologies in the public-health
response to COVID-19. Nat Med 2020 Aug 07;26(8):1183-1192. [doi: 10.1038/s41591-020-1011-4] [Medline: 32770165]

2. Oliver N, Lepri B, Sterly H, Lambiotte R, Deletaille S, De Nadai M, et al. Mobile phone data for informing public health
actions across the COVID-19 pandemic life cycle. Sci Adv 2020 Jun 27;6(23):eabc0764 [FREE Full text] [doi:
10.1126/sciadv.abc0764] [Medline: 32548274]

3. Koppeschaar CE, Colizza V, Guerrisi C, Turbelin C, Duggan J, Edmunds WJ, et al. Influenzanet: citizens among 10 countries
collaborating to monitor influenza in Europe. JMIR Public Health Surveill 2017 Sep 19;3(3):e66 [FREE Full text] [doi:
10.2196/publichealth.7429] [Medline: 28928112]

4. Leal Neto O, Cruz O, Albuquerque J, Nacarato de Sousa M, Smolinski M, Pessoa Cesse E, et al. Participatory surveillance
based on crowdsourcing during the Rio 2016 Olympic Games using the Guardians of Health platform: descriptive study.
JMIR Public Health Surveill 2020 Apr 07;6(2):e16119 [FREE Full text] [doi: 10.2196/16119] [Medline: 32254042]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e25345 | p. 12https://mhealth.jmir.org/2021/2/e25345
(page number not for citation purposes)

von WylJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i2e25345_app1.docx&filename=290f5e6f011d819fc000e333a964d5ef.docx
https://jmir.org/api/download?alt_name=mhealth_v9i2e25345_app1.docx&filename=290f5e6f011d819fc000e333a964d5ef.docx
http://dx.doi.org/10.1038/s41591-020-1011-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32770165&dopt=Abstract
https://doi.org/10.1126/sciadv.abc0764
http://dx.doi.org/10.1126/sciadv.abc0764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32548274&dopt=Abstract
https://publichealth.jmir.org/2017/3/e66/
http://dx.doi.org/10.2196/publichealth.7429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28928112&dopt=Abstract
https://publichealth.jmir.org/2020/2/e16119/
http://dx.doi.org/10.2196/16119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32254042&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Paolotti D, Carnahan A, Colizza V, Eames K, Edmunds J, Gomes G, et al. Web-based participatory surveillance of infectious
diseases: the Influenzanet participatory surveillance experience. Clin Microbiol Infect 2014 Jan;20(1):17-21 [FREE Full
text] [doi: 10.1111/1469-0691.12477] [Medline: 24350723]

6. Dalton C, Carlson S, Butler M, Cassano D, Clarke S, Fejsa J, et al. Insights from flutracking: thirteen tips to growing a
web-based participatory surveillance system. JMIR Public Health Surveill 2017 Aug 17;3(3):e48 [FREE Full text] [doi:
10.2196/publichealth.7333] [Medline: 28818817]

7. Bajardi P, Vespignani A, Funk S, Eames KT, Edmunds WJ, Turbelin C, et al. Determinants of follow-up participation in
the Internet-based European influenza surveillance platform Influenzanet. J Med Internet Res 2014 Mar 10;16(3):e78 [FREE
Full text] [doi: 10.2196/jmir.3010] [Medline: 24613818]

8. Mbunge E. Integrating emerging technologies into COVID-19 contact tracing: opportunities, challenges and pitfalls.
Diabetes Metab Syndr 2020 Nov;14(6):1631-1636 [FREE Full text] [doi: 10.1016/j.dsx.2020.08.029] [Medline: 32892060]

9. Dar A, Lone AH, Zahoor S, Khan AA, Naaz R. Applicability of mobile contact tracing in fighting pandemic (COVID-19):
issues, challenges and solutions. Comput Sci Rev 2020 Nov;38:100307 [FREE Full text] [doi: 10.1016/j.cosrev.2020.100307]
[Medline: 32989380]

10. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dörner L, et al. Quantifying SARS-CoV-2 transmission
suggests epidemic control with digital contact tracing. Science 2020 May 08;368(6491) [FREE Full text] [doi:
10.1126/science.abb6936] [Medline: 32234805]

11. Sattler F, Ma J, Wagner P, Neumann D, Wenzel M, Schäfer R, et al. Risk estimation of SARS-CoV-2 transmission from
bluetooth low energy measurements. NPJ Digit Med 2020 Oct 06;3(1):129 [FREE Full text] [doi:
10.1038/s41746-020-00340-0] [Medline: 33083564]

12. Huang Z, Guo H, Lee Y, Ho EC, Ang H, Chow A. Performance of digital contact tracing tools for COVID-19 response in
Singapore: cross-sectional study. JMIR Mhealth Uhealth 2020 Oct 29;8(10):e23148 [FREE Full text] [doi: 10.2196/23148]
[Medline: 33006944]

13. Salathé M, Althaus C, Anderegg N, Antonioli D, Ballouz T, Bugnon E, et al. Early evidence of effectiveness of digital
contact tracing for SARS-CoV-2 in Switzerland. Swiss Med Wkly 2020 Dec 14;150:w20457 [FREE Full text] [doi:
10.4414/smw.2020.20457] [Medline: 33327003]

14. Pagliari C. The ethics and value of contact tracing apps: international insights and implications for Scotland's COVID-19
response. J Glob Health 2020 Dec;10(2):020103 [FREE Full text] [doi: 10.7189/jogh.10.020103] [Medline: 33110502]

15. Cohen IG, Gostin LO, Weitzner DJ. Digital smartphone tracking for COVID-19: public health and civil liberties in tension.
JAMA 2020 Jun 16;323(23):2371-2372. [doi: 10.1001/jama.2020.8570] [Medline: 32459289]

16. Blasimme A, Vayena E. What's next for COVID-19 apps? Governance and oversight. Science 2020 Nov
13;370(6518):760-762. [doi: 10.1126/science.abd9006] [Medline: 33184192]

17. Ienca M, Vayena E. On the responsible use of digital data to tackle the COVID-19 pandemic. Nat Med 2020 Apr
27;26(4):463-464 [FREE Full text] [doi: 10.1038/s41591-020-0832-5] [Medline: 32284619]

18. Altmann S, Milsom L, Zillessen H, Blasone R, Gerdon F, Bach R, et al. Acceptability of app-based contact tracing for
COVID-19: cross-country survey study. JMIR mHealth uHealth 2020 Aug 28;8(8):e19857 [FREE Full text] [doi:
10.2196/19857] [Medline: 32759102]

19. Hargittai E, Redmiles EM, Vitak J, Zimmer M. Americans’ willingness to adopt a COVID-19 tracking app. FM 2020 Oct
06. [doi: 10.5210/fm.v25i11.11095]

20. Kaspar K. Motivations for social distancing and app use as complementary measures to combat the COVID-19 pandemic:
quantitative survey study. J Med Internet Res 2020 Aug 27;22(8):e21613 [FREE Full text] [doi: 10.2196/21613] [Medline:
32759100]

21. Abbas R, Michael K. COVID-19 contact trace app deployments: learnings from Australia and Singapore. IEEE Consumer
Electron Mag 2020 Sep 1;9(5):65-70. [doi: 10.1109/mce.2020.3002490]

22. Thomas R, Michaleff ZA, Greenwood H, Abukmail E, Glasziou P. Concerns and misconceptions about the Australian
government's COVIDSafe app: cross-sectional survey study. JMIR Public Health Surveill 2020 Nov 04;6(4):e23081 [FREE
Full text] [doi: 10.2196/23081] [Medline: 33048826]

23. von Wyl V, Höglinger M, Sieber C, Kaufmann M, Moser A, Serra-Burriel M, et al. Drivers of acceptance of COVID-19
proximity tracing apps in Switzerland: panel survey analysis. JMIR Public Health Surveill 2021 Jan 06;7(1):e25701 [FREE
Full text] [doi: 10.2196/25701] [Medline: 33326411]

24. Wirth FN, Johns M, Meurers T, Prasser F. Citizen-centered mobile health apps collecting individual-level spatial data for
infectious disease management: scoping review. JMIR mHealth uHealth 2020 Nov 10;8(11):e22594 [FREE Full text] [doi:
10.2196/22594] [Medline: 33074833]

25. Amann J, Sleigh J, Vayena E. Digital contact-tracing during the Covid-19 pandemic: an analysis of newspaper coverage
in Germany, Austria, and Switzerland. PLoS One 2021;16(2):e0246524 [FREE Full text] [doi: 10.1371/journal.pone.0246524]
[Medline: 33534839]

26. Pan-European Privacy-Preserving Proximity Tracing (PEPP-PT): PEPP-PT high level overview. GitHub. URL: https:/
/github.com/pepp-pt/pepp-pt-documentation/blob/master/PEPP-PT-high-level-overview.pdf [accessed 2021-02-23]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e25345 | p. 13https://mhealth.jmir.org/2021/2/e25345
(page number not for citation purposes)

von WylJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)60188-9
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(14)60188-9
http://dx.doi.org/10.1111/1469-0691.12477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24350723&dopt=Abstract
https://publichealth.jmir.org/2017/3/e48/
http://dx.doi.org/10.2196/publichealth.7333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28818817&dopt=Abstract
https://www.jmir.org/2014/3/e78/
https://www.jmir.org/2014/3/e78/
http://dx.doi.org/10.2196/jmir.3010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24613818&dopt=Abstract
http://europepmc.org/abstract/MED/32892060
http://dx.doi.org/10.1016/j.dsx.2020.08.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32892060&dopt=Abstract
http://europepmc.org/abstract/MED/32989380
http://dx.doi.org/10.1016/j.cosrev.2020.100307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32989380&dopt=Abstract
http://europepmc.org/abstract/MED/32234805
http://dx.doi.org/10.1126/science.abb6936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234805&dopt=Abstract
https://doi.org/10.1038/s41746-020-00340-0
http://dx.doi.org/10.1038/s41746-020-00340-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33083564&dopt=Abstract
https://mhealth.jmir.org/2020/10/e23148/
http://dx.doi.org/10.2196/23148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33006944&dopt=Abstract
https://doi.emh.ch/10.4414/smw.2020.20457
http://dx.doi.org/10.4414/smw.2020.20457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33327003&dopt=Abstract
https://doi.org/10.7189/jogh.10.020103
http://dx.doi.org/10.7189/jogh.10.020103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33110502&dopt=Abstract
http://dx.doi.org/10.1001/jama.2020.8570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32459289&dopt=Abstract
http://dx.doi.org/10.1126/science.abd9006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33184192&dopt=Abstract
http://europepmc.org/abstract/MED/32284619
http://dx.doi.org/10.1038/s41591-020-0832-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32284619&dopt=Abstract
https://mhealth.jmir.org/2020/8/e19857/
http://dx.doi.org/10.2196/19857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32759102&dopt=Abstract
http://dx.doi.org/10.5210/fm.v25i11.11095
https://www.jmir.org/2020/8/e21613/
http://dx.doi.org/10.2196/21613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32759100&dopt=Abstract
http://dx.doi.org/10.1109/mce.2020.3002490
https://publichealth.jmir.org/2020/4/e23081/
https://publichealth.jmir.org/2020/4/e23081/
http://dx.doi.org/10.2196/23081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33048826&dopt=Abstract
https://publichealth.jmir.org/2021/1/e25701/
https://publichealth.jmir.org/2021/1/e25701/
http://dx.doi.org/10.2196/25701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33326411&dopt=Abstract
https://mhealth.jmir.org/2020/11/e22594/
http://dx.doi.org/10.2196/22594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33074833&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0246524
http://dx.doi.org/10.1371/journal.pone.0246524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33534839&dopt=Abstract
https://github.com/pepp-pt/pepp-pt-documentation/blob/master/PEPP-PT-high-level-overview.pdf
https://github.com/pepp-pt/pepp-pt-documentation/blob/master/PEPP-PT-high-level-overview.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


27. Troncoso C, Payer M, Hubaux JP, Salathé M, Larus J, Bugnion E, et al. Decentralized privacy-preserving proximity tracing.
ArXiv. Preprint posted online on May 25, 2020. [FREE Full text]

28. Apple | Google: privacy-preserving contact tracing. Apple COVID-19 Screening Tool. URL: https://www.apple.com/
covid19/contacttracing [accessed 2021-02-23]

29. Salathé M, Althaus CL, Neher R, Stringhini S, Hodcroft E, Fellay J, et al. COVID-19 epidemic in Switzerland: on the
importance of testing, contact tracing and isolation. Swiss Med Wkly 2020 Mar 09;150:w20225 [FREE Full text] [doi:
10.4414/smw.2020.20225] [Medline: 32191813]

30. Digital proximity tracing: policy brief. Swiss National Covid-19 Science Task Force. 2020 May 15. URL: https:/
/sciencetaskforce.ch/wp-content/uploads/2020/10/Digital-Proximity-Tracing-15-May-20-EN.pdf [accessed 2021-02-23]

31. SARS-CoV-2 contact tracing strategy: epidemiologic and strategic considerations. Swiss National Covid-19 Science Task
Force. URL: https://sciencetaskforce.ch/wp-content/uploads/2020/10/Contact-Tracing-Strategy-26April20-English.pdf
[accessed 2021-02-23]

32. Kretzschmar ME, Rozhnova G, Bootsma MCJ, van Boven M, van de Wijgert JHHM, Bonten MJM. Impact of delays on
effectiveness of contact tracing strategies for COVID-19: a modelling study. Lancet Public Health 2020 Aug;5(8):e452-e459.
[doi: 10.1016/s2468-2667(20)30157-2]

33. von Wyl V, Bonhoeffer S, Bugnion E, Puhan MA, Salathé M, Stadler T, et al. A research agenda for digital proximity
tracing apps. Swiss Med Wkly 2020 Jul 13;150:w20324 [FREE Full text] [doi: 10.4414/smw.2020.20324] [Medline:
32672340]

34. SwissCovid app: known issues. Swiss Federal Office of Public Health. 2020 Sep 10. URL: https://www.bag.admin.ch/dam/
bag/en/dokumente/cc/kom/swisscovid-bekannte-probleme.pdf.download.pdf/SwissCovid%20app_Known%20Issues.pdf
[accessed 2021-01-18]

35. Ross J, Stevenson F, Dack C, Pal K, May C, Michie S, et al. Developing an implementation strategy for a digital health
intervention: an example in routine healthcare. BMC Health Serv Res 2018 Oct 19;18(1):794 [FREE Full text] [doi:
10.1186/s12913-018-3615-7] [Medline: 30340639]

36. Kendall M, Milsom L, Abeler-Dörner L, Wymant C, Ferretti L, Briers M, et al. Epidemiological changes on the Isle of
Wight after the launch of the NHS Test and Trace programme: a preliminary analysis. Lancet Digital Health 2020
Dec;2(12):e658-e666. [doi: 10.1016/s2589-7500(20)30241-7]

37. Abueg M, Hinch R, Wu N, Liu L, Probert W, Wu A, et al. Modeling the combined effect of digital exposure notification
and non-pharmaceutical interventions on the COVID-19 epidemic in Washington state. medRxiv. Preprint posted online
on September 02, 2020. [doi: 10.1101/2020.08.29.20184135]

38. Braithwaite I, Callender T, Bullock M, Aldridge RW. Automated and partly automated contact tracing: a systematic review
to inform the control of COVID-19. Lancet Digital Health 2020 Nov;2(11):e607-e621. [doi: 10.1016/s2589-7500(20)30184-9]

39. Murray E, Treweek S, Pope C, MacFarlane A, Ballini L, Dowrick C, et al. Normalisation process theory: a framework for
developing, evaluating and implementing complex interventions. BMC Med 2010 Oct 20;8(12):63 [FREE Full text] [doi:
10.1186/1741-7015-8-63] [Medline: 20961442]

40. McNaughton RJ, Steven A, Shucksmith J. Using normalization process theory as a practical tool across the life course of
a qualitative research project. Qual Health Res 2020 Jan 26;30(2):217-227. [doi: 10.1177/1049732319863420] [Medline:
31347440]

41. Swissdox. Website in German. URL: https://swissdox.ch/ [accessed 2020-11-26]
42. Resident permanent population by main language in 2018. Swiss Federal Office of Statistics. URL: https://www.bfs.admin.ch/

bfs/en/home/statistics/population/languages-religions/languages.gnpdetail.2020-0100.html [accessed 2020-11-26]
43. SwissCovid-App-Monitoring. Website in German. Swiss Federal Office of Statistics. URL: https://www.

experimental.bfs.admin.ch/expstat/de/home/innovative-methoden/swisscovid-app-monitoring.html [accessed 2021-01-18]
44. Bonardi JP, Brülhart M, Danthine JP, Saxena A, Thöni C, Thoenig M, et al. How to make digital proximity tracing work:

the view from economics. Enterprise for Society. 2020 Jun 24. URL: https://e4s.center/wp-content/uploads/2020/09/
E4S_DigitalTracing_EN.pdf [accessed 2021-01-18]

45. Neues Coronavirus: Situation Schweiz. Swiss Federal Office of Public Health. URL: https://www.bag.admin.ch/bag/de/
home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/
situation-schweiz-und-international.html [accessed 2020-07-24]

46. May CR, Mair F, Finch T, MacFarlane A, Dowrick C, Treweek S, et al. Development of a theory of implementation and
integration: normalization process theory. Implement Sci 2009 May 21;4:29 [FREE Full text] [doi: 10.1186/1748-5908-4-29]
[Medline: 19460163]

Abbreviations
API: application programming interface
DP-3T: Decentralized Privacy-Preserving Proximity Tracing
DPT: digital proximity tracing
FOPH: Federal Office of Public Health

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 2 | e25345 | p. 14https://mhealth.jmir.org/2021/2/e25345
(page number not for citation purposes)

von WylJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://arxiv.org/abs/2005.12273
https://www.apple.com/covid19/contacttracing
https://www.apple.com/covid19/contacttracing
https://doi.emh.ch/10.4414/smw.2020.20225
http://dx.doi.org/10.4414/smw.2020.20225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32191813&dopt=Abstract
https://sciencetaskforce.ch/wp-content/uploads/2020/10/Digital-Proximity-Tracing-15-May-20-EN.pdf
https://sciencetaskforce.ch/wp-content/uploads/2020/10/Digital-Proximity-Tracing-15-May-20-EN.pdf
https://sciencetaskforce.ch/wp-content/uploads/2020/10/Contact-Tracing-Strategy-26April20-English.pdf
http://dx.doi.org/10.1016/s2468-2667(20)30157-2
https://doi.emh.ch/10.4414/smw.2020.20324
http://dx.doi.org/10.4414/smw.2020.20324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32672340&dopt=Abstract
https://www.bag.admin.ch/dam/bag/en/dokumente/cc/kom/swisscovid-bekannte-probleme.pdf.download.pdf/SwissCovid%20app_Known%20Issues.pdf
https://www.bag.admin.ch/dam/bag/en/dokumente/cc/kom/swisscovid-bekannte-probleme.pdf.download.pdf/SwissCovid%20app_Known%20Issues.pdf
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3615-7
http://dx.doi.org/10.1186/s12913-018-3615-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30340639&dopt=Abstract
http://dx.doi.org/10.1016/s2589-7500(20)30241-7
http://dx.doi.org/10.1101/2020.08.29.20184135
http://dx.doi.org/10.1016/s2589-7500(20)30184-9
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-8-63
http://dx.doi.org/10.1186/1741-7015-8-63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20961442&dopt=Abstract
http://dx.doi.org/10.1177/1049732319863420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31347440&dopt=Abstract
https://swissdox.ch/
https://www.bfs.admin.ch/bfs/en/home/statistics/population/languages-religions/languages.gnpdetail.2020-0100.html
https://www.bfs.admin.ch/bfs/en/home/statistics/population/languages-religions/languages.gnpdetail.2020-0100.html
https://www.experimental.bfs.admin.ch/expstat/de/home/innovative-methoden/swisscovid-app-monitoring.html
https://www.experimental.bfs.admin.ch/expstat/de/home/innovative-methoden/swisscovid-app-monitoring.html
https://e4s.center/wp-content/uploads/2020/09/E4S_DigitalTracing_EN.pdf
https://e4s.center/wp-content/uploads/2020/09/E4S_DigitalTracing_EN.pdf
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/situation-schweiz-und-international.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/situation-schweiz-und-international.html
https://www.bag.admin.ch/bag/de/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/novel-cov/situation-schweiz-und-international.html
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-4-29
http://dx.doi.org/10.1186/1748-5908-4-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19460163&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


MCT: manual contact tracing
NPT: normalization process theory
PCR: polymerase chain reaction
PEPP-PT: Pan-European Privacy-Preserving Proximity Tracing
TTIQ: test-trace-isolate-quarantine
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