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Abstract. Background and aim: Contact tracing is a key element of epidemiologic investigation and active sur-
veillance during communicable infectious diseases outbreaks. Digital contact tracing (DCT) are new technol-
ogies that have been increasingly adopted in different countries to support conventional contact tracing efforts
to control the COVID-19 pandemic. However, scant evidence is available on its effectiveness. We applied the
Indicator Framework issued in 2021 jointly by the World Health Organization (WHO) and the European
Centre for Disease Prevention and Control (ECDC) to assess the available evidence on DCT adoption and
impact in the context of the COVID-19 pandemic. Methods: We carried out a systematic review following the
PRISMA guidelines (Prospero registration number: CRD42021253662) to retrieve, pool, and critically ap-
praise studies published in English from November 2019 to April 2021. We excluded mathematical models of
effectiveness. Only studies representative of the general population or specific populations were included. In
line with the WHO-ECDC indicator framework, outcomes of interest were grouped in indicators of: i) DCT
use, ii) DCT success, and iii) DCT performance. Resu/ts: We identified 1.201 citations searching PubMed,
Embase, Web of Science and The Cochrane Library. After screening, 10 studies were included. All included
studies reported measures of DCT use, varying widely by study population and setting (percentage of DCT
apps download from 0.01% to 58.3% in included studies). Only one reported measures of DCT success (ratio
of exposure notifications received to positive test results entered), while no studies were retrieved reporting
measures of DCT performance. Conclusions: DCT is a promising technology in the field of epidemics con-
trol. Its adoption is hindered by several normative, technical and acceptance barriers in different regions and
countries. Our review shows that while some evidence is available on its adoption and use in selected settings,
very scant data is available on its effectiveness in the fight against COVID-19. As digitalization provides new
tools for infection control at the population level, solid research is needed to quantify the public health effects
of their application. (www.actabiomedica.it)
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Introduction economic implications leading to the research of alter-

native integrate control strategies (1,2). In this respect,
When it comes to COVID-19, governments contact tracing represents an important part of epi-

worldwide have applied strict physical distancing
measures to control transmission. These policies have
reduced case numbers, but have significant social and

demiologic investigation and active surveillance. Its
ability to reduce disease transmission is premised on
timely detection and prompt isolation of cases (3).
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In particular contact tracing is a public health
measure composed by three basic elements, namely,
contact identification, contact listing and contact
follow-up (4). The first step of this process is meant
to identify people, or contacts, who have been exposed
to a person, or index case, infected with a pathogen or
another hazard. This stage is followed by assessing and
managing the identified contacts to prevent onward
transmission, referring them to therapeutic or preven-
tative treatment, which may include isolation, quaran-
tine, or other behavioral interventions (4,5).

Traditionally, contacts are fraced by asking peo-
ple identified as index cases to recall their close con-
tacts during a recent interval associated with a high
probability of infection (1,5). However, contact trac-
ing effectiveness in breaking the chain of transmission
depends on the proportion of contacts who are actually
traced. In this regard, the main limit of manual contact
tracing is determined by the quality of information
provided, often incomplete or incorrect; other limita-
tions include the time spent to notify contacts manu-
ally, which can delay quarantine, and the large amount
of human resources engaged (1,5).

This being the case, contact tracing becomes
quickly complicated and time-consuming, posing
a public health issue particularly in the context of
COVID-19, as the virus can be transmitted between
people without even manifesting symptoms (6). Tech-
nology can be used to address some of these limita-
tions, by automating the processing of test results or
symptom reports and by use of DCT (1).

Before COVID-19 pandemics, DCT has already
been used to manage Ebola outbreaks in Africa, as an
example with the help of Go.Data, that has also been
used in 55 projects worldwide (6).

At present, considering the penetration of digital
tools and the current global pandemic, it is worth col-
lecting data in order to estimate use and effectiveness
of DCT.

In this respect the World Health Organization
(WHO), in collaboration with the European Centre for
Disease Prevention and Control (ECDC), have real-
ized an evaluation framework for DCT technologies in
order to establish the effectiveness of DCT applications
created worldwide by national governments (7).

Despite strong government advocacy, DCT adop-
tion rates have generally fallen short of what public

health officials would hope. Indeed, while studies have
shown that a high percentage of people accept and
intend to download these apps, some evidence indi-
cates that actual download rates are probably lower
than predicted by positive attitudes (8).

In this context the aim of this systematic review
is to understand the global employment of DCT tools
among the general population and subsequently to
define the impact of DCT on the prevention and con-
trol of the COVID-19 pandemic.

The WHO and ECDC framework has been used

to assess and comment on the available data.

Methods

The review’s methods were defined in advance
following the Prepared Items for Systematic Reviews
and Meta-Analysis (PRISMA 2020) guidelines.

Search methods for identification of studies and inclusion
criteria

Studies were identified by searching the electronic
databases PubMed, Embase, Web of Science and The
Cochrane Library. The search strategy was first devel-
oped in PubMed using a combination of free text and
Mesh terms identifying: i) the concept of DCT, and
ii) its involvement in the COVID-19 pandemic, and
then adapted for use in the other databases. Com-
plete search strategies are available in the Appendix.
Studies published in English were included. Studies
from November 2019 and April 2021 were included.
We only considered for inclusion studies reporting
original data from quantitative analysis. Only repre-
sentative studies both of the general population or of
specific populations were included. Both observational
and experimental study designs were considered. We
excluded opinion papers, (i.e. editorials, commentaries
and letters to the Editor) not providing original data.
Systematic reviews and other reviews were excluded.
Mathematical models of effectiveness were excluded.

Outcomes of interest

‘We aim to assess the effectiveness of DCT mobile
applications, using the ECDC and WHO framework
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Box 1. Framework indicators (7)

Use

A.2: Proportion of total population that actively uses the app.

Success

among all diagnosed cases.

the app.

Performance

(IQR) time between

A.1: Proportion of total population who have downloaded the app.

A.3: Proportion of all positive tests that occur among app users.
A4: Proportion of positive tests among app users that are entered into the app (positive tests uploaded).
A.5: Rate of positive tests among app users relative to the rate of positive tests reported in the general population.

B.1: Ratio of exposure notifications received to positive test results entered.
B.2: Proportion of diagnosed cases among app users who have previously received an exposure notification through the app.
B.3: Proportion of diagnosed cases previously notified only through the app (but not through conventional contact tracing)

B.4: Proportion testing positive among app users who present to testing services after receiving an exposure notification through

C.1: Median (IQR) time between exposure and receipt of exposure notification through the app versus median (IQR) time
between exposure and notification of contacts by conventional contact tracing services.
C.2: Median (IQR) time between symptom onset of index case and time of entering positive test result in the app versus median

symptom onset of index case and notification of contacts by conventional contact tracing services.
C.3. Median difference in notification speed between app and conventional contact tracing.
C.4 Proportion of new positive test results entered into the app within 24 hours of activation code issuance.

indicators as keys of interpretation. The indicators
available are listed in Box 1. In line with the ECDC-
WHO framework, we categorized indicators of inter-
est under three main categories: DCT “Use”, “Success”
and “Performance” (Box 1).

Data collection and analysis

All the retrieved studies were independently
reviewed by two researchers (CM and DG), a first
screening was performed based on title and abstract
while full texts were retrieved for the second screening.
Atboth stages disagreements by reviewers were resolved
by consensus and consultation with senior authors.

Data from selected articles were extracted and
tabulated independently by two researchers (CM and
DG). Any disagreements have been resolved through
discussion with a third researcher.

A standardized, pre-piloted form has been used to
extract data from the included studies for assessment
of study quality and evidence synthesis.

Extracted data were analysed and summarized in
Excel (Microsoft Corporation, Redmond, California)
spreadsheets.

The following data were extracted from included
studies: country of study implementation, study design,

study period, study population, sample size, response
rate (if applicable) and outcomes of interest (DCT use,
success and performance indicators).

Quality appraisal of included studies was carried
out using The National Institutes of Health (NIH)
Study Quality Assessment Tools.

Results

We identified 1201 records by searching the
selected databases. After removing duplicates, 789
abstracts were retrieved. Studies were screened and
selected as illustrated in Figure. 1, resulting in 316 full
text articles assessed for eligibility and 10 studies that
were included in the systematic review.

Characteristics of included studies

The characteristics of the included studies are
reported in Table 1. Half of the studies were conducted
in Australia (30%) or Switzerland (20%); 1 study was
conducted in the United Kingdom, 1 in France, 1 in
India and 1 in Japan. One study was conducted trans-
versally through different countries (USA, Italy, Nor-
way, Singapore, South Korea, Pakistan, Australia, New
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Figure 1. PRISMA flowchart of papers selected

Zealand, Switzerland Georgia). The majority of the
studies were cross-sectional, 2 were prospective cohort
studies, 1 was a custom original study and 1 was a con-
tent analysis. Study periods ranged from 4 days (9) to
78 days (16) and the most recent data were collected
between August and October 2020 (40% of the papers
included), whereas the oldest study started on April
2020 (16). The majority of the studies were conducted
on the general adult population, only two studies were
conducted on specific population settings: one on Uni-
versity students (13), the other on full time employees
(17). The largest sample sizes were reported in the Swiss
study as it considered the whole Swiss population (8.6
million people) (11), and in the Content analysis by
Elkhodr M et al. (15), as it considered a major amount
of countries. With reference to cross — sectional stud-
ies, the largest sample size was reported in the Indian
study, in which in two different moments were inter-
viewed 13292 and 14954 people (14). Included sur-
veys’ response rate was reported in all but three studies
and ranged from 53.9% to 90.6%. Quality appraisal of
included studies is reported in Table 1.

Overall, 5 out of 13 (38.5%) of the indicators of
interest were measured in included studies. In partic-
ular, all studies measured DCT ‘use’ indicators, only

one ‘success’ indicators (11) and none reported on ‘per-
formance’ indicators. In details, measured DCT “use
indicators” were 4. ‘Proportion of total population who
have downloaded the app’ (A.1) was reported in all the
10 included studies (8~17); ‘Proportion of total popu-
lation that actively uses the app’ (A.2) was reported
in 40% of the articles (10,11,13,14); ‘Proportion of all
positive tests that occur among app users’ (A.3) and
‘Proportion of positive tests among app users that are
entered into the app (positive tests uploaded)’ (A.4)
were reported in 1 article out of 10 (11).

Table 2 reports quantitative data on DCT indi-
cators of interest extracted from included studies. The
proportion of population that have downloaded the app
(A.1 indicator) is over the 50% (58.3% in August 2020
and 55.6% in September 2020) in one study (14). In
the majority of the studies (70%) it has been assessed to
be between the 20.4% (17) and 46.5% (10). Under this
standard there is the data from French study by Mon-
tagni et al (11.3%) (13). In the study by Elkhodr et al
(15) are showed the data available by local news at the
time of July 2020 about ten applications in 9 different
countries: the download proportion is lower than in the
other papers. It appears to be over the 20% for three apps
(TraceTogether in Singapore 35.89%, Smittestopp in
Norway 26.32% and COVIDSafe in Australia 24.03%)
and under 5% in the half of the apps investigated.

Considering the proportion of total population
that actively uses the app (A.2 indicator) there are
four available data 4.7% (13), 18.9% (11), 38.8% (10)
and 51.4% in September and 54.2% in August in the
Indian study (14). It can be noticed that in all the four
studies the A.2 indicator shows a lower percentage
value in comparison with A.1 indicator. No compari-
son is possible between the articles about A.3, A.4 and
B.1 indicators as they are only reported by one paper
(11). In particular A.3 value is reported as 19.6%, the
A.42as67.2% and B.1 as 94.8 (this data has been com-
puted by the authors).

Discussion
Rapid identification and notification of all

exposed contacts is the cornerstone of an effective
contact tracing strategy. COVID-19 promoted new



pazi0das JoN] SN

21qroydd 10N “PN (T %og 225) £ €0 TD ID P €T T T SV ¥V EV TV TV 52uonnQ ; ‘6 I-AIA0D brq 4247 745n0q7 40 poy oqon 21doad puv siayiom avagyvaq Supnpxe |

s1eaf G-0g pase
saofordur 0¢0c £oamg (L1)‘120T “T®
Ivd AUN AN | TV %9°06 206 asouede[ swn-[n,g Sny 71 - LN £ pue Ho4o5 uede | 39 N rwwesmey
£onmng (91) ‘1207 ‘T
aIvd UN AN | TV IN 8.8 uone[ndod ypnpe [eroudn | 0gog un[ €z - 1dy 9 | ‘[euonsss-ssor) elensny R INd BHED
BI31090)
pUB[IaZ)IMG
‘pueesz MoN
$9LIUNOD) ‘eI[eNSNY ‘UBISD{E]
papnpout jo “edI03[ INOG
uonemdod sisATeue | ‘orodeSurg ‘AemroN (S1) ‘1202
VN AN| AN TV VN [e30], uonemdod [essuan 020¢ £1[ £req JuNuo) A1 VS | “Te 2 W Ipoud
TV S61T (K91 <) 020 12quiardog £onmng (¥1) ‘T20T
AIVA AN AN | TV AN | pue gzl uonendod jnpe [erousn pue 3sndny | [eUOnoas-ss017) eIpuy | “[e 19 N BWIEyg
(8) ‘Te0T
AIvd AN AN | TV AN SLST uonendod ympe [eroudn | g0z [0 1T - Un[ g | [BUONSI5-8501) eensny | 139 § 4oy
XneapIog
s JO AJTSIDATU() 97 1B SIDUIIDS £oamg (€1) ‘I20T “Te
Ivd AN AN | TV %6°¢S 1€ | ey ‘syudpmys Aysoatuf) | 0Z0TZ PO 91 - dog 67 | ‘Teuondss-ssox) doueL] 19 ] ruSeuoA
1YSIAA JO OS] (21) ‘020T
VN AN AN | TV VN 9¢ST#T | oyp uo uonendod [erouan 020Z AeIN 87 - 9 uwroisny) wopSury] paatun) | “Te 12 A [[EpPUaY]
$1DBIUOD 2SO[D I} pue
$9SED PAULIFUOd- ) -1
0zr jo wonendodqns youmy | 0zog dog 1T - Sny 2
“MM $9SED PAWLIUOD 6T-(TTAOD
) 9571 o uonyerndodqn .
TV : d [eoTans (11) ‘00z
aooo AN Id| TV AN | v 9'g uopendod ype [euan) | 0zog S 01 -7 | Apmig 10yo) PUBIOZIIMG | “[E 3D JA] DYIE[ES
(Y 4aamg (o1) ‘120T
Ivd AUN AN | TV AN 11s1 uope[ndod ynpe [eroudn) | 0g0g PO § - 49§ 87 | ‘[euonsss-ssor) pUE[RZIMG | “[e 32 A A UOA
£oamg (6) ‘020z
d1vd UN AN | TV %C'€8 00ST |, uonemdod 3npe [eruag) 020 ANl 11 - 8 | ‘[euondIs-ssor) BI[EDSOY | “Te 30 ¥ sewoy],
JouBULIOJId] | $5209NG | 3s()
resrexddyy Jerx ('N) 2z18 uoneyuswa[dur
fren) » SawodIN Q) asuodsay oEEww noﬁn?mcm fpmg voﬁom fpmg uSisap Apmg Apms Jo Lnpuno) ERLIEREIENY |

wuﬂuﬂuw ﬁuﬁﬁﬁuﬂﬁ WO woﬁwmhvuuw.ﬁwﬁu T Uﬂaﬁﬁrﬁ



W08 TE L AAYotd “W06°SE 9 AAYord W08 9E S AAHord “WOL 6€ ¥ AAHord “WOE St € AYord “W09™SS T AHo+d W08 6S T 2Ho+d -parpnis
sapyfoud quasalfip 291 Jo apps projumo(T uadvd agz ur vivp Jquvap fo aSvisny parySigy ( Sioqin 2q7 hg pagnduior viv(T  Pariodas JON NN wngviory (243 puv smany jproT ol vio(T,

. (L1) ‘120C “T®
AN AN AN AN ¥°0¢ 19 N TWes[emey]
(91) ‘T20T
AN AN AN AN 144 I 29 ‘I 1oLTen)
4 pro) doig - w8100 [6°7
(P1AOD)SSIMG — PUB[IZIIMG) Q']
(19981, AIAOD ZN - PUE[EdZ MIN]) 8811
(3FeSATAOD - ®BIENSNY) £0°+T
(WwOQT euOIO)) - BIIOY YINOS) G6°T
AN AN AN AN (1oypaSoy aoel], — arodedurg) 68°c¢
(ddoysanrug — LemioN]) 7€ 9¢
(61-ATAOD-INS - AT831) 60°0
(runwiwy — £peay) 23y (S1) ‘120T
(61°1D —~YSN) T0°0 | “T¢ 32 ‘N *POYIH
nquadsg ur, 416 nquaydag ur 966 (+1) ‘1202
AN UN AN wsnSny ur, 7ps 1sndny ur ¢'gg “Te 32 ‘N BULIRyg
. (8) ‘120C
AN AN AN AN s L'EY “Te 20 ‘g Loxpor]
) ) (€1) ‘T20T T
AN AN UN Ly ell 19 ‘] Seuoy
(1) ‘070T
AN AN AN AN 8¢ “I® 30 ‘TNl [[EpU9Y]
. . . . . (11) ‘0202
1816 L9 961 68T LT “[2 19 I 2UIE[ES
. . (01) ‘120C
AN AN AN 8'8¢ m Pi4 ?dw 19 .> TA>> UOoA
. (6) ‘020
AN AN AN AN €LE “Ie 39 9 sewoy,
(96) "paTaIud | (%) %ﬂuwoﬁms 5§59 Pﬁﬁo& (%) stosn (%) dde opp
$3[nsax 1831 aanTsod 03 dde oy oyur paroyuo ore dde Suowre moo0 sasn A[oAnIOR 1B
paaradar suoneoynou | Jey srosn dde Suowre s3sa) | Jet s1s93 2anisod e uonendod [e101 (%) dde o3 popeoumop aaey
amsodxa jo oney 1°q aantsod jo uonitodoif 4y jo uontodorg ¢y | o uoniodoif 7y oym uone[ndod [e101 yo uonrodorg 1y CRIIEREYEN |

*SITPNIS PIPNIIUT JO SIOIBITPUI IOUBULIOJIRJ PUE $5300NG ‘9s() T,D(T U0 BIe(J "¢ 3[qEL



Acta Biomed 2021; Vol. 92, Supplement 6: 2021439

digital solutions to mitigate the pandemic impact on
individuals and health systems. DCT is an emerging
new technology, but we report scientific evidence on
its effectiveness is supported by insufficient data.

The indicators proposed by the WHO and
ECDC framework are suggested to be viewed as a list
of alternatives from which public health authorities
can choose, while considering the local implementa-
tion environment (7).

From our data analysis the “DCT use indicators”
and, more in particular, rate of DCT app download
and rate of DCT app use, are those most frequently
measured: we observed a variable but low level of use
percentage (A.1 indicator), ranging from 0.01% to
58.3%. This is more evident in some Countries such as
Italy and Switzerland.

The correlation between rate of DCT use and
absolute infection case reduction is hard to be assessed,
but several studies on automated contact tracing for
COVID-19 found out that a very high uptake is
required to substantially suppress transmission. A sys-
tematic review by Grekousis and Liu (18) reports that,
according to mathematical modelling, to reduce effec-
tive reproductive number (R ;) to less than 1, the pop-
ulation uptake of DCT apps needs to be around 90%.
However, some studies are more optimistic: Abueg et
al. estimate a high reduction in infection rate (73-79%)
and deaths (69-78%) also with a lower DCT uptake,
around 75% (19); Currie et al. estimate that the num-
ber of new infections could be reduced by more than a
half with an adoption rate of 61% (20).

According to the available literature it is clear that
the app uptake emerged by the studies analysed in our
review is not sufficient to obtain a substantial reduc-
tion of R .

Our study has to be interpreted in light of both
strengths and limitations. The strength of this review
is that it is among the first, to our knowledge, assessing
the effectiveness of the DCT applications currently
in use worldwide. More importantly, we pooled, ana-
lysed and assessed available data on DCT effectiveness
applying the conceptual framework produced by inter-
national health authorities (7).

Study limitations reflect the innovative nature of
this systematic review. As a matter of fact the Indica-
tor framework to evaluate the public health effectiveness

of digital proximity tracing solutions edited by WHO
and ECDC has been published on 28 June 2021 (7),
whereas the oldest paper reviewed has been published
on April 2021.

The direct consequence of this fact is that of
the three dimensions analysed (use, success and per-
formance), only “use” has a satisfactory amount of
reported outcomes. “Success” has only one paper by
Salathé M, et al. (11), with clear results and the “Per-
formance” dimension has not been appraised by any of
the papers. Other limitations are linked to the charac-
teristics and quality of included studies. All data came
from observational studies, which are more vulnerable
to biases. One of the most cited bias is the so-called
“Digital divide” reported by the cross-sectional stud-
ies that included online questionnaires. It consisted
in the overestimation of app users, as the populations
recruited had access to the internet and so were more
likely to have a smartphone (8,10,14,16). However, the
study population was representative in all the papers
included. Finally, we limited our research to articles
written in English.

This systematic review is conducted in an era
where the debate on the usefulness of DCT is still
ongoing and can lead researchers to the fill the gaps
of literature.

As also evidenced by the framework authors, one
of the most preeminent obstacles in the global impact
assessment of DCT on health, social and economic
aspects, consists of the organizational discrepancies
for the epidemiological surveillance due to a differ-
ent characterization of regional health systems local
arrangements.

Many countries acknowledge the benefit of loca-
tion data and centralized management, as it allows
public health authorities to pursue more extensive
investigations. Unfortunately, such features do so at
the expense of privacy protection (7). Even if this
approach could be helpful, it must be discouraged for
ethical implications and to promote general popu-
lation acceptance. Actually privacy concerns have
emerged to be a relevant driver of acceptance of DCT
solutions (10,21).

The results of this systematic review show
that COVID-19 pandemic has induced a process
of implementation of already existing digital tools
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through the definition of varied and heterogeneous
apps that allow user data to be shared using GPS
or Bluetooth technologies (22-25); however any
implementation of DCT should include national or
international legislation to protect personal data and
privacy of users also in order to increase perceived
security. Hopefully this would boost the download
percentages, as well as effectiveness, according with
WHO definitions (7).

In conclusion DCT could be one of the keys for
countering the spread of SARS-CoV-2 but more spe-
cific evaluations are requested.

The WHO-ECDC Indicator framework to eval-
uate the public health effectiveness of digital proximity
tracing solutions should guide the planning and con-
duction of future research, which is needed to evaluate
and quantify the effectiveness of different DCT solu-
tions to control epidemics and inform successful infec-
tion control strategies.
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APPENDIX

Search strategy

The reported search strategy was launched on
PubMed on 8 April 2021:

(technolog® [tiab] OR digital* [tiab] OR elec-
tronic* [tiab] OR app [tiab] OR apps [tiab] OR appli-
cation® [tiab] OR smartphone®* [tiab] OR mobile*
[tiab] OR cellphone® [tiab] OR bluetooth [tiab] OR
internet”* [tiab] OR online* [tiab] OR “Digital tech-
nology” [Mesh] OR “Electronics, Medical” [Mesh]

OR “Mobile Applications” [Mesh] OR “Cell Phone”
[Mesh]) AND (“contact tracing” [tiab] OR “con-
tact trace” [tiab] OR contact examination [tiab] OR
case finding [tiab] OR disease notification [tiab] OR
“Contact Tracing” [Mesh] OR “Disease Notification”
[Mesh]) AND (COVID-19 [tiab] OR SARS-CoV-2
[tiab] OR nCoV-2019 [tiab] OR coronavirus [tiab]
OR “SARS-CoV-2" [Mesh])



