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Contact tracing apps for the COVID-19 
pandemic: a systematic literature review 
of challenges and future directions 
for neo-liberal societies
Alex Akinbi1* , Mark Forshaw2  and Victoria Blinkhorn2  

Abstract 

Purpose: The COVID-19 pandemic has spread with increased fatalities around the world and has become an inter-
national public health crisis. Public health authorities in many countries have introduced contact tracing apps to track 
and trace infected persons as part of measures to contain the spread of the Severe Acute Respiratory Syndrome-Coro-
navirus 2. However, there are major concerns about its efficacy and privacy which affects mass acceptance amongst a 
population. This systematic literature review encompasses the current challenges facing this technology and recom-
mendations to address such challenges in the fight against the COVID-19 pandemic in neo-liberal societies.

Methods: The systematic literature review was conducted by searching databases of Google Scholar, Web of Science, 
PubMed, IEEE Xplore Digital Library, PsycInfo and ScienceDirect using the search terms (“Contact Tracing” OR “Contact 
Tracing apps”) AND (“COVID-19” OR “Coronavirus”) to identify relevant literature. The searches were run against the title, 
keywords, or abstract, depending on the search platforms. The searches were conducted between January 1, 2020, 
through 31st January 2021. Further inputs were also taken from preprints, published government and technical reports. 
We explore and discuss from the selected literature, the key challenges and issues that influence unwillingness to use 
these contact tracing apps in neo-liberal societies which include the plausibility of abuse of user privacy rights and lack 
of trust in the government and public health authorities by their citizens. Other challenges identified and discussed 
include ethical issues, security vulnerabilities, user behaviour and participation, and technical constraints.

Results and conclusion: Finally, in the analysis of this systematic literature review, recommendations to address 
these challenges, future directions, and considerations in the use of digital contact tracing apps and related technolo-
gies to contain the spread of future pandemic outbreaks are presented. For policy makers in neo-liberal societies, this 
study provides an in-depth review of issues that must be addressed. We highlight recommendations to improve the 
willingness to use such digital technologies and could facilitate mass acceptance amongst users.
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leading to a worldwide pandemic. In the fall of 2020, new 
mutations and variants of this disease detected in the 
U.K and South Africa, B.1.1.7 and B.1.351 respectively, 
have since emerged and are circulating globally [1]. In 
response to the rapidly growing number of cases and the 
danger of overburdening health systems, many countries 
have resulted in lockdowns to slow the spread of the novel 
coronavirus [2]. Other strategies including mass test-
ing and manual contact tracing (using humans or health 
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Introduction
The novel COVID-19 disease caused by severe acute 
respiratory syndrome–coronavirus 2 (SARS-CoV-2) has 
rapidly spread with increased fatalities across the world 
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professionals to collect data) have been deployed to con-
tain the disease and to help ease lockdown restrictions. 
Like previous similar outbreaks such as Severe Acute 
Respiratory Syndrome (SARS) and Middle East Res-
piratory Syndrome (MERS), manual contact tracing and 
follow-up control measures such as quarantine and isola-
tion were crucially important and successful during these 
outbreaks [3–6]. Although SARS and MERS were both 
considered as “fast-course” infectious diseases given their 
relatively short infectious period, the rate of infection and 
transmission of the SARS-Cov-2 virus is much faster and 
the death rate outweighs both SARS and MERS which on 
the scale makes manual contact tracing response labour-
intensive, slow and imperfect [7]. One weakness of the 
manual contact tracing method is that it greatly relies 
on whether the confirmed cases can recollect who they 
met in the places where they have been or are willing to 
voluntarily disclose such information. Moreover, there is 
evidence that SARS-CoV-2 has a reproduction number of 
around 2–3 in the early stages of an outbreak and many 
infections can occur without symptoms which are higher 
than that for SARS (1.7–1.9) and MERS (< 1), suggesting 
that SARS-CoV-2 has a higher pandemic potential which 
requires a different approach [8–13].

Hence, new technology-based methods have been con-
sidered to fill the gap in the identification of contacts, 
especially if case detection is aggressive [14, 15]. Public 
health authorities and governments have responded by 
building digital contact tracing mobile apps like the ones 
initiated in Singapore, South Korea, and China to keep 
track of meetings between individuals which allow self-
isolation instructions to be sent automatically to every-
one when a newly diagnosed patient has interacted with 
them while infectious with the SARS-CoV-2 virus. Also, 
Apple and Google in a joint effort to assist announced a 
new technology for third-party apps on iOS and Android 
devices to support public health authorities around the 
world in developing digital contact tracing apps [16]. The 
concept relies on Bluetooth low-energy (BLE) beaconing 
technology to record when a phone has come into close-
proximity with anyone else using the app to track and 
trace infections. Considering Google Android and Apple 
iOS jointly hold the highest market share of smartphone 
operating systems, it seems likely that their approach will 
be critical in how the majority of contact-tracing apps 
will function [17]. Although Apple and Google claim user 
privacy and security are at the core of the design, privacy 
concerns have also been raised noting that contact trac-
ing apps can otherwise be repurposed to enable unwar-
ranted discrimination and surveillance by governments 
on their citizens, or data harvesting by third parties [18].

This has created trust issues in the acceptance and 
participation of users to download and use such apps 

especially in neo-liberal societies where their use is not 
mandatory, hence defeating the real purpose of digital 
contact tracing. For contact tracing apps to be effective, 
roughly 50% to 70% of a population needs to use them 
[19] and scientific and epidemiological evidence sug-
gest contact tracing apps have the potential to contrib-
ute to reducing the suffering caused by the pandemic 
and ease lockdown [20]. Strong support for the apps in 
online surveys carried out in neo-liberal countries like 
France, Germany, Italy, the UK, and the US, shows that 
the willingness to install contact tracing apps is very high 
[21]. However, this does not equate to people doing so. 
Recent studies show that these apps are not being used 
by enough of the population in countries including India, 
Norway, Singapore, and Iceland [22].

In a survey from the Washington Post and the Uni-
versity of Maryland, USA, respondents were split evenly 
(50–50%) on whether they will use a contact tracing 
app if one was made available. Of the 50% of respond-
ents who said they will use it, only 17% said they would 
use it compared to 32% who said they will probably use 
it [23]. Despite the threshold set between 50 and 70% of 
the population’s use of the app to make it effective, recent 
statistics from countries where contact tracing apps 
are voluntary are not promising. At the time of writing, 
about one million people (20% of the population) have 
downloaded Singapore’s contact-tracing app ‘Trace-
Together’ with 16% of the population currently being 
active users. Australia’s COVIDSafe app has been down-
loaded 6 million times based on data from the Google 
Play Store (4% of the population) and so far, just one per-
son has been reported to have been identified using data 
from it. Similarly, the French contact tracing app ‘Stop-
Covid’ with 1.9 million downloads from both the App 
Store and Play Store only managed to send 14 notifica-
tions since its release (at the time of this writing). Recent 
data from the app developers in the first 3 weeks since 
its release show from the 1.9 million downloads, 23,953 
people deactivated the app while 460,000 people simply 
uninstalled the app without apparent reasons. The effec-
tiveness of contact tracing apps to track and trace indi-
viduals infected with the novel SARS-Cov-2 virus has 
also been met with scepticism both by industry experts 
and academics in western democracies. Technical, pri-
vacy and security problems have hampered the apps and 
their impact on the COVID-19 pandemic remain uncer-
tain [24, 25].

Considering the above, we conducted a systematic lit-
erature review (SLR) of the current challenges and appli-
cation of contact tracing apps in the fight against the 
COVID-19 pandemic. The aims of this study and the 
main contributions are as follows:
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• Provide an up to date review on the current challenges 
of contact tracing apps in the fight against COVID-
19 in neo-liberal societies.

• Discuss recommendations to address these challenges.
• Explore future directions and considerations in the use 

of digital contact tracing technologies in the fight 
against future infectious disease outbreaks.

The remainder of this paper is organized as follows. In 
“Mandatory application of contact tracing apps in East 
Asia” section, we discuss the mandatory application of 
contact tracing apps for the COVID-19 pandemic in East 
Asia. In “Research Methodology” section, we describe 
the research methodology used for this study. Results 
from the systematic literature review are presented in 
“Results” section. In “Discussion of results” section, we 
discuss findings from the results of the study; highlight 
some of the key challenges; recommendations and iden-
tify future directions for contact tracing technology. 
Finally, in “Conclusion and future work” section, we con-
clude the paper and highlight potential areas for future 
research and investigation.

Mandatory application of contact tracing apps 
in East Asia
Contact tracing apps can greatly support testing, trac-
ing, isolating, and quarantine measures in the attempt 
to mitigate and slow the spread of the SARS-Cov-2 virus 
by speeding up processes of reporting and contact trac-
ing through improved digital data flow, proximity trac-
ing and geolocation tracking [26]. It could play a pivotal 
role given the ubiquity of internet-connected devices and 
increase the speed of surveillance of a large population 
of smartphone users in almost real-time to know where 
the infection hotspots are. As lockdown measures are 
gradually being lifted in many countries, contact trac-
ing apps are central to control strategies during the de-
escalation of social distancing [27]. It can also be crucial 
in flagging more infections especially in scenarios where 
manual contact tracing cannot. For example, a yet-to-be 
diagnosed person has the SARS-Cov-2 virus and takes a 
crowded bus to work; manual contact tracing is unlikely 
to identify everyone on the bus standing close to the 
infected person. Indeed, a study by Kucharski [28] found 
that combined testing and contact tracing strategies sig-
nificantly reduced the reproductive number more than 
mass testing or self-isolation alone.

In East Asian countries such as China and especially 
Taiwan, contact tracing apps have been mandatory and 
proved effective alongside manual contact tracing meth-
ods in identifying new cases since the end of lockdown 
[25, 29, 30]. The apps generally work by assigning a col-
our code (green, yellow, or red) using an algorithmic 

assessment of the user’s travel history and health status. 
People who can show a green health code on their smart-
phones demonstrate they have not been in contact with 
a confirmed case of COVID-19 [31–33]. In South Korea, 
contact tracing apps such as the ‘Corona 100’ seems to be 
popular and has enabled public health officials to reduce 
the time needed to trace a patient’s movements from 
around 24  h to approximately 10  min and thus, helped 
the general public avoid infectious areas.

South Korea’s extensive contact tracing, testing, and 
isolation measures received overwhelming support from 
the population and have helped to reduce the virus’s 
spread [34]. Laws passed and data transparency dur-
ing the MERS outbreak in 2015 allows the South Korean 
government to collect and publish public data including 
travel histories of confirmed patients. Hence, the privacy 
of the population has been given up to the government 
especially in response to public health safety. To ensure 
people under compulsory home quarantines do not 
stray from the confines of their apartments, the Hong 
Kong government required compulsory download of the 
‘StayHomeSafe’  app and provided geofencing electronic 
tracker wristbands that alert authorities if they violated 
quarantines. These approaches have significantly contrib-
uted to the mass acceptance of contact tracing apps so far 
in the region.

There is little evidence to suggest that the use of these 
types of approaches adopted in East Asian countries 
might be successfully transferable to neo-liberal societies 
such as the USA, UK, France, Germany etc. with different 
political and cultural systems. Controversies about the 
legitimacy of these apps have largely focused on issues 
of privacy and surveillance as commentators empha-
sized the differences between populations in East Asia’s 
acceptance of state surveillance and a European scepti-
cism towards this practice [35]. The barrier appears to be 
that many of these countries especially in Europe are very 
sensitive to privacy issues and privacy is protected by law 
like the General Data Protection Regulation (GDPR) [36, 
37]. A study by Hernandez-Orallo [38] shows that for 
possible second waves of infection, contact tracing apps 
can be effective in controlling the SARS-Cov-2 virus, 
assuming that a percentage of the population will have 
gained immunity, or implemented in combination with 
some other lenient measures, such as social distancing. 
Moreover, for many of such countries that are resum-
ing business operations and social activities, or where 
protests are happening and the number of social con-
tacts increases, it will be worthwhile for them to invest 
in strategies to vastly improve the mass acceptance of 
contact-tracing apps to enable rapid response to a resur-
gence of the SARS-Cov-2 virus [39]. However, the appar-
ent dilemma faced by neo-liberal governments is making 



Page 4 of 15Akinbi et al. Health Inf Sci Syst            (2021) 9:18 

a conscious choice between privacy and public health 
whilst showing the efficacy of such apps.

Research methodology
The systematic literature review (SLR) was conducted 
by searching databases of Google Scholar, Web of Sci-
ence, PubMed, IEEE Xplore Digital Library, PsycInfo and 
ScienceDirect using the search terms (“Contact Trac-
ing” OR “Contact Tracing apps”) AND (“COVID-19” OR 
“Coronavirus”) to identify relevant literature. The search 
strings were run against the title, keywords, and abstract, 
depending on the search platforms. The searches were 
conducted between January 1, 2020, through January 
31, 2021. Further inputs were also taken from relevant 
preprints, published government and technical reports. 
Previous studies [40–45] have used similar methods to 
conduct an SLR. To achieve the objectives of extensively 
reviewing the most relevant studies and answering the 
research questions. We conducted the SLR under the 
guidance published by Kitchenham and Charters [46]. 
According to Kitchenham and Charters, a Systematic Lit-
erature Review is “a form of secondary study that uses a 
well-defined methodology to identify, analyse and inter-
pret all available evidence related to a specific research 
question in a way that is unbiased and repeatable” [46]. 
The SLR allows us to implement the three phases of plan-
ning the review, conducting the review, and reporting or 
documenting the review. Each phase of the SLR is out-
lined below:

Planning the review involves the following steps:

• Identification of the need for an extensive literature 
review

• Formulating the research questions (RQ1 to RQ3)
• Development of search strategy (this involves using 

search strings, sources selection, search processes 
and documenting search strategy).

Conducting the review involves the following steps:

• Selection of relevant publications (Inclusion and Exclu-
sion Criteria)

• Evaluation and assessment of selected relevant publi-
cations

• Data extraction and synthesis-to address the research 
questions (RQ1 to RQ3).

Reporting the review (Documentation) involves the fol-
lowing steps:

• Presentation of results

• Discussion of findings based on the research questions 
(RQ1 to RQ3).

The phases of the SLR adopted to conduct this research 
is presented in Fig. 1.

Planning the review
The purpose of this SLR is to analyse current and existing 
studies and their findings and to summarize the current 
challenges in the application of contact tracing apps in 
the fight against the COVID-19 pandemic in neo-liberal 
societies. To make sure our study is focused, we devel-
oped three research questions as follows.

1. What are the current challenges facing the efficacy 
and mass acceptance of contact tracing apps for 
COVID-19 in neo-liberal societies?

2. What recommendations can be implemented to 
address these challenges and improve mass accept-
ance?

3. What are the future directions and considerations in 
the use of digital contact tracing technologies in the 
fight against future pandemic outbreaks?

The study complements existing studies by conduct-
ing an SLR to identify the pressing challenges related to 
the adoption of contact tracing apps in the fight against 
COVID-19, a global pandemic that has claimed a signif-
icant number of human lives and caused major disrup-
tions to business, led to social isolation and modified 

Fig. 1 Phases of the Systematic Literature Review (SLR)
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human relations in neo-liberal societies up to January 
2021. It provides an up to date study and the current state 
of contact tracing apps in containing the spread of this 
deadly infectious disease. The study aims to present gov-
ernments and policymakers with the challenges they face 
and discuss strategies they need to consider if the popu-
lation are to adopt the use of contact tracing apps now 
and similar contact tracing technologies in future pan-
demic outbreaks.

Conducting the review
These searched were conducted on the 31st of January 
2021. A total of 18,566 results were returned from the 
initial searches carried out using the search strings and 
keywords on the online digital databases. These results 
included a combination of peer-reviewed publications, 
preprints, and reports from credible sources. The results 
from these searches were filtered through the inclusion/
exclusion criteria to remove irrelevant and duplicate pub-
lications. Moreover, we implemented forward and back-
ward snowballing iterations [47] to ensure that all the 
selected publications were relevant and met the inclusion 
criteria. These inclusion criteria were:

• Selected publications must be relevant to contact trac-
ing technology and its application in the fight against 
the COVID-19 pandemic.

• Publications must be related to the research questions 
(RQ1 to RQ3).

• Publications must be written in English.

The exclusion criteria, on the other hand, were:

• Publications not relevant to contact tracing technology 
and its application in the fight against the COVID-19 
pandemic.

• Duplication of published sources, news articles and lit-
erature not written in English.

Since an SLR is about conducting a comprehensive 
search of all relevant sources related to the research 
topic, further checks using a quality assessment was 
applied for a more rigorous result. A detailed assess-
ment of the selected publications was done based on 
the checklist as set by Kitchenham and Charters [46] to 
determine their relevance and suitability for addition to 
the SLR. The quality assessment was based on the pri-
mary goal of the selected publication, context, and rel-
evance to the stated research questions RQ1 to RQ3. 
We selected 5 publications at random and used the fol-
lowing quality assessment check for the final selection 
of publications. The publication must meet at least one 
or more following.

1. Contact Tracing Apps. The publication must include 
discussion and application of contact tracing apps in 
the fight against COVID-19.

2. Context. The content of the publication consists 
of relevant details which explain the objectives and 
findings.

3. Challenges of Contact Tracing Apps. The publica-
tion consists of some significant details on the chal-
lenges of digital contact tracing apps in the fight 
against COVID-19 to address RQ1.

4. Recommendations. The publication includes some 
recommendations to address challenges of digital 
contact tracing or the use of contact tracing apps in 
the fight against COVID-19 to address RQ2.

5. Future Considerations. The publication discusses 
future considerations in the implication or use of 
digital contact tracing technology in the fight against 
future pandemics to address RQ3.

With this process, 17,959 publications were excluded 
from the initial search results, bringing the total num-
ber down to 610 publications. Following that, the exclu-
sion criteria based on titles, abstract and content was 
implemented; and as a result, 538 publications were 
also excluded altogether, bringing the number down to 
72 relevant publications. Finally, 61 publications were 
identified as the final set of primary studies for this SLR 
after the quality assessment selection. Figure  2 shows 
the number of publications selected and excluded at 
each stage of the process. The data extracted from the 
collection of relevant publications were used to provide 
answers to the research questions RQ1 to RQ3 in line 
with the objectives of this study. The data extraction and 
synthesis for the final publications are described and cat-
egorised based on the following categories:

• Context Data: Details about the aim and purpose of 
the study.

• Qualitative data: Findings and conclusions from the 
relevant study.

• Quantitative data: Results from extracted data, dis-
cussions, and findings from the relevant study.

Results
Each publication from the final set of 61 primary studies 
was read in full after they passed the quality assessment 
and relevant context data, qualitative and qualitative 
data was extracted. All primary studies are centred on 
the research questions RQ1 to RQ3 and a theme in rela-
tion to the challenges, recommendations and future 
directions of contact tracing apps and related technol-
ogy in the fight against COVID-19 and future pandemic 
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outbreaks. Figure  3 shows the percentages of differ-
ent themes of the 61 primary studies, after the quality 
assessment selection and were included in the analysis 
and discussion of results. Most research outputs con-
sidered in this SLR are published in academic journals. 

Also, there were few outputs published as preprints, 
government, and technical reports.

The themes identified in the primary studies show 
that almost half (45%) of all studies on contact tracing 
apps for the COVID-19 pandemic are concerned with 
user privacy. User behaviour and participation is the 
second most popular theme amongst the primary stud-
ies, with a percentage of 16%. This is followed by ethical 
issues surrounding the use of contact tracing apps in 
12% of the primary studies. Lack of trust in the govern-
ment especially for neo-liberal societies accounts for 
10% of the primary studies. The studies focused on the 
plausibility of contact tracing apps being used for gov-
ernment surveillance as one of the reasons behind the 
unwillingness of the population to use them. Security 
vulnerabilities are the jointly third commonest theme, 
with a proportion of 10%. The last common theme of 
the primary studies is technical constraints that affect 
the adoption of contact tracing apps, which accounts 
for 7%.

Fig. 2 Selection of primary studies for the SLR

Fig. 3 Chart of themes of primary studies
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Discussion of results
The decision to develop and deploy contact tracing apps 
for tracking and tracing the spread of the COVID-19 
pandemic continues to raise data privacy concerns and 
a balance between user data privacy and societal benefit 
has been considered [48]. This coupled with its effective-
ness, ethical considerations, security risks, and technical 
issues has been highlighted as major challenges affecting 
mass acceptance amongst the population in neo-liberal 
societies. In this section, we present findings from the 
selected primary studies that highlight the major chal-
lenges affecting contact tracing apps in the fight against 
COVID-19, recommendations to address these chal-
lenges and future directions in the use of digital contact 
tracing technology to fight future pandemics.

RQ1: what are the current challenges of contact tracing 
apps in neo‑liberal societies?
It is important to state that this systematic literature 
review focuses on the challenges of contact tracing apps 
that influence their wide acceptance and adoption, espe-
cially in neo-liberal societies. However, it is imperative 
to also note that some of the discussion in our find-
ings could apply to other demographics and digital 
applications.

• User data privacy concerns—Parker et  al. [20] high-
lights that justification for privacy infringements of 
users is hypothetically justifiable in cases where con-
tact tracing apps have the potential to contribute to 
the saving of many lives and reduce enormous suf-
fering caused by a blanket population lockdown. 
Hence, people should be prepared to trade-off pri-
vacy encroaching contact tracing apps for civil liberty 
and see it as a public duty to save lives as lockdown 
is being eased. However, an app encroaching on 
people’s privacy while providing little contribution, 
compared to other measures in tackling the spread 
of COVID-19 would be ethically dubious, especially 
in neo-liberal societies [49, 50]. Privacy concerns 
related to user data has been of one the significant 
issue affecting the acceptance and willingness to 
use contact tracing apps as shown in primary stud-
ies [37, 51–60]. Questions such as how user data will 
be anonymized, where the data will be stored, who 
has access to the data, how it will be shared, used and 
destroyed when the pandemic is over have been sub-
jects of huge debate. These are the main reasons that 
influence unwillingness to use these contact tracing 
apps.

• Lack of Trust—The lack of trust in government and 
their motive appears to be a key factor that creates a 
negative effect on people’s decisions to install a con-

tact tracing app on their phones especially in neo-
liberal societies where the use is not mandatory and 
success depends on the establishment of sustained 
and sound public trust and confidence as shown in 
primary studies [21, 61, 62]. Especially in the USA in 
the post 9–11 era, lack of the public’s trust in govern-
ments has been impacted since Edward Snowden’s 
revelations on US government global surveillance 
program.

 Apart from surveillance concerns associated with cen-
tral authorities’ access to user data, concerns asso-
ciated with access to user data by third parties have 
also been raised [60]. These include any individual 
with whom a user has exchanged tokens in the con-
tact tracing app based on some notion of physical 
proximity, big data analysis companies, or malicious 
actors where the contact tracing app’s system is naïve 
or vulnerable to information leakage [53]. In May 
2020, the official COVID-19 contact tracing app for 
the state of North Dakota, USA, was found to send 
user location data and the unique user identifier to 
Foursquare and other data to Google including a 
bug-tracking company with the users’ consent [63].

 A scientific Data Protection Impact Assessment 
(DPIA) of contact  tracing  app  designs (including 
centralized and decentralized models) conducted in 
the primary study [64] found that none of the pro-
posed designs ensures proper anonymization, and 
that informed consent would not be a legitimate 
legal ground for the processing, that data subjects’ 
rights are not sufficiently safeguarded and that no 
design provides for sufficient purpose-binding. Simi-
lar findings in the application of the European Data 
Protection Board (EDPB) guidelines in the assess-
ment of three contact tracing apps (Stopp Corona, 
NHS COVID-19 and TraceTogether), showed vary-
ing compliance with the guidelines criteria [54]. The 
issues highlighted show that maintaining the balance 
between trust in government institutions and public 
health is a huge challenge in the adoption of contact 
tracing apps in the fight against COVID-19.

• Ethical issues—In many countries, residents have been 
living under lockdown with their civil liberties heavily 
curtailed. Many businesses have been forced to stop 
operations forcing millions out of work. According to 
the International Monetary Fund’s (IMF) April World 
Economic Outlook, the global growth in 2020 is 
expected to fall to -3% making it the worst recession 
since the Great Depression [65]. The United King-
dom’s economic GDP is projected to fall by 11.5% 
while the USA, China, Germany, and France GDPs 
are predicted to fall by 6.6%, 2.6%, 6.6%, and 11.4% 
respectively [66]. As countries slowly lift restric-
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tions and business open to enable quick economic 
recovery, digital contact tracing itself can contrib-
ute to general fairness risk associated with discrimi-
nate mitigation measures [67]. For example, disad-
vantaged workers are less likely to be able to work 
from home, engaging in work means that they are at 
higher risks of becoming infected and are more likely 
to form social ties with others in similarly precarious 
arrangements. Therefore, they may be forced to quar-
antine simply because they have been in close prox-
imity with others in the same social group although 
they may not be at high risk of infection. The lack of 
smartphones and internet access, as well as the share 
of informal employment all come together to dispro-
portionately impact the low-income communities 
which continue to drive the health divide rooted in 
social status and economic differences even further 
[68, 69].

 Primary studies [64, 70–72], discuss the risk of data 
collected through contact tracing apps by public 
health authorities and governments can be used not 
just for epidemiological studies and surveillance but 
also for behavioural profiling of a population. The 
behavioural profiles if correlated with other demo-
graphic and socio-economic data may motivate 
selective policies in which a population that has been 
measured as being on average more willing to take 
risks are treated differently by future restrictions than 
other groups whose compliance is supposedly higher. 
This raises serious ethical issues as data can be used 
to discriminate against a population or geographic 
locations where cases of COVID-19 are higher. For 
example, behavioural scoring can be used to deter-
mine access to medical resources, funding, treat-
ment, etc. It was discovered that Bahrain’s ‘BeAware 
Bahrain’ app has been sharing data with a national 
television show called Are You at Home? which 
offered prizes to those who stayed at home during 
Ramadan [73]. In South Korea, contact-tracing laws 
permit the government to determine the immigra-
tion status of infected individuals. Sinha and Pater-
son [17] highlight that if such laws exist in the U.S., 
undocumented communities may not seek health-
care and that over time the same technologies and 
laws could be used to track undocumented migrants.

• Security vulnerabilities—Security flaws in the design 
and implementation of contact tracing apps have the 
potential to put sensitive personal details of users at 
risk. A recent investigation by Amnesty Security Lab 
discovered a significant weakness in the configura-
tion of Qatar’s mandatory EHTERAZ contact tracing 
app [74]. The vulnerability could allow hackers access 
to highly sensitive personal information, including 

the name, national ID, health status, and location 
data of more than one million users. Similar vulner-
abilities have been disclosed in India’s Aarogya Setu 
and Pakistan’s Covid-19 Gov PK apps. These vulnera-
bilities were from apps that have been tested by secu-
rity researchers so far. Other proposed contact trac-
ing apps may have similar or different security flaws 
that make them susceptible to attacks and data leaks.

 The primary study [75] described possible attacks on 
Bluetooth technology used by contact tracing apps. 
Recent Bluetooth vulnerabilities include BlueFrag 
(CVE-2020-0022 which affected Android devices 
running Android 8.0 to 9.0) and Bluetooth BIAS 
Attack (affected multiple Android and iOS devices) 
[76] were disclosed in February and May 2020 
respectively and required patching. However, many 
Android devices did not receive this update as more 
than one billion Android devices around the world 
are no longer supported by security updates, leav-
ing them potentially vulnerable to attacks. According 
to Google’s data from 2019, around 40% of Android 
active users worldwide are on version 6.0 or earlier 
and no longer receive security updates [77]. A suc-
cessful Bluetooth BIAS attack would allow a mali-
cious actor to impersonate a device from a previ-
ous secure Bluetooth connection pairing between 
two devices. This can be leveraged to conduct social 
engineering attacks or take control of the vulner-
able device as contact tracing apps always require 
Bluetooth to be enabled to function. Other possi-
ble attacks and vulnerabilities susceptible to contact 
tracing apps are described in primary studies [78–
81].

• Technical constraints—The development and roll-
out of contact tracing apps revolve around several 
assumptions that raise questions about its efficacy to 
advance public health in the fight against COVID-19. 
These assumptions are that a large percentage of the 
population have access to compatible smartphones 
and an internet connection, the application’s design, 
that Bluetooth signals are accurate, and that people 
will choose to install and use the apps [61, 68, 82].

 According to Statista, the current number of smart-
phone users in the world today is 3.5 billion, and 
this means 44.98% of the world’s population owns a 
smartphone [83]. From this percentage, smartphones 
running the Android operating system held an 87% 
share of the global market in 2019 compared to the 
mobile operating system developed by Apple (iOS), 
which had a 13% share of the market [84], thus mak-
ing Android the most popular mobile operating sys-
tem used across the world. However, more than one 
billion Android devices are 2 years or more out of 
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date and do not receive updates from device manu-
facturers and carriers. This means many Android 
devices may not benefit from updates to the new 
COVID-19 contact tracing system Google has built 
in collaboration with Apple. For example, the Trace-
Together app requires Android 5.1 or higher, while 
the CovidSafe app works on Android 6.0 or higher. 
On iOS devices, both TraceTogether and CovidSafe 
require iOS version 10 or higher [78]. Currently, most 
back-end systems and contact tracing apps are poorly 
inter-connected since they are developed by different 
government agencies, health authorities, and organi-
zations [85].

 Access to mobile internet across the world is not 
evenly distributed. According to the latest report 
from the GSMA Mobile Economy [86], smartphone 
subscriber penetration is considerably low in Sub-
Saharan Africa (45%) compared to other regions like 
Europe (86%), North America (83%), Greater China 
(82%) and Asia Pacific (60%). This disparity is closely 
related to the GDP per capita of countries where 
citizens from poorer countries are less likely to own 
a smartphone. Even in regions like Europe, not all 
households have access to mobile internet and smart-
phones. In the UK, figures released by the Office for 
National Statistics (ONS), show that a third of house-
holds still do not have access to mobile broadband 
[87]. The latest figures in 2020 show that 30% of UK 
senior citizens aged 55 years and above do not own 
or have access to a smartphone and an estimated 21% 
of young adults aged 18 years and above do not have 
a smartphone [88]. This digital divide and inequality 
mean that health care development in the form of 
contact tracing apps and related technologies rapidly 
does not become available to many people within the 
population and has the unintended but inevitable 
consequence of fuelling health inequality [89].

 Bluetooth signals suffer from accuracy problems and 
will require developers to fine-tune how signals 
will be transmitted by lowering the transmission 
power to prevent such long-distance reception. Pri-
mary study [90] highlighted different Bluetooth ver-
sions and smartphone chipset implementations that 
can result in different operational and information 
security aspects of its use for contact tracing. Signal 
strength can vary significantly depending on the rela-
tive orientation of smartphones, on absorption by the 
human body, reflection, or absorption of radio signals 
in buildings and on trains. According to the inventors 
of Bluetooth, Jaap Haartsen, and Sven Mattisson, the 
signal’s path loss will vary significantly depending on 
extenuating conditions (free space or obscured) [91]. 
Duration, proximity, and direction of signal strength 

between two devices would also need to be measured 
to deal with problems associated with false positives. 
Especially in scenarios where the contact tracing app 
detects a non-valid exposure or false negative, where 
the app fails to detect a valid exposure because the 
distance was miscalculated, or even because of other 
external factors and extenuating circumstances. The 
inevitable danger of non-valid exposure measure-
ments is linked to the risk that users are wrongly 
isolated, potentially several times in succession, with 
considerable economic and social consequences to 
those affected [15, 64]. The SARS-CoV-2 virus could 
spread by touching an object or surface with a virus 
present from an infected person, and then touch-
ing the mouth, nose, or eyes. Hence in such cases, a 
contact tracing app will not be able to detect this and 
may give people a false sense of security.

• User behaviour and participation—Most citizens over 
the age of 65 are not tech-savvy compared to the 
younger generation. Using the latest data on smart-
phone usage by age, sourced from the UK’s commu-
nications regulator OFCOM, there is a digital divide 
between adults of certain age groups and their atti-
tudes towards the use of smartphones with young 
adults more likely to use contact tracing apps com-
pared to senior citizens in the UK [89]. This intergen-
erational divide is supported by the study of partici-
pants in Singapore demonstrated in a primary study 
[92]. The success of any voluntarily installed app, 
for whatever purpose, is dependent upon user buy-
in. There are several dimensions to that judgment of 
acceptability of technology, including its benefits and 
disbenefits, the moral or social imperatives, the per-
ceived efficacy of the app, and the behaviour of sig-
nificant others in the lives of the potential user. Psy-
chological research into the adoption of technologies 
focuses on these issues, where wetware meets hard-
ware and software.

 Primary studies [93–95], highlights adoption is deter-
mined by individual risks, cultural difference and 
social preferences, not by the wider health benefits 
to society. However, primary study [96], highlighted 
that a perceived realistic threat to life or health dur-
ing the pandemic is a more important predictor of 
acceptance of contact tracing technologies in Poland. 
The study also found women were more willing to 
accept their use than men. Primary study [97] con-
cluded that it is difficult for policymakers to design 
one app that fits all individuals in a society. Especially 
when the propensity to accept such non-mandatory 
apps varies between critics, advocates, and unde-
cided individuals amongst the neo-liberal population. 
Tracking or screening technologies can work when 
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the public understands the value of them for their 
health and wellbeing, and both parties are signed up 
for that greater purpose [98]. Under such conditions, 
surveillance concerns are minimized. This is con-
firmed by primary study [95] in a qualitative, focus-
group study of participants in the U.K. Primary study 
[99] report a study of intentions to use a contact-trac-
ing app in Australia, with the conclusion that uptake 
of the software can be increased if the security con-
cerns are addressed, but that message framing did 
not make a significant difference to intention when 
autonomy-controlling and supportive messages were 
compared. Supportive messages involve choice and 
freedom, whereas autonomy-controlling messages 
use model verbs such as “should” and “must”.

Discussion from the primary studies shows an over-
whelming consensus that privacy concerns is the most 
significant reason for the lack of acceptance and use of 
contact tracing apps amongst the population in neo-lib-
eral societies. This issue is largely influenced by the cul-
tural differences in these societies, lack of evidence of 
wider health benefits of these apps and growing concerns 
that government agencies could use data collected for 
digital mass surveillance.

RQ2: what recommendations can be implemented 
to address these challenges and improve mass 
acceptance?
Based on the current challenges of contact tracing apps 
in the fight against COVID-19 in neo-liberal societies 
identified in RQ1, we discuss recommendations that can 
be applied to remedy these issues and can influence its 
wide adoption and acceptance:

• Addressing user data privacy concerns—Maintaining a 
balance especially between user privacy and societal 
benefit is a huge challenge if digital contact tracing 
using mobile apps is to succeed in the fight against 
COVID-19. Also, influencing user behaviour in the 
participation, and dealing with technical constraints 
associated with the underlying technology is essen-
tial if contact tracing apps are to succeed now and 
in respect of dealing with future pandemics. In this 
section, we discuss recommendations in addressing 
some of these issues and future considerations in the 
development and implementation of digital contact 
tracing. Data collected from such apps should only be 
used to support public health measures, the source 
code should be made public and subjected to public 
analysis and finally, its use must be voluntary, used 
with the explicit consent of the user and the systems 
must be designed to be able to be switched off, and 

all data deleted when the current pandemic is over 
[100]. There are suggestions that a non-partisan inde-
pendent committee with representatives from legal, 
health, and privacy experts should be established to 
oversee the development of contact tracing apps, its 
information ecosystem, and data governance. Only 
anonymized aggregated data should be shared with 
public health authorities and any personal identifi-
able information must be deleted once the pandemic 
is over [60, 101].

• Addressing security vulnerabilities—On issues associ-
ated with Bluetooth, it is recommended that the Blue-
tooth Low Energy (BLE) signal should be regulated in 
a standardized manner when operating a contact trac-
ing app so that the effective range of the protocol is 
reduced [90]. Legislation should be put in place which 
mandates smartphone manufacturers and carriers to 
provide critical system updates especially for Android 
devices vulnerable to critical Bluetooth vulnerabili-
ties such as BlueFrag and BIAS attack. Mitigations to 
address security vulnerabilities promptly, application 
code review and secure software development must 
be considered to minimize risk to user data [60].

• Addressing technical constraints—Proximity accuracy 
issues with Bluetooth technology has been addressed 
in the recent update of Bluetooth Low Energy (BLE). 
However, there is still room for improvement in the 
development of new protocols and refined calibra-
tion of BLE signal strength that can enhance this 
technology [59, 78, 79].

• Improving user behaviour and participation—Cur-
rently, there a few studies about the psychological 
factors that would influence the adoption of an app 
for contact tracing at present for the ongoing out-
break of COVID-19. Findings from the primary stud-
ies [93, 95], suggests that people would respond best 
to messages which alleviate their security concerns, 
emphasize personal autonomy, and where the soci-
etal benefits are clearly articulated. It is also impor-
tant that policy makers study their demographic to 
understand user perception. Designing a contact 
tracing app that targets most of the population and 
addresses their concerns (privacy and usability) can 
increase mass acceptance. Moreover, to realize their 
intended societal benefits, contact tracing apps 
require mass acceptance [97].

Our findings reveal that most of the primary studies 
consider showcasing the societal benefits of contact trac-
ing apps, addressing privacy concerns, technical con-
straints and security issues  that can influence the mass 
acceptance and use of contact tracing apps in neo-liberal 
societies.
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RQ3: what are the future directions and considerations 
in the use of digital contact tracing technologies 
in the fight against future pandemic outbreaks?
Since there are several underlying challenges of digital 
contact tracing apps in the light of their relevance in the 
fight against the COVID-19 pandemic, many of the issues 
are inherited from mobile applications as well. Our study 
shows that user privacy concerns are the most pressing 
challenge identified by most of the studies in their analy-
sis of the implications of contact tracing apps, especially 
for neo-liberal societies. One of the positives of these 
apps is their ability to track and trace the spread of the 
infection in real-time whilst complementing other man-
ual contact tracing methods. Despite these, for contact 
tracing apps to be effective, a large number of the pop-
ulation would need to install and use these apps. Based 
on the outcome of this SLR and our findings, we present 
the following future considerations and directions for 
contact tracing apps and related technologies in the fight 
against COVID-19 and future pandemic outbreaks that 
are worth investigating and implementing to encourage 
willingness and mass adoption by the wider population:

• Adopting less-invasive and privacy-preserving technol-
ogies—For future considerations, the use of less-inva-
sive technologies such as Artificial Intelligence (AI) 
and Machine Learning (ML) has been proposed to 
help analyse the level of infection by the SARS-CoV-2 
virus by identifying hotspots, tracing, and monitor-
ing infected persons as described in primary studies 
[42, 78, 102–109]. Other methods described in the 
primary study [110, 111], propose the use of thermal-
based imaging using the Internet of Medical Things 
(IoMT) and other Internet of Things (IoT) devices 
[112, 113] to trace and track positive cases and help 
control the spread of COVID-19 infection and future 
infectious disease outbreaks. The use of a privacy-
preserving contact tracing scheme in blockchain-
based medical applications has also been proposed 
[114, 115].

• Transparency—To encourage the willingness to adopt 
and use contact tracing apps, policymakers, devel-
opers, governments, and public health authorities in 
neo-liberal societies must adopt a feedback mecha-
nism during the phases of deployment to create 
public confidence, trust and participation. Citizens 
deserve clarity on the purpose of data collection, 
types of data collected, who has access to such data, 
the modalities, extent and timeline for data deletion 
[35, 58, 59, 71, 78, 94, 116].

• Influencing human behaviour—It is important to study 
human behaviour when designing and developing 
contact tracing apps and related digital technolo-

gies before deploying and integrating them amongst 
the population. This includes studying a significant 
amount of theories and models such as the technol-
ogy acceptance model, innovation diffusion theory, 
the theory of reasoned action, health belief models 
and theory of planned behaviour, social cognitive 
theory, and motivation theory can be used to explore 
the acceptance and use of future contact tracing 
technologies [85, 94].

• Ethical considerations—For government, technol-
ogy developers, decision-makers and public health 
authorities, there is the need to translate the ethical–
legal considerations into actionable safeguards that 
can unlock the promise of contact tracing apps and 
related digital technologies while avoiding harm and 
managing risks in the fight against future pandemics 
[71].

Based on the results of this survey and our observa-
tions, digital technologies can be used to support manual 
contact tracing and tracking methods in the fight against 
COVID-19 and future pandemic outbreaks. However, 
neo-liberal governments and public health authorities 
should consider the use of alternative technologies that 
do not invade user privacy. They also need to be trans-
parent with the public on how any data collected will 
be used. Strategies and incentives to influence user par-
ticipation should also be considered well in advance 
to encourage mass acceptance amongst the wider 
population.

Conclusion and future work
The impact of the COVID-19 pandemic represents an 
unprecedented challenge to public health authorities 
and respective governments across the world. This has 
brought severe pressure on health services and intro-
duced radical changes to the way of life for both individu-
als and organizations. In a way to stop the infection of the 
SARS-CoV-2 virus from spreading, public health authori-
ties have considered and introduced robust contact 
tracing systems which include the use of digital contact 
tracing apps. In this paper, we discussed the mandatory 
application of contact tracing apps in East Asia in con-
taining the spread of the SARS-CoV-2 virus and the chal-
lenges faced by neo-liberal societies in their use to fight 
against the COVID-19 pandemic. Although contact trac-
ing apps are a promising technology for rapid tracing and 
tracking of infected persons, they can support manual 
contact tracing and tracking methods in the control of 
the SARS-CoV-2 virus. However, many people have an 
intrinsic mistrust of the government especially in neo-
liberal societies and are concerned that the use of contact 
tracing apps could be the beginning of more pervasive 
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government surveillance. Also, since these apps are not 
mandatory, it is difficult to predict mass acceptance and 
participation. If contact tracing apps are to succeed, it is 
important governments and policymakers gain the trust 
of their citizens and show adequate transparency in how 
user data is collected and used. Its efficacy and how these 
challenges are currently addressed in the fight against this 
novel disease will determine the role of digital contact 
tracing technologies in future pandemic outbreaks and 
what lessons can be learned from identified inadequacies.

Future potential research agenda concerning the 
impact and effectiveness of contact tracing apps and 
related technologies in neo-liberal societies needs to the 
considered. Studies that evaluate the effectiveness of the 
recommendations implemented by various policymak-
ers, governments, and public health authorities to verify 
whether they influence the willingness and mass accept-
ance of this technology also needs to be carried out.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Declarations

Conflict of interest
The authors declare that they have no conflict of interest to disclose.

Author details
1 School of Computer Science and Mathematics, Liverpool John Moores 
University, James Parsons Building, Liverpool, UK. 2 School of Psychology, 
Liverpool John Moores University, Tom Reilly Building, Liverpool, UK. 

Received: 30 August 2020   Accepted: 26 March 2021

References
 1. Centers for Disease Control and Prevention. About variants of the virus 

that causes COVID-19. (2021). https:// www. cdc. gov/ coron avirus/ 2019- 
ncov/ trans missi on/ varia nt. html. Accessed 19 Feb 2021.

 2. PEPP-PT, Pan-European Privacy-Preserving Proximity Tracing, PEPP-PT. 
(2020). https:// www. pepp- pt. org/ conte nt. Accessed 24 Apr 2020.

 3. Kwok KO, Tang A, Wei VWI, Park WH, Yeoh EK, Riley S. Epidemic models 
of contact tracing: systematic review of transmission studies of severe 
acute respiratory syndrome and middle east respiratory syndrome. 
Comput Struct Biotechnol J. 2019. https:// doi. org/ 10. 1016/j. csbj. 2019. 
01. 003.

 4. Riley S, Fraser C, Donnelly CA, Ghani AC, Abu-Raddad LJ, Hedley AJ, 
Leung GM, Ho LM, Lam TH, Thach TQ, Chau P, Chan KP, Lo SV, Leung PY, 
Tsang T, Ho W, Lee KH, Lau EMC, Ferguson NM, Anderson RM. Transmis-
sion dynamics of the etiological agent of SARS in Hong Kong: impact 
of public health interventions. Science. 2003. https:// doi. org/ 10. 1126/ 
scien ce. 10864 78.

 5. Saurabh S, Prateek S. Role of contact tracing in containing the 2014 
Ebola outbreak: a review. Afr Health Sci. 2017. https:// doi. org/ 10. 
4314/ ahs. v17i1. 28.

 6. Leong K-I, Si Y-W, Biuk-Aghai RP, Fong S. Contact tracing in healthcare 
digital ecosystems for infectious disease control and quarantine 
management. In: 2009 3rd IEEE International conference on digital 
ecosystems and technologies. Istanbul: IEEE; 2009. p. 306–11. https:// 
doi. org/ 10. 1109/ DEST. 2009. 52767 30.

 7. Sun K, Viboud C. Impact of contact tracing on SARS-CoV-2 transmis-
sion. Lancet Infect Dis. 2020. https:// doi. org/ 10. 1016/ S1473- 3099(20) 
30357-1.

 8. Kucharski AJ, Russell TW, Diamond C, Liu Y, Edmunds J, Funk S, Eggo 
RM, Sun F, Jit M, Munday JD, Davies N, Gimma A, van Zandvoort K, 
Gibbs H, Hellewell J, Jarvis CI, Clifford S, Quilty BJ, Bosse NI, Abbott 
S, Klepac P, Flasche S. Early dynamics of transmission and control of 
COVID-19: a mathematical modelling study. Lancet Infect Dis. 2020. 
https:// doi. org/ 10. 1016/ S1473- 3099(20) 30144-4.

 9. He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, Lau YC, Wong JY, Guan 
Y, Tan X, Mo X, Chen Y, Liao B, Chen W, Hu F, Zhang Q, Zhong M, Wu 
Y, Zhao L, Zhang F, Cowling BJ, Li F, Leung GM. Temporal dynam-
ics in viral shedding and transmissibility of COVID-19. Nat Med. 
2020;26:672–5. https:// doi. org/ 10. 1038/ s41591- 020- 0869-5.

 10. Petrosillo N, Viceconte G, Ergonul O, Ippolito G, Petersen E. COVID-19, 
SARS and MERS: are they closely related? Clin Microbiol Infect. 2020. 
https:// doi. org/ 10. 1016/j. cmi. 2020. 03. 026.

 11. Wu JT, Leung K, Leung GM. Nowcasting and forecasting the potential 
domestic and international spread of the 2019-nCoV outbreak origi-
nating in Wuhan, China: a modelling study. Lancet. 2020. https:// doi. 
org/ 10. 1016/ S0140- 6736(20) 30260-9.

 12. Liu T, Hu J, Kang M, Lin L, Zhong H, Xiao J, He G, Song T, Huang Q, 
Rong Z, Deng A, Zeng W, Tan X, Zeng S, Zhu Z, Li J, Wan D, Lu J, Deng 
H, He J, Ma W. Transmission dynamics of 2019 Novel Coronavirus 
(2019-nCoV). SSRN Electron J. 2020. https:// doi. org/ 10. 2139/ ssrn. 
35263 07.

 13. Chen H, Yang B, Pei H, Liu J. Next generation technology for epidemic 
prevention and control: data-driven contact tracking. IEEE Access. 
2019;7:2633–42. https:// doi. org/ 10. 1109/ ACCESS. 2018. 28829 15.

 14. Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Bonsall DG, Fraser 
C. Quantifying dynamics of SARS-CoV-2 transmission suggests that 
epidemic control and avoidance is feasible through instantaneous 
digital contact tracing. MedRxiv. 2020. https:// doi. org/ 10. 1101/ 2020. 
03. 08. 20032 946.

 15. Müller J, Kretzschmar M. Contact tracing—old models and new chal-
lenges. Infect Dis Model. 2021;6:222–31. https:// doi. org/ 10. 1016/j. 
idm. 2020. 12. 005.

 16. Vaughan A. The problems with contact-tracing apps. New Sci. 2020. 
https:// doi. org/ 10. 1016/ s0262- 4079(20) 30787-9.

 17. Sinha P, Paterson AE. Contact tracing: can ‘Big tech’ come to the 
rescue, and if so, at what cost? EClinicalMedicine. 2020. https:// doi. 
org/ 10. 1016/j. eclinm. 2020. 100412.

 18. Hearn A. Digital contact tracing will fail unless privacy is respected, 
experts warn, Guard. Newsp. (2020). https:// www. thegu ardian. com/ 
world/ 2020/ apr/ 20/ coron avirus- digit al- conta ct- traci ng- will- fail- 
unless- priva cy- is- respe cted- exper ts- warn. Accessed 11 June 2020.

 19. Fussel S, Knight W. The apple-google contact tracing plan won’t stop 
Covid alone, Wired.Com. (2020). Accessed 24 Apr 2020.

 20. Parker MJ, Fraser C, Abeler-Dörner L, Bonsall D. Ethics of instantane-
ous contact tracing using mobile phone apps in the control of the 
COVID-19 pandemic. J Med Ethics. 2020;46:427–31. https:// doi. org/ 
10. 1136/ medet hics- 2020- 106314.

 21. Altmann S, Milsom L, Zillessen H, Blasone R, Gerdon F, Bach R, Kreuter 
F, Nosenzo D, Toussaert S, Abeler J. Acceptability of app-based con-
tact tracing for COVID-19: cross-country survey evidence. MedRxiv. 
2020. https:// doi. org/ 10. 1101/ 2020. 05. 05. 20091 587.

 22. Findlay S, Palma S. Coronavirus contact-tracing apps struggle to 
make an impact, Financ. Times. (2020). https:// www. ft. com/ conte nt/ 
21e43 8a6- 32f2- 43b9- b843- 61b81 9a427 aa. Accessed 11 June 2020.

 23. Roper W. Americans split on contact tracing app, Statista. (2020). 
https:// www. stati sta. com/ chart/ 21573/ conta ct- traci ng- app- adopt 
ion/. Accessed 16 June 2020.

 24. Leslie M. COVID-19 fight enlists digital technology: contact tracing 
apps. Engineering. 2020;6:1064–6. https:// doi. org/ 10. 1016/j. eng. 2020. 
09. 001.

 25. Xu W, Wu J, Cao L. COVID-19 pandemic in China: context, experience 
and lessons. Heal Policy Technol. 2020;9:639–48. https:// doi. org/ 10. 
1016/j. hlpt. 2020. 08. 006.

 26. Vokinger KN, Nittas V, Witt CM, Fabrikant SI, von Wyl V. Digital health and 
the COVID-19 epidemic: an assessment framework for apps from an 

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html
https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant.html
https://www.pepp-pt.org/content
https://doi.org/10.1016/j.csbj.2019.01.003
https://doi.org/10.1016/j.csbj.2019.01.003
https://doi.org/10.1126/science.1086478
https://doi.org/10.1126/science.1086478
https://doi.org/10.4314/ahs.v17i1.28
https://doi.org/10.4314/ahs.v17i1.28
https://doi.org/10.1109/DEST.2009.5276730
https://doi.org/10.1109/DEST.2009.5276730
https://doi.org/10.1016/S1473-3099(20)30357-1
https://doi.org/10.1016/S1473-3099(20)30357-1
https://doi.org/10.1016/S1473-3099(20)30144-4
https://doi.org/10.1038/s41591-020-0869-5
https://doi.org/10.1016/j.cmi.2020.03.026
https://doi.org/10.1016/S0140-6736(20)30260-9
https://doi.org/10.1016/S0140-6736(20)30260-9
https://doi.org/10.2139/ssrn.3526307
https://doi.org/10.2139/ssrn.3526307
https://doi.org/10.1109/ACCESS.2018.2882915
https://doi.org/10.1101/2020.03.08.20032946
https://doi.org/10.1101/2020.03.08.20032946
https://doi.org/10.1016/j.idm.2020.12.005
https://doi.org/10.1016/j.idm.2020.12.005
https://doi.org/10.1016/s0262-4079(20)30787-9
https://doi.org/10.1016/j.eclinm.2020.100412
https://doi.org/10.1016/j.eclinm.2020.100412
https://www.theguardian.com/world/2020/apr/20/coronavirus-digital-contact-tracing-will-fail-unless-privacy-is-respected-experts-warn
https://www.theguardian.com/world/2020/apr/20/coronavirus-digital-contact-tracing-will-fail-unless-privacy-is-respected-experts-warn
https://www.theguardian.com/world/2020/apr/20/coronavirus-digital-contact-tracing-will-fail-unless-privacy-is-respected-experts-warn
https://doi.org/10.1136/medethics-2020-106314
https://doi.org/10.1136/medethics-2020-106314
https://doi.org/10.1101/2020.05.05.20091587
https://www.ft.com/content/21e438a6-32f2-43b9-b843-61b819a427aa
https://www.ft.com/content/21e438a6-32f2-43b9-b843-61b819a427aa
https://www.statista.com/chart/21573/contact-tracing-app-adoption/
https://www.statista.com/chart/21573/contact-tracing-app-adoption/
https://doi.org/10.1016/j.eng.2020.09.001
https://doi.org/10.1016/j.eng.2020.09.001
https://doi.org/10.1016/j.hlpt.2020.08.006
https://doi.org/10.1016/j.hlpt.2020.08.006


Page 13 of 15Akinbi et al. Health Inf Sci Syst            (2021) 9:18 

epidemiological and legal perspective. Swiss Med Wkly. 2020. https:// 
doi. org/ 10. 4414/ smw. 2020. 20282.

 27. Kretzschmar ME, Rozhnova G, Bootsma M, van Boven ME, van de 
Wijgert J, Bonten M. Time is of the essence: impact of delays on effec-
tiveness of contact tracing for COVID-19. MedRxiv. 2020. https:// doi. 
org/ 10. 1101/ 2020. 05. 09. 20096 289.

 28. Kucharski AJ, Klepac P, Conlan AJK, Kissler SM, Tang ML, Fry H, Gog 
JR, Edmunds WJ, Emery JC, Medley G, Munday JD, Russell TW, Leclerc 
QJ, Diamond C, Procter SR, Gimma A, Sun FY, Gibbs HP, Rosello A, van 
Zandvoort K, Hué S, Meakin SR, Deol AK, Knight G, Jombart T, Foss AM, 
Bosse NI, Atkins KE, Quilty BJ, Lowe R, Prem K, Flasche S, Pearson CAB, 
Houben RMGJ, Nightingale ES, Endo A, Tully DC, Liu Y, Villabona-Arenas 
J, O’Reilly K, Funk S, Eggo RM, Jit M, Rees EM, Hellewell J, Clifford S, Jarvis 
CI, Abbott S, Auzenbergs M, Davies NG, Simons D. Effectiveness of isola-
tion, testing, contact tracing, and physical distancing on reducing trans-
mission of SARS-CoV-2 in different settings: a mathematical modelling 
study. Lancet Infect Dis. 2020. https:// doi. org/ 10. 1016/ S1473- 3099(20) 
30457-6.

 29. Cheng H-Y, Jian S-W, Liu D-P, Ng T-C, Huang W-T, Lin H-H. Contact trac-
ing assessment of COVID-19 transmission dynamics in Taiwan and risk 
at different exposure periods before and after symptom onset. JAMA 
Intern Med. 2020. https:// doi. org/ 10. 1001/ jamai ntern med. 2020. 2020.

 30. Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan. JAMA. 
2020;323:1341. https:// doi. org/ 10. 1001/ jama. 2020. 3151.

 31. Abeler J, Bäcker M, Buermeyer U, Zillessen H. Covid-19 contact tracing 
and data protection can go together. JMIR MHealth UHealth. 2020. 
https:// doi. org/ 10. 2196/ 19359.

 32. Wang CJ, Ng CY, Brook RH. Response to COVID-19 in Taiwan: big data 
analytics, new technology, and proactive testing. JAMA J Am Med 
Assoc. 2020. https:// doi. org/ 10. 1001/ jama. 2020. 3151.

 33. Steinbrook R. Contact tracing, testing, and control of COVID-19—learn-
ing from Taiwan. JAMA Intern Med. 2020. https:// doi. org/ 10. 1001/ jamai 
ntern med. 2020. 2072.

 34. Zastrow M. South Korea is reporting intimate details of COVID-19 cases: 
has it helped? Nature. (2020). https:// www. nature. com/ artic les/ d41586- 
020- 00740-y. Accessed 12 Aug 2020.

 35. Lucivero F, Hallowell N, Johnson S, Prainsack B, Samuel G, Sharon T. 
COVID-19 and contact tracing apps: ethical challenges for a social 
experiment on a global scale. J Bioeth Inq. 2020. https:// doi. org/ 10. 
1007/ s11673- 020- 10016-9.

 36. Miltgen CL, Peyrat-Guillard D. Cultural and generational influences on 
privacy concerns: a qualitative study in seven European countries. Eur J 
Inf Syst. 2014;23:103–25. https:// doi. org/ 10. 1057/ ejis. 2013. 17.

 37. Rowe F. Contact tracing apps and values dilemmas: a privacy paradox 
in a neo-liberal world. Int J Inf Manag. 2020. https:// doi. org/ 10. 1016/j. 
ijinf omgt. 2020. 102178.

 38. Hernandez-Orallo E, Manzoni P, Calafate CT, Cano J-C. Evaluating how 
smartphone contact tracing technology can reduce the spread of 
infectious diseases: the case of COVID-19. IEEE Access. 2020;8:99083–97. 
https:// doi. org/ 10. 1109/ ACCESS. 2020. 29980 42.

 39. MacIntyre CR. Case isolation, contact tracing, and physical distancing 
are pillars of COVID-19 pandemic control, not optional choices. Lancet 
Infect Dis. 2020. https:// doi. org/ 10. 1016/ S1473- 3099(20) 30512-0.

 40. Swayamsiddha S, Mohanty C. Application of cognitive Internet of Medi-
cal Things for COVID-19 pandemic. Diabetes Metab Syndr Clin Res Rev. 
2020;14:911–5. https:// doi. org/ 10. 1016/j. dsx. 2020. 06. 014.

 41. Singh RP, Javaid M, Haleem A, Suman R. Internet of things (IoT) applica-
tions to fight against COVID-19 pandemic. Diabetes Metab Syndr Clin 
Res Rev. 2020;14:521–4. https:// doi. org/ 10. 1016/j. dsx. 2020. 04. 041.

 42. Vaishya R, Javaid M, Khan IH, Haleem A. Artificial Intelligence (AI) appli-
cations for COVID-19 pandemic. Diabetes Metab Syndr Clin Res Rev. 
2020. https:// doi. org/ 10. 1016/j. dsx. 2020. 04. 012.

 43. Lone AH, Naaz R. Applicability of Blockchain smart contracts in secur-
ing Internet and IoT: a systematic literature review. Comput Sci Rev. 
2021;39:100360. https:// doi. org/ 10. 1016/j. cosrev. 2020. 100360.

 44. Taylor PJ, Dargahi T, Dehghantanha A, Parizi RM, Choo K-KR. A sys-
tematic literature review of blockchain cyber security. Digit Commun 
Netw. 2020;6:147–56. https:// doi. org/ 10. 1016/j. dcan. 2019. 01. 005.

 45. Hou T, Wang V. Industrial espionage—a systematic literature review 
(SLR). Comput Secur. 2020;98:102019. https:// doi. org/ 10. 1016/j. cose. 
2020. 102019.

 46. Kitchenham S, Charters B. Guidelines for performing systematic 
literature reviews in software engineering, Tech. Report, Ver. 2.3 EBSE 
Tech. Report. EBSE. (2007).

 47. Wohlin C. Guidelines for snowballing in systematic literature studies 
and a replication in software engineering. ACM Int Conf Proc Ser. 
2014. https:// doi. org/ 10. 1145/ 26012 48. 26012 68.

 48. Kapa S, Halamka J, Raskar R. Contact tracing to manage COVID19 
spread—balancing personal privacy and public health. Mayo Clin 
Proc. 2020. https:// doi. org/ 10. 1016/j. mayocp. 2020. 04. 031.

 49. Cannicott S. The ethics of contact tracing apps: International 
perspectives, Cent. Data Ethics Innov. Blog. (2020). https:// cdei. blog. 
gov. uk/ 2020/ 05/ 12/ the- ethics- of- conta ct- traci ng- apps- inter natio nal- 
persp ectiv es/. Accessed 12 June 2020.

 50. Maccari L, Cagno V. Do we need a contact tracing app? Comput 
Commun. 2021;166:9–18. https:// doi. org/ 10. 1016/j. comcom. 2020. 11. 
007.

 51. Martinez-Martin N, Wieten S, Magnus D, Cho MK. Digital contact 
tracing, privacy, and public health. Hastings Cent Rep. 2020;50:43–6. 
https:// doi. org/ 10. 1002/ hast. 1131.

 52. Abuhammad S, Khabour OF, Alzoubi KH. Covid-19 contact-tracing 
technology: acceptability and ethical issues of use. Patient Prefer 
Adherence. 2020;14:1639–47. https:// doi. org/ 10. 2147/ PPA. S2761 83.

 53. Cho H, Ippolito D, Yu YW. Contact tracing mobile apps for COVID-
19: privacy considerations and related trade-offs, ArXiv:2003.11511. 
(2020). http:// arxiv. org/ abs/ 2003. 11511.

 54. Vinuesa R, Theodorou A, Battaglini M, Dignum V. A socio-technical 
framework for digital contact tracing. Results Eng. 2020;8:100163. 
https:// doi. org/ 10. 1016/j. rineng. 2020. 100163.

 55. Chan EY, Saqib NU. Privacy concerns can explain unwillingness to 
download and use contact tracing apps when COVID-19 concerns 
are high. Comput Human Behav. 2021;119:106718. https:// doi. org/ 10. 
1016/j. chb. 2021. 106718.

 56. Walrave M, Waeterloos C, Ponnet K. Ready or not for contact tracing? 
Investigating the adoption intention of COVID-19 contact-tracing 
technology using an extended unified theory of acceptance and 
use of technology model, cyberpsychology. Behav Soc Netw. 2020. 
https:// doi. org/ 10. 1089/ cyber. 2020. 0483.

 57. Fahey RA, Hino A. COVID-19, digital privacy, and the social 
limits on data-focused public health responses. Int J Inf Manage. 
2020;55:102181. https:// doi. org/ 10. 1016/j. ijinf omgt. 2020. 102181.

 58. Abbas R, Michael K. COVID-19 contact trace app deployments: 
learnings from Australia and Singapore. IEEE Consum Electron Mag. 
2020;9:65–70. https:// doi. org/ 10. 1109/ MCE. 2020. 30024 90.

 59. Chowdhury MJM, Ferdous MS, Biswas K, Chowdhury N, Muthuk-
kumarasamy V. COVID-19 contact tracing: challenges and future 
directions. IEEE Access. 2020. https:// doi. org/ 10. 1109/ ACCESS. 2020. 
30367 18.

 60. Azad MA, Arshad J, Akmal SMA, Riaz F, Abdullah S, Imran M, Ahmad 
F. A first look at privacy analysis of COVID-19 contact tracing mobile 
applications. IEEE Internet Things J. 2020. https:// doi. org/ 10. 1109/ jiot. 
2020. 30241 80.

 61. do Barriga AC, Martins AF, Simões MJ, Faustino D. The COVID-19 pan-
demic: yet another catalyst for governmental mass surveillance? Soc 
Sci Humanit Open. 2020;2:100096. https:// doi. org/ 10. 1016/j. ssaho. 2020. 
100096.

 62. Guillon M, Kergall P. Attitudes and opinions on quarantine and support 
for a contact-tracing application in France during the COVID-19 out-
break. Public Health. 2020;188:21–31. https:// doi. org/ 10. 1016/j. puhe. 
2020. 08. 026.

 63. Jumbo Privacy. Jumbo Privacy review: North Dakota’s contact tracing 
app. (2020). https:// blog. jumbo priva cy. com/ jumbo- priva cy- review- 
north- dakota- s- conta ct- traci ng- app. html. Accessed 12 June 2020.

 64. Bock K, Kühne CR, Mühlhoff R, Ost MR, Pohle J, Rehak R. Data protec-
tion impact assessment for the corona app. SSRN Electron J. 2020. 
https:// doi. org/ 10. 2139/ ssrn. 35881 72.

 65. Gopinath G. The great lockdown: worst economic downturn since 
the great depression, Int. Monet. Fund. (2020). https:// blogs. imf. org/ 
2020/ 04/ 14/ the- great- lockd own- worst- econo mic- downt urn- since- 
the- great- depre ssion/. Accessed 12 June 2020.

 66. OECD. OECD economic outlook, Interim Report March 2020. Paris: 
OECD; 2020. https:// doi. org/ 10. 1787/ 79698 96b- en.

https://doi.org/10.4414/smw.2020.20282
https://doi.org/10.4414/smw.2020.20282
https://doi.org/10.1101/2020.05.09.20096289
https://doi.org/10.1101/2020.05.09.20096289
https://doi.org/10.1016/S1473-3099(20)30457-6
https://doi.org/10.1016/S1473-3099(20)30457-6
https://doi.org/10.1001/jamainternmed.2020.2020
https://doi.org/10.1001/jama.2020.3151
https://doi.org/10.2196/19359
https://doi.org/10.1001/jama.2020.3151
https://doi.org/10.1001/jamainternmed.2020.2072
https://doi.org/10.1001/jamainternmed.2020.2072
https://www.nature.com/articles/d41586-020-00740-y
https://www.nature.com/articles/d41586-020-00740-y
https://doi.org/10.1007/s11673-020-10016-9
https://doi.org/10.1007/s11673-020-10016-9
https://doi.org/10.1057/ejis.2013.17
https://doi.org/10.1016/j.ijinfomgt.2020.102178
https://doi.org/10.1016/j.ijinfomgt.2020.102178
https://doi.org/10.1109/ACCESS.2020.2998042
https://doi.org/10.1016/S1473-3099(20)30512-0
https://doi.org/10.1016/j.dsx.2020.06.014
https://doi.org/10.1016/j.dsx.2020.04.041
https://doi.org/10.1016/j.dsx.2020.04.012
https://doi.org/10.1016/j.cosrev.2020.100360
https://doi.org/10.1016/j.dcan.2019.01.005
https://doi.org/10.1016/j.cose.2020.102019
https://doi.org/10.1016/j.cose.2020.102019
https://doi.org/10.1145/2601248.2601268
https://doi.org/10.1016/j.mayocp.2020.04.031
https://cdei.blog.gov.uk/2020/05/12/the-ethics-of-contact-tracing-apps-international-perspectives/
https://cdei.blog.gov.uk/2020/05/12/the-ethics-of-contact-tracing-apps-international-perspectives/
https://cdei.blog.gov.uk/2020/05/12/the-ethics-of-contact-tracing-apps-international-perspectives/
https://doi.org/10.1016/j.comcom.2020.11.007
https://doi.org/10.1016/j.comcom.2020.11.007
https://doi.org/10.1002/hast.1131
https://doi.org/10.2147/PPA.S276183
http://arxiv.org/abs/2003.11511
https://doi.org/10.1016/j.rineng.2020.100163
https://doi.org/10.1016/j.chb.2021.106718
https://doi.org/10.1016/j.chb.2021.106718
https://doi.org/10.1089/cyber.2020.0483
https://doi.org/10.1016/j.ijinfomgt.2020.102181
https://doi.org/10.1109/MCE.2020.3002490
https://doi.org/10.1109/ACCESS.2020.3036718
https://doi.org/10.1109/ACCESS.2020.3036718
https://doi.org/10.1109/jiot.2020.3024180
https://doi.org/10.1109/jiot.2020.3024180
https://doi.org/10.1016/j.ssaho.2020.100096
https://doi.org/10.1016/j.ssaho.2020.100096
https://doi.org/10.1016/j.puhe.2020.08.026
https://doi.org/10.1016/j.puhe.2020.08.026
https://blog.jumboprivacy.com/jumbo-privacy-review-north-dakota-s-contact-tracing-app.html
https://blog.jumboprivacy.com/jumbo-privacy-review-north-dakota-s-contact-tracing-app.html
https://doi.org/10.2139/ssrn.3588172
https://blogs.imf.org/2020/04/14/the-great-lockdown-worst-economic-downturn-since-the-great-depression/
https://blogs.imf.org/2020/04/14/the-great-lockdown-worst-economic-downturn-since-the-great-depression/
https://blogs.imf.org/2020/04/14/the-great-lockdown-worst-economic-downturn-since-the-great-depression/
https://doi.org/10.1787/7969896b-en


Page 14 of 15Akinbi et al. Health Inf Sci Syst            (2021) 9:18 

 67. Klenk M, Duijf H, Engels C. Ethics of digital contact tracing and 
COVID-19: who is (not) free to go? SSRN Electron J. 2020. https:// doi. 
org/ 10. 2139/ ssrn. 35953 94.

 68. Sapiezynsk P, Pruessing J, Sekara V. The fallibility of contact-tracing 
apps. (2020). https:// arxiv. org/ abs/ 2005. 11297 v3.

 69. Moss E, Metcalf J. High tech, high risk: tech ethics lessons for the 
COVID-19 pandemic response. Patterns. 2020;1:100102. https:// doi. 
org/ 10. 1016/j. patter. 2020. 100102.

 70. Mello MM, Wang CJ. Ethics and governance for digital disease surveil-
lance. Science. 2020;368:951–4. https:// doi. org/ 10. 1126/ scien ce. 
abb90 45.

 71. Gasser U, Ienca M, Scheibner J, Sleigh J, Vayena E. Digital tools against 
COVID-19: taxonomy, ethical challenges, and navigation aid. Lancet 
Digit Heal. 2020;2:e425–34. https:// doi. org/ 10. 1016/ S2589- 7500(20) 
30137-0.

 72. Ibrahim NK. Epidemiologic surveillance for controlling Covid-19 
pandemic: types, challenges and implications. J Infect Public Health. 
2020. https:// doi. org/ 10. 1016/j. jiph. 2020. 07. 019.

 73. Woollacott E. Coronavirus tracing app shared data with game show, 
forbes. (2020). https:// www. forbes. com/ sites/ emmaw oolla cott/ 2020/ 
06/ 16/ coron avirus- traci ng- app- shared- data- with- game- show/# 
3dde4 dab68 e2. Accessed 17 June 2020.

 74. Amesty International UK. Qatar: “huge” security weakness in 
COVID-19 contact-tracing app. (2020). https:// www. amnes ty. org. uk/ 
press- relea ses/ qatar- huge- secur ity- weakn ess- covid- 19- conta ct- traci 
ng- app? utm_ source= googl e& utm_ medium= grant & utm_ campa 
ign= AWA_ GEN_ coron avirus- dynam ic- search- ads& utm_ conte nt=. 
Accessed 12 June 2020.

 75. Dar AB, Lone AH, Zahoor S, Khan AA, Naaz R. Applicability of mobile 
contact tracing in fighting pandemic (COVID-19): issues, challenges 
and solutions, J Cryptol. (2020). https:// eprint. iacr. org/ 2020/ 484.

 76. Antonioli D, Tippenhauer NO, Rasmussen K. BIAS: bluetooth imper-
sonation attacks. Proc IEEE Symp Secur Priv. 2020. https:// doi. org/ 10. 
1109/ SP400 00. 2020. 00093.

 77. Laughlin A. More than one billion Android devices at risk of malware 
threats, Which.Co.Uk. (2020). https:// www. which. co. uk/ news/ 2020/ 
03/ more- than- one- billi on- andro id- devic es- at- risk- of- malwa re- threa 
ts/. Accessed 14 June 2020.

 78. Ahmed N, Michelin RA, Xue W, Ruj S, Malaney R, Kanhere SS, Senevi-
ratne A, Hu W, Janicke H, Jha SK. A survey of COVID-19 contact trac-
ing apps. IEEE Access. 2020;8:134577–601. https:// doi. org/ 10. 1109/ 
ACCESS. 2020. 30102 26.

 79. Tang Q. Privacy-preserving contact tracing: current solutions and 
open questions. ArXiv. (2020).

 80. Kuhn C, Beck M, Strufe T. Covid notions: Towards formal definitions—
and documented understanding—of privacy goals and claimed 
protection in proximity-tracing services, ArXiv. (2020).

 81. Chan J, Foster D, Gollakota S, Horvitz E, Jaeger J, Kakade S, Kohno T, 
Langford J, Larson J, Sharma P, Singanamalla S, Sunshine J, Tessaro 
S. PACT: privacy-sensitive protocols and mechanisms for mobile 
contact tracing. ArXiv. (2020).

 82. Chidambaram S, Erridge S, Kinross J, Purkayastha S. Observational 
study of UK mobile health apps for COVID-19. Lancet Digit Heal. 
2020;2:e388–90. https:// doi. org/ 10. 1016/ S2589- 7500(20) 30144-8.

 83. Holst A. Number of smartphone users worldwide from 2016 to 2021 
(in billions). Hamburg: Statista.Com; 2019.

 84. Statista. Share of global smartphone shipments by operating system 
from 2014 to 2023, Statista.Com. (2020). https:// www. stati sta. com/ 
stati stics/ 272307/ market- share- forec ast- for- smart phone- opera ting- 
syste ms/. Accessed 18 Apr 2020.

 85. He W, Zhang ZJ, Li W. Information technology solutions, challenges, 
and suggestions for tackling the COVID-19 pandemic. Int J Inf Manag. 
2021;57:102287. https:// doi. org/ 10. 1016/j. ijinf omgt. 2020. 102287.

 86. GSMA. GSMA mobile economy 2020. 2020. https:// www. gsma. com/ 
mobil eecon omy/ wp- conte nt/ uploa ds/ 2020/ 03/ GSMA_ Mobil eEcon 
omy20 20_ Global. pdf.

 87. Office for National Statistics, Internet access—households and individu-
als, Great Britain: 2019. 2019. https:// www. ons. gov. uk/ peopl epopu latio 
nandc ommun ity/ house holdc harac teris tics/ homei ntern etand socia 
lmedi ausage/ bulle tins/ inter netac cessh ouseh oldsa ndind ividu als/ 2019# 
main- points.

 88. Statista. Smartphone ownership in the United Kingdom (UK) 
2012–2020, by age, Statista. (2020). https:// www. stati sta. com/ stati stics/ 
271851/ smart phone- owners- in- the- united- kingd om- uk- by- age/.

 89. Watts G. COVID-19 and the digital divide in the UK. Lancet Digit Heal. 
2020;2:e395–6. https:// doi. org/ 10. 1016/ S2589- 7500(20) 30169-2.

 90. Magklaras G, Nikolaia L, Bojorquez L. A review of information security 
aspects of the emerging COVID-19 contact tracing mobile phone appli-
cations, ArXiv.Org. (2020). https:// arxiv. org/ abs/ 2006. 00529 v1.

 91. Biddle S. The inventors of bluetooth say there could be problems using 
their tech for coronavirus contact tracing, Intercept. (2020). https:// 
thein terce pt. com/ 2020/ 05/ 05/ coron avirus- bluet ooth- conta ct- traci ng/. 
Accessed 16 June 2020.

 92. Huang Z, Guo H, Lim HYF, Chow A. Awareness, acceptance, and adop-
tion of the national digital contact tracing tool post COVID-19 lock-
down among visitors of a public hospital in Singapore. Clin Microbiol 
Infect. 2021. https:// doi. org/ 10. 1016/j. cmi. 2021. 01. 007.

 93. de Montjoye Y-A, Ramadorai T, Valletti T, Walther A. Privacy, adoption, 
and truthful reporting: a simple theory of contact tracing applications. 
Econ Lett. 2021;198:109676. https:// doi. org/ 10. 1016/j. econl et. 2020. 
109676.

 94. Sharma S, Singh G, Sharma R, Jones P, Kraus S, Dwivedi YK. Digital health 
innovation: exploring adoption of COVID-19 digital contact tracing 
apps. IEEE Trans Eng Manag. 2020. https:// doi. org/ 10. 1109/ TEM. 2020. 
30190 33.

 95. Simon TT, Williams N, Armitage CJ, Dienes K. Public attitudes towards 
COVID-19 contact tracing apps: a UK-based focus group study. Br Med 
J. 2020. https:// doi. org/ 10. 1101/ 2020. 05. 14. 20102 269.

 96. Wnuk A, Oleksy T, Maison D. The acceptance of Covid-19 tracking tech-
nologies: the role of perceived threat, lack of control, and ideological 
beliefs. PLoS One. 2020. https:// doi. org/ 10. 1371/ journ al. pone. 02389 73.

 97. Trang S, Trenz M, Weiger WH, Tarafdar M, Cheung CMK. One app to 
trace them all? Examining app specifications for mass acceptance of 
contact-tracing apps. Eur J Inf Syst. 2020. https:// doi. org/ 10. 1080/ 09600 
85X. 2020. 17840 46.

 98. Calvo RA, Deterding S, Ryan RM. Health surveillance during covid-19 
pandemic. BMJ. 2020. https:// doi. org/ 10. 1136/ bmj. m1373.

 99. Bradshaw E, Ryan R, Noetel M, Saeri A, Slattery P, Grundy E, Calvo R. 
Information safety assurances affect intentions to use COVID-19 con-
tact tracing applications, regardless of autonomy-supportive or control-
ling message framing. 2020. https:// doi. org/ 10. 31219/ osf. io/ 5wap8.

 100. Kaafar D, Teague V, Yarom Y. Joint statement on contact tracing: date 
19th April 2020. (2020). https:// drive. google. com/ file/d/ 1OQg2 dxPu-x- 
RZzET lpV3l Fa259 Nrpk1J/ view. Accessed 24 Apr 2020.

 101. Bengio Y, Janda R, Yu YW, Ippolito D, Jarvie M, Pilat D, Struck B, Krastev S, 
Sharma A. The need for privacy with public digital contact tracing dur-
ing the COVID-19 pandemic. Lancet Digit Heal. 2020. https:// doi. org/ 10. 
1016/ S2589- 7500(20) 30133-3.

 102. Ardakani AA, Kanafi AR, Acharya UR, Khadem N, Mohammadi A. 
Application of deep learning technique to manage COVID-19 in routine 
clinical practice using CT images: results of 10 convolutional neural net-
works. Comput Biol Med. 2020;121:103795. https:// doi. org/ 10. 1016/j. 
compb iomed. 2020. 103795.

 103. Brohi SN, Jhanjhi N, Brohi NN, Brohi MN. Key applications of state-
of-the-art technologies to mitigate and eliminate COVID-19. Prepr 
TechRxiv. 2020. https:// doi. org/ 10. 36227/ techr xiv. 12115 596. v2.

 104. Lalmuanawma S, Hussain J, Chhakchhuak L. Applications of machine 
learning and artificial intelligence for Covid-19 (SARS-CoV-2) pandemic: 
a review. Chaos, Solitons Fractals. 2020;139:110059. https:// doi. org/ 10. 
1016/j. chaos. 2020. 110059.

 105. Pham Q-V, Nguyen DC, Huynh-The T, Hwang W-J, Pathirana PN. Artificial 
Intelligence (AI) and big data for coronavirus (COVID-19) pandemic: a 
survey on the state-of-the-arts. IEEE Access. 2020;8:130820–39. https:// 
doi. org/ 10. 1109/ ACCESS. 2020. 30093 28.

 106. Shi F, Wang J, Shi J, Wu Z, Wang Q, Tang Z, He K, Shi Y, Shen D. Review of 
Artificial Intelligence techniques in imaging data acquisition, segmen-
tation and diagnosis for COVID-19. IEEE Rev Biomed Eng. 2020. https:// 
doi. org/ 10. 1109/ RBME. 2020. 29879 75.

 107. Srinivasa Rao ASR, Vazquez JA. Identification of COVID-19 can be 
quicker through artificial intelligence framework using a mobile 
phone–based survey when cities and towns are under quarantine. 

https://doi.org/10.2139/ssrn.3595394
https://doi.org/10.2139/ssrn.3595394
https://arxiv.org/abs/2005.11297v3
https://doi.org/10.1016/j.patter.2020.100102
https://doi.org/10.1016/j.patter.2020.100102
https://doi.org/10.1126/science.abb9045
https://doi.org/10.1126/science.abb9045
https://doi.org/10.1016/S2589-7500(20)30137-0
https://doi.org/10.1016/S2589-7500(20)30137-0
https://doi.org/10.1016/j.jiph.2020.07.019
https://www.forbes.com/sites/emmawoollacott/2020/06/16/coronavirus-tracing-app-shared-data-with-game-show/#3dde4dab68e2
https://www.forbes.com/sites/emmawoollacott/2020/06/16/coronavirus-tracing-app-shared-data-with-game-show/#3dde4dab68e2
https://www.forbes.com/sites/emmawoollacott/2020/06/16/coronavirus-tracing-app-shared-data-with-game-show/#3dde4dab68e2
https://www.amnesty.org.uk/press-releases/qatar-huge-security-weakness-covid-19-contact-tracing-app?utm_source=google&utm_medium=grant&utm_campaign=AWA_GEN_coronavirus-dynamic-search-ads&utm_content=
https://www.amnesty.org.uk/press-releases/qatar-huge-security-weakness-covid-19-contact-tracing-app?utm_source=google&utm_medium=grant&utm_campaign=AWA_GEN_coronavirus-dynamic-search-ads&utm_content=
https://www.amnesty.org.uk/press-releases/qatar-huge-security-weakness-covid-19-contact-tracing-app?utm_source=google&utm_medium=grant&utm_campaign=AWA_GEN_coronavirus-dynamic-search-ads&utm_content=
https://www.amnesty.org.uk/press-releases/qatar-huge-security-weakness-covid-19-contact-tracing-app?utm_source=google&utm_medium=grant&utm_campaign=AWA_GEN_coronavirus-dynamic-search-ads&utm_content=
https://eprint.iacr.org/2020/484
https://doi.org/10.1109/SP40000.2020.00093
https://doi.org/10.1109/SP40000.2020.00093
https://www.which.co.uk/news/2020/03/more-than-one-billion-android-devices-at-risk-of-malware-threats/
https://www.which.co.uk/news/2020/03/more-than-one-billion-android-devices-at-risk-of-malware-threats/
https://www.which.co.uk/news/2020/03/more-than-one-billion-android-devices-at-risk-of-malware-threats/
https://doi.org/10.1109/ACCESS.2020.3010226
https://doi.org/10.1109/ACCESS.2020.3010226
https://doi.org/10.1016/S2589-7500(20)30144-8
https://www.statista.com/statistics/272307/market-share-forecast-for-smartphone-operating-systems/
https://www.statista.com/statistics/272307/market-share-forecast-for-smartphone-operating-systems/
https://www.statista.com/statistics/272307/market-share-forecast-for-smartphone-operating-systems/
https://doi.org/10.1016/j.ijinfomgt.2020.102287
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2019#main-points
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2019#main-points
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2019#main-points
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2019#main-points
https://www.statista.com/statistics/271851/smartphone-owners-in-the-united-kingdom-uk-by-age/
https://www.statista.com/statistics/271851/smartphone-owners-in-the-united-kingdom-uk-by-age/
https://doi.org/10.1016/S2589-7500(20)30169-2
https://arxiv.org/abs/2006.00529v1
https://theintercept.com/2020/05/05/coronavirus-bluetooth-contact-tracing/
https://theintercept.com/2020/05/05/coronavirus-bluetooth-contact-tracing/
https://doi.org/10.1016/j.cmi.2021.01.007
https://doi.org/10.1016/j.econlet.2020.109676
https://doi.org/10.1016/j.econlet.2020.109676
https://doi.org/10.1109/TEM.2020.3019033
https://doi.org/10.1109/TEM.2020.3019033
https://doi.org/10.1101/2020.05.14.20102269
https://doi.org/10.1371/journal.pone.0238973
https://doi.org/10.1080/0960085X.2020.1784046
https://doi.org/10.1080/0960085X.2020.1784046
https://doi.org/10.1136/bmj.m1373
https://doi.org/10.31219/osf.io/5wap8
https://drive.google.com/file/d/1OQg2dxPu-x-RZzETlpV3lFa259Nrpk1J/view
https://drive.google.com/file/d/1OQg2dxPu-x-RZzETlpV3lFa259Nrpk1J/view
https://doi.org/10.1016/S2589-7500(20)30133-3
https://doi.org/10.1016/S2589-7500(20)30133-3
https://doi.org/10.1016/j.compbiomed.2020.103795
https://doi.org/10.1016/j.compbiomed.2020.103795
https://doi.org/10.36227/techrxiv.12115596.v2
https://doi.org/10.1016/j.chaos.2020.110059
https://doi.org/10.1016/j.chaos.2020.110059
https://doi.org/10.1109/ACCESS.2020.3009328
https://doi.org/10.1109/ACCESS.2020.3009328
https://doi.org/10.1109/RBME.2020.2987975
https://doi.org/10.1109/RBME.2020.2987975


Page 15 of 15Akinbi et al. Health Inf Sci Syst            (2021) 9:18 

Infect Control Hosp Epidemiol. 2020;41:826–30. https:// doi. org/ 10. 
1017/ ice. 2020. 61.

 108. Sun L, Song F, Shi N, Liu F, Li S, Li P, Zhang W, Jiang X, Zhang Y, Sun 
L, Chen X, Shi Y. Combination of four clinical indicators predicts the 
severe/critical symptom of patients infected COVID-19. J Clin Virol. 
2020;128:104431. https:// doi. org/ 10. 1016/j. jcv. 2020. 104431.

 109. Wang S, Zha Y, Li W, Wu Q, Li X, Niu M, Wang M, Qiu X, Li H, Yu H, Gong 
W, Bai Y, Li L, Zhu Y, Wang L, Tian J. A fully automatic deep learning 
system for COVID-19 diagnostic and prognostic analysis. Eur Respir J. 
2020;56:2000775. https:// doi. org/ 10. 1183/ 13993 003. 00775- 2020.

 110. Yang T, Gentile M, Shen CF, Cheng CM. Combining point-of-care diag-
nostics and internet of medical things (IOMT) to combat the Covid-19 
pandemic. Diagnostics. 2020. https:// doi. org/ 10. 3390/ diagn ostic s1004 
0224.

 111. Ting DSW, Carin L, Dzau V, Wong TY. Digital technology and COVID-19. 
Nat Med. 2020;26:459–61. https:// doi. org/ 10. 1038/ s41591- 020- 0824-5.

 112. Chamberlain SD, Singh I, Ariza C, Daitch A, Philips P, Dalziel BD. Real-
time detection of COVID-19 epicenters within the United States using 
a network of smart thermometers. MedRxiv. 2020. https:// doi. org/ 10. 
1101/ 2020. 04. 06. 20039 909.

 113. Mohammed MN, Hazairin NA, Syamsudin H, Al-Zubaidi S, Sairah AK, 
Mustapha S, Yusuf E. 2019 novel coronavirus disease (Covid-19): detec-
tion and diagnosis system using iot based smart glasses, Int. J. Adv. Sci. 
Technol. (2020)

 114. Zhang C, Xu C, Sharif K, Zhu L. Privacy-preserving contact tracing in 
5G-integrated and blockchain-based medical applications. Comput 
Stand Interfaces. 2021;77:103520. https:// doi. org/ 10. 1016/j. csi. 2021. 
103520.

 115. Chang MC, Park D. How can blockchain help people in the event of 
pandemics such as the COVID-19? J Med Syst. 2020;44:102. https:// doi. 
org/ 10. 1007/ s10916- 020- 01577-8.

 116. Lee ACK, English P, Pankhania B, Morling JR. Where England’s pandemic 
response to COVID-19 went wrong? Public Health. 2020. https:// doi. 
org/ 10. 1016/j. puhe. 2020. 11. 015.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1017/ice.2020.61
https://doi.org/10.1017/ice.2020.61
https://doi.org/10.1016/j.jcv.2020.104431
https://doi.org/10.1183/13993003.00775-2020
https://doi.org/10.3390/diagnostics10040224
https://doi.org/10.3390/diagnostics10040224
https://doi.org/10.1038/s41591-020-0824-5
https://doi.org/10.1101/2020.04.06.20039909
https://doi.org/10.1101/2020.04.06.20039909
https://doi.org/10.1016/j.csi.2021.103520
https://doi.org/10.1016/j.csi.2021.103520
https://doi.org/10.1007/s10916-020-01577-8
https://doi.org/10.1007/s10916-020-01577-8
https://doi.org/10.1016/j.puhe.2020.11.015
https://doi.org/10.1016/j.puhe.2020.11.015

	Contact tracing apps for the COVID-19 pandemic: a systematic literature review of challenges and future directions for neo-liberal societies
	Abstract 
	Purpose: 
	Methods: 
	Results and conclusion: 

	Introduction
	Mandatory application of contact tracing apps in East Asia
	Research methodology
	Results
	Discussion of results
	RQ1: what are the current challenges of contact tracing apps in neo-liberal societies?

	Conclusion and future work
	References




