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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic is continuing, and the innovative and efficient contributions of the emerging modern
H'eéflthca.re technologies to the pandemic responses are too early and cannot be completely quantified at this moment. Digital
Disinfection technologies are not a final solution but are the tools that facilitate a quick and effective pandemic response. In
Real-time monitoring . - . . . .

SARS-CoV-2 accordance, mobile applications, robots and drones, social media platforms (such as search engines, Twitter, and
Technology Facebook), television, and associated technologies deployed in tackling the COVID-19 (SARS-CoV-2) outbreak

are discussed adequately, emphasizing the current-state-of-art. A collective discussion on reported literature,
press releases, and organizational claims are reviewed. This review addresses and highlights how these effective
modern technological solutions can aid in healthcare (involving contact tracing, real-time isolation monitoring/
screening, disinfection, quarantine enforcement, syndromic surveillance, and mental health), communication
(involving remote assistance, information sharing, and communication support), logistics, tourism, and hospi-
tality. The study discusses the benefits of these digital technologies in curtailing the pandemic and ‘how’ the
different sectors adapted to these in a shorter period. Social media and television’s role in ensuring global
connectivity and serving as a common platform to share authentic information among the general public were
summarized. The World Health Organization and Governments’ role globally in-line with the prevention of
propagation of false news, spreading awareness, and diminishing the severity of the COVID-19 was discussed.
Furthermore, this collective review is helpful to investigators, health departments, Government organizations,
and policymakers alike to facilitate a quick and effective pandemic response.

1. Introduction

COVID-19 is an acute respiratory disease caused by the novel coro-
navirus SARS-CoV-2, which has created an unprecedented global health
care crisis in modern medical history [1]. On January 30th, 2020 World
Health Organization (WHO) announced COVID-19 as a Public Health
Emergency of International Concern (PHEIC). Later on, within a span of
fewer than 12 weeks after the first case was identified at Wuhan, China,
WHO announced COVID-19 as a pandemic [2,3]. Until now (i.e., as of
March 16th, 2021), over 119 million infections and more than 2.6
million deaths have been confirmed globally after the first case was
identified in December 2019 [4]. Fig. 1 shows the cumulative number of
cases and deaths reported across the globe. The bigger (i.e., diameter)
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and darker bubbles indicate the severity of the outbreak in different
regions across the world. However, the rapid exponentially increasing
numbers of COVID-19 infections necessitates an urgently required
enhancement of public health activities to elucidate and define the new
virus’s epidemiology and characteristics [5]. Several public and private
institutions worldwide are working together on finding an efficient way
of lowering the impact of COVID-19 spread. During the Severe Acute
Respiratory Syndrome (SARS) CoV1 and Ebola outbreak, different au-
thorities used Mobile, GPS data, and other various electronic data to
identify and monitor the clusters [6-8]. These outbreak responses to
public health activities remain significant today, including tracking,
immediate case detection, minimizing transmission to the communities,
and robust public communication. It is essential to track the
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implementation and effect of such action on the rate of spreading and
mortality.

In the present situation of COVID-19, different countries use a range
of digital tools to support public health initiatives. Several latest tech-
nologies, including mobile applications, robots, Artificial Intelligence
(AID), drones, and other social media platforms, are found helpful in
healthcare (i.e., in contact tracing, monitoring, thermal screening,
sanitation, locomotion, and clinical conditions), logistics, surveillance,
and awareness measures. Several public and private institutions
worldwide are working together on finding an efficient way of lowering
the impact of COVID-19 spreading. During the SARS CoV1, Hong Kong
authorities used and analyzed various electronic data to identify and
monitor the clusters [8]. Therefore, this review paper addresses the need
to bring out the role of modern technologies into a single platform and
discusses in detail ‘why’ and ‘how’ these technologies are used world-
wide to fight against the surge in the pandemic outbreak.

Many aspects of life have changed with the technological trans-
formation. Currently, 70% of the world population use mobile devices,
out of which 65% use smartphones. Similarly, statistical studies show
that around 4 billion people are active on social networking platforms
[10,11]. In this context, researchers concentrate on technical solutions
to simplify the tracing and tracking processes more effectively. The use
of GPS, Wi-Fi, or tower location to locate smartphones makes tracking
purposes most ideal. Also, the built-in Bluetooth interface allows
communication and proximity detection with nearby smartphones,
making it suitable for automatic and accurate contact tracing [12,13].
Such tracking applications automatically capture the user interaction
data using the Bluetooth interface data that can then be applied to a
potential source for the data analysis [14]. Apart from contact tracing,
several mobile applications were developed to monitor and observe the
infected people’s real-time condition for analyzing the health condition,
effective and proper use of face masks, social distancing measures, and
for providing mental health benefits [15].

As reported by the WHO, several potential COVID 19 vaccine de-
velopments are happening worldwide. Certain countries have also
commenced the use of COVID-19 vaccines authorized by certain Na-
tional Regulatory Authorities. However, none of these vaccines have
received authorization from the WHO Emergency Use Listing/Prequal-
ification (EUL/PQ) [16]. Therefore, avoiding direct interactions be-
tween people seems to be the only way to prevent the virus’s spread
[17]. Similarly, the widespread of virus forced the governments to
impose lockdowns, advise self-isolation, promote work from home pol-
icies, impose stringent social distancing requirements, and enact emer-
gency health strategies, including extensive new technological
infrastructure to treat and mass testing of the general public [18,19].
Many countries have also used various drones for surveillance, thermal
imaging, sanitization, and commercial deliveries in such a lockdown

A) CASES

Journal of Biomedical Informatics 117 (2021) 103787

situation [15,20]. However, it is not a permanent solution to sustain a
full shutdown for the entire country. This necessitates rethinking and
using robotic technology such as humanoids, robotic manipulators,
drones, and independent systems to minimize and control the virus’s
spread among the global population. Additionally, the impact of other
platforms such as social media (search engines, Twitter, Facebook,
LinkedIn, and others), television, Governmental initiatives (advertise-
ments, signboards, and hoardings), and recreational applications played
a significant role in spreading awareness against the pandemic outbreak.

Fig. 2 shows the approximate numbers of articles by different cate-
gories (i.e., individual share) published in 2020, using the keywords
‘Mobile applications’ or ‘Robots’ or ‘Drones’ or ‘Social media platforms’
for COVID-19, and listed in the Scopus repository. Though the search
outcome could differ with the use of different keywords, Fig. 2 illustrates
the rise in technological dependence and the role of tackling the COVID-
19. A cumulative total of 535 relevant articles were found in the cate-
gories mentioned above [21]. The share of review articles alone among
the 535 articles was 60 (i.e., 11.2%). The data was retrieved from the
Scopus database on October 12th, 2020.

This review article’s primary objective is to discuss the latest and
current-state-of-art modern technologies deployed in the fight against
the novel coronavirus outbreak globally and their role in tackling the
infectious disease. In the current scenario, with no possible cure or
vaccine, the only remedy that the healthcare departments, Govern-
ments, and the general public alike can embrace is preventing the
transmission of the pandemic with minimal risk at all costs. Therefore,
this study provides critical and constructive discussions on the modern
digital technologies (such as mobile applications, robots, and drones),
social media platforms, television, the WHO, and various Governmental
initiatives adopted towards curbing the pandemic. As the cumulative
count of active infections is rising across the world, the discussions
outlined in this study would benefit and widen the scientific commun-
ity’s focus, help Governments and policymakers to utilize modern
technologies to their full potential, and work towards vaccine/drug
discovery.

The overview of the following sections is: Section 2 comprises of the
role of various mobile applications developed globally; Section 3 dis-
cusses the aid of robots and drones; Section 4 deals with the contribution
of social media platforms (search engines, Twitter, and Facebook),
television, and other sources; Section 5 provides the details on the role of
WHO and Governments worldwide, and Section 6 presents a concise
summary of the study and authoritative future directions.

2. Mobile applications

Mobile applications (or apps) are integrated with other technologies
to create solutions that facilitate combating the crisis and minimizing
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Fig. 1. Cumulative number of cases and deaths reported across the globe (as of March 16th, 2021) [9].
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Fig. 2. Articles published in 2020 on different categories under mobile applications, robots, drones, and social media platforms for COVID-19 [21].

healthcare workers’ risk. Many apps were developed and proposed,
some with the government’s aid for remote assistance like contact
tracing, medical reporting, individual and regional risk assessment,
isolation monitoring, information sharing, geofencing, border crossing
registration, e-commerce, online learning, video conferencing, and
health-related information sharing. Hospitals, universities, colleges, and
other groups have also developed apps for tele-doctor service, self-
health checking, monitoring, patient surveillance, pre-shift screening
for employees, etc. Though these applications provide various utility
functions, concerns were raised regarding the digital privacy of the
user’s information. Also, during its initial stage of development, many
apps required GPS and Bluetooth to be switched on the whole time,
which drained the battery.

In this COVID-19 era, one of the frequently asked questions was,
“Can mobile contact-tracing apps help lift lockdown?” [22]. This was
because most of the apps launched for geofencing, contact tracing pur-
poses remained unused, leading to its ineffectiveness. Although most of
the apps and other integrated technology were not initially received well
by the masses, it was later adopted on a large scale as people realized the
applications’ predictive and preventive utilities [23]. This section dis-
cusses the various mobile applications developed worldwide to aid the
fight against the COVID-19 pandemic. Fig. 3 represents an infographic
outline of the different mobile applications launched globally and linked
with COVID-19. For simplicity, the details in Fig. 3 were shortlisted to
one application per country.

2.1. Contact tracing

Effective contact tracing is the preliminary step to tackle any
pandemic in the initial stages before intensive testing and vaccination.
An outbreak of ‘Nipah virus encephadlitis’ in the Kerala state, India, was
contained successfully because of an efficient contact tracing strategy

carried out by the health department [24]. COVID-19 spread at an
alarming rate, and it cannot be contained without adequate electronic
health reporting and information management systems in place. Ac-
cording to the WHO, contact tracing should be done in three steps:
contact identification, listing, and follow-up [25]. Many countries have
developed applications to effectively record and monitor COVID-19
patients’ movements to track their primary and secondary contacts.
GPS or Bluetooth network-based proximity detection was used to trace
contacts and isolate them to contain the virus. Applications like ‘NOV-
ID20’ in Austria, ‘OPEN CORONAVIRUS’ in Spain, ‘AROGYASETU’ in
India, etc., which were developed for contact tracing, and proximity
sensing helped to contain the virus to a large extent [26]. ‘Health Code’
developed by China makes it mandatory for users to scan codes wher-
ever they go, be it offices, boarding a bus or train, and even housing
complexes [27]. Both centralized and decentralized apps were devel-
oped globally, with the decentralized apps offering users a higher degree
of privacy from the state or hackers for that matter [13]. The applica-
tions developed for contact tracing would be effective only if most of the
population uses it, so countries like India have made it mandatory for its
citizens [28].

2.2. Remote assistance, isolation monitoring, and syndromic surveillance

The major effort undertaken to decline the pandemic’s surge is by
maintaining adequate social distancing and isolation to ensure that the
virus does not spread. This situation demands monitoring patients from
a distance, and all hospitals have adopted technological measures to
ensure minimal contact between a patient and a health care professional
[29]. Remote assistance includes video communication, audio call,
instant messaging, and emergency call support for COVID-19 patients
[30]. People who came in close contact with a COVID-19 patient and
asymptomatic patients who do not need critical care life support systems
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NCOVI (Vietnam)

Self Shield (Sri Lanka)
Self-Diagnosis app (South Korea)
Stopp Corona (Austria)
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Check your mask (France)
COVID-19 Feedback (India)
Gerak Malaysia (Malaysia)
Preworkscreen (United States)
TeamSense (United States)
TeamSense (Canada)

Fig. 3. Infographic representation of various mobile applications deployed globally.

are monitored remotely from the hospital at isolation centers. Patients
may conduct self-assessment to check if their symptoms are related to
COVID-19. Asymptomatic patients are asked to update their health data
using a ‘sphygmomanometer’ for blood pressure, a thermometer for
body temperature, an oximeter for heart-rate, and oxygen saturation
levels on the application so that doctors can monitor them and assist
them if necessary [31]. Self-Shield (Formerly COVID Shield) released by
Commonwealth Centre for Digital Health (CWCDH) helps users regu-
larly monitor their lung health. The app’s recording features analyze
breathing sounds and related data to identify COVID-19 symptoms early
[32]. This app was launched in Sri Lanka and also included features for
managing quarantine and sharing information. The utility of the app
will not be limited to COVID-19 alone but will be expanded further to
assist people with various ailments for self-health checks.

2.3. Information sharing and communication support

The WHO declared the COVID-19 outbreak to be a Public Health
Emergency of International Concern in end-January 2020 to bring about
global coordination and support the nations where resources to fight the
pandemic are lacking. The intent was to bring the world under a com-
mon platform to share information and guidelines to mitigate the virus.
A common knowledge-sharing platform will help share research find-
ings, news stories, or protocols to be followed, which was found useful in
one corner of the world to the other [33]. This will ensure that people

worldwide will have access to valid information and are not mis-
informed or propagandized during these testing times. If not curbed,
fake news tends to be inflammatory and can provoke feelings of anxiety
and depression among citizens, leading to panic buying, unnecessary
fear, and panic [34]. Hence, proper monitoring of information is
requisite.

A study conducted in Vietnam showed that people demand access to
valid information related to ‘Updated information on disease and
treatment,” ‘Transmission mechanism and specific notices,” and ‘Epide-
miology of symptoms, treatment, and prevention’ [35]. Various gov-
ernments and other organizations developed many applications in this
context, one of the first among them being the GoK direct app by the
Government of Kerala state in India to curb the spread of misinformation
[36]. The application also contained toll-free helpline numbers for tele-
assistance for fever clinic locating and ambulance services.

2.4. Quarantine enforcement

Many authorities across the world have launched applications to
monitor the quarantined individuals. They use the network mapping
facility in their smartphone to stamp their location and alert the au-
thorities in case of any violations. China’s QR code scanning system,
which was mandatory for citizens to move around, also served as a
health certificate and travel pass. The mobile application’s color codes
indicated the risk level of individuals and high-risk individuals (‘red’
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color) were denied entry and required them to be isolated till their color
code changed from ‘red’ to ‘green’ [15]. Similarly, the ‘Arogya Setu’ app
launched by the Government of India enables users to self-assess indi-
vidual risks to the virus. It gives a color code to each app user, depending
on the exposure to the virus. The red color indicates that the user is
COVID positive. ‘Orange’ and ‘yellow’ color indicates moderate expo-
sure to an infected person. The ‘green’ color code means the user is safe
and does not have to be isolated. Only people coded ‘green’ can enter
premises that were opened after the lockdown [37]. The ‘Stay home
safe’ app developed in Hong Kong for quarantine enforcement also uses
the same concept and alerts the authorities if the user leaves the allotted
quarantine center. The ‘Octopus mobile’ app, developed in Israel for
quarantine monitoring and health crisis management, uses location
tracking to keep individuals under isolation in check. The response
center will receive a notification if the person leaves the geolocation of
his home. Furthermore, his health will also be monitored periodically
[38].

In India, the Karnataka state has developed and successfully imple-
mented a quarantine monitoring app that keeps a close watch on people
under home quarantine. The persons under home quarantine are
compulsorily required to upload selfies every hour, tracked by the au-
thorities. The photo or selfie contains the GPS coordinates, which will
confirm the location of the person. Any violators will be moved to mass
quarantine facilities [39]. India’s Tamil Nadu state has also launched an
application to monitor those under home quarantine, known as ‘COVID-
19 Quarantine monitor’. The app will alert the authorities if the user
moves 500 m away from the prescribed location [40]. Apart from
isolation monitoring, most of these applications also have features like a
distress button and chat options to assist the user in case a need arises.

2.5. Mental health

The adverse psychological impacts along with the effect on physical
health during a pandemic are a common cause of concern. Initial studies
show that signs of anxiety and depression (16-28%) and self-reported
stress (8%), along with disturbed sleep patterns, are common psychi-
atric problems associated with the pandemic. Though the introduction
of measures like social distancing and lockdown is necessary, it can lead
to isolation and decreased physical activity, which can have harmful
mental health consequences [41]. Furthermore, many people face
financial strain due to the loss of jobs or pay cuts, which can be
emotionally taxing. The demand for mental health services and the
burden on primary healthcare is at an all-time high, and telehealth
sessions cannot cope with the demand. Mental health mobile apps are
one way to deal with this situation and make mental health treatment
accessible to all [42]. With the development of apps for mental health
assistance, less severe trauma and mental health presentations can be
dealt, and more acute cases can be dealt with at the clinics [43].

Health care people are the most traumatized and psychologically
affected due to prolonged working hours to treat affected patients. Work
strain and difficulties due to the pandemic have worsened the mental
health amongst healthcare workers [44]. The University of North Car-
olina, along with Google Cloud, Alphabet, and One Mind, have teamed
up to develop an application called’” Heroes Health’ to attend to the
mental health of frontline healthcare workers. The app provides weekly
reports on symptom summary and information on the user’s mental
health and even includes access to support resources if needed [45].
Some mobile applications previously developed and employed to assist
military veterans in handling Post-Traumatic Stress Disorders (PTSD)
were expanded to include frontline COVID-19 healthcare workers and
recovered patients [46].

Another sub-category of the mental health applications is for recre-
ational purposes. The world’s most famous ten English cognitive rec-
reational applications reported millions of downloads after lockdown
onset. The health care therapy online applications like Kara Connect®
increased 16 times in their users after the lockdown [47]. The digital
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therapeutic mobile app BioBase® is familiar because of its ability to
enhance mental health. The efficacy of BioBase® has been investigated
for four weeks among university students and concluded that the Bio-
Base® application significantly controlled anxiety and improved well-
being [48]. This therapeutic pathway can also be followed to recover
from mental problems such as depression caused due to the aftereffects
of the COVID-19 pandemic. New York’s Counselling cell developed a set
of clinical applications that can reduce anxiety, depression, sleeplessness
and enhance recovery. Among their anxiety-reducing applications,
headspace® is the widely used and essential therapeutic science-based
clinically tested application [49]. It is a medication application, which
can provide mindfulness and enhanced compassion within a minimum
of 10 days of usage as per the developer’s statement. Another clinically
tested therapeutic anxiety reduction application is the shine® [50]. It is
also known as virus anxiety application, as it handles many topics,
including; medications, xenophobia treatment, anxiety treatment,
financial fear treatment, support for isolation, etc.

2.6. Other apps during COVID-19

Applications were developed for the self-screening of employees
before the work shift. The employees can easily log in to the app and
submit responses to a state-compliant symptom questionnaire, and the
results will be updated on the company’s dashboard. Team sense in
Canada and Pre-Work Screen in the US are examples of such applications
being employed as employees across the world return to their work-
spaces [51,52]. ‘Check Your Mask’ is another concept being developed
to help individuals ensure the face mask’s correct position. The app
analyses the mask’s position using a video selfie provided by the user
and exploits Haar-like feature descriptors to detect key features of the
face, and a decision-making algorithm is applied to validate the face
mask [53]. Mobile applications were also employed to register and to
provide permissions for border crossing across countries and states. One
such example is the ‘Gerak Malaysia’ app used to track and record
movement across states in Malaysia during the Movement Control Order
(MCO) period. Various other applications also aim to improve the user’s
motivation and self-confidence through community building, experi-
ence sharing, and sharing positive news related to fighting the
pandemic, like new measures taken to curb the virus, recovery rate of
patients, and so on.

2.7. Challenges with mobile applications

Presently, irrespective of the various utilities the mobile applications
provide, there are many troubles with implementing such services. The
primary concerns with privacy, data theft of the user’s information, and
access to data produced by the mobile applications should be resolved
by proposing a decentralized approach. Several European authorities
raised their voice against the centralized system since it comes with
individual privacy risks, a possibility of state surveillance, and third-
party breaches. The decentralized approach enables to notify of at-risk
contacts automatically without retaining any health or contact data.
This means that the data is not accessible to anyone for research or other
purposes.

The ethical usage of mobile applications should ensure the protection
of voluntariness of every user. Each step of the digital contact tracing
process, from owning a smartphone, downloading the application,
allowing it to run in the background, reacting to alerts, and deciding to
share contacts if tested positive, should be done voluntarily by the user
itself for the application to be deemed truly voluntary [54]. Further-
more, the users should be free to uninstall the application at any time.
But in many countries, such applications were made mandatory for
people who wanted to move around public spaces such as malls, mar-
kets, etc. For example, even though the application is pro forma
voluntary in China, people who wanted to access public areas had to
have the application downloaded compulsorily. In France, when people
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refused to use contact applications, the government had to nudge the
public to use them. With the pressure from the government and society,
people felt compelled to download the application. As a solution to this,
Morley et al. [55] suggest a framework for addressing the ethical con-
cerns of contact tracing applications. This framework is intended to help
designers evaluate the moral legitimacy of an application. The frame-
work contains the following criteria, which should be answered posi-
tively. They are:

Is the use voluntary?

Is consent required to share the data?

Is the data kept private?

Can users erase the data?

Is the purpose defined?

Is it used for prevention only?

Is it equally available and accessible?

Is there an end of life process to decommission the contact tracing app?

The mobile applications can be deemed to be ethical only if these
criteria are fulfilled. Therefore, similar frameworks are mandatory to
ensure the legal bases of using mobile applications before it is employed
for monitoring the contacts or outbreaks.

Initial media reports stressed that the contact tracing apps would be
effective only at an adoption rate of more than 60%. However, studies
show that even with a low adoption rate, the apps will help in reducing
the number of COVID-19 cases and deaths [56]. Another issue with apps
is that it might not work on older versions of smartphones, making them
ineffective. False alarms also raise unnecessary concerns. For example,
Bluetooth based proximity detection can cause over-reporting of in-
teractions leading to unnecessary self-isolation and false-positive
alarms. This decreases the app’s reliability, and users will start to
ignore warnings, which could be true positive warnings [57]. Health
apps might prove to be a vital tool in the modern era, but health pro-
fessionals must continuously assess and monitor them to guide patients
to use them most effectively. The study conducted by Kelly Hale et al.
indicates that though the apps employ highly interactive intervention
strategies, they cannot replace human factors such as empathy and un-
derstanding. The focus on incorporating emotion and cognitive strategy
is significantly less since there is uncertainty over the apps’ effectiveness
if it employs many strategies simultaneously [58].

3. Robots and drones

In the context of COVID-19, many countries have employed inno-
vative strategies to counter the pandemic situation with robotics,
drones, and artificial intelligence. Nowadays, common technologies
include teleoperation, autonomous service robots, facial recognition,
thermal scanning, and other intelligent systems to reduce, control, or
diagnose the virus. Fig. 4 shows the major classification of robots based
on the nature of applications. Robots in the COVID-19 situation can be
classified under non-industrial robots, concentrating primarily on the
service sector. These robots can be further classified into mobile and
stationary robots based on their mobility; manually controlled, semi-
autonomous, and autonomous robots depending upon their sensory
feedbacks and intelligence level. Similarly, drones being robust and
flexible were widely employed in preventing the surge in COVID-19 for
screening and monitoring in travel sectors, healthcare, disinfection, and
logistics. Therefore, this section justifies how robots and drones can
solve the challenges being faced during the pandemic cause. Table 1
outlines the details of the commercially available robots and drones
deployed worldwide to tackle the surge in the COVID-19 outbreak.

3.1. Robots in healthcare

The sudden outbreak of the coronavirus causes immense pressure
and risk to all medical staff. The report shows that more than 30% of the
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Fig. 4. Schematic layout of different classification of robots based on
applications.

diagnosed cases are healthcare workers as they come near infected pa-
tients [59]. In many parts of the world, the number of patients is
alarmingly increasing, which forces facilities like the stadium, party
halls, school/college auditoriums, etc., to be transformed into tempo-
rary hospitals to treat patients. This happens to create a shortage of
available medical staff to treat patients. Robotics is the ideal solution to
deal with these staffing shortages at hospitals and reduce the risk to
frontline healthcare workers from getting affected by the coronavirus.
The use of medical robots does not imply the complete replacement of
doctors or nurses. However, this technology avoids the healthcare
worker’s direct exposure to the patient through teleoperation/tele-
presence. Lanza et al. [60] proposed an intelligent medical care archi-
tecture into companion robots that can take sensible decisions for
unhandled situations. The robot communicates the choice to the doctor
at a distance for his/her permission. Telepresence involves an equipped
mobile robot that brings a virtual interface of the patient with the doctor
to perform diagnostic tests like checking temperature, taking blood
samples, etc. Also, telepresence makes it possible for doctors/specialists
under quarantine to treat patients adding a little extra slack to the
overburdened system. Similarly, telepresence reduces the frequency of
direct encounters for doctors and nurses from meeting COVID patients.
Besides, these devices provide a platform for loved ones to visit patients
under treatment or at quarantine remotely.

Even before the COVID outbreak, the Polish air force used drones for
medical services. ‘AtraxM,’ a polish drone, was used to deliver necessary
life-saving aids and first-aid kits [61]. The ‘Ava’ robot is one of the
efficient telepresence robots seen in hospitals that combine autonomous
mobility with a good quality video interface [62]. This robot is equipped
with depth cameras and lidar sensors to navigate, avoiding obstacles
along its path. Ava uses a video conferencing system partnered with
Cisco Systems Inc. to ensure private conversations between the doctor
and patient. Furthermore, this robot has a simple design, offers effortless
assembly/disassembly, and easy cleanability. Diligent robotics intro-
duced the ‘Moxi’ robot to perform non-care and non-value-related re-
petitive tasks in hospitals allowing the clinical staff to focus more on
patients [63]. The fully autonomous Moxi robot consists of a robotic arm
with a gripper for manipulation, performs logistical tasks like distribu-
tion of supplies and food to patients, sets up hospital rooms, and



Table 1
Commercially available robots and drones deployed worldwide for COVID-19.

SI. Robot name Country Medical Screening Disinfection Logistics Companion Hospitality Others Robot Websites

No. (Company) of origin characteristics

1  Greetbot China v v v v Wheeled https://www.vision-systems.com/
(OrionStar)

2 Cruzr (Ubtech) China v v v v Wheeled https://www.ubtrobot.com/products/cruzr?ls=en

3 Pepper Japan \/ \/ \/ \/ \/ \/ Wheeled https://www.softbankrobotics.com/emea/en/pepper
(Softbank)

4 Whiz Japan v v Wheeled https://www.meetwhiz.com/
(Softbank)

5 Atlas (Boston USA v v v Vv Legged https://www.bostondynamics.com/atlas
Dynamics)

6  Sanbot (Qihan China v v v Vv Wheeled http://en.sanbot.com/product/sanbot-nano/performance
Technology)

7  Temi USA v v v Wheeled https://www.robotemi.com/
(Robotemi)

8 Nao (Softbank) Japan \/ \/ Wheeled https://www.softbankrobotics.com/emea/en/nao

9  Promobot USA v v v v Wheeled https://promo-bot.ai/
(Promobot).

10 Mitra and Mitri India v v v Wheeled https://mitrarobot.com/
(Invento
Robotics)

11 Mini Ada (Akin Turkey v v v v Wheeled https://www.akinrobotics.com/en/miniada3_pictures
Robotics)

12 AKINCI-4 (Akin Turkey v v Legged https://www.akinrobotics.com/en/akinsoft-humanoid-robot-akinci-4
Robotics)

13 ARAT-3.2 (Akin Turkey v v Legged https://www.akinrobotics.com/en/akinsoft-4-legged-robot-arat-3-2
Robotics)

14 C-Astra India v v Omni-wheels  https://mitrarobot.com/covid/
(Invento
Robotics)

15 Robo-C USA v v v Legged https://promo-bot.ai/robots/robo-c/
(Promobot)

16 AS-PNCR-2 Turkey \/ \/ \/ Wheeled https://www.akinrobotics.com/en/akinsoft-agricultural-robot-as-pncr-2
(Akin Robotics)

17 AtraxM (Polish Poland Vv v Drone https://www.airforce-technology.com/projects/atrax-vtol-unmanned-aerial-vehicle/
Air Force)

18 RoboDoc India v v Wheeled https://mitrarobot.com/covid/
(Invento
Robotics)

19 Pudobot (Pudo China v v v v Wheeled https://pudurobotics.uk/ads
Robotics)

20 Robot Arm-3  Turkey 4/ Stationary https://www.akinrobotics.com/en/akinsoft-industrial-robot-arm-3
(Akin Robotics)

21 Ava (Ava USA v v v Wheeled https://www.avarobotics.com/
Robotics)

22 Moxi (Diligent USA v v v v v Vv Wheeled https://diligentrobots.com/moxi
robotics)

23 DaVinci USA \/ Robotic https://www.medtronic.com/covidien/en-us/robotic-assisted-surgery/surgical-robotics.html
(Medtronic) manipulator

24 Disinfection Germany v v Track wheel https://new.siemens.com/global/en/company/stories/industry/intelligentrobotics-siemens-aucma.html
robot (Siemens)

25 Model C (UVD Denmark v Omni wheels  https://www.uvd-robots.com/robots
Robots)

26 LightStrike USA v v Wheeled https://xenex.com/
(Xenex
Solutions)

27 Denmark v v Wheeled https://www.gobe-robots.com/

(continued on next page)
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Table 1 (continued)

Sl. Robot name Country Medical Screening Disinfection Logistics Companion Hospitality Others Robot Websites
No. (Company) of origin characteristics
GoBe
(BlueOcean
Robotics)
28 PTR Denmark +/ v Stationary https://www.ptr-robots.com/
(BlueOcean
Robotics)
29 Techman Japan v Stationary https://uchimurarobotics.com/
Vision
(Uchimura
Robotics)
30 Mini U China v v Legged http://www.uurobot.com/en/xiaoben.html
(Xiaoben
Intelligence)
31 Mink (Blue Denmark v Wheeled https://www.blue-ocean-robotics.com/
Ocean
Robotics)
32 Disinfecting Japan Wheeled https://uchimurarobotics.com/
Robot
(Uchimura
Robotics)
33 Pari 2.0 (Paaila India \/ \/ Legged http://www.paailatechnology.com/robotics/pari2/
Technology)
34 James Belgium 4/ v v Wheeled https://www.zorarobotics.be/robots/james
(Zorabots)
35 Sawyer Belgium \/ \/ \/ Stationary https://www.zorarobotics.be/robots/sawyer
(Zorabots)
36 RP-VITA USA v v v v Wheeled https://spectrum.ieee.
Telemedicine org/automaton/robotics/medical-robots/irobot-and-intouch-health-announce-rpvita-telemedicine-robot
Robot
(MedTech
Boston)
37 Cutii France v v Wheeled https://www.f6s.com/cutii
(Careclever)
38 Billy (Zorabots) Belgium v v Stationary https://www.zorarobotics.be/robots/billy-billy
39 Kiwibot (Kiwi Colombia \/ Wheeled https://www.kiwibot.com/
Robotics)
40 Starship USA \/ Wheeled https://robots.ieee.org/robots/starship/
(Starship
Technologies)
41 RoboPony China \/ Wheeled https://www.deccanchronicle.com/technology/gadgets/
(Zhen Robotics)
42 R2 (Nuro USA v Wheeled https://nuro.ai/product
Technology)
43 Apollo 3 China v Wheeled https://www.forbes.com/sites/
(Neolix
Technologies)
44 Peanut (Keenon China v v Wheeled http://www.keenonrobot.com/EN/Product/pro2.html
Robotics)
45 TUG (Aethon  USA \/ \/ Wheeled https://aethon.com/
Robotics)
46 Hospi Japan \/ \/ Wheeled https://news.panasonic.com/global/stories/2019/69861.html
(Panasonic)
47 Run (Yunji China v Vv Wheeled https://en.yunjichina.com
Technology)
48 KARMI-Bot India v v v Wheeled https://www.livemint.
(Asimov com/news/india/kerala-govt-hospital-deploys-robot-to-serve-food-medicines-to-covid-19-patients-11587808212869.
Robotics) html

(continued on next page)

‘D 32 SDWOY], [

£8£€01 (1202) LI I sanvuLIofu] [pIIpawole fo pumnor


https://www.ptr-robots.com/
https://uchimurarobotics.com/
http://www.uurobot.com/en/xiaoben.html
https://www.blue-ocean-robotics.com/
https://uchimurarobotics.com/
http://www.paailatechnology.com/robotics/pari2/
https://www.zorarobotics.be/robots/james
https://www.zorarobotics.be/robots/sawyer
https://spectrum.ieee.org/automaton/robotics/medical-robots/irobot-and-intouch-health-announce-rpvita-telemedicine-robot
https://spectrum.ieee.org/automaton/robotics/medical-robots/irobot-and-intouch-health-announce-rpvita-telemedicine-robot
https://www.f6s.com/cutii
https://www.zorarobotics.be/robots/billy-billy
https://www.kiwibot.com/
https://robots.ieee.org/robots/starship/
https://www.deccanchronicle.com/technology/gadgets/
https://nuro.ai/product
https://www.forbes.com/sites/
http://www.keenonrobot.com/EN/Product/pro2.html
https://aethon.com/
https://news.panasonic.com/global/stories/2019/69861.html
https://en.yunjichina.com
https://www.livemint.com/news/india/kerala-govt-hospital-deploys-robot-to-serve-food-medicines-to-covid-19-patients-11587808212869.html
https://www.livemint.com/news/india/kerala-govt-hospital-deploys-robot-to-serve-food-medicines-to-covid-19-patients-11587808212869.html
https://www.livemint.com/news/india/kerala-govt-hospital-deploys-robot-to-serve-food-medicines-to-covid-19-patients-11587808212869.html

Table 1 (continued)

Sl. Robot name Country Medical Screening Disinfection Logistics Companion Hospitality Others Robot Websites

No. (Company) of origin characteristics

49 Amy (Pangolin China v v Vv Wheeled https://en.csjbot.com/content/12/1290.html
Robotics)

50 Security Guard China v Wheeled https://en.csjbot.com/content/105/1301.html
bot (CSJBOT)

51 Mobile China \/ Wheeled https://en.csjbot.com/content/11/1315.html
VendBot
(CSJBOT)

52 Snow (CSJBOT) China \/ \/ Wheeled https://en.csjbot.com/content/12/1297.html

53 Zafi (Propeller India Vv v v v Wheeled https://www.propellertechnologies.in/
Technologies)

54 P3(CSJBOT) China v v Wheeled https://en.csjbot.com/content/106/1304.html

55 Sona 2.5 (Club India v Vv Wheeled https://clubfirst.org/product/sona-2-5-service-robot/
First robotic
solutions)

56 Sunbot (Siasun China v v v v Wheeled http://siasun.com/index.php?m=content&c=index&a=show&catid=108&id=447
Robotics)

57 Spot (Boston  USA v Vv v v v v Legged https://www.bostondynamics.com/spot
Dynamics)

58 Dinsow (CT China v v v Wheeled https://www.dinsow.com/about.html
Asia Robotics)

59 Handle (Boston USA v v Wheeled https://www.bostondynamics.com/handle
Dynamics)

60 Aimbot China v Vv v Wheeled https://www.ubtrobot.com/products/anti-epidemic-solution?ls=en
(UBTech)

61 K5 ASR (Knight USA v v v Wheeled https://www.knightscope.com/knightscope-k5
Scope Robotics)

62 O-R3 (Otsaw  Singapore v v v Wheeled https://otsaw.com/o-r3-security-robot/
Technologies)

63 PGuard (Enova France v v Wheeled http://enovarobotics.eu/
Robotics)

64 Camello (Otsaw Singapore v v v v Wheeled https://otsaw.com/camello/
Technologies)

65 Veasense France v v v v Wheeled https://enovarobotics.eu/product/
(Enova
Robotics)

66 O-RX (Otsaw Singapore \/ Wheeled https://otsaw.com/o-rx-disinfection-robot/
Technologies)

67 XR-1 Japan v v v v Vv Wheeled https://www.en.cloudminds.com/
(CloudMinds)

68 ElliQ (Intuition USA v v Stationary https://ellig.com/
Robotics)

69 Dinsow (CT Thailand +/ v v v Wheeled https://www.dinsow.com/
Asia Robotics).

70 Dasomi (Korea Korea v v v Wheeled https://www.koreatimes.co.kr/www/tech/2019/06,/133 268818.html
Herald Robotics
solution)

71 Skyrocket Australia \/ Aerial https://blog.werobotics.org/2020,/04/25/cargo-drones-covid-19/
(Google)

72 Zipline (Zipline USA \/ Aerial https://blog.werobotics.org/2020/04/25/cargo-drones-covid-19/
incorporations)

73 Corona Combat India \/ Aerial https://analyticsindiamag.com/this-indian-startup-is-fighting-covid-19-with-combat-drones/
Drone (Indian
Robotics
Solution)

74 KCN901 (KC China \/ Wearable https://kewearable.com/
wearable
technology)

75 T2 (Rokid) China \/ Wearable https://www.rokid.com/en

76 M4000 (Vuzix) USA \/ Wearable https://www.vuzix.com/
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interacts with the surrounding environment. Circolo hospital in Italy
introduced assistive robots named ‘Tommy’ for providing additional aid
to doctors and nurses [64]. The robot consists of sophisticated tools to
measure the patient’s vital statistics and enable continuous monitoring
by the doctor. The robot can also measure the blood pressure and
breathing capacity of patients. Fig. 5 shows the photographs of the
selected robots and drones employed in the healthcare sector.

The collection and transport of oropharyngeal swabs from patients to
test for COVID-19 is another challenging task worldwide [65]. As a so-
lution to this problem, the Chinese Academy of Sciences introduced
drones to transport medical samples, significantly reducing human
contacts [66]. This technology drastically reduces the risk factor,
transportation time, and delivery expenditures by more than half.
Similarly, Angurala et al. [67] developed a method to use drones and the
Internet of Things (IoT) to collect samples and deliver medicines,
ensuring zero contact between the medical staff and patients. Kimmig
et al. [68] pointed out that performing surgeries during this epicenter of
the pandemic is highly risky for both the surgical team and the patient
subjected to surgery. Therefore, the author suggests robot-assisted sur-
gery, especially for patients urgently needing complex oncological sur-
geries. Zemmar et al. [69] describe the benefits of utilizing Al, virtual,
and augmented reality in surgical environments. The authors point out
that this technique can improve the surgeon’s efficiency and enhance
patient and doctor safety. Yang et al. [70] comment that the availability
of 5G bandwidth and 4-8 K video streaming enables telemedicine and
telecommuting possible and will mark how future organizations will
function. In comparison to open surgeries, surgeries with the aid of ro-
bots reduce contamination with the body fluids due to no directly
exposed medical staff. Few of the commercially available medical robots
are Greetbot, Pepper, Sanbot, Promobot, Mitra, C-Astra, RoboDoc,
Pudobot, Ava, Moxi, DaVinci, PTR robots, Techman vision, RP-Vita
telemedicine robot, TUG, Karmi-Bot, Aimbot, Veasense, XR-1, Dinsow,
Dasomi, etc., as shown in Table 1.

3.2. Real-time monitoring/screening

As mentioned previously, the highly contagious nature and non-
existence of proper medication make it necessary to identify symptom-
atic/infectious persons within the community. It is also required to
ensure that everyone follows the social distancing protocol and abides
by government guidelines in public places. However, manual screening
and monitoring of people is an unsafe, time-consuming, and hectic
process. Therefore, in this state of a health crisis, robotic devices can be
used to avoid the virus’s spread and enable efficient large-scale
screening techniques. The digital health solutions involve real-time
monitoring and evaluation of people to ensure law enforcement in
public spaces. There are several methods to identify the concentration of
the crowd in both indoor and outdoor scenes. This includes WiFi,
tracking based on cellular connectivity, Bluetooth, Radio-frequency
identification (RFID), etc. However, using WiFi or Bluetooth requires
the person to be connected through a smartphone or smartwatch.
Therefore, this technology is suitable to monitor a constrained space.
China is one such country that promotes modern technologies and the
first country to continuously introduce a satellite navigation system
named ‘BeiDou’ to track COVID patients [72] continually.

Another low-cost method to screen high-risk environments includes
the use of drones. Programming drones with appropriate sensors and Al
enables it to gather relevant information to prioritize critical regions
within a confined space [74]. Advancements in Al, Machine learning
(ML), and image processing techniques make it possible to track, di-
agnose, and assist the concerned authorities in taking preventive mea-
sures. In India, the states Kerala and Gujarat are among the first to use
drones for surveillance [75]. Generally, these aerial vehicles record the
thermal images and their GPS location, which on further analysis
identifies the symptomatic patients [76]. Sathyamoorthy et al [77]
developed a low-cost mobile robot named COVID robot that combines
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‘Deep Reinforcement’ learning the model-based method to detect and
warn pedestrians within the proximity of six feet from each other. The
study also showcases the effectiveness of combining robot vision with
CCTV (robot camera + CCTV) to identify pedestrians violating social
distancing constraints.

Effective Al tools overcome the drawback of giving false positive or
negative detection, especially at the early stages of COVID-19, as
observed in the RT-PCR technique [78]. Some of the latest tools to
screen the novel coronavirus disease include Convolutional Neural
Networks (CNN) [79], Deep learning [80], IoT combined with ML [81],
Big Data [82], etc. which rely mainly on the radiographic patterns seen
in chest CT scans. For this reason, Hou et al. [83] introduced a deep
learning model based on volumetric chest CT scan images for both
COVID-19 and pneumonia patients. Rundo et al. [84] proposed a com-
bination of Al and human intelligence to overcome the uncertainties
with decision-making and diagnosing diseases. However, many chal-
lenges still exist, like distinguishing the COVID-19 from pneumonia
since they both show very similar symptoms, data paucity, and initial
investment. In addition to these limitations, other problems such as
privacy and security issues and lack of transparency may lead to further
complications [85]. These challenges create a massive gap between
artificial intelligence implementation into the healthcare sectors [86].
Additionally, the introduction of complementary tools like receiver
operating characteristic curve and specificity improves the diagnostic
performance. Ye et al. [87] presented the ultrasound-based system to
perform the ‘Cardiopulmonary Assessment’ on patients having COVID.
The authors use a telerobotic ultrasound scanning device without
sacrificing the information quality while performing the test. This
methodology poses less threat to both patients and the examiner. Wang
et al. [88] proposed an algorithm to identify people in public spaces with
no mask using image processing techniques and CNN. Similarly, coun-
tries like China, the United Kingdom, Thailand, Italy, India, and the USA
deploy drones for surveying, crowd management, and disease detection
with the aid of loudspeakers, HD zoom lenses, floodlights, and thermal
sensors [89].

Currently, there are several wearable devices available in the market
that continuously measures body signals and pulses. These devices give
bio-feedback based upon the measured values to warn and guide the
user [90]. The Indian Robotics Solution (IRS) company developed a
wearable helmet that describes individuals having elevated tempera-
tures in public spaces. The device is called ‘Thermal Corona Combat
Headgear’ (TCCH) [91]. Few other commercially available screening/
monitoring robots are Cruz, Pepper, Atlas, Promobot, Mitri, Robo-C, AS-
PNCR-2, AtraxM, Moxi, LightStrike robot, Mini U, Starship, Run, Spot,
0O-R3, etc., as shown in Table 1.

3.3. Disinfection

This subsection focuses on the applicability of robots to perform
tedious routine tasks of disinfection to lower the risk of contact with
bacteria, viruses, or other pathogens. Frequent disinfection and sani-
tizing of public places is the key safety measure to prevent COVID-19
spread. It is important to note that the disinfection robot is one of the
most vital needs of the hour, aiming to protect public health by spraying
disinfectants, emitting ultraviolet (UV) radiation [92], or sterilizing the
virus exposed regions. Likewise, these robots also enable re-use masks or
Personal Protective Equipment (PPE) at times of shortage. This tech-
nology can eliminate any form of human error and be a valuable tool to
battle against infectious pathogens and harmful micro-organisms.
Studies show that the use of unmanned aerial vehicles and unmanned
grounded vehicles reduces the time needed for disinfection by 95% [93].

Siemens developed a very efficient disinfectant robot that uses
hydrogen peroxide vapor and UV radiations to disinfect surfaces. The
device reduces the direct exposure of humans to these contagious viruses
and helps to decontaminate surfaces. This robot avoids the need for on-
site refueling, as seen in certain moisturizer gun-based robots [94].
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Fig. 5. Photographs of (A) ATRAX, (B) AVA, (C) MOXI, and (D) TOMMY [64,71-73].

‘UVD’ robots, a Denmark-based company, developed disinfectant robots
that can emit short-wavelength and concentrated UV radiations. These
radiations have enough energy to break the structure of any micro-
organisms. This device offers a germicidal effect, which eliminates
both airborne viruses and suspended aerosol particles. Similarly, the use
of concentrated radiations makes it possible to disinfect hard-to-reach
surfaces like the bed, staircase rail surfaces, corners, ventilators,
exhaust fans, etc. [95]. The ‘LightStrike’ robots, developed by Xenex
Disinfection Services LLC, use a broad-spectrum pulse xenon UV radia-
tion to kill pathogens quickly and effectively eliminate Ebola and
Anthrax viruses. This robot was first deployed at San Antonio Interna-
tional airport, the USA, to deactivate the SARS-CoV2 virus [92,96].
Fig. 6 shows the photographs of the robots used for disinfection. Simi-
larly, India successfully uses drones mounted with sanitizer to sanitize
thickly populated slums and colonies in a short duration of time [97].
Similar to humans, animals/livestock are also prone to such deadly vi-
ruses. It may also turn out that these animals and their surroundings be
another source of spreading the virus. However, manual disinfection is
again very risky, laborious, and time-consuming. This mandates the
need for intelligent disinfection techniques to be adopted for livestock
breeding. For this reason, Feng and Wang [98] proposed a mobile robot
consisting of a disinfectant spraying unit and a controller unit support-
ing remote operations. Other commercially available disinfection robots
include Whiz, Mini Ada, ARAT-3.2, C-Astra, AS-PNCR-2, Model-C,
LightStrike robot, James, Kiwibot, RoboPony, P3, Aimbot, PGaurd,
Sterilization robot, etc., as shown in Table 1.

3.4. Companion robots

Recent studies show that loneliness and isolation due to coronavirus
has created a global threat among people of all age groups [99]. Brooks
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etal [100] performed a psychological study to understand the negative
impact of quarantine on people. The study concludes that most people
suffer from stress symptoms, confusion, anger, boredom, and fear during
this period. The study also concludes that under extreme conditions, it
may also lead to long-lasting effects. Henkel et al. [101] showcased that
children below the age of puberty and people above 65 are the most
vulnerable due to isolation. Companion robots mainly aim to keep pa-
tients under isolation or quarantine engaged by exchanging conversa-
tions and kill time sensibly. Developments in Al aim to equip the robot to
understand the patient’s emotional feelings similar to humans and
improve their mental state of mind. Other contagious diseases like
chickenpox also provide room for such companion robots.
Adalgeirsson et al. [102] developed the ‘MeBot,” which, in addition
to sharing conversations, also expresses gestures and body poses. This
expressive feedback makes the interaction more engaging and livelier.
In addition to maintaining isolated patients, the elderly or disabled
patients will require additional support to fulfill their basic needs.
Again, the high risk of COVID-19 infections demands other alternatives
to deal with these challenges. Therefore, using assistive robots makes it
possible for senior citizens or the disabled to live independently, espe-
cially during quarantine or isolation [103]. The ‘BeamPro’ robot housed
at Alexandra hospital, Singapore, is programmed to chat with patients
under isolation [104,105]. The robot can converse in four different
languages with a relatively small response delay. In addition to this task,
the ‘BeamPro’ robot makes it possible for the doctor to continuously
inspect the patient in isolation and deliver the basic needs without a
dedicated staff. DWI Dowellin, a Chinese based company, develops low-
cost robocats and humanoids designed for children [106]. The robots are
basically line-following robots that can sing, dance, and perform voice
conversations. The ‘Pepper’ robot developed by Softbank robotics [107]
is another common companion robot with 20 degrees of freedom (DOF)
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to make expressive movements while conversing. This robot is equipped
with perception modules to recognize, interact, and speak 15 different
languages. It can create an empathetic link with humans and develop
intellectual skills. These social robots also instruct necessary exercising
and relaxation tips to patients.

3.5. Tourism, logistics, and hospitality

The recent times show growing attention towards robots to perform
interpersonal activities such as in tourism and hospitality. This may
include providing the tourist with necessary directions and factual in-
formation, deliver food and other basic needs, cleaning, and also offer
security service [108]. Even though most people restrain themselves
from traveling, it is necessary to maintain the safekeeping of airports,
railway stations, metro stations, etc., during this pandemic. This is
achieved by employing robots to perform specific tasks like providing
necessary information at the inquiry, enabling contactless e-ticketing
facilities, security check, pick-and-place of luggage, and other routine
services to enhance passengers’ security and safety. Few international
airports that opted for robots to perform passenger assistance tasks are
Munich airport, Incheon airport, Shenzhen airport, Amsterdam-
Schiphol airport, Canadian airport, Dubai airport, Heathrow Airport,
and Narita Airport, etc. Reports also estimate a Compound Annual
Growth Rate (CAGR) growth of more than 15% in airport robot markets
considering the current situation of the pandemic [109].

Similarly, the Indian railway implemented robots to screen passen-
gers for coronavirus and cross-check for any government guidelines.
This innovative step reduces the personnel burden and warns the pas-
sengers to maintain social distancing [110]. The idea of delivering
commodities using robots/drones had begun much before the COVID
pandemic outbreak. Ever since the COVID outbreak, the need for con-
tactless delivery came to the forefront, with drones’ use most popular.
Many e-commerce platforms like Alibaba [111] and Amazon [112] are
moving towards complete contactless delivery of products to encourage
people to stay at home and reduce all forms of human-to-human in-
teractions. Furthermore, studies and trial runs are happening to auto-
mate logistics and deliveries using robots [113]. The ‘Nao’ robot
developed by Softbank robotics is a miniature humanoid robot
employed in companies, hospitals, hotels, etc., to welcome, give
necessary information and entertain visitors [114]. The robot can
recognize and speak in 25 different languages. The ‘Mitra’ Robot
developed by Invento Robotics identifies guest-based face and voice
recognition, consists of a built-in jukebox for entertainment, and collects
analytics about visitors’ behavior and interactions [115]. Furthermore,
the various sectors in which the robots are used for assistance in
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hospitality, retail, home, and public services, can be broadly classified,
as shown in Fig. 7.

3.6. Limitations of AI and robotics

The major challenge of implementing robots is their high initial cost
and expensive maintenance. Like the da Vinci surgical robot, many ro-
bots that assist doctors in performing surgeries are costly [116]. The
high costs of robotic systems indirectly increase the patients’ treatment
expenditures and limit their usage in many parts of the world. Currently,
the high prices of robots are observed due to the complexities of sensing
the surrounding environment and responding to external inputs from
humans or other machines simultaneously. The key challenges with
social robots are modeling the social dynamics and responding to social
and moral norms in real-time. It is desired that social robots can input
multiple modalities and combine them with predictive models to
improve the dynamic nature of social interactions. Another issue with
social bots is their ability to have one-to-one interactions only and their
incapability of group interactions. Also, present-day robots cannot
comprehend abnormal or suspicious activities during emergencies.

Robots are programmed with feedback loops to function in un-
structured environments. However, the failure of any feedback sensors
or put to work under non-ideal conditions may cause it to work abruptly.
Any form of inconvenience experienced by the end-user due to robot
malfunction can negatively affect service efficiency. The direct conse-
quence of operation and complications with robotic systems is a severe
issue, especially in the healthcare sector. In extreme situations, this may
also lead to the patient’s tragic death. According to the study performed
by the US Food and Drug Administration (FDA), unfortunate incidents
have been prevalent, including fatalities, injuries, and robot malfunc-
tioning. The study showed that from 2000 to 2013, there had been 144
casualties, 1391 injuries, and 8061 device malfunctioning cases re-
ported by the use of robots during surgeries [117]. One solution to this
problem is replacing rigid materials with softer lifelike materials to
reduce the severity of accidents. Such robots, termed soft robots, can
prevent potentially dangerous collisions when operating with humans or
other similar environments [118].

As robots get increasingly involved with society, maintaining the
user’s ethics and privacy becomes difficult. Advancements in Al for so-
cial and surveillance robots can be sources of ethical, legal, and social
concerns that may lead to privacy risks. The ability of social robots to
move around, monitor the surrounding environment, record in-
teractions with robots, and register the daily routines of users creates
reduced personal privacy. The consequences of robots getting hacked is
another critical issue that fears the end-users of such robots. In this

Fig. 6. Photograph of (A) UVD robot, and (B) LightStrike robot [95,96].
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regard, the importance of security to avoid robots being externally or
maliciously controlled needs to be taken care of before operation.
Eduard et al. [119] explained that in addition to these concerns,
continuous human-robot interactions might eventually lead to reduced
human-human interactions. The author points out that there is a lack of
research studying the change in people’s attitudes and mental health
when interacting with robots over time. The authors conclude that it is
equally important to educate the population on the correct usage of
robotic technologies.

The disinfection and cleaning robots that have become popular in the
recent past to fight the pandemic have the biggest challenge to perceive
unstructured environments. This is because such robots are mainly
designed and tested for controlled environments. Even though the UV
disinfection robots can cover large spaces within a limited time, those
objects and surfaces that are out of sight of the UV radiations are less
effectively disinfected. Therefore, it requires the operators to run the
device several times through multiple locations to complete the process
in each space. Another critical consideration is the distance of the sur-
face to be disinfected from the emitter. As the distance increases, the
energy of the UV radiations drastically reduces, thereby reducing the
overall disinfection efficiency and increasing the disinfection time.
Additionally, for effective disinfection, enough energy must be supplied
to kill the micro-organisms. Different organisms require different
emission energies for them to be killed [120]. Therefore, it is necessary
to decide the emission energy and delivery time of UV radiations,
considering the room size and objects in space.

Samala et al. [121] observed that the implementation of robotics and
Al into the tourism sector brings about an initial excitement for the
guests. However, the lack of proper comprehension and response delays
from robots changes peoples’ perception and interest over time. Many
chatbots are designed to answer direct and straightforward queries that
primarily work on keywords to answer questions. Ivanov et al. [122]
point out that replacing humans with robots ruins the guest experience
as they lack emotions and human-level interactions. According to the
financial perspective, the investment involved in purchasing and
maintaining a robot is more than hiring a human staff. It is also required
to hire skilled people to operate the robot, which is an additional burden
to the tourism sector, as they will demand a higher salary.

The reliability, consistency, adaptability, and service life of robots
are the other significant challenges seen among users. Many of these
challenges require innovation and collaborative researches to solve
them. The several benefits of robots fighting the pandemic encourage
the researchers to bring resulting solutions to transform the facet of our
lives from medical care to hospitality. Some solutions include devel-
oping efficient and portable energy storage devices, newer materials
with tunable properties, and improved fabrication strategies to lower
robot building and handling costs. The currently available energy
sources such as Lead-acid, Ni-metal hydride, and Li-ion batteries should
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be replaced with next-generation technologies such as fuel cells, non-
conventional energy sources, or supercapacitors. Considering the secu-
rity and privacy norms with companion, social, or surveillance robots, it
is necessary to obtain informed consent before data collection for a
stipulated time. Similarly, the level of autonomy of service bots should
be kept within limits and not override human decisions when lives are at
stake, especially in hospitals. It is advisable to employ robots in realistic
scenarios with well-defined policy implications, as seen in Tokku Special
Zone for Robotics in Japan [123].

3.7. Limitations of drones

Drones had emerged as a new method to fight the COVID-19
pandemic. Even though drones have a wide range of applications,
their practical implementation still faces certain limitations. The com-
mon factors limiting the drone’s capability include weather, limited
payload capacity, and autonomy. Drones can only be used to service a
limited area with a package of limited size and weight [124]. Lower
delivery speed compared to air freight carriers also cause hindrance to
its practicality. The terrain upon which the drone has to be also operated
matters, as it is not easy to handle a drone in hilly regions compared to
plains. Access to remote or far away places from the operator’s location
may be tedious or even impossible. High endurance and highly sophis-
ticated unmanned aerial systems are deployed for military purposes like
the Reaper, or Predator UAVs (Unmanned Aerial Vehicle) of the United
States defense forces are very expensive than manned helicopters. Thus,
the capabilities of UAVs are limited by their cost to an extent. Personal
data can be collected with the aid of UAVs, which can lead to a privacy
breach. It may violate the citizens’ fundamental right to protect their
privacy. In the U.S.A, questions had been already raised by privacy
advocates, demanding warrants for the use of drones for surveillance
[125]. Even under certain circumstances, these UAV’s can cause a threat
to airplanes similar to the one that a bird can cause [124]. Al has to be
used extensively integrated into modern-day drones for the fight against
Covid-19. It requires special training with Covid databases, and creating
proper predictive models may also be difficult as it lacks historical data
[15].

4. Social media, television, and others

Effective health communication is considered as one of the signifi-
cant factors of the fight against the COVID-19 pandemic. Once the
COVID-19 pandemic was initially reported from Wuhan City, China,
much misinformation started to flow to the commoner through various
communication platforms, majorly through social media. People began
to post their hypothetical analysis about the origin, specifications, and
nature of the virus, spreading methods, prevention methods, and even
genetic details. In the initial stage, the official scientific community was

Robotics platform in tourism, logistics & hospitality

P ——

— -~ .
| Hospitality \ |  Retail | |

Hotel | Shopping mall - |
! Banking ! Retail store | -
| Resort I | Restaurant | |
| Museum | Theatre | |
. Exhibition center ; -  Pharmacy ! '

Tour guide o _ _ . /

Navigation |

——

Library

Security service

Home . Public service
Smart home | I Airport
Online service | | Customs
Remote service | Court
Educational platforms I | Police station
I

Fig. 7. Different sectors in which robots are utilized for assistance.

13



M.J. Thomas et al.

also in a dilemma to examine these hypotheses as the available scientific
evidence was not enough. Simultaneously, online media started to
spread news like, ‘the COVID-19 is a bioweapon invented by China to
defeat other countries, and a Canadian virology laboratory developed
the COVID-19 virus for studies, and the Chinese researchers had stolen
them from the laboratory, and they got expelled because of this reason.
A lot of fake news, like the ones mentioned above were being spread and
even spread now regarding the various aspects of COVID-19. In this
section, the role of social media platforms (such as the search engines,
Twitter, and Facebook), television, WHO, and governmental initiatives
are discussed.

4.1. Social media

During the end-December 2019, the general public and researchers
worldwide started to write on social media about their hypotheses
against the virus pandemic spreading in Wuhan City, China. But even in
the last week of December 2019, the number of cases was not that much
stabilized. In the initial phases, social media ignored it as a laboratory-
confirmed case and reclassified them as the patients were also diagnosed
with other clinical conditions. After the instances increased and reached
a higher level of 72,000 positive cases, China changed its measures to a
countrywide lockdown. Criticisms were started in social media after the
death of Dr. Li Wenliang from COVID-19, who was the first to get
arrested first for posting critical concerns on social media [126].

Researchers from China started retrospective analyses to forecast the
possibility of the COVID-19 outbreak from social media posts and
internet search data from January 2020 onwards [127]. Fig. 8 illustrates
the daily trend data for search keywords ‘coronavirus’ and ‘pneumonia’
from various search engines in China for January and February 2020.

This investigation confirmed that a lag correlation exists between
internet searches and daily lab-confirmed or suspected case numbers.
The lag correlation showed an average of 10 days lag for lab-confirmed
cases and seven days lag for suspected cases from the keyword searches.
The possibilities of forecasting the spread using the search trends during
epidemics were successfully established during previous influenza
[128], Dengue [129], HIN1 influenza [130], Zika virus [131], Measles
[132], and Middle-East Respiratory Syndrome [133].

Twitter is a widely used global platform for quick-short information
sharing. The surveillance of trending tweets helped the authorities and
policymakers arrive at decisions without many oppositions [134].
During the early stages of the COVID-19 pandemic, the first updates
about the spreading were shared globally using tweets. A study con-
ducted in the Middle-East has identified the topics with more tweeters
from February 2nd to March 15th, 2020. Around 2.8 million tweets were
identified with the keyword ‘corona,” 2019-nCov’, and ‘COVID-19’ using
twitter’s Application Programming Interface (API) and Python Tweepy
library [135]. The study concluded that public health activities online
and on the ground-level have increased to the next level during the early
stages of this pandemic. The authorities were coming up with more
disease surveillance by analyzing social media posts and fighting against
false information.

Facebook is the next major social platform that has a direct impact on
ordinary people. For example, in the last two decades, a movement
named ‘anti-vaccination’ became popular among its users through
groups, pages, and even profile posts. A study conducted by the
Australian National University in 2017 collected and analyzed the depth
of this movement among the users using various statistical models
[136]. The study concluded that Facebook has a significant role in
spreading such activities worldwide, even if most of the activists are
from a small region of the world. An investigation of the outreach of
posts made by public health organizations and their Facebook responses
were reported with detailed information using the sentiment and
emotion analysis of all COVID-19 related posts and comments.

The data extraction from three public health authority pages;
namely, the Ministry of Health (MOH) Singapore, Public Health England
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(PHE), and Centers for Disease Control and Prevention (CDC) of the
United States during January 1st, 2020 to March 17th, 2020 for the
analysis was done using the ‘Facepager’ tool [137]. The frequency of
COVID-19 related posts done by these three public health authorities
during the said period is shown in Fig. 9. The investigation reported that
among these three public health authorities, the MOH Singapore suc-
ceeded more in outreaching the information regarding pandemic
COVID-19 than the others. As the COVID-19 situation has severe un-
desirable effects on the public’s mental health, a Facebook survey also
reported the Taiwanese public’s mental health changes due to the
COVID-19 related factors [138].

The various impacts of the pandemic on public health were investi-
gated with more importance to mental health. The descriptive analysis
performed among 2031 respondents concluded that people with lower
support from authorities were less stable with their mental health.
Among them, sleep disturbances and suicidal thoughts were found to
exist. The social distancing and the quarantine protocols also reduced
mental health, as they become less social for a few weeks. In almost all
countries, the public health department has taken counseling initiatives
to the affected and ordinary people who are in trouble with the COVID-
19 pandemic’s aftereffects.

4.2. Television

The medicine’s relationship with media in the COVID-19 pandemic
situation has already undergone various investigations. The various
official sources of information regarding the pandemic are updating
continuously through the channels, enabling the public to get some
authentic information for all related topics rather than the rumors
spreading in social media. Due to the social distancing and the quar-
antine policies of prevention of COVID-19, the information through the
television channels has become unavailable to some extent. The news
channels followed a behavior that their statistics should go beyond the
official counts. In order to make the public misbelieve that the channels
give more accurate and early details than the government institutions.
This behavior has made the channels provide unconfirmed spread data
during the HIN1 pandemic lot before the official information [139]. In
India, the need for credible health journalism to enhance communica-
tion possibilities between the health workers and journalists is having
more importance in any pandemic situation, particularly during COVID-
19 [140].

The responsibility of mass media is not getting fulfilled by spreading
the news in a quick form. Still, they must give more importance to public
health by conducting scientific reviews about passing information. In a
detailed survey conducted by Oxford researchers, the role of different
information-sharing platforms in fighting against the COVID-19 has
been investigated with a sample space of people from six other countries
[141]. The proportion of various sources used by the people for infor-
mation gathering regarding COVID-19 is shown in Fig. 10. The people
from all these six countries showed that the people who rely on news
media have higher authentic information about the people relying on
other sources. Also, people from all six countries exhibited significant
trust in WHO, other government authorities, doctors, scientists, and
experts than the local politicians and public.

4.3. Others

The widespread and non-controllable nature of COVID-19 has caused
a shortage of necessities worldwide. Some of the essential mandatories
include Personal Protective Equipment, such as face masks, shields, etc.,
especially for the healthcare workers. In this scenario, the utilization of
3-D printing technology plays a vital role in printing equipment at a
relatively lower cost [142]. The 3-D printer can be used to fabricate low-
cost disposable nasopharyngeal and oropharyngeal swab Kkits, respira-
tion assisting gears, valves, etc. Another trend observed in industries
includes transforming manually operated or semi-operated industries to
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Fig. 8. Daily search trends from various search engines in China for keywords coronavirus and pneumonia [127].

complete automation [143]. This transformation reduces the direct
human to human interactions and continues industrial procedures
without the threat of the virus. Another threat is political leaders and
celebrities who need special bodyguards or security while moving in
public places. This problem can be solved using security robots equipped
with modern technologies to maintain all possible crime risks under
control [144].

4.4. Limitations of social media

Even though social media has played a vital role in sharing crucial
official information regarding the prevention methods, institutional
measures, and pandemic statistics, it has been reproached as the
spreader of false news regarding the pandemic. Fake news is always
fabricated information under circulation in social media, which contains

misinformation that is not authentic.

Several investigations were reported, which predicts the various
reasons for the spreading of false news. Human’ altruism’ was found as
the most significant factor that enhances false news sharing [145]. This
mentality enables them to share the information received by them with
other persons in their concern, without inquiring about that news or
subject’s genuineness. The other attributes, unawareness, ignorance,
attention-seeking, and political and demographical agendas, also play
critical roles in false news sharing. One survey conducted among the
primary and secondary students of Palestine reported the various po-
tential negative impacts of social media in spreading the panic of the
COVID-19 pandemic. Majority of them used Facebook to gather
knowledge about the pandemic. The mental health and psychological
and behavioral changes were analyzed, and around 78% of them were
found adversely affected [146]. The female students were more
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panicked about the news of the pandemic.

Another survey analyzed the effects of misinformation being shared
in the COVID-19 individual responses [147]. The average time shared by
individuals on social media for the information gathering has been
increased significantly due to the government policies of social
distancing. The fake information spread about the pandemic has put
individuals into psychological and mental distress or even into insomnia
under worst conditions [148]. The study performed in a sample of 1078
young adults Iranians showed a result that was exactly in line with this
general finding. The analysis also mentioned the importance of online
campaigns to reduce people’s fear of COVID-19 and restore their psy-
chological stability.

Meanwhile, the entire world is experiencing mental stress due to the
misinformation being shared through social media. Some countries re-
ported survey studies of COVID-19 humor campaigns conducted
through social media to reduce mental stress. A survey reported in
Jordan has coined the various effects of humor in peoples’ psychological
well-being during the pandemic situation [149]. The study successfully
demonstrated how humor could become a tool for mental relief in the
COVID situation. Another investigation reported about the relationship
between mental stress symptoms and social media usage during the
pandemic situation confirmed their interdependency [150].

Through a detailed behavioral study of 4492 tweets posted during
the pandemic time, investigators were able to identify successfully the
interlinks between the fear developed through social media and the
behavioral conditions such as loneliness [151]. Based on the criticisms
aroused worldwide, most social media platforms have started their
investigative measures to ensure the shared genuineness of the posts.
They have begun to use artificial intelligence and machine learning-
based algorithms for the processes of identification, assessment, warn-
ing, and denial of false spreading.

5. WHO and government initiatives
5.1. WHO

The conspiracy theories about the COVID-19 spread worldwide even
more rapidly and efficiently than the actual virus because of previous
scientific results’ unavailability. After understanding the severity of the
misinformation spreading worldwide, in the Munich Security Confer-
ence conducted in February 2020, the WHO Director-General Tedros
Adhanom Ghebreyesus said, “We are not just fighting an epidemic: we
are fighting an infodemic” [152]. In virtue of that situation, which
started a campaign called ‘MythBusters’ and addressed around 30
prominent theories about COVID-19 spread worldwide [153]. Some of
the posters developed by the ‘MythBusters’ team is illustrated in Fig. 11.
The team succeeded in finding misinformation and rumors widely
spreading on social media platforms like Twitter, Facebook, TikTok,
YouTube, Tencent, Pinterest, etc. After the WHO’s initial warning, social
media platforms started their filtration process to reduce the spreading
of misinformation.

UK uUs

Germany
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To guide the public with authentic information, during the middle of
2020, WHO started a technical guidance page on their website [154].
They have included the official information under various categories
like technical guidance publications, situation reports, media resources,
public, technical guidance, travel advice, training exercises, strategy and
planning, and COVID-19 supply chain system. Centers for disease con-
trol and prevention of the U.S department of health and human services
have issued a public notice regarding the COVID-19 disease outbreak
[155]. It provides authentic information regarding the do’s and don’ts
the people should follow in spreading the information, public health
authority messages, the behavior towards diseased, etc.

After numerous rigorous testing, many countries were come up with
different types of vaccines. As they all have not got enough time to study
the real-time aftereffects of the vaccine in the human body, the WHO has
given Emergency Use Authorization (EUA) for only a few among the
various types reported. The EUA license is supplied only based on three
clinical test data phases and testing data regarding quality, safety, effi-
cacy, and a risk management plan. Four major types of vaccines were
reported from different biotech giants: Inactivated or weakened virus
vaccines, protein-based vaccines, viral vector vaccines, and RNA or DNA
vaccines [156].

Among the various, The Pfizer/BioNTech vaccine receives the
WHO’s approval for emergency usage at first. Pfizer Inc. USA and Bio-
NTech Germany, the globally known biotechnology companies, have
combined their efforts to develop an mRNA-based vaccine for prevent-
ing the COVID-19 virus. The vaccine was reported safe to humans above
16 years of age and also needs to be taken in two shots with 21 days gap
in between. The only challenge associated with the Pfizer/BioNTech
vaccine is the ultra-cold chain requirement as it needs a low-
temperature ambiance of —60 °C to —90 °C. This makes the logistics
of the same challenging even after producing in bulk quantity [157]. The
WHO’s EUA enables the countries to validate their vaccines and get
approval for the supply to the others in need.

5.2. Governmental initiatives

Once after the COVID-19 pandemic onset, several hypotheses came
up comparing the virus to a bioweapon, even though there is no evi-
dence available with any country or agency to date. In virtue of the
assumption of bioweapon, different countries were treated with fear at
the beginning. But on the outset, the countries have gained enough fuel
in all dimensions to defeat the pandemic. The primary step taken by
them was to declare the nationwide lockdown. In India, the first lock-
down was from March 25th, 2020, to April 14th, 2020. The second,
third, and fourth phase lockdown phases were from April 15th, 2020 to
May 3rd, 2020, May 4th, 2020 to May 17th, 2020, and May 18th, 2020
to May 31st, 2020. Likewise, almost all countries declared nationwide
lockdown as the first measure to prevent the virus’s spreading. Some of
the institutional actions taken by different countries are reviewed here.
Since China’s first COVID-19 case was reported from Thailand, Malaysia
has taken some stringent movement institutional control measures at
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first. Based on the hashtag of *#stay home,’ the work from the home
strategy was started. Many government and non-government organiza-
tions came up as front-liners as healthcare workers, volunteers, or even
fundraisers. New hospitals, laboratories, and first-line treatment centers
were set up with high bed capacity, and around 38 modern medical
societies were set up by the Ministry of Health (MoH) [158]. A sup-
porting package of RM 20.0 billion was issued in February 2020 as an
immediate help, followed by a RM 250 billion package as a stimulus for
the financial strategy and a 6-month moratorium period for all the loans.
Along with the aids for the industrial sector, a package of RM 600
million was allocated for the MoH.

The United States is one of the most affected countries, even though
the state administrations made appreciable efforts to reduce the impact
from the very beginning itself. They have formulated policies in four
different classes: measures for preventing the spreading, facility devel-
opment, shift of administrative requirements, and statistical reporting of
COVID-19 data. From the beginning of March 2020, around 14 states
issued institutional restrictions to all public facilities. Among the various
states, Arizona, North Carolina, Michigan, Connecticut, Minnesota, and
Maryland were in the front line to set up the prevention measures [159].
They came across a rapidly updating policy strategy to overcome the
current issues and account for the pandemic’s changing scenario, and
become more successful in implementing the policies. The next most
affected area is the African continent. They lack the health care mea-
sures and facilities to administrate the treatment guidelines according to
the standards. Even though the Malawi country in south-eastern Africa
made some effective measures to prevent the spread of the virus, the
people were only ready to comply with the measures if the expenses are
low since their economic background is not that much. The government
measures were initially concentrated to prevent the public gathering,
stay at home, and washing hands campaigns. They found that people’s
compliance with the standards improved once the cases increased and
costs for measures were reduced [160].

The Asian country Mongolia, situated between China and Russia,
made some early policy measures to forecast its severity. Policies were
framed up in personal protection and prevention of spreading in the first
stage, leading them to a complete shutdown. That includes the suspen-
sion of all activities, gatherings, and strict surveillance over the public
[161]. The measures helped them to avoid a COVID-19 confirmed death
until July 2020. In the Australian continent, the surge of COVID-19
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positive cases was not as huge as the rest of the world. This flattening
of the positive curve was made possible only by adopting strict health
and social policies. The consumer organizations joined shoulder-to-
shoulder with the health professional workers in framing such mea-
sures to make the policies ‘life-friendly’ [162]. The measures started
with closing all the international and interstate borders, institutions,
industries, and all public gatherings, followed by strict containment
zone restrictions. In India, even the four phases of lockdowns were
recorded to be effective. After the unlocking stages started and the in-
ternational borders were opened, the positive case’s curve took a steep
increase. The authorities found that the current control measures are not
enough to prevent spreading. Based on the daily spread data, the re-
searchers formulated new sophisticated mathematical models for fore-
casting, and the authorities started to frame the policies based on it
[163]. To regain the country’s development, which was idle for the past
few months, the lockdown declarations were restructured. Now, the
locations with high symptomatic infection percentages are only needed
to be declared as containment.

6. Summary and future directions

The unprecedented COVID-19 outbreak worldwide has burdened the
healthcare sector in curbing the spread of infection, providing alterna-
tive remedies to fight the epidemiological traits, and the quest for
possible vaccine/drug discovery. The cumulative records of infected
individuals and mortality rates pointed out that even developed coun-
tries like the US, China, and Russia crumbled to tackle the spread and
find a cure. An epidemic that was declared a pandemic within few weeks
of its discovery is challenging even after ten months for the scientific
community. With the discovery of a cure/vaccine at bay, the primary
focus across the globe in the current scenario is to prevent the spread and
reduce the mortality rate by adopting preventive measures such as the
use of public face masks, handwashing, social distancing, isolation,
lockdown/quarantine measures, and stricter surveillance of the general
public.

This review conclusively showed that the nations that flattened the
COVID-19 outbreak (in terms of active cases and mortality rate) had
adopted wide use of digital technologies (such as mobile applications,
robots, drones, social media platforms, television, and associated tech-
nologies) in the fight against the pandemic in policymaking and
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Fig. 11. Some of the posters developed by the WHO ‘MythBusters’ team to fight misinformation [153].
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response. Countries worldwide have quickly deployed these technolo-
gies in the healthcare, communication, logistics, tourism, and hospital-
ity sectors. It is also worth pointing out that COVID-19 has been a
catalyst in highlighting the potential of digital technologies in various
aspects and not limited to planning and control but to showcase their
robustness and flexibility to be integrated with existing and developing
technologies.

The notable merits of adoption of these digital technologies in
minimizing the widespread of COVID-19 as reviewed from the literature
considered in this study were:

(a) Mobile applications introduced for contact tracing, remote
assistance, isolation monitoring, syndromic surveillance, infor-
mation sharing, and communication support, quarantine
enforcement, mental health, and geofencing proved to be a great
success in connecting the world on a single platform, and espe-
cially beneficial for the public in the remote locations of the
world. These portable, freely available, and simple technology-
aid to share relevant information from authentic sources like
the WHO and health ministries with up-to-date statistics of the
pandemic played a significant role in imparting awareness and
educating the public worldwide.

Robots and drones were used as an excellent platform to mini-
mize the risk or avoid direct contact between the healthcare/
frontline officials and infected or suspected individuals. These
technologies were deployed for primary diagnosis and screening
tests, collect, transfer, and test oropharyngeal swab or other body
fluid samples, disinfection, and provide physical and mental
support to patients under quarantine or isolation, all by adhering
to governmental protocols. Thereby speeding up the process and
make available the healthcare/frontline workers to do other
critical jobs.

Social media platforms and television had both positive and
negative attributes in this pandemic era. In the initial phase of the
pandemic, social media and television witnessed a surge in the
number of allegations, controversies, and sharing of false infor-
mation concerning COVID-19. However, after the interventions
from the Governments and the WHO, these platforms were used
to spread awareness, educate the public about the epidemiolog-
ical traits and symptoms, information on lockdown/quarantine
and social distancing norms, and to share the personal experience
of recovered COVID-19 victims, thereby reduce the fear and urge
the public to practice and adopt the preventive measures in day-
to-day life.

The WHO and Governments played a crucial role across the globe
to curtail the spread of COVID-19. With the limited information
on the novel coronavirus, Governments and the WHO had to rely
on strict and unconventional measures to prevent the person-to-
person transmission by adopting lockdown with relaxation at
various stages, enforcing stringent isolation/quarantine rules,
travel restrictions, making mandatory measures such as the use of
face masks, handwashing, maintaining personal hygiene, and
social distancing norms. Though these regulations were criticized
by the general public worldwide, studies have shown that the
enforcement of such stringent rules drastically reduced trans-
mission of COVID-19.

()

-

(c)

@

Although the digital technologies showed great promise in the fight
against COVID-19, there are many allegations and end-user concerns
related to data privacy, the associated agencies, and possible false pos-
itive and negative occurrences. Also, a major share of the apps intro-
duced by Governments were made mandatory, and the public had no
choice to opt-out of it. Enforcing international policies and regulations
to ensure data protection, surveillance of spreading false information on
social media platforms, and providing the flexibility of choice to the user
would promote faith and the use of digital technology to its full
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potential. In regard to robots and drones, the major drawback associated
with them is the frequency of charging required for the operation.
Though it shows a great promise, intelligent power management algo-
rithms, devising auxiliary unconventional power sources, multi-
linguistic attributes, and flexibility in performing multiple complex
tasks with ease would offer more reliability and acceptance. Govern-
ments and policymakers should also adopt relevant measures to promote
emerging modern technological research and advancements, educate
the younger generation to utilize these advancements for the greater
good, and integrate them in combating similar epidemics or preparing
for yet another pandemic.
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