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Abstract: COVID-19 is ravaging many countries and there are unprecedented challenges in managing the pandemic.
Basically, two strategies are being adopted; Traditional Health System and Telehealth which include telemedicine, remote
monitoring of patient, Use of Artificial Intelligence (Al) etc. This paper discusses how the communications and computing
resources are being used in the telehealth sector to respond to COVID-19. It expatiates the positive impact of telehealth on the
general approach of managing COVID-19 pandemic and how this is rapidly facilitating flattening the curve of COVID-19
pandemic as seen in the country experiences of China and South Korea discussed. The research includes both the Secondary
and Primary data. The literature review exhibited the secondary data conducted on this subject matter which was also validated
using the quantitative survey conducted for the primary data collection. Experiences of selected countries were also discussed
as case studies on how ICT resources are being deployed in the COVID-19 pandemic as practical evidence to the research.
Recommendations were organically extracted from the result of the primary research data to fill the gap noticed in mitigating
pandemic by optimizing ICT resources and infrastructures. The use of Artificial Intelligence, Robotics, emergency numbers for
different applications and increase use of those ICT infrastructures and resources have assisted in mitigating COVID-19 in the
illustrated examples. This has validated the results of the research and therefore given empirical evidence to the feasibility of
the recommendations.

Keywords: Mobile Technology, Information and Communications Technology (ICT), Telehealth (EHealth or E-health),
Mobile App, Artificial Intelligence (Al), Coronavirus Disease (COVID-19), Pandemic

are few examples of how communications networks and
other IT infrastructures are adding values to our health sector.
With the pressure on the health system. The ICT resources
are being optimized for higher efficiency in order to fast
track the mitigation of COVID-19.

The issue of social distancing and stay-at-home to prevent
the spread of COVID-19 are now being facilitated by the use
of ICT infrastructures. A survey conducted to find out how
ICT resources can facilitate the suppression of COVID-19
was conducted and analyzed. The result discussed below
showed that ICT tools are key in combatting COVID-19
pandemic.

1. Introduction

ICT infrastructure can be used to improve our healthcare
system through the deployment of electronic health system
on Information and Communication Technology platform as
it is now being used during the COVID-19 pandemic either
directly as in telehealth or indirectly as in such applications
like telecommuting, e-commerce etc. Never before has ICT
infrastructures been so critical to our society day- to-day
activities. Routines such as general safety to mitigate
COVID-19, health management, commercial activities etc
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The objective of the paper is to show how ICT resources
can be used to mitigate COVID-19. The motivation stemmed
from the need to find alternative way to suppress COVID-19
as the traditional medical infrastructures are being
overstretched all over the world. The scope of the paper is
quite global since COVID-19 is a global pandemic and the
survey conducted cut across many continents.

The paper from this point is arranged as follows: Literature
review which is followed by methodology and data analysis
followed by country experiences of selected countries based
on unique scenarios in which specific strategies of ICT
resources  benefits are analyzed. These include,
Telecommuting, E-commerce, Telehealth and others.
Recommendations are made in section V which is followed
by conclusion and future research work in section VI.

2. Literature Review

The COVID-19 pandemic has spread to many countries on
the surface of the earth and the traditional health system of the
world is being tested to its full capacity. There is a strong need
to reduce the stress on the traditional health system. One of the
promising techniques is the wuse of Information and
Communication Technology to boost the performance of the
health systems of many countries in terms of electronic health
system or eHealth. EHealth is the deployment and application
of Information and Communication Technology (ICT) for
health and to optimize the health system. The eHealth can be
said to be capacity expansion of the already existing traditional
health system by the applications and optimization of ICT
infrastructures. However, many countries have not really
looked at how ICT resources can be optimized for mitigation
in pandemic situation like COVID-19. And this is the gap the
research intends to fill since COVID-19 pandemic is novel.

“Optimizing ICT resources to mitigate contagion: A case
study of COVID-19 Pandemic” is the theme of this paper which
came up as a result of COVID-19 pandemic currently ravaging
the world (year 2020) and the need to get rid of the pandemic.
The traditional health system cannot handle this pandemic
without the use of ICT resources to facilitate the rate of
mitigation because of the contagious nature of the pandemic.

ICT resources are being used for so many applications
including eHealth. In order to get better result from using ICT
resources to mitigate COVID-19 pandemic, it is important that
the resources are optimized for increased efficiency. Contagion
is “a disease that can be spread by people touching each other”
[1].

The objectives of eHealth in each country are to promote
and strengthen the use of ICT in health development from
field applications to hospital procedure applications which
can also include inter-state or interregional hospital
connectivity and usage [2]. E-Health (it is the same as
eHealth) is a new healthcare strategy which is still a
developing practice that can only be achieved through the use
of electronic processes and communication technologies [3].
E-health cannot be implemented without ICT resources.
Hence, the baseline of applying eHealth is availability of ICT

resources. And this can be excellent resources during
pandemic and the question this research would answer is how
ICT resources can be optimized to mitigate COVID-19
pandemic.

There exists an appreciable development in health
Information Technology (IT) especially with respect to
sharing of information due to the seamless presence of the
Internet which makes it easy and also, broadband technology
has brought the use of telemedicine which makes it possible
for experts to be able to attend to patient in another location.
This is a borderless service based on the use of Information
and Communications Technologies [4]. Telemedicine would
be an excellent tool to be harnessed against COVID-19
pandemic which is already taking its toll on the medical
practitioners because of many infected people to attend to in
the hospital.

Digital divide between the developed and the developing
countries of the world is visible. This can be seen in the
distribution of benefits from ICT that created global imbalance.
For instance, United States of America and China account for
75% of all patents related to Blockchain technologies, 50% of
global spending on 10T, 75% of the cloud computing market in
addition to that, about 90% of the market capitalization value
of the world’s 70 largest digital platforms. This implies that
there is huge digital divides in the world and half of the world
population is still offline. This can be seen in the availability of
communications infrastructures like broadband facilities and
this digital divide also translate into the availability of
telemedicine facilities and other technologies that can be used
in the treatment of COVID-19 [5]. Regardless, ICT resources
are needed to compliment traditional health system to combat
COVID-19. How to optimize the ICT resources for this
purpose will be discussed.

In a pandemic situation like COVID-19, eHealth in general,
and telemedicine in particular can be a vital resource to remote
regions of emerging and developing countries but it is often
challenging to establish because of inadequate ICT infrastructure
[5] For instance, in the early days of COVID-19 pandemic
Nigeria was trying to set up more laboratories to test samples
and limited availability of reagent was also a challenge.

The difficult financial situation in many African states
implies that the majority of the African countries are poorly
treated medically. In many developing countries, it is not only
about insufficient facilities and trained manpower, but lack of
accessibility to eHealth because of inadequate broadband
facilities and access to the Internet access in unserved villages
[6]. This is a serious challenge in time of COVID pandemic.
There is need to devise strategy to optimize the available ICT
resources. Developed countries are also grappling with coping
with the pandemic because of the rate of infection and it is only
feasible to rely on optimizing communications and
telecommunications infrastructure to flatten the effect of
COVID-19. This is what this paper intends to establish and
proffer harmonized strategic solutions.

Self-monitoring is the use of sensors or tools which are
readily available to the general public to track and record
personal data. The sensors are usually wearable devices and
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the tools are digitally available through mobile device
applications. From a survey conducted and reported by
Olorundare et al, majority of Nigerians would really want
self-monitoring system which is a good development in time
of pandemic like the COVID-19. This implies that if health
application is deployed using IoT monitoring systems, it will
be embraced and this will help to reduce the rate of infection
and in a short time, the rate of infection will be flatten
through self-distancing and stay at home while those under
quarantine can still be monitored without further exposing
the health workers managing the sick. This is one of the
advantages of self-monitoring system based on eHealth [7].

Telecoms operators and other ICT service providers are
recognizing that their customers will rely on ICT services
during stay-at-home in order to flatten the rate of spread;
self-isolation for those that have contacted COVID-19 and
unconfirmed cases still being tested and quarantine for those
with confirmed COVID-19 cases. The overarching objectives
are for working at home, personal or family entertainment
and maintaining social connections with others. Also, for
accurate information broadcast to all.

Operators in countries like France, Australia, Saudi Arabia,
Bahrain, Russia and Belgium for the purpose of illustration have
started working on an increasing or removal of data caps, or
even free unlimited Internet especially for fixed subscribers [8].
The importance of this is for their citizens that are subscribers to
those operators services to be seamlessly connected so that they
can communicate in time of emergency for medical crisis or for
them to be able to do away with boredom in terms of
entertainments or to be able to do electronic transaction for the
purpose of receiving or transferring money or to buy essentials
online like facemask, food, groceries etc. This paper intends to
itemize strategies on how ICT resources can be optimized for
the purpose of mitigating COVID-19 pandemic.

3. Methodology and Data Analysis
3.1. Research Methodology

Secondary data are the already existing data collected by the
investigators and this was collected and reviewed under the
literature review in Section 2 above. It shows the relevant research
works to the theme being researched the existing gap and to
advance this work, the researchers conducted primary research
using Quantitative Survey technique which was responded to
within a week because it was conducted in the middle of COVID-
19 pandemic April 2020. The Primary data collection source for
this research was collected through a survey at [9].

3.2. Survey Questions, Infographics and Analysis

(1) A survey of 10 key research questions was carried out
in April 2020 and there were 100 responses in less than a
week based on the trendy nature of the survey. Out of 100
respondents 87 respondents are from Nigeria and other parts
of the world also responded except Australia with no
response because of the random selection of respondents. The
pie chart below Figure 1. represents the proportional

distribution of the respondents.

Chart Title
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Figure 1. A Pie Chart showing distribution of 100 respondents.

(2) What is your educational level? The Bar Chart in
Figure 2 below depicts the education level distribution of the
respondents. It shows that 99% of the respondents have at
least University degree which shows that they can understand
the survey being answered correctly. This implies that the
survey is valid and the result can be relied on because the
respondents understand the survey.

Chart Title

Post Graduate GGG
Degree I
Diploma
Secondary |
Primary
0 20 40 60 80
Figure 2. A Bar Chart showing the level of education for the respondents.

(3) Do you know about COVID-19 pandemic? This is a
question to confirm if the respondents have fundamental
knowledge of the survey. 97 out of 100 respondents know
about the COVID-19 Pandemic which shows that the survey
can be relied on and the responses are valid.

(4) Do you know about Information and Communications
Technologies, and their applications? This deals with how to
what extent the respondents are familiar with Information and
Communication Technology and what it can be used for. The

results showed that majority of the respondents have good
knowledge of ICT as shown in Bar Char in Figure 3 below.

Chart Title
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Figure 3. Bar Chart showing the answer to knowledge of ICT.

(5) Do you know that Robotics, Artificial Intelligence
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and other emerging technologies can be used to reduce the
exposure of medical practitioners to COVID-19 contagion?

86% of the respondents answered in affirmative while 13%

answered no and one respondent skipped. With this results
majority of the respondents know that Robotics or
Artificial Intelligence can be used in one way or the other
to help in combatting COVID-19 contagion. The use cases
in Section 4 below established and confirmed the
knowledge of the majority of the respondent in this key
research question.

(6) Can e-commerce (online store where you can buy food
and other essentials) help to maintain, stay-at-home order,
quarantine, isolation, during COVID-19 contagion? 97% of the
respondents answered in affirmative and 2% answered in
Negative and 1% did not answer, This is valid and based on
what is obtainable during the COVID-19 contagion, the
answer confirmed that e-commerce is one of the ICT channels
that can facilitate effective isolation, stay-at-home order which
can help to combat contagion like COVID-19. The illustration
in section 4 on China and South Korea experiences can also
point to the validity of the survey.

(7) Can national emergency number information center,
mobile network SMS broadcast, national agencies social
media information dissemination help in educating the
citizenry and broadcasting correct information on COVID-
19 hence, reduced misinformation in the public space?
From the table below (Table 1), 89% responded in
affirmative to the question showing that majority are on
the side that ICT tools like emergency number information
center; Short Message Service (SMS) broadcast by Mobile
Network Operator to give current and accurate
information; Social Media pages wall and twitter handles
of national agencies giving timely and accurate
information can help in as much as one of these facilities
can be accessed either in well-served or underserved area.
However, unserved areas exist but the number of totally
unserved places could be minimal and that can be
explained from variance in answer like both, “Yes to a
certain extent” and “No” can also come up in such areas
as answers. Looking at the distribution of the answers, the
frequency of “yes” shows that the above ICT
media/channels would help a great deal if deployed.

Table 1. Table showing distribution of answer to Question 7 above.

S/N RESPONSE FREQUENCY
1 NO 3

2 YES 89

3 BOTH 1

4 NO ANSWER 6

5 YES, CERTAIN EXTENT 1

(8) Can ICT applications such as Internet of Things,
Robotics, Artificial Intelligence, Telecommunications
Networks, Drones (UAV) applications help in reducing rate
of COVID-19 infection propagation? Figure 4 below shows
the distribution of answers given by respondents. The
descending order showed that ICT applications like IoT,
Artificial Intelligence, Drones etc can help in reducing

COVID-19 infection propagation through different
applications. The illustration in Section 4 below is a
validation of the majority answer to the survey and using
pareto chart for grouping the frequency: “A lot” can be added
to “A great deal” and “moderate” that is at the center of
pareto chart, can be neutral and “Non at all”, “No answer”
and “a little” can be grouped on the negative. This gives a
very large percentage of affirmative as shown in pareto chart
Figure 4 below. The importance of pareto chart is to group
answers in a progressive order and that has been established.

A little

No answer
Non at all
Moderate
Alot

A great deal

0 10 20 30 40 50 60

Figure 4. A Pareto Chart showing the distribution of responses in
descending order of frequency.

(9) If we work from home based on Stay-at-Home order, can
that help to reduce rate of COVID-19 infection propagation?
Figure 5 below is a pie chart showing that 96% of the
respondents agreed with the fact that working from home is part
of the solution to reduce COVID-19 infection propagation. To
work from home, there is need for robust Internet system which
will connect us with our colleagues and other staff from the
same office for proper organization and job process flow. Also,
the use of mobile phone which is also part of the ICT tools is
very key to being able to work from home effectively. This
implies that the use of telecommunications networks, Internet
and other ICT tools like laptops, desktop computers which are
connected on the Internet either from direct access, Virtual
Private Networks, intranet, extranet or any other type of
connection is an integral part of working from home. Hence, this
will help to combat COVID-19 contagion going by the large
percentage of affirmative answers to “working from home” as
recorded in the survey. Figure 5 below shows the answer to this
survey question.

Chart Title

= YES = NO NO ANSWER

Figure 5. A Pie Chart showing that majority of respondents agreed with
Working from home as a solution to COVID-19 infection Propagation.

(10) In your own word, how do you think ICT resources
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can be optimized to reduce COVID-19 infection propagation
rate?

There are 88 free comments made and up to 70% agreed
through different media that the following can help:

3.3. ICT Infrastructures

i.  Internet of Things applications and smart systems

ii.  Artificial intelligence applications

iii. E-commerce and telecommuting

iv. Mobile Telephony

v. Telemedicine

vi. Broadband facilities

vii. Drones

viii. Policies on Electronic activities like E-commerce,

Telecommuting etc

All these point to the fact that optimization of ICT tools
and infrastructures can help to combat pandemic like
COVID-19 contagion directly or indirectly and the
illustration of country experience below also established this
valid point.

4. Country Experience to Illustrate
Optimization of ICT Resources

4.1. China COVID-19

The Chinese government used strategy of Quick
Responses together with Intense and Rapid Contact Tracing.
In addition to surveillance of potential contacts and Isolation.
But the COVID-19 pandemic rate of infection was high and
e-Health based on ICT infrastructures were applied as
explained below [10]. This is a validation of the quantitative
survey analyzed in section III above.

A. The country implemented large-scale contact tracing in
the early 2000s during the SARS epidemic. China learnt from
SARS of 2002-2003 by setting up large-scale surveillance
system which can implement contact tracing by identifying
and tracking people who may have been in contact with an
infected person. The system is “idiot-proof” and if a tracer
makes a mistake on questionnaire or forms, the screen would
flash a yellow color alert on the screen [10].

B. China used technology that aims to trace every single
COVID-19 case.

The Emergency centers in china is used to track the virus
using huge screen to display the critical cluster of the virus
for proper surveillance, monitoring and to arrest the situation.
This is in addition to Chinese social media including Weibo
(a microblogging website and app which compares to twitter
and Instagram), Tencent (specializes in social networking,
music, web-portals, e-commerce, mobile games and other
internet services) and WeChat (a multi-purpose messaging
social media and mobile payment app) were used to
broadcast and share current and accurate information [10].
This validated and established Question 7 of the survey
conducted and analyzed in section III above.

C. The country postponed non-urgent medical care and

moved many doctor's visits online.

The Chinese model include prioritization of critical health
issues. And the non-critical ones are given less priority and
moved online. These include most of the normal physical
routine to be able to keep regular services going,
prescriptions in an orderly manner. And this gave room for
concentration on COVID-19. It helps to also solve the
problem of overcrowded medical systems which is affecting
most of the countries with COVID-19 [10]. It also helped to
reduce the exposure of the medical practitioners to COVID-
19. Tt is also a validation of Question 5 in the analyzed
survey in section IIT above.

D. Online Shopping

In China, practical barriers to staying put in order to
prevent spreading or contracting the illness were largely
eliminated using the online system like buying fresh food
online, groceries and other essentials. This help in
suppressing the spread and to also maintain the social
distance by staying at home. This is also good for isolation
cases and quarantine.

This also helped in reducing panic buying and supplies
because e-commerce helps in bringing the essentials to
customer’s doorstep steadily [10].

E. Telecommuting

In the past, many people did not want to discuss this but
due to COVID-19 pandemic and the need to stay out of office
many people in industries who did not want to implement it
are now advocating for it and also working from home.
Industries such as banking, aerospace engineering industry to
the teaching profession in America. Telecommuting extends
to spending time with friends and family on video calls as
well in order to prevent boredom and sense of isolation [11].
Telecommuting can increase productivity; boost morale and
it can be less stressful. These are some of the benefits of
telecommuting among others.

One of the effective strategies to suppress the spread of
COVID-19 is working from home while people are isolating or
in quarantine. Working from home is made possible through
the use of ICT resources connected through the Internet and
associated technologies like Internet of Things which can use a
monitoring module connected to the internet to monitor if the
work is being done or not. Video conferencing can also be
done for executive meeting and departmental routine meeting.
For schedules that can be done from home this was
implemented. The flipside of this is that there are some
schedules that may not be online like logistics and that may
have to be dealt with in a different way. COVID-19 has shown
the need to work from home when it is practicable as shown
from the China COVID-19 experience. Other part of the world
has started using a similar strategy to suppress the spread of
COVID-19 [12, 13]. This is a validation of the result got from
Question 9 of the survey in section III above.

4.2. South Korea: Use of ICT Tools to Suppress COVID-19

A. Fast-developed testing kit: Combatting COVID-19 goes
beyond the use of traditional medicine. Innovations and other
initiatives beyond social distancing, need to be employed to
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rapidly flatten the curve. To flatten the curve, South Korea
has used Artificial Intelligence to develop test kits within a
very short time of 3 weeks and South Korea has a testing
capacity of 15,000 per day on average. This has helped to
flatten and bring down the curve rate of infection [14]. This
validates the results of Question 8 of the survey in section III.

B. Smart quarantine information system: This is a system
that allows the monitoring of incoming passengers from
epidemic countries and this information is shared with relevant
agencies (Ministry of Foreign Affairs, Health Insurance
Review & Assessment Service, telecommunication companies
and the Korea Centers for Disease Control and Prevention -
KCDC) in Korea. The passengers are monitored within the
incubation period of the disease the system is an ICT platform
which uses roaming data of oversea arrival [15].

C. Mobile phone technology data for contact tracing and
Mobile App for Information Sharing: Several mobile apps
have been developed in a very short time which can show
where to buy mask, another one can direct a patient to the
closest testing center [14]. There are other one that give
public critical information and so many applications. These
help to combat COVID -19 and to slow down the rate of
infection which was initially rapid

D. AI for improving diagnosis efficiency and patient
classification: The South Korea has developed a Chest X-Ray
Al Image Support Decision Tool. This helps to categorize the
cases of COVID-19 into Mild, moderate, severe and very
severe, this is a risk mitigation strategy which helps in
treating each case based on the category. The system is based
on an algorithm for identifying abnormal findings on chest x-
rays. The systems can examine the lungs within just three
seconds [14]. This further validates question 8 results from
section III survey.

E. Daegu: Making use of a smart city hub: Daegu was the
epicenter of COVID-19 in South Korea but it is now being
transformed into a Smart City and the Smart Hub in the city
has been used during the epidemiological investigation to
create route tracing application being used to develop new
medicine [14].

5. Recommendations

From the foregoing, the following recommendations are

hereby made:

1) ICT Pandemic Management System: Based on the
foregoing, it is recommended that, there is need to set up
ICT Pandemic Management System (ICT PMS) which
will be used during Pandemic situation like the COVID-
19 by each country. This will include the strategy to work
online and to monitor staff by manager and at the same
time to make them feel under office environments but not
making the staff feel uncomfortable. Applications that
can handle such activities are already developed and
being advanced based on lesson learnt from COVID-19.
The app would also help workers to overcome boredom
since they can see other staff working through their
webcams on the screen face slate. This is an all-inclusive

solution that can even help managers to help to monitor
duration of staff work.

2) It is expected that this will include Business Continuity

Management 1SO22301 that can be used to define
management system policy for all climes/countries and
this should be expanded to include how countries can
combat pandemic such as COVID-19 by including
robust policy on Artificial Intelligence to combat future
occurrence. This can be a policy document processed
through the Act of Parliament with unique definitions
for each country as deemed fit. This will accelerate the
optimization of ICT resources to combat contagion.

3) Emergency number: Setting up of national emergency

number should be prioritized for countries that have not
set up such facilities for the purpose of communications
for victim or infected people to be able to communicate
with the right channel like ambulance service, direction
to close test center, direction to controlled market to buy
Personal Protection Equipment (PPE), how to get drone
services and what it can deliver, Disease Control Agency
etc. this should be all inclusive robust platforms. This is a
point to note for developing countries to implement a
robust emergency platform. This validates the result of
the survey in section III as established in country
experience analyzed in section IV.

4) The use of Artificial Intelligence, Augmented Reality

and smart systems for monitoring people for the
purpose of tracking them in terms of movement should
be set up by all countries so that tracking and tracing
contacts would be easier. This can be implemented
through Smart Hub, IoT, Big Data Analytics
applications. Instead of the manual tracing which may
not yield the desired results in case of larger samples
like the COVID-19 in some countries that have been
seriously affected. The country experience model above
which can help to locate concentration of highly
infected area integrated with “idiot -proof” system can
be advanced by further applications of internet of things
to integrate more monitoring systems. It is a known fact
that for novel diseases and contagion it takes time to
study the full epidemiology, to sequence the genome
and to produce drugs and vaccine within the period of
contagion before medical breakthrough, Artificial
Intelligence can also be deployed to suppress and
combat the contagion. South Korea and China
illustration demonstrated this and validated questions 5,
7, 8 and 10 of the survey analyzed in section III above.

5) For effective optimization of ICT resources, it is

recommended that framework or policy on telehealth
should also be considered as a standalone policy. This
will define the minimum resources require to establish a
telehealth for a particular country. The definition of
what is expected in the telehealth services can also be
included. It is expected that the minimum resources
required for implementation like broadband standards
be included. This should define the hardware
requirements as it were.
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6) Work should commence on the implementations of the
above recommendations as a way of preventing or
combatting future contagion.

6. Conclusion and Future Research
Work

The COVID-19 pandemic rate of infection is high and it is
a fact that the traditional health system capacity needs to be
boosted using the ICT resources in terms of electronic health
system running on the ICT resources. The country
experiences of South Korea and China have shown that
without optimizing available ICT resources to do more in
emergency situation like the COVID-19 pandemic, it will be
difficult to slow down the rate of infection. Use of Artificial
Intelligence, Robotics, emergency numbers for different
applications and increase use of those ICT infrastructures and
resources have assisted in mitigating COVID-19 in the
illustrated examples. This has validated the results of the
research and therefore given empirical evidence to the
feasibility of the recommendations.

Declaration

Future research work shall be: “Regulation and
Standardization of Digital Technologies Used in Facilitating
the Mitigation of a pandemic disease”.
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