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COVID-19 Pandemic 
On the current situation of the COVID-19 pandemic in Malaysia, I 
believe that we have reached a very critical stage. Recently we have 
more than 9,000 daily cases with 127 deaths. This is the highest in 
terms of the number of daily cases and deaths. For the last two 
weeks, the numbers of cases have shot up to more than 6,000 per 
day and the number of deaths has also increased significantly to 
nearly 3 digits. In fact, May is the deadliest month of the COVID-19 
pandemic in Malaysia with more than 500 deaths.  And looking at the 
trends in the last two weeks, we would not be surprised if the number 
of cases goes beyond 10,000 in the coming weeks. 
 
This COVID-19 situation is really bad in Malaysia. Unfortunately, we 
have the honour of being number one in the number of COVID-19 
cases per capita in the ASEAN countries. We are running out of 
ventilators in the hospitals and many patients with mild symptoms or 

are asymptomatic, are being turned away from hospitals and asked to quarantine at home. The ICU 
beds are been filled up very quickly and very soon, we will be overwhelmed with COVID-19 patients 
with not enough hospital beds and ICUs.   
 
Is there a way out of this pandemic? Of course, we have to reduce the number of cases. This can only 
be done with strict control and following the SOPs imposed by the government. As professional 
chemists and responsible citizens, we have to make sure that we follow the SOPs closely and also 
make sure our family members and friends do the same. Avoid any unnecessary social functions and 
follow SOPs strictly while at work and also at home. This is the only way that we can reduce the 
number of cases gradually. 
 
Of course, there is a parallel prong of attack to fight the pandemic. That is through vaccination. But our 
vaccination process is proceeding at such a slow pace that it will take months to vaccinate 70% of our 
population with age of 18 years and above. Considering we have a population of 32 million and people 
of ages 18 and above make up 70%, then we have 22.4 million of this group of citizens out of which 
70%, or 15.68 million need to be vaccinated. Even if we vaccinate 1.0 million people a week, we need 
16 weeks or 4 months to do the job. But we are nowhere near 1.0 million a week! This, the Government 
has to do something urgently! Otherwise, many Malaysians are going to die due to COVID-19.  
 
As far as IKM, we are closing our office from 1 – 14th June 2021 following Government’s total lockdown 
order. Our activities are also being halted until the COVID-19 situation is much better. For some 
meetings or events where we can, we shall do online or by zoom. Anyhow, the safety and wellbeing of 
our members come first. 
 
But I believe that we human will win this war against the coronavirus. Very soon, there will be new 
medicine and drugs that are capable of controlling this disease and this virus will be just like the 
common cold. Things will be back to normal but we must always be alert on another outbreak of new 
viral diseases. 
 
In the meantime, keep well and be safe and very soon, you will be able to enjoy life as like before.  
 
Thank you and with best wishes. 

 
 
 
 
 
 

Datuk ChM Dr Soon Ting Kueh       
President, Institut Kimia Malaysia        
Date: 31 May 2021 
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Abstract: Major obstacle in getting research 
product or technology to market is the 
acknowledgement or reputation of the product or 
technology in industry. In addition, researchers 
have little knowledge in identifying the technology 
readiness level and assuming that prototypes are 
ready-made items for sale. This paper is guiding 
any technology transfer office in commercializing 
research product or technology through a 
powerful tool, which is licensing. Licensing 
mechanism is explored through the establishment 
of a smart business partnership framework. The 
important key factors are determined and 
described in details through usage of several 
case studies. The execution of the activities are 
lined up based on a stage-by-stage protocol 
starting from the IP management, proof-of-
concept identification followed by a-or b-
prototyping and finalized with term sheet that 
initiate the licensing step. The limitations and 
barriers are also discussed. 
 
Introduction 
 Technology transfer involves the transfer of 
knowledge and technical expertise, which can 
also be in term of physical devices and 
instrumentation. Some of the mechanisms that 
make technology transfer possible include joint 
research, collaborative agreements, licensing, 
technical and business pitching, trade exposition, 
[1] and information dissemination, which might 
include the usage of social media. Technology 
Transfer, also called Transfer of Technology and 
Technology Commercialisation, is the process of 
transferring skills, knowledge, technologies, 
methods of manufacturing [2], samples of 
manufacturing [3][4] and facilities. This can occur 
among governments or universities and research 
institutions. However, the most intended goal is to 
the industrial players to ensure that scientific and 
technological know-how are delivered efficiently. 
Some parameters that are often being missed out 
involved the scaling up process, the marketing 
tools ie social media, on-line marketing or 
establishment of a marketing agency. Many 
companies, universities and governmental 
organizations now have an Office of Technology 
Transfer (TTO) dedicated to identifying research, 
which has potential commercial interest and 
strategies for how to exploit it. However, improper 
management and administration of the technology 
transfer related matters are possible to cause 

misconduct behaviors that go beyond the 
legalized procedures set by acts, statutes, 
regulations or common procedures [5][6][7]. This 
article is proposing a framework of managing and 
conducting technology transfer of research and 
innovation outputs. The framework was 
established based on a collection of data 
accumulated based on case studies and 
successful commercialized intellectual property. 

 
Procedures 
 Fig. 1 depicted the common pathway taken 
upon protection of intellectual property (IP) for 
novel innovation. The proposed start-up company 
(STU) can only be a choice when a joint venture 
(JV) company is not preferred. This is often the 
case when the technology readiness level (TRL) 
is at a stage where further market validation on b-
prototype is needed. This article is intended to 
present the preliminary version of a framework 
(Fig. 2) designed to ameliorate an organization`s 
technology transfer capabilities. The method 
utilized was action research. The authors 
participated in the development of this initial 
version from May 2017 to April 2019, period 
during which we maintained close contact with the 
organization, its staff and some of its research 
and development projects, being able to acquire 
enough information and expertise to depict the 
referred framework. Two case studies, each from 
the science and technology cluster (with a food-
based industry-Company A) and the social 
science cluster (with an ICT-based industry-
Company B) were selected. Information was 
gathered to describe the background of the 
technology, provide an overview of the transfer 
events, identify the transfer strategies, describe 
the transfer process used, and explore the 
elements and mechanism involved that are 
responsible for the success or failure of the 
transfer process. The approach used was a 
combination of a case study and exploratory 
research. Primary data was collected through 
interviews with key individuals at Company A and 
Company B. This process consisted of interviews 
with the technology transfer facilitators assigned 
to manage each of the cases concerned with this 
research. The interview process was not limited to 
the interview questions; the session was used as 
an opportunity to understand other aspects of 
technology transfer that do not lie within the 
framework of this study (see Table 1).  

mailto:kaybadri@ukm.edu.my*
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Findings 
For the purpose of the investigation, the concept 
of ‘transfer’ not only retains its defined meaning of 
moving something to another location, but also 
includes the use of the transferred item [9]. 
‘Technology transfer’ can be defined as a transfer 
of technical know-how, information, and people 
among corporate technical functions such as 
engineering, R&D, and manufacturing, and 
nontechnical functions such as sales and 
marketing to yield innovative services and 
products that meet the strategic needs of a 
business and a customer [4],[5],[9],[10]. It is 
commonly mentioned in the literatures that no two
-technology strategies are the same, and that 
therefore technology transfers need to be tailored 
to a specific context. To this end, Khabiri, Rast 
and Senin [11] provide a framework for the 
technology transfer process in the broadest 
sense. The process is defined as a sequence of 
four different stages: prospecting, developing, 
trial, and adoption. Prospecting involves 
identifying the technologies that may be 
necessary to satisfy the needs of the end users. 
Developing involves further refining and 
enhancing the technologies. The trial stage 
involves the field-testing of the technologies to 
ensure that they meet the performance criteria 
before being transferred to the end user. After 
success in the first three stages, the technology is 
further developed, if necessary, before it is 
implemented or adopted by the end user. This 
process is dynamic, and the stages may overlap 
or take place in parallel. As with any complex 
system, developing a well-defined strategy can be 
the key factor for successful technology transfer. 

For the purpose of this article, a strategy is 
defined as a roadmap that outlines the progress 
of the task and identifies possible barriers [12]. 
Shama [13] reveals three types of technology 
transfer strategy that have been used by national 
R&D facilities: passive, active, and 
entrepreneurial. Each strategy requires a certain 
level of commitment from the developer and the 
end user to make the strategy successful. A 
passive strategy, or a response to a ‘pull effect’, is 
concerned with information dissemination, and 
entails providing information or responding to 
enquiries [13]. According to Jun and Ji [14], a pull 
strategy happens when end-users express their 
technological needs (and/or demands) first, and 
then try to source the technology. The 
manufacturer is made aware of the market need, 
a solution to address this need is sought and 
identified (source), and the innovation is 
transferred [15]. An active or ‘push’ strategy 
entails ‘pushing’ a technology into the 
marketplace [13]. Push transfer strategies start by 
identifying one or more innovations. Then the 
market/operator (destination) is made aware of 
the innovation, the associated market need, and 
the business opportunity, and the innovation is 
transferred (via some transfer mechanism) from 
source to destination [15]. The need for the 
technology may not exist at that moment, but the 
idea is to push the technology in anticipation of 
changing the paradigm in favor of the technology. 
The entrepreneurial strategy integrates the 
passive and active strategies and introduces the 
idea of using the technologies to improve the 
economic wellbeing of an organization, and 
thereafter to create jobs [13].  

Fig. 1: Common pathway in conducting technology transfer in research institutes and universities in Malaysia  
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Fig. 2: Proposed framework for Technology Transfer in Universities and governmental Research Institutes.  

Table 1: Foundation for the case studies  

 The analysis of case studies within the 
literature has highlighted factors within 
multinational organizations that have a great 
influence on the technology transfer process. 
Gibson and Sung [17] determined four important 
variables for technology transfer processes within 
and between organizations. These are 
communication interactivity, geographical and 
cultural distance, technological equivocality, and 
personal motivation. Gibson and Sung [17] 
combine the four elements in what they described 
as a technology grid that illustrates the 
importance of each factor in the success of a 
technology transfer process. Core barriers that 
have been identified include communication, 
which can be improved through creating a 
favorable cultural environment, trust, stronger ties 
between units, and a shared vision [18],[19],[20]. 
Factors that also affect the ease with which 

knowledge can be transferred are a lack of 
absorptive capacity, lack of motivation, lack of 
retentive capacity in recipients, and arduous 
relationships [21]. Further issues may include 
company politics, portfolio strategy and business 
strategy misalignment, lack of appropriate 
technical and human resources, the lack of a 
demand side environment, infrastructure issues, 
and dispersed geographical locations [22],[23]. 
The analytical framework contains the core 
themes and driving factors used to analyze the 
study. 
Transfer process:  

 Establish a top-level organizational strategy for 
technology transfer, and use it to facilitate the 
planning of the transfer stages, and to 
establish a culture for technology transfer 
within an organization;  

 Because all technology transfer processes are 
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unique, approach the process on a project-by-
project level to ensure that objectives and 
timelines are appropriate to the unique 
requirements of the project.  

Technology strategy and transfer elements:  

 Put portfolio management processes in place 
to ensure an overarching strategic approach to 
selecting projects; · Identify a single individual 
to manage the transfer project. The idea of 
having a single point of contact is good for 
communication management, and minimizes 
the potential for misunderstanding;  

 Engage with end users right from the start. 
This is important in ensuring that appropriate 
objectives are set and in developing shared 
ownership of the technology. This tends to 
ensure less resistance to change on the part of 
the recipients of the technology;  

 Undertake aggressive outreach efforts that 
emphasize pushing a technology into a new 
application. Consistently conduct market 
analyses to identify new potential end users. 
Once potential users are made aware of the 
technology, pull-efforts may be facilitated to 
assist the transfer process. Transfer efforts 
should focus on demonstrating the technology 
in its new application;  

 Make use of personnel with relevant academic 
backgrounds and experience that will enhance 
the transfer process;  

 Do not underestimate the informal elements, 
which are critical to the success of a 
technology transfer. Effective communication is 
paramount to a successful transfer process. It 
also minimizes the geographical distance 
barrier. Make use of visual telecommunication 
technologies as part of the solution to address 
the geographical barrier;  

 Tie motivation for collaboration to performance 
targets and rewards. 

Transfer barriers:  

 Establish measures for success.  

 Reduce the level of complexity in a technology 
to improve the transfer process and the 
effectiveness of the technology;  

 Consider how to overcome: barriers of 
communication, lack of shared vision, lack of 
absorptive capacity, lack of motivation, lack of 
retentive capacity in recipients, company 
politics, portfolio strategy and business 
strategy misalignment, lack of appropriate 
technical and human resources, lack of a 
demand-side environment, infrastructure 
issues, and dispersed geographical locations. 

 
Conclusion  
There is no specific formula or tool in 
commercializing research product or technology. 
The safest route by mean of protecting 

university’s reputation and interest is through 
licensing mechanism. The licensing though, must 
be with a company with if not reputation, is of no 
connection to the university.  
 
Acknowledgements: The authors would like to 
thank Universiti Kebangsaan Malaysia for the funding 
allocation to conduct the research through its grant 
scheme KRA (Key research area) with grant no KRA-
2018-010. A Business IT intern and a Master in 
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IKM Pahang Branch (IKMPB) successfully 
organized an online symposium with the theme 
“Chemistry For Sustainable World” on 16th 
January 2021. The symposium was co-organized 
by Kulliyyah of Science, International Islamic 
University Malaysia (IIUM) Kuantan Campus and 
Faculty of Sciences and Technology, University 
Malaysia Pahang (UMP), with sponsor from 
Waters Analytical Instruments, Agilent 
Technologies and Biotropic Center UMP. This 
was the first symposium organized by IKMPB and 
it was arranged virtually due to the current 
pandemic situation. This knowledge sharing event 
had attracted overwhelming response from 
different universities and 24 papers had been 
selected for the symposium presentation. 
Registration started at 8:30am, and the 
participants were welcomed by the Programme 
Chair, Assoc. Prof. ChM Dr. Chong Kwok Feng. 
He expressed his appreciation towards co-
organizers and co-sponsors for their tremendous 
support. He emphasized that the symposium 
theme was parallel to the United Nations 

IKM PAHANG BRANCH Online Symposium 2021: 
Chemistry for Sustainable World 

Sustainable Development Goals, to provide 
shared sustainable blueprint for peace and 
prosperity for people and the planet. The 
welcoming message was also delivered by Prof. 
Dr. Shahbudin Saad (Dean of Kulliyyah of 
Science IIUM), Assoc. Prof. ChM Dr. Mohd Hasbi 
Ab Rahim (Dean of Faculty of Industrial Sciences 
and Technology, UMP). They hoped the 
symposium could inspire the participants with a 
perspective of ideas in shaping a sustainable 
world. The symposium was divided into 5 
sessions, with the topic on building a sustainable 
world in chemistry way. The presenters 
exchanged research ideas with the participants at 
the end of their presentation. The highlights of the 
symposium was product introduction by Dr. 
Chong Kam Weng, Application Chemist from 
Waters Analytical Instruments. The symposium 
ended at 4:00pm and the organizing committee 
extended their heartiest congratulations to all 
participants. All the accepted papers in IKMPB 
Online Symposium 2021 will be recommended for 
publication in Malaysian Journal of Chemistry. 

Chair Assoc. Prof. ChM Dr. Chong Kwok Feng 

Secretary Assoc. Prof. ChM Dr. Hazrulrizawati Abd Hamid 

Treasurer ChM Dr. Ahmad Zamani Ab Halim 

Publication Prof. ChM Dr. Shafida Abd Hamid 

Promotion ChM Dr. Rosliza Mohd Salim 

Facilities 
  

Assoc. Prof. ChM Dr. A. B. M. Helal Uddin 
Dr. Izzat Fahimuddin Mohamed Suffian 

Sponsor Assoc. Prof. ChM Dr. Gaanty Pragas Maniam 

IKMPB Working Committee 
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The 54th IKM Annual General Meeting (AGM) was 
held on 27 March 2021 at One World Hotel, 
Bandar Utama, Petaling Jaya, Selangor. IKM 
President, Datuk ChM Dr Soon Ting Kueh 
welcomed members to the 54th AGM of IKM. A 
total of 111 members attended the AGM. The 54th 
AGM was held under strict compliance to SOP 
issued by the National Security Council.  
  
 The President presented PowerPoint slides 
describing IKM activities for the term 2020/2021. 
The year 2020 was described as a difficult but 
sustained year for IKM due to COVID-19 
pandemic. IKM Hon. Secretary, Assoc Prof ChM 
Dr Juan Joon Ching, presented the PowerPoint 
slides of the Annual Report. IKM Hon. Treasurer, 
ChM Dr Malarvili Ramalingam presented the 
Annual Statement of Accounts and Auditor’s 
Report for 2020. Datuk ChM Dr Soon Ting Kueh 
informed that IKM Law Hieng Ding Foundation was 
successfully registered with Suruhanjaya Syarikat 
Malaysia (SSM) on 22 October 2020 and the 
inaugural Board of Directors meeting was held on 
31 December 2020. The final version of Chemist 
Rules 2021 is with MOSTI’s legal unit & the 
Attorney General Chambers of Malaysia. The 
approval is expected to be obtained by mid-2021.  
 
 International Congress on Pure and Applied 
Chemistry (ICPAC) Kota Kinabalu 2020 and 20th 
Malaysian International Chemistry Congress 
(20MICC) was postponed to November 2021. A 
number of IKM Professional Centre courses were 
cancelled. The IKM Joint Technical Committee 
(IKM-JTC) is working closely with Malaysian 
Qualification Agency (MQA) to develop Malaysian 
Chemistry Programme Standard for local 
universities and is expected to be ready by end of 
2021. The President informed that 2021 will be a 
challenging year for IKM due to slow recovery from 
COVID-19 pandemic in Malaysia & the rest of the 
world. The highlight of the AGM was the election of 
5 Council members to fill vacancies created by 
retired Council members. The AGM ended at 4.48 
pm. Immediately after the AGM, 316th Council 
meeting was held to elect principal office bearers 
for 2021/2022 term. This was followed by 
appointments of Committee/Division Chairpersons.  

54th IKM Annual General Meeting 

Elected Council Members for 2021 - 2024  
ChM Dr Malarvili Ramalingam         
Datin ChM Dr Zuriati Zakaria    
DCP(R) Assoc. Prof. Dato’ ChM Dr Yew Chong Hooi  
ChM Halimah binti Abdul Rahim 
Datin ChM Maimonah Sulaiman 
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In 2021, IUPAC will be having its 51st General 
Assembly (51GA) and 48th World Chemistry 
Congress (48WCC) in Montreal, Canada. 
Unfortunately, due to the global COVID-19 
pandemic, these two IUPAC global events will be 
held virtually over the internet. 
 
IUPAC Special Council Meeting on 5th May 
2021  
IUPAC organized a virtual IUPAC Special Council 
Meeting on 5th May 2021 to consider the 
following motion: 
MOTION: “Council approves Modification of the 
IUPAC Statutes and Bylaws to enable Council 
meetings to be held without the necessity for in-
person meetings and to allow electronic voting in 
real time.” 

A total of 130 delegates attended this virtual 
meeting and IKM was represented by Datuk ChM 
Dr Soon Ting Kueh, Datin ChM Dr Zuriati Zakaria 
and Prof ChM Dr Melissa Chan Chin Han.  
The Meeting unanimously approved the Motion. 
Below are screenshots of the Meeting in 

IUPAC 2021 News 

progress: 
The Schedules of IUPAC 51GA and 48WCC 
2021 are as followed: 
 
Divisions & Committees Meetings  
9 – 12th August 2021 
 
51st General Assembly (51GA)  
13 – 15th August 2021 
 
48th World Chemistry Congress (48WCC) 
15 – 20th August 2021 
Registration for 48WCC: https://
www.cheminst.ca/conference/ccce2021/
registration/ 
(Early-bird registration closes on 12th July 2021) 
 
World Chemistry Leadership Meeting (WCLM) 
2021 
17 – 18th August 2021 
WCLM (Malaysia) 2021 
18th August 2021 from 9.00 – 11.00 am 
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At the IUPAC 50th General Assembly (50GA) 
held in Paris, France in July 2019, IKM won the 
bid to host the 53rd General Assembly (53GA) 
and 50th World Chemistry Congress (50WCC) in 
Kuala Lumpur, Malaysia in 2025. 
 
As soon as the joy of this good news has settled 
down, IKM started to prepare for the long route to 
these very challenging grand events ahead. By 
early 2020, we started working with our partners 
including the Ministry of Science, Technology and 
Innovation (MOSTI), Malaysia Convention & 
Exhibition Bureau (MyCEB), Kuala Lumpur 
Convention Centre (KLCC), Grand Hyatt Kuala 
Lumpur and a few others.  
 
In early 2021, we established the IUPAC 2025 
Protem Committee headed by IKM President, 
Datuk ChM Dr Soon Ting Kueh. The Committee 
started to prepare a promotion and marketing 
campaign specially for the coming IUPAC 51st 
General Assembly (51GA) and 48th World 
Chemistry Congress (48WCC) to be held virtually 
from Montreal, Canada this August.  
 
The Committee decided to produce a video on 
“IUPAC 2025 – We welcome you to enchanting 
Malaysia” to be broadcasted at the 51GA. The 
Committee met several times and went on to 
shoot the video on 8th May at Cloud Events in 
Subang Jaya.  

IUPAC 2025 

After several rounds of editing, a 8-minute video 
on “IUPAC 2025 – We welcome you to 
enchanting Malaysia” was produced. This will 
be shown at the 51GA in Montreal, Canada. 
At the same time, IKM is organizing the Malaysian 
leg of the World Chemistry Leadership Meeting 
(WCLM) as part of 51GA on 18th August 2021 to 
be broadcasted from Subang Jaya, Malaysia. 
Members of IKM will be invited to this WCLM 
(Malaysia) live broadcast. 
 
IUPAC 2025 Protem Committee: 
Datuk ChM Dr Soon Ting Kueh (Chairman) 
Datin ChM Dr Zuriati Zakaria 
ChM Chang Hon Fong 
ChM Dr Malarvili Ramalingam 
Assoc Prof ChM Dr Juan Joon Ching 
Prof ChM Ts Dr Melissa Chan Chin Han 
ChM Marhayani binti Md. Saad 
ChM Dr Lee Siang Yin 
ChM Dr New Siu Yee 
ChM Dr Phang Sook Wai 
ChM Dr Yvonne Choo Shuen Lann 
ChM Dr Nur Hasyareeda Hassan 
ChM Dr Shahrul Nizam Ahmad 
ChM Dr Nurul Asikin Mijan 
ChM Dr Aqeel Saravanan 
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Biosensors For Home Testing of  COVID-19  
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EDA YUHANA ARIFFIN &  EMMA IZZATI ZAKARIAH   

Research Cluster on Synthetic Chemistry for Sensor and Environmental Pollution Control Technology, Depart-
ment of Chemical Sciences, Faculty of Science and Technology, Universiti Kebangsaan Malaysia (UKM),  

43600 UKM Bangi, Selangor Darul Ehsan, Malaysia. 
*Department of Emergency Medicine, Faculty of Medicine, Universiti Kebangsaan Malaysia (UKM),  

Cheras, Selangor Darul Ehsan, Malaysia. 
**Correspondence: leeyookheng@yahoo.co.uk 

 Coronavirus disease 2019 (COVID-19) is 
now causing a pandemic worldwide and does not 
have any specific treatment. For the detection of 
the virus causing the pandemic, currently 
available technologies are generally sensitive and 
selective. But they require well-trained persons to 
perform the test, and this usually involves lab-
based instrumentation. Therefore, simpler, rapid, 
sensitive and selective devices or test kits such 
as biosensors have been developed recently for 
rapid diagnosis on-site (point-of-care, POC 
device). In this article, the potential of biosensors 
as point-of-care devices for the testing of SARS-
CoV-2 (COVID-19) is discussed. The possibility of 
their future as home-based test kits for COVID-19 
will be evaluated.  
 Coronavirus belongs to the subfamily 
Orthocoronavirinae in the family of Coronaviridae 
in the order Nidovirales [1,2].  It is typically hidden 
in mammals and birds and is common in camels, 
cattle, cats, bats and other animals [1]. Most 
recently, a novel coronavirus has been ongoing 
worldwide, causing a pandemic. The virus is a 
COVID-19, a short form for the Coronavirus 
disease in 2019 and was given by the World 
Health Organization (WHO). The International 
Committee on Virus Taxonomy named the virus 
SARS-CoV-2.  But a group of virologist from 
China called the virus human coronavirus 2019 
(HCoV-19) [3]. Coronavirus is an enveloped beta-
coronavirus with a single-stranded positive RNA 
genome and can be observed in humans and 
other mammals [4]. The genome of 2019-nCoV 
partially resembled SARS-CoV and MERS-CoV. 
Generally, COVID-19 had a high reproductive 
number, a long incubation period, a short serial 
interval and a low fatality rate (much higher in 
patients with comorbidities) than SARS and 
MERS [2]. But with the mutation of the virus, the 
fatality and infection capability have increased. 
The scale of COVID-19 spreading is higher than 

SARS and MERS-CoV [5]. This virus was first 
reported and spread widely in Wuhan, China, 
affecting other Asian and non-Asian countries [6]. 
According to WHO, this disease has been 
announced as a pandemic disease on 11th March 
2020 [7,8]. Symptoms can vary drastically; 
include fever (99%), chills, dry cough (59%), 
sputum production (27%), fatigue (70%), lethargy, 
arthralgias, myalgias (35%), headache, dyspnea 
(31%), nausea, vomiting, anorexia (40%), and 
diarrhea. Some carriers may be asymptomatic, 
whereas others can experience acute respiratory 
distress syndrome (ARDS), infection in the 
gastrointestinal area and death [1,2,9]. Because 
of this, World Health Organization advised on the 
performance of extensive diagnostic testing of 
SARS-CoV-2 to control the spread of the virus. 
Testing is important to gain more understanding 
of the outbreak epidemiology. But fast diagnostic 
testing is also essential in making prompt 
decisions with respect to treatment and isolating 
an infected population. This could eventually curb 
the transmission of this infectious virus. In an 
attempt to control the pandemic, global health 
companies are putting critical attempts to 
investigate different parts of treatment 
improvement and are giving specific 
consideration to explore the requirement for smart 
demonstrative devices for quick and particular 
identification of the COVID-19 protein [10].  
 
Diagnostic Testing of SARS-CoV-2 
The screening of symptoms, testing, and contact 
tracing aims to identify SARS-CoV-2 infections, 
and this may form part of a strategy to reducing 
virus transmission. The success in stopping and 
preventing the spread of SARS-CoV-2 that 
causes COVID-19 depends very much on a 
robust testing infrastructure. SARS-CoV-2 testing 
is essential in slow down transmission and stop 
the spread of the virus. Several key issues for 

https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/testing/diagnostic-testing.html
https://www.cdc.gov/coronavirus/2019-ncov/php/contact-tracing/contact-tracing-plan/overview.html
https://www.cdc.gov/coronavirus/2019-ncov/php/contact-tracing/contact-tracing-plan/overview.html
https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-business-response.html
https://www.cdc.gov/coronavirus/2019-ncov/community/guidance-business-response.html
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 Diagnostic testing should be performed on 
persons with symptoms of COVID-19  

 For asymptomatic cases where the 
transmission levels are high, rapid and point-of
-care serial  screening will be useful. 

 For selecting a SARS-CoV-2 test and results 
interpretation, it should be based on the 
 prevalence of the virus in the test population 

 The results of the test are not affected by prior 
vaccination of COVID-19 vaccine. 

For the testing platforms of this virus, several 
types of diagnostic tests are being used. For 
example, chest computed tomography (CT) scan 
(including clinical indications); viral RNA assay 
with reverse transcription-polymerase chain 
reaction (RT-PCR) and lateral flow assay (LFA) 
techniques. The lateral flow assay could be used 
to determine antibodies by incorporating 
chemiluminescence and enzyme-linked 
immunosorbent detection systems [12].  
 CT scan diagnosis is mostly limited to large 
hospitals and required experienced radiologists 
for data interpretation. Despite that, the scanning 
method is not specific, i.e. it cannot distinguish 
between infection by SARS-CoV-2 and other 
viruses. The commonly used method of antibody 
testing for this virus could not confirm immediate 
infection. The antibody response of the infected 
patients only appears at about the 10th day after 
the onset of symptoms. Thus, early identification 
of the asymptomatic infected individuals is not 

reliable with antibody testing. In addition, test on 
the antibody is susceptible to false-positive results 
because of other proteins present in the test 
samples [12]. Viral tests such as nucleic acid 
amplification tests (NAATs) are also used as 
diagnostic tests for SARS-CoV-2 infection and as 
screening tests to reduce the transmission of 
SARS-CoV-2 by identifying infected persons. 
NAAT, such as RT-PCR is the best diagnostic test 
for the confirmation of COVID-19 infection. This 
method has good sensitivity and specificity. It can 
detect even a tiny amount of virus [13]. According 
to some reports, rRT-PCR assays based on 
specific TaqMan probes have detection limits as 
low as 4-10 copies of RNA template per reaction 
[14]. Well-trained personnel are required to 
conduct multiple-step and time-consuming 
procedures involving expensive reagents. A 
technical error can lead to false-negative results 
[15]. False-negative test results of the patients 
could lead to healthy individuals' infection and 
thus prevent a proper infection control.  However, 
RT-PCR method requires at least 3 hours to 
provide results, and it needs a very experienced 
specialist for sample preparation and to handle 
the instrument [16]. Most RT-PCR analyses are 
laboratory-based. The technique is hence not 
suited for rapid and portable diagnosis of COVID-
19. A summary of the various characteristics and 
advantages/disadvantages of the currently 
accepted testing strategies based on NAATs and 
antigen tests for SARS-CoV-2 is shown in   Table 
1 [11]: 

  NAATs Antigen Tests 

Intended Used Detect current infection  Detect current infection 

Analyte Detected Viral Ribonucleic Acid (RNA)  Viral Antigens 

Specimen Type(s) 
Nasal, Nasopharyngeal, Oropharyn-

geal, Sputum, 
Saliva Nasal, Nasopharyngeal 

Specificity High 
High 

  

Test Complexity Varies by Test Relatively Easy to Use 

Authorised for Use at 
the Point-of-Care 

Most are not; some are 
  

Most are, some are not 
  

Turnaround Time 
Most 1-3 days. Some could be rapid 

in 15 minutes 
Ranges from 15 minutes to 30 minutes 

Advantages 
  

Most sensitive test method available 
Short turnaround time for NAAT 

POC tests, but few available 
Usually does not need to be repeat-

ed to confirm results 
  

Short turnaround time (approximately 15 minutes) 
When performed at or near POC, it allows for rapid 
identification of infected people, thus preventing fur-
ther virus transmission in the community, workplace, 
etc. Comparable performance to NAATs in sympto-

matic persons and/or if culturable virus present, when 
the person is presumed to be infectious 

Disadvantages 
  

Longer turnaround time for lab-
based tests (1–3 days) 

Higher cost per test 
A positive NAAT diagnostic test 
should not be repeated within 90 

days since people may continue to 
have detectable RNA after the risk 

of transmission has passed. 

May need confirmatory testing 
Less sensitive (more false-negative results) com-
pared to NAATs, especially among asymptomatic 

people. 
The decreased sensitivity of antigen tests might be 
offset if the point-of-care antigen tests are repeated 
more frequently (i.e., serial testing at least weekly). 

Table 1. Consideration for planning for diagnostic or screening of SARS-CoV-2 with NAAT and antigen tests  
(Adapted from CDC, USA) [11] 

33 

https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html#evaluating-test-results
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Given the limitations of the currently available 
diagnostic tools for SARS-CoV-2, it is clear that a 
rapid, portable, highly sensitive and inexpensive 
diagnostic device will be useful. Such a device is 
preferably able to incorporate telemedicine for 
COVID-19 assessment, including identification of 
a patient's infection status. Until now, 
commercially available test kits give mostly 
qualitative results. But quantitative and 
telemedicine-based POC diagnostic tool will be 
useful for predicting disease severity in the course 
of the infection. For the development of POC 
devices for Covid-19, simple, safe, and effective 
sample collection is another important factor to be 
considered. This is the main challenge due to the 
existing assay requirements. Thus, a saliva-
compatible POC analytical device may be 
advantageous because saliva collection is 
straightforward and non-invasive [17]. Therefore, 
a fast, portable and point-of-care but highly 
sensitive, specific and cost-effective POC device 
are very much anticipated in this critical pandemic 
era. Early detection of COVID-19 is crucial to stop 
or decrease the virus's spread and prevent 
exhaustion of medical resources, especially 
ventilators and ICU beds. Biosensor-based 
approaches may provide such POC technique. 
Electrochemical biosensors are advantageous for 
portability and telemetry friendly because of rapid 
detection and simplicity for remote point-of-care 
applications.  
 
Biosensors As Diagnostic Tool for SARS-CoV-
2 
The technology platform behind testing using 
biosensor is the biorecognition elements binding 
to the target molecules from the virus. The signals 

from the chemical binding could then detected by 
various transduction methods. Electrochemical 
biosensors are potential diagnostic tools for rapid 
diagnosis of SARS-CoV-2 because it allows 
sample preparation-free sensing in various types 
of biological fluids and remote detection via 
wireless actuation [12]. Therefore, biosensors are 
small devices that utilize biochemical reaction by 
biomolecules such as enzymes, DNA and 
antibodies. Generally, a biosensor comprises 
three main components: a bio-recognition 
element, a transducer and an electronic system 
(Figure 1). It can be divided into four bio-
recognition elements: nucleic acid or DNA-based, 
enzymatic, antibody or antigen-based and whole 
cell-based. Depending on the transducer type, 
biosensors detect targets based on optical, 
electrical, thermal, and other transduction signals. 
A biosensor can be classified as electrochemical 
biosensors (amperometric, potentiometric, field-
effect transistor (FET) and impedimetric 
biosensor), optical biosensors, thermal 
biosensors and piezoelectric biosensors [18]. 
Other categorization can be made on the 
biorecognition principles.  
 The bio-recognition elements for the 
construction of biosensors for SARS-CoV-2 
determination involving biomarkers such as single
-stranded viral RNA, viral structural proteins, e.g. 
S, M, E, and N proteins (as antigens) and specific 
antibodies to SARS-CoV-2 present in the 
serological samples from the patients who have 
been exposed to SARS-CoV-2 [12]. The single-
stranded RNA and nucleocapsid (N) proteins of 
the SARS coronavirus are important biomarkers 
for construction of biosensors targeting SARS-
CoV-2. Aptamers seem to be an appropriate 

response to the presence of N 
proteins hence the virus itself. 
Aptamers are single-strand nucleic 
acid molecules consisting of DNA or 
RNA that bind to single atoms or to a 
wide range of proteins. Aptamers are 
characterized by high specificity and 
binding affinity to the target molecule 
[19]. They can be produced by 
SELEX (Systematic Evolution of 
Ligands by Exponential Enrichment) 
method. The aptamers contain all 
possible nucleotides sequences with 
a particular length (within 20–90 
nucleotides). During production, they 
are usually incubated with the target 
molecule, leading to a high binding 
affinity of the nucleic acids to the 
intended target [20]. Aptamers are 
particularly useful because of their 
chemical stability, cost-effectiveness 
offering greater flexibility in the 
design of novel biosensors. They 

Figure 1: Various components of a biosensor device  
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tend to enhance detection sensitivity and 
selectivity [21-22]. Because of their high 
specificity, the affinity of binding to any viral 
proteins and DNA, the use of biosensors 
equipped with aptamers can allow for detection of 
both early (genetic material DNA, viral proteins) 
[23] and late (own host antibodies) infection. 
Many biosensors reported so far for SARS virus 
are based on aptamers [19].  A biosensor is a 
suitable and promising method for determining 
COVID-19 for early diagnosis and monitoring as 
they meet the characteristics required, i.e. 
sensitive, specific, portable and immediate 
measurements.  Several biosensors for 
coronavirus using virus proteins/genomic 
biomarkers have been reported. The majority are 
based on optical/piezoelectrical methods [24-27] 
and electrochemical methods [16, 28-29]. 
 An example of a portable, wireless 
electrochemical biosensor for ultra-rapid detection 
of SARS-CoV-2 is the RapidPlex biosensor 
device (Figure 2) [17]. This newly biosensor is 
portable, multiplex and wireless for the detection 
of COVID-19. With the biosensor device, it is 
possible to detect quantitatively SARS-CoV-2 
nucleocapsid protein (NP), specific 
immunoglobulins (Igs) against SARS-CoV-2 spike 
protein (S1) (S1-IgM and S1-IgG), and the 
inflammatory biomarker C-reactive protein (CRP) 
in both blood and saliva.  The biosensor 
electrodes are based on mass-producible laser-
engraved graphene electrodes. In this 
electrochemical biosensor, antigens and 
antibodies are immobilized on low-cost graphene 
electrodes. 1-pyrenebutyric acid (PBA) acts as a 
linker to attach the required biorecognition 
element to the graphene layer. This multi-
electrode system could allow a clear distinction 
between individuals in the stage of infectious, 
vulnerable, and immune to COVID-19. The 
RapidPlex device is proven to be low cost but has 
high sensitivity, ultra-fast detection, wireless, and 
could determine biomarkers for COVID-19 

Figure 2. An example of an electrochemical immuno-
based biosensor for testing SARS-CoV-2 virus using 
a multi-sensor concept with the possibility of testing 
results telemetry from the device (Adapted from [17]). 

including viral infection (NP), immune response 
(IgG and IgM) disease severity via CRP 
assessment. Another example of biosensor for 
COVID-19 is based on an optical system is 
shown in Fig 3. The biosensor for SARS-CoV-2 
detection, an immuno-based sensor, could 
simultaneously determine anti-SARS-CoV-2 IgM/
IgG [30]. The biosensor device was claimed to 
have high sensitivity and possible for real-time 
detection of the virus. It is designed from a two-
channel lateral flow immunoassay (LFIA) test strip 
(Fig 3) with surface-enhanced Raman scattering 
(SERS) as the detection transducer.   Silica 
nanoparticles (SERS nanotags), which 
immobilized with the viral S protein, are used 
together with the LFIA test strip system as the 
signal reporter of the immuno-binding event. The 
test kits provide high sensitivity, specificity and 
stability in terms of application.  
Biosensor based approaches have been shown 
to work well for the determination of SARS-CoV-2 
virus. Many of these biosensors may be adapted 
readily for POC and hence home-testing 
applications. Their usefulness as POC or home 
testing kits for the diagnosis of COVID-19 should 
be assessed. Diagnostic testing provides 
prognoses and enables predicting treatment 
responses. In this respect, POC tests that allow 
tests to be performed near/at patient care are 
most useful for patient management. For 
example, POC tests help to optimize treatment 
decision-making and reduce referrals to increase 
the efficiency of care with a decrease in medical 
costs. This is particularly important under a 
resource-constrained environment with a weak 
laboratory infrastructure). The decision on 
whether a diagnostic test could be used for POC 
or home test kit will depend on factors such as 
Affordability, test Sensitivity and Specificity, User-
friendliness, Rapid and robustness (ASSURED). 
These factors can be evaluated via six 
established procedures [31]: 
i)  Define the purpose of the test kit.  
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ii) Check all related products' specifications by 
reviewing the market  

iii) Review any test's regulatory approval related 
to the test kit  

iv) Establish data regarding the accuracy of the 
test kit under laboratory conditions 

v) Obtain data on the  accuracy of the test kit in 
clinical practice 

vi)  Assess and monitor the test kit performance 
routinely 

 
Conclusion and future outlooks 
For control on SARS-CoV-2 infection treatment 
and vaccine research, early detection and good 
diagnosis techniques are essential. Under severe 
outbreak, hospitals will be overloaded with work, 
and thus many suspected COVID-19 positive 
individuals might not be confirmed and isolated 
timely. Thus, reliable, fast response, affordable 
and widely accessible diagnostic devices are 
crucially required. Recent development in 
biosensor technology has shown the possibility of 
direct, rapid and portable testing of SARS-CoV-2 
virus. Many of these biosensor devices are 

compatible with the application as POC testing. 
Indeed the biosensor technology is not new to 
POC testing. The widely accepted testing kits 
such as glucose tester (an electrochemical 
biosensor) and pregnancy test strip (LFIA with 
optical sensing) have been popular home test kits 
and marketed for many decades. Both medical 
professions and consumers much trust them.  
 Biosensors for SARS-CoV-2 can be used 
for rapid and on-site testing with a highly sensitive 
response to the target virus antigen. This provides 
a good prospect for the early diagnosis of COVID-
19. Therefore, they can be used for screening the 
individual at crowded areas, especially in 
hospitals and airports. However, for a POC 
testing for COVID-19 pandemic with biosensors, 
information on good and independent test 
performance should be available. The 
manufacturing process should be reliable enough 
to produce consistent quality for various lots of 
POC testing products.  Both the quality and 
quantity of a POC testing device will determine 
whether policy-makers, laboratories and end-
users can accept it.  Machine learning-based 

Fig 3. An optical biosensor for the testing of SARS-CoV-2 virus based on lateral flow immunoassay (LFIA) concept. (A) 
Demonstrating the preparation of modified SiO2 nanoparticles. (B) Preparation of SARS-CoV-2 S protein-modified SiO2 
nano-tags. (C) Operating principle of the LFIA device for the simultaneous analysis of anti-SARS-CoV-2 IgM/IgG with LFIA 
strip and SERS detection system. (Adapted from [30]) 
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signal processing should be developed to improve 
the reliability and reproducibility performance of 
the biosensor POC devices. Because of the 
possibility of SARS-CoV-2 transmission by 
asymptomatic carriers, readily available home-
used biosensors will be useful for everyone to 
determine any infection by the virus. Colorimetric 
strips and smartphone-based biosensors based 
on antibody/antigen appears to have a good 
potential in home-used POC device for Covid19 
testing. 
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