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The highly pathogenic MERS-CoV, SARS-CoV and SARS-CoV-2 cause acute respiratory syndrome and are often
fatal. These new viruses pose major problems to global health in general and primarily to infection control and
public health services. Accurate and selective assessment of MERS-CoV, SARS-CoV and SARS-CoV-2 would assist
in the effective diagnosis of infected individual, offer clinical guidance and aid in assessing clinical outcomes. In
this mini-review, we review the literature on various aspects, including the history and diversity of SARS-CoV-2,

SARS-CoV and MERS-CoV, their detection methods in effective clinical diagnosis, clinical assessment of COVID-
19, safety guidelines recommended by World Health Organization and legal regulations. This review article also
deals with existing challenges and difficulties in the clinical diagnosis of SARS-CoV-2. Developing alternative
diagnostic platforms by spotting the shortcomings of the existing point-of-care diagnostic devices would be useful

in preventing future outbreaks.

1. Introduction

A number of potentially fatal viruses have arose in recently [1,2]. In
addition to raising major global public health problems, they have been
able to cause massive human mortality [3,4]. Its global epidemic can
pose a risk everywhere because of contemporary life and extensive
travel of people and goods [5-7]. Recently, 3 new viruses have been
implicated in severe acute illness, namely Severe Acute Respiratory
Syndrome-Corona-Virus (SARS-CoV), Severe Acute Respiratory
Syndrome-Corona-Virus 2 (SARS-CoV-2) and Middle East Respiratory
Syndrome-Corona-Virus (MERS-CoV) [8-12]. At present, the SARS-CoV-
2 epidemic has disrupted global supply chains, production, tourism,
trade and commerce. The automotive industry was especially severely
affected. As a result of travel bans in various countries, restauranteurs,
travel agencies and public transport service providers have been badly
affected [8-12]. Tourism-dependent countries such as Malaysia and
Thailand are indeed struggling financially as scared visitors opt not to
venture out. On the other hand, stock markets responded extremely
strongly to the pandemic of the SARS-CoV-2 virus [10-12]. Most com-
panies in Asian countries have implemented stringent guidelines and
restrictions to reduce the risks posed by the COVID-19 pandemic to an
appropriate level through a confluence of management control and
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prevention measures [13-16].

SARS-CoV-2, SARS-CoV and MERS-CoV cause acute illness and are
often fatal. Even though lung injury was being reported at all age groups,
in certain cases, including the older people or those with co-occurring
diseases, the above-foresaid viruses seem to more probable to cause
multi-organ failure, acute respiratory distress syndrome and intestinal
pneumonia, which are vulnerable to heart failure and high mortality
rates [10-14]. Due to the high mortality rate, it has a twin negative
effect: the huge responsibility on the pubic healthcare system, including
certain healthcare professionals and the prescribing physician as well as
fear of outsourcing one or more of them amongst the public [13-16].

Usually, the virus reservoir is animal which include chimpanzees,
bats or camels. In addition to animal-to-human transmission, human-to-
human transmission of SARS-CoV, SARS-CoV-2 and MERS-CoV has been
reported, typically from a highly infectious patient to a member of the
clinical team, including other hospitalized patients [17-21]. Although
so far no particular therapy has been suggested for its management,
supportive therapy appears to have worked better. Antiviral vaccines are
currently under development [22-24]. These new viruses pose major
problems to global health in general and primarily to infection control
and public health services [25-27]. In the current scenario, extensive
awareness of in-depth education about SARS-CoV-2, SARS-CoV and
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MERS-CoV and multi-directional care between healthcare professionals
and hospitalized patients infected with the above-mentioned viruses can
help reduce the spread of these viruses [28-30]. It is therefore necessary
to have an adequate knowledge of its reservoir, its distribution method
and the best accessible management as well as preventive measures
[31-33]. Closer monitoring and awareness remain a primary concern for
doctors as well as health officials alike [34,35]. The community spread
of the viral infection emphasizes the significance of the clinical diagnosis
of illness caused by SARS-CoV-2, SARS-CoV and MERS-CoV. In
compliance with the guidelines provided by the Centers for Disease
Control and Prevention, the clinicians must organize screening tests for
viral infections in patients with nearby health professionals [26-30].
Traditionally, real-time reverse transcription-polymerase chain reaction
(RT-PCR) is the most extensively employed diagnostic tool for diag-
nosing viral infection caused by SARS-CoV-2, SARS-CoV and MERS-CoV,
while viral cultures are not approved [27-30]. In addition, the viral
infection can be identified from a combined effect of symptoms, health
issues and a chest computed tomography (CT) scan displaying the
characteristics of pneumonia [32-35]. In this article we have reviewed
the literature on various aspects, including the history and diversity of
SARS-CoV-2, SARS-CoV and MERS-CoV, their detection methods in
effective clinical diagnosis (see Scheme 1), diagnostic challenges, safety
guidelines recommended by World Health Organization (WHO) and
legal regulations. This review article also deals with existing challenges
and difficulties in the clinical diagnosis of SARS-CoV-2.

2. History of coronavirus

As of December 2019, few groups of unknown patients with pneu-
monia were affected by a new coronavirus in China [1]. Temporarily,
the WHO coined the new coronavirus as 2019 novel coronavirus (2019-
nCoV) on January 7, 2020, unexpectedly came into our sight [2]. Later,
the virus was consequently renamed SARS-CoV-2. The SARS-CoV-2
caused disease was named coronavirus disease 2019 (COVID-19)
[3,13,14]. As of April 11, 2020, more than 1,735,719 patients have been
verified positive by nucleic acid screening in China and 209 other
countries, and it led to a death rate of 106,558 owing to acute respira-
tory failure or other respiratory-related complications. Furthermore,
more than 392,901 patients all over the world have recovered from
coronavirus disease. And, those who recovered from coronavirus disease
were confirmed negative by nucleic acid testing [3,13,14].

In China, previous outbreaks of evolving infectious diseases have
negatively affected the blood supply [1-3]. But, the safety of the
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transfusion recipient must be also taken into account, despite the fact
that the evolving infection is a respiratory disease. Recent studies sug-
gested that after onset of symptoms, viral ribonucleic acid (RNA) can be
identified from serum or plasma of patients infected with SARS-CoV-2,
SARS-CoV and MERS-CoV [2-5]. Identification of viral RNA through
polymerase chain reaction, however, is not analogous to identification
of intact infectious virus [3-7]. Though WHO reported in 2003 that
almost no instances of SARS-CoV had been recorded owing to the
transfusion of blood products, there seemed to be a possible risk of
transfusion of SARS-CoV [1-4]. With increasing asymptomatic infection
cases observed among COVID-19 infected patients, blood safety during
transfusion is of great importance.

3. Diversity of coronavirus

In addition, coronaviruses are divided into 4, namely 8-CoVs, y-CoVs,
B-CoVs and a-CoVs, amongst which p-CoVs and a-CoVs can infect
mammals, while §-CoVs and y-CoVs can infect birds [13-17]. Up to now,
7 coronaviruses have been found to be transmittable through human
contact. Among them, HCoV-HKU1, HCoV-NL63, HCoV-OC43 and
HCoV-229E cause upper respiratory disease [13-17]. Sometimes these
viruses can cause more serious illnesses in humans, especially in the
elderly. Since the 1960s, HCoV-OC43 and HCoV-229E were well known.
Subsequently, SARS-CoV, HCoV-NL63 and HCoV-HKU1 were came into
attention in 2003, 2004 and 2005, respectively [1-5]. MERS-CoV,
separated in 2012, is analogous to SARS-CoV. Both MERS-CoV and
SARS-CoV tend to infect the lower respiratory tract and can potentially
cause acute respiratory syndrome.

4. SARS-CoV

Initially, SARS corona (SARS-CoV) appears as a Flu-like illness that
advances to respiratory failure, pneumonia and, in certain instances,
death [36-40]. SARS-related mortality rate is relatively higher than
influenza or other common infections of the respiratory tract [40-44]. In
2003, SARS-CoV is identified. SARS-CoV is believed to be an animal
virus from an unidentified animal reservoir, possibly bats, which has
often spread to several other animals and has been infected for the first
time in humans in Guangdong province in southern China in 2002
[44-48]. In March 2003, the viral infection spread rapidly in Canada,
Singapore, Vietnam, Hong Kong and Bejing [49-53]. An outbreak of
SARS significantly impacted 26 nations and led to over 8000 cases in
2003. There have been no documented cases of SARS in almost any part

MERS-CoV

SARS-CoV-2

Scheme 1. Schematic representation of the use of point-of-care diagnostics in the diagnosis of SARS-CoV, MERS-CoV and SARS-CoV-2.
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of the world since 2004 [54-57]. Since then, a small percentage of cases
have occurred due to laboratory accidents, or plausibly, transmission
from animals to humans. SARS-CoV is predominantly transmitted from
one person to another [57-59].

Auspiciously, it has been shown that the hospitalized patients
infected with SARS-CoV are not infectious during the period of incu-
bation [60-62]. It usually occurs primarily after fourteen days of illness,
which is correlated with the peak excretion of virus in faeces and res-
piratory secretions [60-63]. Many cases of transmission from human to
human occurred in the medical environment, in the unavailability of
appropriate precautionary measures to control infection. The imple-
mentation of good practices to control SARS-CoV viral infection has
ended the international epidemic [63-66].

The symptoms of SARS-CoV viral infection may include shivering,
diarrhoea, headache, myalgia, malaise and fever [56-60]. No group of
symptoms has been reported to date to demonstrate that they are spe-
cific to a diagnosis of SARS. Even though fever is perhaps the most
commonly reported symptom, it is often absent on preliminary assess-
ment, particularly patients with immunosuppression and in the elderly
[62-67]. In most cases, especially during the first or second week of
SARS-CoV viral infection, diarrhoea, shortness of breath and cough are
present. Extreme cases frequently develop swiftly, advancing to respi-
ratory distress and necessitating intensive treatment [64-69].

Accurate and selective assessment of SARS-CoV would assist in the
effective diagnosis of infected individual, offer clinical guidance and aid
in assessing clinical outcomes (see Table 1). Until now, specific 41-base
SARS-CoV double-stranded DNA (dsDNA) genome, single biotinylated
deoxyribonucleic acid (DNA)/streptavidin-coated sensor chip, S pro-
tein/human angiotensin-converting enzyme 2, SARS-CoV specific anti-
body/protein A and Feline coronavirus (FIP) type I anti-viral antiserum
were the reported bio-recognition elements widely used to detect SARS-
CoV [70-74].

Microcantilevers have evolved since the late 1990s as innovative
platforms for sensing biomolecules with on-chip circuitry and excellent
sensitivity [70]. The enhanced selectivity of microcantilevers can be
accomplished by tailoring the surface of microcantilevers with an
engineered biorecognition element capable of binding chemical or bio-
logical species of interest. Microcantilevers have the peculiar charac-
teristic of bending under the effect of unequal stresses when the analyte
of interest adsorbs to one side of the cantilever. Velankani et al. [70]
fabricated an efficient sensing element by modifying the surface of the
microcantilever with feline coronavirus (FIP) type I anti-viral antiserum
for the detection of SARS-CoV. When the surface engineered micro-
cantilever was exposed to FIP type I virus positive sample, Velankani
et al. [70] observed the bending of the microcantilever, asserting the
adsorption of FIP type I virus on the surface of the microcantilever. The
limit of detection of the developed sensing element was 0.1 pg mL ™.
Furthermore, the assay time of the proposed method was less than 1 h
[70]. However, this analytical approach has its own limitations. The
existence of narrow laser beam in a biological specimen can lead to
significant thermal management complexities resulting in erroneous
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readings.

Recently, surface plasmon resonance (SPR) has arisen as one of the
most promising diagnostic (the term diagnostic refers techniques for
diagnosing diseases or other problems, while diagnosis is the process of
assessing the illness or condition that describes a person’s signs and
symptoms) tools in many important fields including food monitoring,
drug, biotechnology, environmental monitoring and medicine because
of its ability to measure biomolecular interactions without labelling
[71]. Conventionally, SPR is extensively employed in protein-protein,
RNA-protein and DNA-protein interactions [71]. Nevertheless, RNAs
are synthesized with a restricted length for each measurement and pu-
rified by HPLC, which involves regular replacement of the chips and
makes them expensive. Hence, Yang et al. [71] suggested an alternative
approach (one-chip-for-all strategy) based on SPR analysis in which the
single biotinylated DNA/streptavidin-coated sensor chip was used as a
sensing platform to study the interactions between RNA and SARS-CoV
N protein. The estimated dissociation constant of the SARS-CoV N pro-
tein — target RNA complex was 4.60 + 0.3 nM. The proposed diagnostic
tool was run at high temperature (37 °C) to ensure swift RNA hybridi-
zation. However, the key downside of this method was the increase in
noise signal due to the high operating temperature. In order to further
improve the sensitivity of SARS-CoV sensor, Wang et al. [72] con-
structed a novel SPR biosensor which is capable of monitoring reaction
sites as well as reference simultaneously in a single flow cell. Wang et al.
[72] detected SARS-CoV antigen with the aid of two reference biochips.
The sensing element was fabricated by immobilizing SARS-CoV anti-
body on the surface of one chip, while SARS-CoV antibody was immo-
bilized on the surface of second chip via protein A. Relatively small
signal variations occurred when the former was employed to detect
SARS-CoV antigen. On the other hand, the second chip showed a
noticeable detection signal with a small shift in the reference signal. The
fabricated biochip exhibited an enhanced sensitivity of 1.66 x 10* PFU
mL™L. Also, the ability of the biochip to distinguish the adsorption of
impurities in the analyte was also reported. Although the proposed
biochip has improved sensitivity, the detection of SARS-CoV antigen
based on SPR has limitations, since it could not clearly differentiate
between non-specific and specific interactions with the surface of the
sensing element.

In recent times, one-port- and two-port- based interdigitated trans-
ducers have received immense attention among researchers in the
construction of acoustic wave sensors [73]. In the fabrication of acoustic
wave sensors, one port interdigitated transducers are extensively used to
conduct surfaces in one path, which in-turn helps to establish resonant
cavity to assess the change in resonant frequency. However, designing a
vital resonator with a wider bandwidth for biosensor is very difficult
[73]. On the other hand, acoustic wave sensors based on two-port
interdigitated transducers positioned at opposite sides of a split could
easily determine the change in frequency of signal associated to chem-
ical and biological species, delay as well as the attenuation in biosensing
applications. Hence, Chang et al. [73] suggested a novel approach of
fabricating and integrating the miniaturize system with two port flexural

Table 1
Analytical response characteristics of various proposed sensors used for the detection of severe acute respiratory syndrome associated coronavirus.
Analytical method Modifier Target Detection Assay Detection Sensitivity References
limit time range
Micro-cantilever Feline coronavirus (FIP) type I SARS-CoV 0.1 uyg ml™! <lh 0.1-100 pg - [70]
anti-viral antiserum ml~!
Surface Plasmon Resonance SARS-CoV specific antibody/protein A SARS-CoV - - - 1.66 x 10* PFU [72]
antigen mL™
Flexural plate wave S protein/human angiotensin-converting SARS-CoV - 60 s - - [73]
enzyme 2
Surface Plasmon Resonance Single biotinylated DNA/streptavidin- SARS-CoV - - - - [71]
coated sensor chip
AlGaN/GaN high electron specific 41-base SARS-CoV double-stranded =~ SARS-CoV N 0.003 nM - 0.003-3000 - [74]
mobility transistor DNA (dsDNA) genome protein nM
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plate sensor for the construction of portable biosensor to detect SARS-
CoV in human blood samples. When the immobilized human
angiotensin-converting enzyme 2 binds to SARS-CoV through S protein,
phase delay has occurred which could provide information on quanti-
tative detection of SARS-CoV in human blood samples [73]. One major
limitation of this type of biosensor is the distribution of acoustic energy
throughout the surface of the flexible plate wave sensor chip which re-
duces sensitivity.

An alternative approach for improving the analytical response
characteristics of SARS-CoV biosensor is to increase its sensitivity by
enhancing the binding affinity between nucleocapsid protein (N protein)
of SARS-CoV and SARS-CoV double-stranded DNA (dsDNA) genome (see
Fig. 1) [2]. To improve the binding affinity between SARS-CoV dsDNA
genome and C-terminal domain of SARS-CoV nucleocapsid protein, Hsu
et al. [74] utilized high electron mobility transistors fabricated with two
different materials including aluminium gallium nitride and gallium
nitride. Hsu et al. [74] correlated the binding affinity between SARS-
CoV dsDNA genome and C-terminal domain of SARS-CoV nucleo-
capsid protein with disassociation constant for the quantitative SARS-
CoV detection. Hsu et al. [74] observed that there were at least two
binding sites on the SARS-CoV dsDNA genome, which facilitate the
binding of nucleotide — protein interaction. Their corresponding disas-
sociation constants were estimated as 0.052 nM and 51.24 nM. It has
been found to be transmittable through indirect or direct contact with

()

PR S1818

Measurement 168 (2021) 108335

animals infected with MERS-CoV. In addition, estimation of different
IFN-a4 mRNA concentrations with the aid of RT-qPCR was also reported
(see Fig. 2) [8]. Although high electron mobility transistors based on
aluminium gallium nitride and gallium nitride facilitate the binding of
nucleotide — protein interaction, the surface potential affects the
piezoelectric-induced carrier density in the channel of high electron
mobility transistors, leading to changes in the drain current.

In the early phases of SARS-CoV, protease inhibitors including
ribavirin together with ritonavir and lopinavir are used to treat infected
patients in antiviral therapy, but the impact of certain steroids and
interferon on the control of SARS-CoV infection in patients is not well
established and requires further study. Antiviral vaccines and other
antiviral therapies are currently under development.

5. MERS-CoV

MERS-CoV, a single-stranded RNA virus, is regarded a lethal virus
which often binds to the DPP4 receptor and enters its host cell. Since
January 2016, WHO estimated that 1638 people were infected owing to
MERS-CoV [75-79]. About 35% of people diagnosed with MERS-CoV
were reported dead. This could be an overestimation of the actual
mortality rate, considering that current monitoring systems may ignore
mild cases of MERS-CoV. The MERS-CoV was detected in numerous
countries including European region, Korea and gulf region with an
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Fig. 1. Investigation of binding affinity between nucleocapsid protein (N protein) of SARS-CoV and SARS-CoV double-stranded DNA (dsDNA) genome using
transistors. (a) Schematics of the N protein sensor, (b) plan-view photography of the sensor and (c) real-time detection of the N protein from 0.003 nM to 3000 nM at

constant bias of 350 mV. Figures modified from Ref. [2] and used with permission.
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Fig. 2. L-AC2 cells were infected with MHV at MOI 10. At 1 h p.i., cells were infected with 4 pg poly(I:C). At 8 h p.i. total RNA was isolated and reverse transcribed
using random hexamers. (A) IFN-a4 mRNA concentration was determined using specific RT-qPCR and (B) endogenous IRF3 localization and MHV nucleocapsid
protein were detected in IFA with specific poly- and monoclonal antibodies, respectively. Nuclear IRF3 is indicated with arrows. Subsequently, L-ACE2 cells were
seeded on coverslips in 35-mm wells and infected with SeV for 30 min. Next, cells were infected with MHV at MOI 5. At 8.5 h.p.i. cells on coverslips were fixed in 3%
paraformaldehyde. From the remainder of the cells, total RNA was isolated and reverse transcribed using random hexamers. (C) IFN-a4 mRNA concentration was
determined using specific RT-qPCR and (D) endogenous IRF3 and MHV nucleocapsid protein were detected in IFA with specific poly- and monoclonal antibodies,
respectively. Nuclear IRF3 is indicated with arrows. Figures modified from Ref. [8] and used with permission.
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apparently high mortality rate. Though MERS-CoV is taxonomically
analogous to SARS-CoV, it is genetically different from SARS-CoV.
MERS-CoV was first confirmed in 2012 Saudi Arabia from a human
who fell infected with a flu-like respiratory disease. Subsequently,
MERS-CoV was separated from the lung of MERS-CoV infected patient
belonging to Egypt. Besides Saudi Arabia, MERS-CoV cases have been
confirmed in almost 20 countries including Philippines, Thailand,
China, the United States, South Korea, the United Kingdom, Austria,
Bangladesh, Algeria, Oman, Turkey, Kuwait, the United Arab Emirates,

Egypt, Qatar, and Jordan.

A traveller from Saudi Arabia who visited the United States on May
2, 2014 was diagnosed with MERS-CoV and was the first MERS-CoV case
identified in the United States. After 9 days of first instance, the second
case of MERS-CoV was reported on May 11, 2014, who is also a traveller
from Saudi Arabia. Subsequently, in the Republic of Korea, the first
instance of MERS-CoV was identified on May 20, 2015 and the same was
reported to WHO on that day, in Korea so far, 185 people have been
infected due to MERS-CoV, including 36 deaths. Numerous studies on
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MERS-CoV have shown that MERS-CoV is a virus transmitted from
infected camels to humans. The transmission of MERS-CoV from one
infected person to another person is plausible, but few transmissions
have been reported between family members residing in the same resi-
dence. Even though transmission from human to human is minimal, it
persists from patients to healthcare professionals. While most of the
reports of MERS-CoV cases have been ascribed to the person-to-person
infections in clinical environments, available scientific data strongly
suggest that camels may be the source of MERS-CoV infection to the
humans. Nevertheless, the primary roles of camels in MERS-CoV trans-
mission and the specific modalities of its transmission remain obscure.
When there is no direct interaction between MERS-CoV infected patient
and other healthy people, MERS-CoV doesn’t appear to be easily
transmitted.

The common symptoms of MERS-CoV involve shortness of breath,
cough and fever. In addition, diarrhoea, pneumonia and
gastrointestinal-associated illness symptoms have also been reported.
Many clinically confirmed cases of diagnosis of MERS-CoV are docu-
mented without symptoms, which implies that they show practically no
clinical symptoms, but after laboratory examination, they are positive
for MERS-CoV infection. Many of these symptomless instances were
found after intense assessment of a lab setting-confirmed case. The
MERS-CoV usually causes progressively severe illness in the elderly and
individuals with debilitated immune systems.

The field of research for MERS-CoV monitoring is a major and pos-
itive advancement in the international in vitro diagnostic industries.
Early detection seems to be the only way to control the outbreak, which
would be a challenge using conventional analytical techniques due to
expensive equipment, the need for professionals and low data quality.
On the other hand, polymerase chain reaction (PCR) is being used as a
promising diagnostic tool for the detection of ultralow levels of human
viral pathogens with enhanced specificity and sensitivity. In particular,
individuals who are deemed to be infected with MERS-CoV based on
their clinical signs are often diagnosed with RT-PCR. Nevertheless, it
requires a well-established laboratory and a skilled workforce to operate
expensive equipment. Hence, point-of-care testing techniques are
essential to fill such gaps by miniaturising the size of device and mini-
mizing the device’s cost and thereby offering fast, simple-to-use di-
agnostics without extensive training. For instance, Kim et al. [75]
proposed a novel diagnostic kit for the detection of MERS-CoV in human
blood samples in which double stranded DNA immobilized on self-
assembly shielded AuNPs acts as a sensing element for MERS-CoV
sensing. The proposed sensor could verify the presence of MERS-CoV
in human blood samples based on the change in localized SPR and the
alteration of colour of AuNPs when subjected to UV-vis wavelength
range. The fabricated sensing element can detect 1 pmol L™ of 30 bp
MERS-CoV and is also suitable for the on-site diagnosis of several in-
fectious diseases, in particular in environments with limited resources.
The main advantage of the proposed analytical approach is that more
detailed information can be obtained, as the method uses only double
stranded DNA and self-assembled shielded AuNPs.

Integrating biotechnology with nanotechnology plays a significant
role in therapeutic interventions, especially in the fabrication of nano-
biosensors for the diagnosis of viral infections in human nasal fluid
samples. Among various approaches, immunosensors based on inter-
digitated electrodes have become an attractive choice owing to their
superior sensitivity, inexpensive, simplicity of use and potential for
miniaturization. Recently, Layqah et al. [76] developed an electro-
chemical biosensor for the detection of MERS-CoV in human nasal fluid
samples by immobilizing AuNPs on the surface of interdigitated carbon
electrodes. The sensing mechanism behind the electrochemical detec-
tion of MERS-CoV was that there was an indirect competition between
the recombinant spike protein S1 of MERS-CoV present in the nasal fluid
samples and the immobilized MERS-CoV antibody. The fabricated
interdigitated carbon electrode exhibited good linearity in the range of
0.001-100 ng mL~! with a low detection limit of 1 pg mL™'. The
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limitation of this approach is the complexity of precise control of the
geometry and position of the carbon electrodes.

Alternatively, DNA hydrogel formation by isothermal amplification
of complementary targets (DhITACT) has been extensively employed for
the early diagnosis of human viral pathogens. However, clogging of
microchannels occurs owing to the large number of amplified DNA
strands, which limits its sensitivity and detection limit. To resolve the
prevailing shortcomings of the conventional DhITACT system and to
establish an effective diagnostic platform for testing hospitalized pa-
tients infected with MERS-CoV, the conventional DhITACT system must
be improved to achieve enhanced sensitivity and reduced assay evalu-
ation period. For instance, Jung et al. [79] proposed an advanced DhI-
TACT system based on fluorescence detection for an effective and rapid
diagnosis of MERS-CoV, in which the sensitivity of the DhITACT system
was improved by 100 folds when monitored under a UV lamp. Jung et al.
[79] fabricated DhITACT system employing chemical vapour deposition
technique by depositing functional polymers on stainless steel mesh,
followed by the immobilization of DNA primers and hybridization of
DNA templates on microfluidic channels. The diagnostic device pro-
posed for the detection of MERS-CoV was very simple and inexpensive
compared to other diagnostic platforms currently in use. However, its
key drawbacks are overlapping signals owing to the autofluorescence of
biomolecules and the existence of background signals when the fabri-
cated DhITACT system is deployed in highly scattering media.

Paper based analytical devices (PADs) are the fast growing tech-
nology that has received tremendous interest due to their ease of use,
low cost, portability and disposability. So far, PADs have been widely
employed as an effective sensing platform for the detection of ultra-low
levels of biomolecules in human blood serum samples. Owing to these
advantages, Teengam et al. [77] coupled PADs with colorimetric assay
for the detection of MERS-CoV by immobilizing pyrrolidinyl peptide
nucleic acid (acpcPNA) on the aggregated AgNPs. The sensing mecha-
nism of the proposed point-of-care diagnostic device was that the
dispersion of silver nanoparticles resulting from the formation of
acpcPNA-DNA complex when subjecting the fabricated sensor to the
human blood samples obtained from patients infected with MERS-CoV.
Furthermore, one step amplification of viral RNA and rapid diagnosis of
MERS-CoV in infected patients using bio-optical sensor have also been
reported (see Fig. 3) [78]. Despite the remarkable functionalities of
paper-based devices, there are certain drawbacks regarding the reli-
ability and simultaneous detection of multiple human viral pathogens.

To date, there is no effective vaccine and treatment for MERS-CoV.
Successful treatment and accurate diagnosis seems to provide the basis
for patient management [78-84]. Interferon, lopinavir and convalescent
plasma are being used to better treat patients diagnosed with MERS-CoV
[85-90]. The most available initial treatment for MERS-CoV is poten-
tially lopinavir and interferon. Although the use of therapeutic corti-
costeroid has delayed clearance of MERS-CoV, the impact of steroids on
the control of MERS-CoV infection in patients is not well established
[85-90]. Furthermore, emetine dihydrochloride hydrate, anisomycin,
omacetaxine mepesuccinate, IFN-f, mycophenolate, cycloheximide,
cyclosporin A and ribavirin have so far been reported to treat people
diagnosed with MERS-CoV [80-87].

6. SARS-CoV-2

An unseen pneumonia spread swiftly in Wuhan, China, in December
2019, and the majority of the first cases were associated to source
infection in a local seafood market [1-4]. Subsequently, scientists
sequenced and recognized a novel B-coronavirus, whose genome is
nearly 86.9% similar to the earlier reported SARS-like CoV genome
(MG772933.1 and bat-SL-CoVZC45) and seems to differ from MERS-CoV
and SARS-CoV. The disease caused by the novel discovered coronavirus
is called as COVID-19 [5-10].

Humans with COVID-19 typically have a fever and the estimated
time for incubation is within 2 weeks [11-14]. Most infected individuals
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Fig. 3. Schematic representation of the principle of an isothermal, rapid and label-free one-step RNA amplification/detection (iROAD) assay. First, preparation of the
iROAD chip through the primers (forward) grafting on the optical sensor would be needed for a ready-to-use viral RNA detection assay (#1). Then, the mixture
containing recombinase polymerase amplification-reverse transcription (RPA-RT) reagents, reverse primers, and extracted RNA is added into the reaction chip (#2).
During the isothermal reaction, complementary DNA (cDNA) is synthesized from the RNA template via RNA-RT kit (#3). Thereafter, recombinase/primer complexes
bind to double-stranded target cDNA and facilitate strand exchange at a constant temperature. After the displaced strand forms a D-loop by gp32 (sky blue), the
immobilized primers are extended by polymerase (light green) on the surface of the silicon microring resonator (#4). The formation of two duplexes is caused by the
amplification of the solid and the solution. The exponential RNA amplification after the reverse transcription based on the asymmetric assay is achieved by the
repletion of the process (#5). The amplification and detection of the target is simultaneously monitored by measuring the wavelength shift on an optical sensor for

20 min. Figures modified from Ref. [78] and used with permission.

with SARS-CoV-2 virus suffer from chronic respiratory illnesses. The
other symptoms of COVID-19 viral infection include sore throat, pains,
aches, and shortness of breath. In addition, symptoms such as running
nose, nausea and diarrhoea are also reported in few cases [15-19].

COVID-19 has the ability to wreck human health and lives, corpo-
rations, markets and ecosystems as a whole. The mining sector is not
very resistant to these effects and the global recession has the potential
to have serious repercussions on the industry in the short, medium and
long term [1-5]. For instance, the mining industries in South Africa
appear to be the epicentre of SARS-CoV-2. South African mining has
been under surveillance for its connection to the outbreak of COVID-19.
It has been found that 679 instances of COVID-19 among South African
mine workers were reported among 50,000 people across the country
[1-5]. Under constant pressure from labour unions, the mining sector of
South Africa adopted strict mining safety regulations in May [1-5]. As a
result, mines have been reopened in South Africa with a capacity of 50%
to further prevent the COVID-19 outbreak. Awareness and evaluation of
these negative effects for the industrial sector and their impact on eco-
nomic and social development in the broad sense is a major challenge for
scientific research.

Allergy sufferers are undoubtedly nervous and puzzled about what
the existing COVID-19 disease outbreak could entail for them in the long
and short term [6-12]. People including kids and elderly with asthma
are placed in a higher risk category for COVID-19 disease, however,
surprisingly, the available evidence indicated that most of these in-
dividuals were not significantly affected [6-12]. The same scenario was
observed in other allergic diseases including atopic dermatitis and
allergic rhinitis. This also includes children with allergies. However,
there is no proof that kids with chronic allergic illnesses have a greater
risk of infection with SARS-CoV-2 than healthy individuals. A

persistence of the proven long-term therapy is indeed very necessary for
asthmatic patients to retain control of asthma and to be better equipped
for potential viral infection caused by SARS-CoV-2 [6-12]. The World
Allergy Organization has framed guidelines by getting feedback from the
expert team of healthcare professionals and other scientific experts to
prevent panic among allergic patients during COVID-19 outbreak
[6-12].

It is also reported that the elderly as well as those with underlying
health issues such as cancer, chronic respiratory disease, diabetes and
cardiovascular disease have a greater chance of developing serious
illness [20-25]. In particular, those 80 plus people who have never been
vaccinated for pneumonia or flu, who live in facility-based long-term
care services and residential care homes, are at greater risk for devel-
oping deadly diseases owing to COVID-19 [27-32]. In addition, COVID-
19 has been observed to be more lethal in senior citizens with chronic
illnesses including kidney lung and heart if they are infected with HIV or
have had cancer. Nearly, 15 percent of them have cough and fever, while
90 percent of people have more than one symptom. It has been urged
that anyone over 65 with elevated respiratory symptoms must seek
medical advice from the health care professionals [27-32]. As most
visitors to old-age homes may be carriers of the viral infection caused by
SARS-CoV-2, visitors are not permitted to enter the old-age homes. Since
most elderly people in old-age homes are vulnerable and intellectually
disabled with numerous diseases, they are at higher risk of life -
threatening illness [27-32]. The key to decelerating transmission and
combating COVID-19 virus is to create awareness of the facts that it
typically causes the disease and how well it spreads. The outbreak of
newly discovered corona virus began mainly via discharge from the nose
or droplets of saliva once an infected individual sneezes or coughs.

The clinical assessment of COVID-19 disease caused by SARS-CoV-2
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is shown in Fig. 4. The extent of viral infection observed in patients
influences the clinical assessment of COVID-19 disease and is classified
as follows,

e Asymptomatic infection - absence of symptoms of the disease

e Severe infection - symptoms including hypoxemia, dyspnoea and
diarrhoea

e Critical infection - symptoms including multiple organ dysfunction,
acute kidney injury, coagulopathy, heart failure, encephalopathy,
shock and respiratory failure

e Moderate infection - symptoms including pulmonary lesions,
crackles on pulmonary auscultation, wheezing, fever, dry cough and
pneumonia

e Mild infection - symptoms including diarrhoea, abdominal pain,
vomiting, sneezing, runny nose, sore throat, cough, myalgia, fatigue
and fever

As per a prospective study of 2143 hospitalized patients identified in
the registry of the China Centre for Disease Control and Prevention, 731
instances have been verified using clinical tests [27-35]. Of these 731
cases, 38.8% were moderately symptomatic, 50.9% were mild symp-
tomatic and 4.4% were asymptomatic. Hardly, 5.8% of patients expe-
rienced serious or critical illness [27-35]. Assessing the level of COVID-
19 infection is difficult because the number of overall instances,
particularly mild cases, is uncertain in individuals who don’t take
medication or are not being monitored.

6.1. Point-of-care immunodiagnostic tests for COVID-19

Due to the rise of COVID-19 outbreak and the scarcity of clinical
laboratory-based molecular testing capacities and reagents, several
diagnostic test companies have established and started to sell rapid and
simple-to-use tools to enhance screening beyond laboratory settings
[1-10]. These quick and easy testing kits depend on either the recog-
nition of SARS-CoV-2 viral proteins in respiratory samples or the iden-
tification of human antibodies present in blood or serum in response to
viral infection [1-10]. Nevertheless, they must be tested in the relevant
groups and environments before such assessments can be approved.
Insufficient assessments can ignore patients with an active infection or
incorrectly classify patients as contracting the disease if they do not,
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thereby hindering the efforts of combat illness. Based on the established
evidence, the WHO currently suggests the use of certain innovative
immunodiagnostic point-of-care testing methods in laboratory studies.
In addition, the WHO has suggested that these testing kits should be used
in any other environment, as well as for clinical decision-making, until
data are provided to support their use for early diagnosis [1-10].

Rapid antigen-based screening tools identify the level of viral pro-
teins expressed by SARS-CoV-2 in a sample from the respiratory tract of
a virally infected individual [11-20]. If the level of viral proteins
expressed by SARS-CoV-2 is present in the sample at adequate amounts,
it binds to specific antibodies attached to a test strip contained in a
plastic case and produces a visually measurable signal, usually within
30 min [11-20]. The identified antigens are expressed only if the virus
deliberately replicates; thus, these assessments are often used to detect
acute or early infection. The exact functioning of assessments depends
on many factors, such as the time since the initial infection, the level of
virus in the test sample obtained from an individual, and how it has been
analysed, and the exact specifications of reagents in the test kits. As seen
in the assessments conducted, the sensitivity of such tests could differ
greatly from 34% to 80% [11-20]. Based on the evidence, such assess-
ments can eliminate half or more of those hospitalized with COVID-19,
completely depending on the population of patient analysed. These
hypotheses desperately require additional research to see if they are
accurate. Furthermore, false-positive results may arise if indeed the
antibodies immobilized on test strips also identify the level of viral
proteins expressed by virus in the sample apart from SARS-CoV-2
[11-20]. If some of the antigen detection methods being developed or
commercially produced show acceptable efficiency, they may probably
be used as a primary care tests to swiftly screen individuals who are very
vulnerable to have COVID-19, minimizing or avoiding the need for a
molecular confirmatory test. With the available information currently
accessible, the WHO does not strongly suggest the use of antigen-
detecting swift clinical care diagnostics, despite the fact that research
on their clinical and prognostic efficacy is highly recommended
[11-20].

Another more popular form of rapid screening test promoted for
COVID-19 is the effective screening test based on the detection of host
antibodies [21-32]. It is an analytical tool that confirms the prevalence
of antibodies in the human blood serum of individuals suspected of
being infected with SARS-CoV-2. Antibody production occurs between

Severe Infection:
Symptoms including
hypoxemia, dyspnoea
and diarrhoea

Critical Infection:
Symptoms including multiple
organ dysfunction, acute
kidney injury, coagulopathy,
heart failure, encephalopathy,
shock and respiratory failure

Fig. 4. Clinical assessment of COVID-19.
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days and weeks, once after viral infection in healthy individuals
[21-32]. The efficacy of the response of antibody is based on a number
of factors, including age, intake of nutrients, clinical manifestations, as
well as other drugs or infections like HIV that affect the immune system.
In certain persons with COVID-19, the infection verified by molecular
tests (eg. RT-PCR) would have weak, delayed or missing antibody re-
sponses [21-32]. Research findings indicate that most individuals do not
develop antibody responses until the fourteenth day after the onset of
symptoms. This implies that a detection of SARS-CoV-2 infection pre-
mised on antibody response is always plausible in the recovery phase
when several prospects for medical interventions or outbreak of infec-
tious diseases have indeed passed [21-32]. Sometimes, antibody tests
for COVID-19 may also interact with various other viruses, such as other
human coronaviruses, and results in inaccurate tests. Assessments to
diagnose antibody responses to COVID-19 in the community will be
essential to enable vaccine development and to improve our assessment
of the impact of infection among unrecognized persons through active-
screening, monitoring activities, population attack rates and infection
associated mortality rates. Nevertheless, such testing methods have
limited usefulness for clinical diagnosis, as they cannot swiftly identify
acute infection to notify decision necessary to evaluate the treatment
regimen [21-32]. Few health care professionals have employed these
antibody response studies to make an early diagnosis of COVID-19
caused by SARS-CoV-2 virus in circumstances where molecular testing
was unreliable. However, there was a significant epidemiological cor-
relation to SARS-CoV-2 viral infection and associated blood samples
exhibiting elevated levels of antibodies. Based on the existing docu-
mentation, the WHO does not strongly advice the use of screening tests
for clinical results to detect antibodies, but encourages further work to
develop its effectiveness in the fight against the disease and epidemio-
logical research.

6.2. Well-established analytical methods for the identification of COVID-
19

Until now, COVID-19 was screened and identified using CT scans,
blood culture, enzyme-linked immunosorbent assay (ELISA), immune
identification technology and nucleic acid testing. On the other hand,
molecular approaches are better suited for reliable diagnosis than CT
scan and can classify different pathogens [27-35]. The implementation
of a molecular technique depends on the recognition of (i) the patho-
gen’s genomic and proteomic composition or (ii) the occurrence of al-
terations in protein/expression of genes in the individual, often during
viral infection [20-27].

Nucleic acid testing: The existing standard method for COVID-19
diagnosis is the nucleic acid test [1,3,15,18,31]. A plethora of RT-PCR
diagnostic kits have been developed to diagnose the existence of
SARS-CoV-2 in infected patients. RT-PCR involves two main steps to
assess RNA expression levels. In the first phase, the complementary DNA
strands are reverse transcripted from the RNA of SARS-CoV-2, subse-
quently specific regions of the complementary DNA strands are ampli-
fied [1,3,15,18,31]. Testing, optimization of assays, design of primers
and probes and sequence alignment are the primary steps involved in the
design process. Recently, few studies on SARS-CoV-2 have been per-
formed to design probes and primers by analysing their genome se-
quences. So far, 3 regions of SARS-CoV-2 related viral genomes that
would retain sequences have been identified. They are (i) nucleocapsid
protein gene (N gene), (ii) envelope protein gene (E gene) and (iii) RNA
dependent RNA polymerase gene (RdRP gene). Clinical studies on SARS-
CoV-2 associated viral genomes indicated that the E and RdRP genes had
enhanced analytical sensitivity while the N gene had relatively lower
sensitivity for the detection of SARS-CoV-2 [1,3,15,18,31]. Subse-
quently, assay conditions are standardized prior to the PCR test,
including temperature, incubation time and reagent conditions. Finally,
clinical experiments must be performed in the absence and presence of
SARS-CoV-2 to guarantee the measurement is accurate and to recognize
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experimental errors [1,3,15,18,31].

RT-PCR often uses respiratory samples for the diagnosis of COVID-
19. Although samples taken from the lower respiratory tract are high-
ly recommended for hospitalized patients infected with COVID-19,
samples collected from the upper respiratory tract are mostly recom-
mended [1,3,15,18,31]. Nasal aspirates, nasopharyngeal washes,
oropharyngeal swabs and nasopharyngeal swabs are samples often
collected from the upper respiratory tract. Similarly, samples that are
often taken from the lower respiratory tract are tracheal aspirates, BAL
fluid and sputum. The amount of SARS-CoV-2 in human blood samples
relies on the days after the onset of the disease. SARS-CoV-2 can be
identified more precisely in nasal swabs and sputum during the first 14
days after the onset of the illness while, the diagnosis of SARS-CoV-2 in
throat swabs is inaccurate 8 days after the onset of symptoms. Due to the
difference in viral loads, a negative test resulting from upper and lower
respiratory samples doesn’t imply that SARS-CoV-2 is absolutely
removed from the infected patient. Such shortcomings may be due to the
limited amount of SARS-CoV-2 recognized in the sampled region and
inappropriate sampling techniques [1,3,15,18,31].

Computed Tomography: The Hubei Province, China employed CT
scans as an alternative diagnostic tool for detecting SARS-CoV-2 in
hospitalized patients due to the false prediction of RT-PCR and the lack
of diagnostic kits [1,7,16,18]. Chest CT scan does not cut the skin or does
not come into contact with the upper or lower respiratory tract, but
takes multiple X-ray measurements around the patient’s chest at various
angles to produce cross-sectional images [1,7,16,18]. A chest CT scan
could assist in speed up diagnosis and screening, particularly with the
shortfalls of RT-PCR. A chest CT scan requires approximately 40 min,
including 20 min for the examination and 20 min for the preparatory
work [1,7,16,18]. The mean radiation dose used during the chest CT
scan ranged from 1 mSv to 10 mSv, depending on the part of the body
tested. A low dose of radiation used in chest CT scan for the diagnosis of
COVID-19 disease caused by SARS-CoV-2 is generally less than 1 mSv
[1,7,16,18]. With the low dose of radiation used in the chest CT scan, the
probability of developing cancer from it is so minimal that it cannot be
assessed accurately [1,7,16,18]. Nevertheless, in many instances, the
limitations involve the radiation exposure requirement and the use of a
contrast dye which could pose a health risk to people and seldom cause a
skin disorder called systemic nephrogenic fibrosis and kidney problems.

Radiologists analyse the images produced by several X-ray mea-
surements to check for unusual that would result in a diagnosis. The
imaging attributes of SARS-CoV-2 were versatile and relied on the phase
of viral infection after the onset of symptoms [1,7,16,18]. It has been
reported that ground-glass opacities are observed during the initial stage
of COVID-19 (approximately 4 days after the onset of symptoms).
However, as SARS-CoV-2 progresses, irregular shaped paved stone
pattern with ground-glass opacities are identified. Finally, consolida-
tions of the lungs are noted in the cross-sectional images at the later
stage after the onset of symptoms. Thus, consolidations of the lungs,
ground-glass opacities and irregular shaped paved stone are perhaps the
most common prominent features of SARS-CoV-2 that can make chest
CT scan popular for diagnosing COVID-19 in infected patients
[1,7,16,18]. Numerous clinical trials have exhibited that CT scans have
improved misdiagnosis rates and increased sensitivity by 86-98%
compared to RT-PCR [1,7,16,18].

In the current scenario, hospitalized patients infected with SARS-
CoV-2 are detected using RT-PCR and tested for the presence of SARS-
CoV-2 in patients with the aid of CT scans, yet each analytical tech-
nique has its own disadvantages [1-7]. There are several difficulties
related to RT-PCR. So far, PCR reagent kits are not available to meet
demand. In addition, most rural hospitals outside urban areas do not
have RT-PCR facility to handle large number of samples obtained from
virally infected patients. Also, RT-PCR depends on the existence of
measureable SARS-CoV-2 in the obtained sample. Based on RT-PCR
analysis, it is difficult to implement control measures for the asymp-
tomatic patient infected with SARS-CoV-2. On the other hand,
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diagnostic platforms based on CT scans are costly, need trained personal
and cannot accurately diagnose COVID-19 [1-7]. To overcome these
shortcomings, further technologies should be developed for the detec-
tion of SARS-CoV-2 [5-12]. On the other hand, the utilization of bron-
choscopy as a screening tool for SARS-CoV-2 is not approved since the
aerosol poses a significant risk to both healthcare professionals and
patients [6-16]. For mechanically ventilated patients whose upper res-
piratory specimens are negative, bronchoscopy is traditionally recom-
mended while other screening tests could significantly improve the
clinical management. Nevertheless, bronchoscopy can be suggested
when medical and safety criteria are fulfilled and uncertain diagnoses
are made. Optionally, nonbronchoscopic bronchoalveolar lavages and
tracheal aspiration could be used in patients infected with SARS-CoV-2
to obtain respiratory samples [6-16].

IgM based ELISA kit is used in many countries to qualitatively
determine the presence of SARS-CoV-2 in blood serum samples, by
testing COVID-19 IgM antibody [5-12]. Here, microplate based enzyme
immunoassay technique is employed to assess COVID-19 IgM antibody.
In addition, anti-human IgM specific antibody is coated on the micro-
plate where samples obtained from an individual infected with SARS-
CoV-2 and assay controls are added along with COVID-19 specific
peptide antigens are introduced. The incubation period often requires
more than an hour to facilitate the antigen-antibody interaction. Sub-
sequently, the microplate is washed several times with deionized water
to eliminate the unbound protein matrix. To each microtiter wells of the
microplate, a horseradish peroxidase (HRP) labelled streptavidin is
introduced. If the tested sample obtained from an infected individual
contains SARS-CoV-2 IgM antibody, then it forms an immunocomplex
after a certain period of incubation. Afterwards, the microplate is
washed several times with deionized water to remove the unbound
tracer antibody. After removal of the unbound tracer antibody, the
immunocomplex bound to the microtiter wells of the microplate is
incubated for a certain period of time with a substrate solution of a
particular concentration. Finally, spectrophotometry analyses are car-
ried out on the microplate to determine the levels of COVID-19 IgM
antibody in the tested sample obtained from an infected person [5-12].

The need for effective vaccines is vital to reduce the severity of
COVID-19 and to minimize human-to-human transmission of SARS-CoV-
2, thereby helping to control the coronavirus epidemic [30-34]. A
plethora of strategies are being deployed against SARS-CoV-2 for
developing effective vaccines, including protein vaccines and subunit
vaccines. Clinical studies are ongoing, however successful development
of SARS-CoV-2 vaccines takes few months to several years [27-32]. On
the other hand, Traditional Chinese Medicine appears to have some ef-
fect in the treatment of hospitalized patients infected with SARS-CoV-2.
Many pharmaceutical drugs including chloroquine phosphate, arbidol,
ribavirin, lopinavir/ritonavir, IFNa-2b, teicoplanin, azhithromycin,
favipiravir, hydroxychloroquine, remdesivir, are being studied in clin-
ical laboratories to treat SARS-CoV-2 infected patients [30-35].

6.3. Asymptomatic infection and its diagnosis

With the worldwide coronavirus epidemic, there is ample evidence
that various COVID-19 infections are asymptomatic and can transmit the
disease to others [91-100]. Since most of the patients infected with
SARS-CoV-2 are asymptomatic, they can only be identified by knowing
their past contact information and closely observing the natural course
of the COVID-19 disease. Conventionally, RT-PCR shows positive
detection of nucleic acid of SARS-CoV-2 in patient samples who are
asymptomatic with COVID-19, however, they have no characteristic
clinical signs or symptoms and no obvious irregularities in images such
as lung computed tomography [1-7,91-100]. Identification of trans-
mission route and early diagnosis of an infected individual are the sig-
nificant steps to contain COVID-19. Nevertheless, most patients with
asymptomatic infections do not seek emergency medical attention
because there are no apparent clinical signs and insufficient knowledge
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of preventive steps, which further make a significant contribution to the
high prevalence of COVID-19 [91-100]. Hence, preventing and man-
aging such a particular type of patient worldwide, who needs more
special attention, is a great challenge [1-10].

COVID-19 patients with asymptomatic infections have the same
virulence as infections with symptoms. A study reported that one
asymptomatic individual who had SARS-CoV-2 viral infection for a
period of 19 days, after confirmation by RT-PCR, could have infected 5
people [1-10]. These asymptomatic instances could play a significant
role in the transmission of SARS-CoV-2 and thus pose a major challenge
in controlling viral infections. The time interval of initial exposure to the
SARS-CoV-2 to the onset of clinical symptoms is considered to be an
incubation period and is usually within 14 days [1-10]. During these 14
days, the COVID-19 patients with asymptomatic infections are likely to
spread SARS-CoV-2 to healthy individuals. Recent studies have shown
that the primary viral infection found in symptomatic patients was
identical to that observed in asymptomatic patients, suggesting that
COVID-19 patients with asymptomatic infections are capable of trans-
mitting SARS-CoV-2, which could occur early often during infection
[91-100]. The ability of SARS-CoV-2 to infect healthy individuals pri-
marily depends on reproductive state of the virus. On the other hand,
positive nucleic acid test results of COVID-19 patients denote that the
amount of SARS-CoV-2 in the human blood serum samples eventually
reaches a certain maximum limit. In some instances, hyper-sensitive
viral nucleic acid re-examination approaches show positive for
COVID-19 patients with no apparent clinical signs or symptoms, yet
these patients were not responsible for new infections. In another study,
it was found that the COVID-19 patients with asymptomatic infections
must be quarantined for 2 weeks [91-100]. Further investigations are
also needed to determine the infectivity duration of symptomatic and
asymptomatic cases. Every screening tests employed for the early
diagnosis of SARS-CoV-2 in asymptomatic cases has its own merits and
demerits [1-12]. In particular, specificity and selectivity of these diag-
nostic tool differ significantly from each other, which can lead to false
positive and false negative results in patients infected with SARS-CoV-2
who have different stages of COVID-19 disease severity. The analytical
response characteristics of the commercially available diagnostic tools
are important for screening patients infected with SARS-CoV-2. Such
information is critical in establishing control strategies to contain
COVID-19 disease [91-95].

6.4. Role of diagnostics in the testing strategy of COVID-19

Research findings indicate that any individual suspicious of COVID-
19 who tests RT-PCR negative must be separated and tested thoroughly
24 h later. After 2 successive negative nucleic acid tests with no evidence
of disease, patients who are completely recovered from SARS-CoV-2
viral infection can be discharged from hospital [12-24]. Nevertheless,
if the prevalence of SARS-CoV-2 in these individuals cannot be reliably
determined based on clinical signs, then they should live in isolation and
monitored 24 h until the SARS-CoV-2 is ruled out or confirmed [25-30].
Any cases of positive RT-PCR would result in the collective admission
and treatment of the patient depending on the extent of the disease. The
Italian recommendations referred to Chest X-ray (CXR) as a reliable first-
line radiological test in combination with RT-PCR for the surveillance
and rapid diagnosis of suspicious COVID-19 patients [31-35]. Although
CT and CXR chest attributes are prevalent in SARS-CoV-2 infected pa-
tients and the protocols are relatively easy and fast to achieve results,
CXR is not recommended as a screening tool for the first-line alone
because it seems to lack specificity. On the other hand, RT-PCR is used as
an alternative screening tool to test patients with fever, decreased white
cell counts and CT abnormalities for confirmation. Conversely, chest CT
and CXR has been recommended for unstable or stable symptomatic
individuals as per the Italian guidelines, but have not been taken into
consideration for asymptomatic individuals [31-35]. Numerous studies
in both repeated steps and the implementation of various technologies
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have greatly improved the diagnostic specificity. In a variety of rec-
ommendations, the clinical knowledge acquired for the diagnosis of
COVID-19 and the control of infections with identical clinical symptoms
was considered to be crucial [17-24]. The way in which the assessments
can be integrated to facilitate diagnosis remains unclear, particularly in
those who are RT-PCR negative. To overcome this issue, nucleic acids
from numerous locations of the specimen can be detected with the help
of nucleic acid tests to increase the reliability of the diagnostic test. In
addition, chemiluminescence, ELISA and immune-chromatography
based serum antibody testing for the early diagnosis of COVID-19 dis-
eases have also been studied to improve the robustness of the diagnostic
test [1-12]. Although more effort is required in this area, multi-site
testing in SARS-CoV-2 affected individuals at the same time can
enhance sensitivity and decrease false-negative outcomes.

7. Safety guidelines recommended by World Health
Organization

e Regular hand washing with disinfectant-based hand sterilizing so-
lution or alcohol and hot water can help prevent the spread of disease

e Gloves must be of disposable type and can be used for handling
biological fluids of the infected individuals

e If you want to live in the same room with someone who is infected

with SARS, then you must wear a surgical mask to cover both the

mouth and nose

Eyeglasses can also be worn to protect a person from the spread of

viral infection

e Warm water and soap must be utilized to clean the knives, forks,

spoons, clothes, bedsheets and blankets of a person infected with

SARS

Discharge from the nose or droplets of saliva an infected individual

sneezes or coughs

Disinfection of exteriors which have been tainted either with

discharge from the nose or droplets of saliva when an infected in-

dividual sneezes or coughs

Take all infection prevention measures for at least 10 days, even

when the patient is fully recovered and has not shown any signs of

the disease

8. Legal regulations

The emergence of SARS-CoV-2 pandemic continues to pose unpar-
alleled regulatory and other legal challenges [100-110]. Law and order
play a vital role in combating COVID-19 disease outbreak. As countries
across the world are working hard to control SARS-CoV-2 virus,
numerous social challenges are arising day by day, which necessitate
legislative and rational responses [100-110]. Owing to the recent WHO
statement on the transmission of SARS-CoV-2 which causes COVID-19 in
humans, numerous nations have enforced public health policies related
to epidemics and pandemics. The national lockdown has emerged as an
essential part of the government’s plan to counter the COVID-19
pandemic in many countries [100-110]. With companies closed, con-
tracts revoked, scheduled prolonged and supply chains affected, this
activity generated significant economic losses in organized sectors. On
the other hand, the unorganized sector has experienced a significant
breakdown without any legal intervention. While the self-quarantine
has enabled to control the transmission of SARS-CoV-2 causing
COVID-19, legislative and regulatory investigations of this procedure
have evaded inspection so far [100-110]. Quarantine is a social exclu-
sion in which individuals subjected to an infectious disease are placed
for a certain period of time in order to limit the further transmission of
viral infection. As most individual are currently in self-quarantine, it is
therefore imperative that national governments should develop
contractual jurisdiction to effectively adopt and enforce public health
legislation. In 2005, the WHO set out international regulatory guidelines
to tackle global health emergencies. The ultimate aim of the
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International Health Regulation is to monitor the spread of diseases
within the countries and to provide basic necessities, foods, commod-
ities of healthcare goods and staff. In addition to that, the Global Health
Security Index, a collaborative project initiated by the Johns Hopkins
Center for Health Security and the Nuclear Threat Initiative, assesses
health safety across 195 countries to resolve outbreaks of infectious
diseases that could give rise to international pandemics and epidemics
[100-110]. As a whole, the Global Health Security Index recognizes
significant deficiencies in a country’s potential to suppress, identify and
respond to public health crises; substantial dipartites in health care
systems; susceptibility to environmental, socio-economic and political
uncertainties that may complicate awareness and preparedness plans to
outbreaks; and failure to adapt to international standards. In India, the
number of confirmed COVID-19 cases is rising day by day [100-110].
Despite the general standards of cleanliness, social practice of living in a
group and under-resourced public health care system could have the
worst possible impact on India [111-115]. As the number of confirmed
COVID-19 cases increasing day by day, on March 12, 2020, the central
government of India enacted an Act to adopt adequate steps to control
the SARS-CoV-2 pandemic [116-120]. This urged all union territories
and states to impose Section 2 of the Act, which permits the authorities
to enact special steps to enforce regulations on deadly infectious dis-
eases. On the other hand, numerous legal and regulatory necessities
have been implemented for a commercial organization to assess and
equip itself to adapt to this situation. In certain countries, any individual
susceptible of transmitting viral infection of any life-threatening disease
is liable to fines or even 24 months imprisonment at times [120-124].

9. Conclusion

Precise and accurate diagnosis aids control transmission of the dis-
ease in the early stages of the outbreak. However, most of the diagnostics
tools used for the diagnosis of SARS consume time for analysis and
require sophisticated laboratory with trained personal. Therefore, the
development of portable point-of-care diagnostics that can diagnose
SARS in infected patients in seconds is the need of the hour. The next
step being worked on is to develop 3-D printed microfluidic diagnostic
devices to analyse multiple samples obtained from SARS infected pa-
tients with high throughput. Integrating nanotechnology with micro-
fluidic diagnostic systems seems to be an appealing option for the
fabrication of micron-sized components in a single platform, making the
device portable and cheaper. In the absence of effective vaccines and
treatments, the only way to reduce the COVID-19 epidemic is to identify
the infected persons with the aid of nano-biosensors and isolate them
from other healthy individuals. In particular, diagnosis of SARS in
densely populated countries requires low-cost point-of-care diagnostic
kits that must be addressed as one of the current challenges. Currently,
there are only two well established analytical techniques for diagnosing
COVID-19, including CT scans and RT-PCR, however they are expensive
and not suitable for point-of-care diagnosis in resource-limited settings.
Therefore, it is crucial to find an alternative diagnostic platforms by
recognizing the shortcomings of the existing point-of-care diagnostic
devices. In addition, these point-of-care diagnostic tools must be easy to
use and mass-produced at low cost in large scale so that it can be
accessed by a common man in resource-limited settings. We also believe
that the integration of point-of-care diagnostic kits with smart phones
will ease diagnostic process by automating readings and repositories.
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