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ABSTRACT: The outbreak of coronavirus disease 2019 (COVID-19) has resulted in a world-wide crisis. To contain the
virus, it is important to find infected individuals and isolate them to stop transmission. Various diagnostic techniques are
used to check for infection. With the havoc that severe acute respiratory syndrome coronavirus—2 (SARS-CoV-2) has
created, it is imperative to work on alternative diagnostic techniques that can be used at both point of care with little or no
expertise and at mass testing (i.e., when screening). Despite extensive research, to this date no specific effective treatment
or cure is available to neutralize this viral infection. Globally, researchers are working to develop effective treatments,
and several vaccines have been approved for public use. We found the studies that we explored for this review using
appropriate key words for indexing in PubMed and Google Scholar from 2019 to 2020. We compile various techniques
that have been used worldwide to diagnose and treat SARS-CoV-2 and discuss novel methods that may be modified for
use in diagnosis and treatment. It is crucial to develop a more specific serological test for diagnosis that can rule out the
possibility of COVID-19 and be used for mass testing. An affordable, safe, targeted, effective treatment must be devel-

oped to cure this disease, which has created a public health emergency of international concern.
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I. INTRODUCTION

Coronavirus disease 2019 (COVID-19) is critical re-
spiratory illness caused by severe acute respiratory
syndrome coronavirus—2 (SARS-CoV-2), a member
of the family of coronaviruses.! SARS-CoV-2 has
genetic similarity to SARS-CoV, Middle-East respi-
ratory syndrome (MERS)-CoV, and other coronavi-
ruses (see Table 1). Phylogenetic evidence suggests
that SARS-CoV-2 belongs to the genus Betacorona-
virus. A likely carrier for SARS-CoV-2 is the bat.’
The initial outbreak of disease occurred in the
Wuhan province of China. The World Health Or-
ganization (WHO) reports that through January 20,
2021, the virus has affected more than 90 million
people and has caused death to more than 2 million
globally in 213 countries.! The worst affected re-
gions are America, Europe, and the eastern Mediter-
ranean, and worst affected countries are the United
States (US), Brazil, Russia, the United Kingdom
(UK), Spain, Italy, Germany, Turkey, India, France,
Iran, and Peru, with more than 30 million cases.
Demographically, the COVID-19 mortality rate is

comparatively higher among those who are older
than 60 yr, as seen in China, Italy, and South Korea.?
Not just advanced age but also comorbidities pres-
ent in COVID-19 patients. Those with underlying
conditions such as diabetes, hypertension, and other
respiratory and cardiovascular diseases are likelier
to develop severe cases compared to patients with-
out these comorbidities.”!

Most COVID-19 transmission occurs person
to person via either direct contact or from affected
persons’ aerosol droplets that become airborne from
coughing to through any other physical contact that
might lead to exchange of droplets.” COVID-19
affects the respiratory pathway with symptoms in-
cluding fever, cough, fatigue, headache, hemoptysis,
diarrhea, dyspnea, and, in severe cases, pneumonia,
acute respiratory syndrome, and severe cardiac in-
jury. A recent new strain that emerged in the UK,
named SARS-CoV-2 Variant of Concern (VOC)
202012/01, can spread more easily in humans. Be-
cause it is a mutated variant, it can evade the older
reverse-transcription—polymerase chain reaction
(RT-PCR) diagnostic test, according to the Centers
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TABLE 1: Types of coronaviruses

Mughees et al.

Alphacoronavirus

Betacoronavirus

Novel

229E

Common cold symptoms in adults’ | symptoms*

0C43; common respiratory disease

SARS-CoV-2 (novel; SARS
causes COVID-19); severe
respiratory illness with flu like
symptoms®

NL63
Lower respiratory tract infection in
infants®

HKU1; mild respiratory tract infection®

MERS; severe respiratory illness with
flu like symptoms®

SARS-CoV; severe respiratory Illness
with flu like symptoms®

CoV, Covid; COVID, coronavirus; MERS, Middle East respiratory syndrome; SARS, severe acute respiratory syndrome.

for Disease Control (CDC).® The incubation period
for the disease, which varies with patient age and
degree of immunity, ranges from 2 to 14 d, with an
average of 5.2 d."

No specific treatment for COVID-19 exists yet.
However, the CDC has issued guidelines for safe
medical management of COVID-19 patients. Clini-
cal trials are underway to further substantiate the use
of drugs/treatments such as hydroxychloroquine,
remdesivir, interleukin inhibitors, and convalescent
plasma therapy to treat COVID-19 patients.'> At
present, commonly and extensively used treatment
procedures that focus on the famous phrase “preven-
tion is worth a pound of cure” include quarantine,
lock down, and travel bans.

The enormously high rate with which the vi-
rus has been affecting individuals is worrisome,
and its timely diagnosis is imperative to contain the
spread. Like other lethal diseases, COVID-19 early
diagnosis is crucial but can also present challenges.
Currently, of the diagnostic methods used, only a
few are accurate, efficient, rapid, and convenient.
Methods include recording temperature via infrared
thermometer, chest X-ray, chest computed tomog-
raphy (CT) scan, virus isolation and detection, en-
zyme-linked immunosorbent assay (ELISA)-based
serological test, clustered regularly interspaced
short palindromic repeats (CRISPR)-Casl2-based
lateral flow assay, and qualitative (qQ)RT-PCR detec-
tion of virus in samples collected from nasopharynx,
trachea, and sputum.'*"* Of these, only qRT-PCR is

considered to be the gold standard for COVID-19
diagnosis, although it has limitations.

In this review, we shed light on currently used
COVID-19 diagnostic and treatment approaches/
tools, their merits/demerits, and possible diagnostic
and treatment methods/tools that can provide infor-
mation about infection rate in a concise way, from a
single platform to fight against COVID-19 using a
more efficient approach.

Il. METHODOLOGY

The research articles explored for the completion of
this review were accessed from PubMed and Google
Scholar during the years 2019 and 2020. We used
appropriate key words for indexing.

A. SARS-CoV-2 Symptoms, Transmission,
and Cellular Targets

SARS-CoV-2 is a novel virus that has positive sin-
gle-stranded RNA containing 29,891 nucleotides
and encoding for 9860 amino acids. It belongs to the
Coronaviridae family and Coronavirinae subfamily
(order Nidovirales).'>'® Electron microscopy reveals
the classic crown-like appearance of this virus, with
glycoproteins as spikes on the envelope (the outer-
most virus layer). Members of this viral family cause
respiratory, enteric, hepatic, and neurological infec-
tions in animals including camels, cattle, cats, and
bats.” Chan et al. isolated the new HCoV (human
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coronavirus) from a cluster of patients with atypical
pneumonia after visiting Wuhan. These investiga-
tors found that the HCoV genome has 89% nucle-
otide uniqueness with bat SARS-like-CoVZXC21
and 82% with that of human SARS-CoV."” This ex-
plains why the new virus is termed SARS-CoV-2.

COVID-19 is clinically classified into five ma-
jor types. The first is asymptomatic/recessive infec-
tion, in which a SARS-CoV-2 etiology examination
is positive but does not show clinical symptoms.
However, CT scans in asymptomatic patients found
lesions in peripheral and subpleural lung areas. The
second classification is acute upper respiratory tract
infection with cough, pharyngeal pain, fever, nasal
obstruction, fatigue, headache, myalgia, discomfort,
and a CT scan that does not show pneumonia. The
third classification is mild pneumonia that may not
accompany fever but is supplemented with various
respiratory indicators including cough and CT-scan
imaging that demonstrates pneumonia appearances
but illness does not reach to the severity of pneu-
monia. The fourth classification is severe pneumo-
nia that shows one of the following situations: (1)
increased respiratory rate, (2) oxygen saturation,
(3) anoxia, (4) unconsciousness, or (5) trouble in
feeding including dehydration symptoms. The fifth
classification is critical with one of the following
situations, requiring ICU monitoring and treatment:
(1) failure of the respiratory system with the need
for mechanical ventilation, (2) tremor, and (3) addi-
tional organ failure.’®!” COVID-19 not only affects
the lungs but has also been found to cause severe
damage to other organs in the body. Given that
COVID-19 targets angiotensin converting enzyme
(ACE) and ACE2, which are dominantly present in
heart, lungs kidney, liver, and the gastrointestinal
(GI) tract, it increases the risk of injuries to these
organs.

It has also been observed that patients with
COVID-19 have heart enlargement.?’ COVID-19
patients have increased levels of cytokine that can
lead to atherosclerotic plaque instability and aug-
ment risk of myocardial injury and heart failure.
The presence of SARS-CoV-2 in urine suggests
the possibility of kidney injury. Although data are
inconsistent, they suggest acute kidney injury, ac-
companied by sepsis and shock. Furthermore, many
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patients report GI symptoms such as nausea, vom-
iting, and abdominal pain.*® The reasons why Mid-
dle East respiratory syndrome (MERS) and SARS
viruses are able to break species barrier (i.e., jump
from natural hosts to humans) and result in severe
infection in humans are not yet understood. It is
believed that the previously identified MERS and
SARS viruses initially originated from bats and then
moved to humans via transmittance through other
mammalian hosts such as the Himalayan palm civet
and dromedary camel for SARS-CoV and MERS-
CoV, respectively.'® The exact origin and route of
SARS-CoV-2 spread are still unclear, but it is as-
sumed that it originated from an animal species.

Studies have explored that both SARS-CoV-2
and SARS-CoV show identical binding receptors
and binding properties. The coronavirus S protein
binds to the infected host’s receptor protein, permit-
ting virus attack and contamination of host cells.?!*
Another study demonstrated that ACE2 protein
serves as a receptor for S protein together with the
support of cellular transmembrane protease, serine
2 (TMPRSS2).2 ACE2 and TMPRSS2 are indica-
tors for SARS-CoV-2 human infection, and ACE2
is an essential element for SARS-CoV-2 entry into
host cells. This may explain the low susceptibility
of SARS-CoV-2 in children, due to their inadequate
growth and ACE2 protein’s role."®

Initial cases of COVID-19 were associated
with direct contact in the Hunan Seafood wholesale
market of Wuhan, China. It was assumed that an-
imal-to-human transmission was the main mecha-
nism of transmission.'® However, later cases did not
follow this route, instead confirming that the virus
transmits via human-to-human contact. COVID-19
mainly uses two routes for transmission: respira-
tory droplets and contact.'”® Additional transmis-
sion assumptions were aerosols, fecal-oral course,
and mother to infant,'®?* but primary virus spread
is limited to family members, friends, colleagues in
close contact, healthcare specialists, and other close
acquaintances.'®

B. COVID-19 Vulnerability

It is assumed that COVID-19 is worse of a life threat
for older individuals or those with serious underlying
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diseases (such as cardiovascular disease, hyperten-
sion, diabetes) compared to young healthy individ-
uals. In a study of pregnant COVID-19 patients, no
SARS-CoV-2 infection was found in the neonates.?
This shows that pregnancy/delivery is unaffected by
COVID-19, which raises the question on use of anti-
viral drugs in pregnant COVID-19 patients in terms
of toxicity and viral infection in the neonate. If it is
necessary to use the drugs, risks must be measured
before doing s0.%

Patients with preexisting respiratory disease
have low mortality rates compare to cardiac and di-
abetic patients.’®?’ These findings are unpredictable,
but they are beneficial in terms of precautionary
measures and future research.

A probable connection exists among ACE2 re-
ceptors and cardiac disease, diabetes, and hyper-
tension. This must be considered if Covid patients
are treated with ACE inhibitors or angiotensin
receptor blockers. Enhanced expression of ACE2
receptors in these individuals may account for the
high viral load of SARS-CoV-2. Likewise, inhibi-
tors of ACE2 receptors could be an effective syn-
ergistic treatment for this subgroup of COVID-19
patients.?6?’

lll. PREEMPTIVE MEASURES

A. Technology and COVID-19

The outbreak of COVID-19 has placed the world in
crisis. To resume activities safely at the workplace
and other public places, it is imperative that we have
a system to recognize and isolate possible viral car-
riers. To identify possible carriers without going
through expensive and time-consuming diagnos-
tic methods, countries have come up with various
contact-tracing applications. The UK has National
Health Service COVID-19, China the Chinese
Health Code system, India has ArogayaSetu, France
has StopCovid, Switzerland has SwissCovid, Ger-
many has Corona-Warn App, Singapore has Trace-
Together, and many more (Table 2).

All apps work with Bluetooth, Wi-Fi, or both
to trace someone who has come in contact with
an infected person. App-collected data may be
used at the workplace/public locations to rule out
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TABLE 2: Applications used to assess infection risk
based on individuals’ location and those around them

S. Application/software | Country or state
Number
1. ArogayaSetu India
2. WeChat, Alipay, and | China
health code system
3. Stay Home Safe Honk Kong
4, Trace Together Singapore
5. CovidSafe Australia
6. Bluezone Vietnam
7. Haamagen Israel
8. Corona Data Donation | Germany
and Corona-Warn
9. NHS United Kingdom
10. Stopp Corona Austria
I1. Apple and Google Europe and
SDK United States
(some parts)
12. Healthy Together Utah, US
13. Care 19 Dakota, US
14. ABTracetogether Alberta, Canada
15. StopCovid France
16. SwissCovid Switzerland

NHS, National Health Service; SDK, software development kit.

the possibility of infection. However, apps are not
completely accurate and efficacy largely depends
on the quality of data collected and number of app
users.?®?

B. Thermal Screening

Every organization/workplace/institution is search-
ing for a new standard operating protocol to re-
sume their activities. To rule out even the slightest
possibility of a COVID-19—-infected individual at
the workplace, use of infrared hand-held noncon-
tact thermometers are used to screen the tempera-
ture of individuals because one of the symptoms of
COVID-19 is increased body temperature (fever).
However, increased body temperature does not nec-
essarily suggest that a person has COVID-19. The
human body can develop fever in even the slightest
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of infection cases by other causes. Moreover, infra-
red thermometers are not 100% accurate; they are
less sensitive than oral thermometers and their accu-
racy depends on various parameters such as proxim-
ity of thermometer from body part and thermometer
handling.*

IV. DIAGNOSTIC MEASURES

A. CT Scan

A CT scan produces a digital image of lung based
on the measure of attenuation coefficient (i.e., the
reduction of X-ray radiation intensity on passage
through matter). The scan uses multiple X-rays to
form a cross-section or a three-dimensional image
of the organ under screening. CT scanning to diag-
nose acute respiratory distress syndrome (ARDS)
began in the mid-1980s.3!

In the case of COVID-19, CT-scans are used as
a preliminary test to screen possible COVID-19 pa-
tients. Given that the number of COVID-19 patients
is increasing, with new waves and strains coming,
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a rapid test mechanism to diagnose and contain
infected individuals must be implemented.*? Com-
pared to qRT-PCR, CT scans take marginal time to
yield results. The National Health Commission of
the People’s Republic of China suggests the CT scan
for diagnosing COVID-19.%* In scans of COVID-19
patients, ground glass opacities and consolidation
are two primary findings. A study by Li and Xia
suggested the presence of vascular enlargement,
ground glass opacities with consolidation, inter-
lobular septal thickening in a crazy-paving man-
ner, and air bronchogram signs.’! Long et al. found
that COVID-19 confirmed patients had lesions in
the right and left lower lobes and left upper lobe,
and lesions were majorly distributed peripherally.**
Ground glass opacities with consolidation remains
the primary finding in CT scans of COVID-19 pa-
tients (Table 3).3!3

CT scans are a quicker way to identify pa-
tients with ARDS, but ARDS may not be due to
COVID-19.%33¢ Hence, a scan can only be used to
manage patients until a confirmatory test is per-
formed. A comparison of scans is shown in Table 4.

TABLE 3: Diagnostic techniques used worldwide to diagnose SARS-CoV-2

Test Novel/conventional | Working Duration Advantages Limitations
sample time
CT scan Conventional 60-90 min | Can be used to Cannot rule out
diagnose ARD SARS-CoV-2
Serological Novel Blood/sera | 15-30 min | Can suggest Not 100% accurate;
assay previous negative results cannot rule
infection out SARS-CoV-2
qRT-PCR Conventional Nasal/oral |4-6h Specific, Expensive: expertise
swab sensitive, and required to perform; cannot
most accurate be used at point of care.
for SARS-CoV-2 | Many resources required,
diagnosis so may be used for mass
testing
CRISPR- Novel ~ 60 min Specific, Needs modification
Casl12/13a; sensitive, and to be used for SARS-
SHERLOCK; rapid; can be CoV-2; test kits have
DETECTR used at point of | not been developed (in
care developmental stages)

ARD, Acute respiratory disorder; CoV, Covid; CRISPR, clustered regularly interspaced short palindromic repeats; CT,
computed tomography; DETECTR, DNA endonuclease-targeted CRISPR #ransreporter; qRT-PCR, qualitative reverse-transcription—
polymerase chain reaction; SARS, severe acute respiratory syndrome; SHERLOCK, specific high-sensitivity enzymatic reporter

unlocking.
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TABLE 4: Qualitative analysis of CT-scan reports of pneumonia caused by COVID-19 versus bacteria

CT scan of COVID-19 patients

CT scan of non-COVID-19 patients with pneumonia

1. Mottling and ground glass opacity in lower and upper
right lobes*

2. Transverse CT scan: bilateral, multiple, and lobular
mottling and ground glass opacity?®

1. Patchy and mottling shadows**
2. Transverse CT scan: mottling shadows and partial
ground glass opacity?®

CT, Computed tomography.

B. Serological Assays

Serological assays are performed to assess antibod-
ies that are formed inside the human body. Immuno-
globulin M (IgM) and IgG are two antibodies that
are frequently targeted to diagnose infection. [gM
antibodies are a sign of acute viral infection and
usually disappear after a period of 5-7 d, but IgG
stays longer in the bloodstream to fight infection.
An antibody or serological test is a faster method
for ruling out a viral infection, so its usage and de-
velopment in diagnosis of COVID-19 is imperative
given that infection is spreading at a tremendous
rate. Li et al. developed a point-of-care lateral flow
immunoassay kit that can be used to detect IgM and
IgG in blood.”” The kit uses two mouse antihuman
monoclonal antibodies (IgM and IgG) on a nitrocel-
lulose membrane in the form of two strips and a sur-
face antigen from SARS-CoV-2 that is conjugated
with gold on a conjugation membrane that is present
before the two strips.’” The assay mechanism de-
pends on chromatographic lateral flow of the sam-
ple across the strip after antibodies. If present, the
antibodies adhere to the SARS-CoV-2 antigen in
conjugation with a membrane containing the gold
colorimetric reagent. This kit was found to be accu-
rate, with 88.66% sensitivity and 90.63% specificity.
In other research, Capello et al. suggested the poten-
tial of serological testing and developed a rapid test
named VivaDiag COVID-19 IgM/IgG Rapid Test.*
In addition, Guo et al. developed an ELISA-based
method to test for the presence of IgM, IgG, and
IgA.** They verified that in COVID-19, IgM can be
detected at the d 5 after infection, and IgG at d14
(both are median days).”® A similar antibody kit
named COVID-19 (IgM, IgG, IgA) MICROLISA
was developed (J. Mitra & Co., New Delhi, India).*
The kit assesses IgA along with IgG and IgM that

increases overall assay sensitivity. The test is also
ELISA-based and takes ~ 90 min to complete. In ad-
dition to the above-mentioned antibodies, the Indian
Council of Medical Research and All India Insti-
tute of Medical Sciences, both in New Delhi, India,
have approved the use of antigen assay Standard Q
COVID-19 Ag detection kit (SD Biosensor, Gyeo-
nggi-do, Korea).*! This is a rapid chromatographic
immunoassay that yields results in ~ 30 min.*! The
use of serological assay along with current standard
qRT-PCR can be used to increase accuracy and re-
duce time in patient diagnosis.

C. CRISPR-Cas-Based Detection

Bacteria uses the CRISPR-Cas system as an im-
mune method to degrade foreign nucleic acid.
CRISPR with Cas works to degrade invading nu-
cleic acids in microbes.* This system has already
been modified for use with humans. With increased
frequency of epidemics, researchers explored
whether the system could be used as a detection
tool at point of care. Two different groups came
up with DETECTR (DNA endonuclease-targeted
CRISPR trans reporter) and SHERLOCK (spe-
cific high-sensitivity enzymatic reporter unlock-
ing), respectively.** The Myhrvold et al.* assay
uses Cas-13 enzyme collateral activity that non-
specifically cleaves positive strand (ss)RNA. The
SHERLOCK assay uses isothermal amplification
with Cas-13, an RNA-guided ribonuclease. It also
uses a complimentary system (i.e., HUDSON) to
reduce ribonucleases found in bodily fluids. HUD-
SON along with SHERLOCK helps to diagnose
at point of care itself. The detection system uses a
target specific known as CRISPR (cr)RNA and an
ssRNA fluorescent reporter. When crRNA binds at
the target site to viral nucleic acid, Cas-13 collateral
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endonuclease activity cuts the RNA probe to pro-
duce a positive signal. The method was developed
to detect Zika and Dengue virus.*

The DETECTR system developed by Chen
et al. uses similar collateral endonuclease activity
of enzyme Casl2a. However, the DETECTR sys-
tem cleaves ssDNA rather than RNA, which is the
case in SHERLOCK.*® The investigators modified
DETECTR so that it may be used to detect SARS-
CoV-2. Because SARS-CoV-2 is an RNA virus, that
team developed a complimentary system called RT—
loop-mediated isothermal amplification (LAMP), to
essentially perform RT and isothermal amplification
simultaneously. Chen et al. developed targeted crRNA
for Envelop protein gene (E£) and Nucleo capsid gene
(N) of SARS-CoV-2 for use in the DETECTR system
to identify the presence of SARS-CoV-2.4

Both systems that are based on CRISPR/Cas are
highly specific and sensitive.* Developed to be used
at point of care, they are easy to use with lateral flow
assay sticks. Such techniques can be very helpful to
manage viral outbreaks because detection time is
shorter, handling is easier, and results are reliable
(Table 3).

D. Nucleic Acid Amplification Test

The qRT-PCR technique can be used for highly sen-
sitive detection and analysis of viral transcriptional
activity in vivo and in vitro. An accurate assessment
of viral activity is critical to precisely understanding
either the pathogenetic steps involved in onset and
development of most viral diseases or in viral tissue
tropism.* PCR and qRT-PCR represent the methods
of choice for absolute quantitation of nucleic acids.
qPCR-based procedures extend potential applica-
tions of amplification assays in molecular biology
and virology. Because of its sensitivity and accuracy,
qRT-PCR is commonly used as a detection method
for several viral diseases in humans including hepa-
titis B and C viruses, human immunodeficiency vi-
rus (HIV)-1, Dengue, Ebola, SARS, and MERS.#
Like other PCR tests, qRT-PCR uses the principle of
targeted genome amplification and gives the signal
in the form of fluorescence in real time.

With the outbreak of the novel SARS-CoV-2,
it became imperative to develop a technique

Volume 49, Issue 1, 2021

27

accurate enough to diagnose and manage affected
patients. Therefore, QRT-PCR is currently consid-
ered to be the gold standard for diagnosing SARS-
CoV-2. The WHO recommends swab samples
from the nasopharynx, oropharynx, sputum, and
in some cases endotracheal aspirate from patients
with symptoms associated with COVID-19. The
test targets N, E, S, and RNA-dependent RNA
polymerase gene (RdRp) gene of the virus ascer-
tain infection; RdRp has the highest analytical
sensitivity.*

In addition to the widely used protocol of qRT-
PCR to be run on N, E, and RdRp of the virus, Chan
et al. developed a version of qRT-PCR to diagnose
SARS-CoV-2.% The new COVID-19—RNA-depen-
dent RNA polymerase/helicase RdRp/Hel assay is
claimed to be significantly more sensitive and spe-
cific than the available qRT-PCR technique to di-
agnose SARS-CoV-2 and does not cross-react with
SARS.#

The widely used sample for detection of
SARS-CoV-2 is obtained from the nasopharynx/
oropharynx. But investigations performed by
two different research groups suggest that a fe-
cal sample must also be tested before a patient is
released from a hospital.*’** These studies found
that although results from nasopharynx/orophar-
ynx samples were negative, fecal samples were
positive, suggesting an oropharynx-fecal route of
the virus.**

Although qRT-PCR is the standard confirmatory
test for COVID-19, it has its share of shortcomings.
Swab sample collection requires an expert and is not
always comfortable for patients. Sample collection
from lower respiratory areas can be painful. Storage
and transport of samples to a dedicated lab for testing
is an equally difficult task because sample handling
requires utmost care. The WHO has set different pa-
rameters for storage, transport, and handling of the
highly contagious samples. If the virus mutates, the
technique can become inaccurate or inconclusive.
Additionally, if samples are not accurately handled,
the technique is liable to give false positive or false
negative results. Because the technique takes nearly
4-6 hr to complete, testing a large number of people
is a difficult task and can yield inconsistent results
(Table 3).
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E. Improved the Diagnostic Approach to
Manage COVID-19

The outbreak of COVID-19 in mid-December 2020
in China placed the world on a debilitating hold and
jeopardized socioeconomic activities. Countries be-
gan to screen patients with ARDS-like symptoms to
rule out COVID-19 and prevent its transmission by
isolating diagnosed patients. However, they failed
to perform mass testing in a timely manner, and the
virus spread across countries. A situation like the
current pandemic demands a rapid, cheap, sensitive,
specific, accurate test that can be directly used at
point of care with minimal logistics and human-re-
source requirements. Although a specific, accurate,
and sensitive method, qRT-PCR requires a great deal
of expertise in collecting, handling, and running
samples. PCR takes at least 4—6 hr before it yields
results and its usage is greatly limited for testing a
large number of individuals. Another method that
can be used individually or along with qRT-PCR is a
serological test for [gM/IgG antibody analysis on a
card. The technique is simple and requires less time
and resources than qRT-PCR. However, a negative
result from an antibody test kit does not rule out the
possibility of COVID-19. Moreover, positive results
may suggest that infection has occurred but the re-
sult cannot be used to specify whether an individual
is COVID-19 positive at the time of sample collec-
tion; the IgG antibody can remain in the blood for a
long period of time, even after infection is resolved.
The Standard Q COVID-19 Ag (SD Biosensor) test
overcomes the limitation of antibody assays and
can be used for mass screening at affordable costs;
however, its sensitivity is dependent on patient viral
load.*! This pandemic requires extensive techniques
to contain virus spread. To reinforce the importance
of testing, we quote the WHO Director-General:
“You cannot fight a fire blindfolded. And we can-
not stop the pandemic if we do not know who is
infected.”*

F. Current Treatment for COVID-19
Recovery

To date, an accurate, specific, and direct treatment
is not yet available for SARS-CoV-2. Currently
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used drugs for treatment of this disease are based
on information that was previously obtained by ex-
posure to other members of this viral group (i.e.,
SARS- and MERS-CoV)."® In the current scenario,
the most common treatment protocols involve quar-
antines (isolation of patients suspected or confirmed
for COVID-19) and travel bans.*>' But these ap-
proaches contain limitations and if used heavily or
in an unorganized manner, they will be counterpro-
ductive. COVID-19 is targeted using CT imaging,
mechanical ventilation, intensive care unit admis-
sion, and indicative and sympathetic treatment ap-
proaches such as oxygen therapy (depending on
the condition) and therapeutic drugs,'>'®>? such as
an antiviral drug alone or in combination with an-
tibacterial drugs or use of monoclonal antibodies.'®
Drugs that are currently is use include remdesivir,
lopinavir/ritonavir alone or in combination with in-
terferon (IFN)-B, convalescent plasma, and mono-
clonal antibodies.™

The combination of HIV protease inhibitors
lopinavir and ritonavir may have potential to treat
the viral infection.®* Of these drugs, lopinavir acts
against the viral 3C-like protease and has uncertain
antiviral activity against SARS-CoV-2. The combi-
nation of lopinavir with ritonavir (to enhance bio-
availability) and immunomodulator IFN-B1b is in
clinical trials (ClinicalTrials.gov; NCT02845843)
to treat MERS. This combination, extensively avail-
able on a large scale, is used in various case reports
and case series against SARS-CoV-2.%

In a clinical trial of lopinavir-ritonavir for
SARS-CoV-2 infection no substantial progress was
found.> Drug efficacy was evaluated orally in a ran-
domized, organized, open-label trial named Lopina-
vir Trial for Suppression of SARS-CoV-2 in China
in COVID-19 adult patients and completed with
benefits below the standard of care.*

G. Artificial Intelligence and COVID-19

In the race to develop a robust system to test, di-
agnose, and curb the spread of COVID-19, we can
use artificial intelligence (Al) models to make re-
al-time decisions. Al models can reduce the time
taken to manually identify a Covid-positive test, an
X-ray scan, or CT scan. Al-driven models that are
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trained cross-population can be used in cross-coun-
tries.”® Cross-population trained tools mean that
an Al model is fed data from one country and the
data is used in a different country, creating a robust
and agile system.*® Al can accelerate the number of
COVID-19 scans (X-ray, CT, or magnetic resonance
imaging) in 1 d. Data from cities, states, and vil-
lages can be fed to Al-driven models to detect rate
of infection, location of clusters, and whether ongo-
ing quarantine measures are working. And the quest
does not stop there. Mukherjee et al. successfully
engineered a convolutional neural network—tailored
deep neural network. This structure was used to
train Al models to detect COVID-19 via CT scans.”’
Mukherjee et al. reported 96% accuracy with this
model of detection. This may accelerate develop-
ment of Al models for detection of COVID-19 on a
large scale.’” Such measures can help to make robust
decisions in real time to stop infection.*®

H. Therapeutic Possibilities for Preventing
COVID-19

Many research groups are working feverishly to de-
velop a safe and effective vaccine for COVID-19 by
exploiting the high level of genetic similarity be-
tween SARS-CoV and SARS-CoV-2, assuming that
successful vaccines against SARS-CoV may also be
effective against SARS-CoV-2. Researchers target
the glycoprotein spike (S) on the surface or S pro-
tein via S-protein and S-cleavage inhibitors, recep-
tor binding domain (RBD)-ACE2 blockers, small
interfering (si)RNAs, fusion core blockers, protease
inhibitors, and antibodies for neutralization. At-
tempts have been made to develop S-protein—based
CoV vaccines by exploring the complete S protein
or S1 RBD and expression in virus-like particles,
DNA, or viral vectors.” % Moreover, RNA synthe-
sis inhibitors (tenofovir disoproxil fumarate and
lamivudine), remdesivir, neuraminidase inhibitors,
peptide (EK1), anti-inflammatory drugs, abidol, and
Chinese traditional medicine (e.g., Lianhuagingwen
and ShuFengJieDu) serve as potential therapeutics
for COVID-19. Despite successful attempts at an-
ti-CoV actions via in vitro studies (mostly), these
agents cannot be used to treat COVID-19 due to
lack of adequate animal and clinical studies.*
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By exploiting information related to the biol-
ogy of SARS-CoV-2, agents such as cepharanthine
(CEP), selamectin, and mefloquine hydrochlo-
ride can be effective against COVID-19. CEP is
highly suggested to be a wide-range inhibitor of
pan-Betacoronavirus and is believed clinical trials
will prove it beneficial for COVID-19 patients.®

Epitopes for COVID-19 vaccine candidates
can be recognized using the immunoinformatics
method, which found substantial cytotoxic T-lym-
phocyte (CTL) and B-cell epitopes in the SARS-
CoV-2 S protein. In addition, molecular-dynamics
simulations found interactions among these epitopes
and their equivalent major histocompatibility com-
plex (MHC) class I molecules, confirming binding
of CTL epitopes with MHC class I peptide-binding
channels through several interactions and poten-
tial to produce an immune response.®® Thus, these
epitopes can be exploited to develop an effective
COVID-19 vaccine.

Exonuclease properties of nonstructural pro-
tein 14 can be deactivated or the envelope protein
in SARS can be deactivated via reverse genetic ap-
proaches to develop live-attenuated vaccines. The
avian live infectious bronchitis virus (IBV) vaccine
(strain H) was developed to neutralize avian IBV, a
chicken CoV that may have potential to serve as a
beneficial tool to neutralize SARS. H strain neutral-
izes the construction of antibody along with addi-
tional immune responses.” After ensuring vaccine
safety, it can be beneficial in stopping transmission
of COVID-19 infection.

Monoclonal antibodies (mAbs) can serve as
active tools to regulate CoV because they may di-
rectly interfere in exposed individuals, as found
in recovered patients. RBD-specific mAbs promi-
nently depend on resemblance among their RBDs
to cross-neutralize SARS-CoV. This is the main
reason that RBD-specific SARS-CoV antibodies
may cross-neutralize SARS-like (SL) CoVs, such
as bat-SL-CoV strain WIV1 RBD, which has eight
amino acid alterations compared to SARS-CoV but
is not effective against bat-SL-CoV strain SHCO014
(with 24 amino acid variances). Therefore, these
RBD-specific mAbs have potential to be assessed
further for neutralizing SARS-CoV-2. In addition,
combination a therapy of mAbs plus remdesivir
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may emerge as the model therapeutic prospect for
COVID-19.%

Other therapeutic alternatives could be as-
sessed for effectiveness against COVID-19. These
alternatives include identifying or screening mol-
ecules/neutralizing antibodies/mAbs that can bind
to specific virus receptors, interfere with S1 RBD,
antiviral peptide targeting S2 or inhibitors/siRNA,
antisense RNA and ribozyme to target particular
proteins/enzyme of virus replication/translation, in-
hibitors to target helicase/proteases, additional virus
proteins, and host cell endocytosis.®'*® In addition,
a number of anti-CoV compounds are available, but
most are in the preclinical stage and require further
assessment. Some of these compounds/agents are
in clinical trials (phase III) for COVID-19, such
as remdesivir, oseltamivir, ASCO9F (HIV prote-
ase inhibitor), lopinavir, ritonavir, darunavir, and
cobicistat.®

V. CONCLUSIONS AND FUTURE
PROSPECTIVES

Improved diagnosis and treatment are crucial to
overcome the threat of this pandemic. Research-
ers/experts around the world suggest development
of a more specific serological test to rule out the
possibility of COVID-19 and can be used for mass
testing. The use of technologies developed using
CRISPR such as SHERLOCK and DETECTR can
be candidates for COVID-19 diagnosis as well. Be-
cause tests developed with the use of CRISPR-Cas
are accurate and specific, their mass production
will certainly help in widespread testing at point of
care itself, with minimal expertise and logistics re-
quirement. Because sample collection in the case of
qRT-PCR can be uncomfortable and CRISPR-Cas
just needs a drop of blood to run, this makes it more
patient friendly. CRISPR-Cas might just be the ideal
candidate for SARS-CoV-2 diagnosis, but it must be
cost effective or the whole point of mass testing will
be defeated. SARS-CoV-2 infection initiated severe
societal damage with adverse effects on the public’s
lives and economies globally. It is a matter of criti-
cal concern to develop prompt detection/diagnostic
approaches and appropriate treatments to prevent,
control, and neutralize this pandemic virus urgently.

Mughees et al.
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