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Abstract

COVID-19 is a disease caused by SARS-CoV-2 capable of causing mild to severe infections in humans. Since its first appearance
in China in December 2019, the pandemic has spread rapidly throughout the world. Despite considerable efforts made to contain
the disease, the virus has continued its prevalence in many countries with varying degrees of clinical manifestations. To contain
this pandemic, collaborative approach involving accurate diagnosis, epidemiology, surveillance, and prophylaxis is essential.
However, proper diagnosis using rapid technologies plays a crucial role. With increasing incidence of COVID-19 cases, the
accurate and early detection of the SARS-CoV-2 is need of the hour for effective prevention and management of COVID-19
cases as well as to curb its spread. RT-qPCR assay is considered to be the gold standard for the early detection of virus, but this
protocol has limited application to use as bedside test because of its technical complexity. To address these challenges, several
POC assays have been developed to facilitate the COVID-19 diagnosis outside the centralized testing laboratories as well to
accelerate the clinical decision making with a least turnaround time. Hence, in this report, we review different nucleic acid-based
and serological techniques available for the diagnosis and effective prevention of COVID-19.

Key points

* Provides comprehensive information on the different diagnostic tools available for COVID-19
* Nucleic acid based tests or antigen detection tests are used for diagnostic purpose

* Accurate diagnosis is essential for the efficient management of COVID-19
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Introduction coronavirus-2 (SARS-CoV-2), was first detected in China on
31 December 2019 (Wang et al. 2020a). Within a short span of
The outbreak of Coronavirus Disease 2019 also known as time, SARS-CoV-2 has raced around the globe, and on 30th
COVID-19, due to novel severe acute respiratory syndrome  January 2020, the World Health Organization (WHO) officially
declared the COVID-19 epidemic as a public health emergency
of international concern (Karunasagar and Karunasagar 2020).
Praveen Rai, Ballamoole Krishna Kumar and Vijaya Kumar Deekshit The number of infected cases and deaths due to COVID-19 is
contributed equally to this work. rising alarmingly and on 22nd July 2020, there are more than
1,47,65,256 confirmed cases with over 6,12,054 deaths across
200 countries(mortality rate approximately 3.7%) (WHO 2020).
Coronaviruses are enveloped, positive single-stranded
RNA genome (26 to 32 kb) viruses belonging to the
Coronaviridae family in the Nidovirales order (Su et al.
' Nitte (Deemed to be University), Division of Infectious Diseases, 2016). Till date, there are four genera, i.c., alpha (), beta
Nitte University Centre for Science Education and Research (B), gamma (y), and delta (8), of the virus that have been
(NUCSER), Pancer Campus, Deralakatte, recognized (Perlman and Netland 2009). However, the novel
Mangaluru, Karnataka 575018, India ; .
SARS-CoV-2 belongs to the genera of (3-coronavirus with a

Nitte (Deemed to be University), University Enclave, Medical . i :
Sciences Complex, Deralakatte, Mangaluru 575018, India RNA genome size 0f 29.9 kb (Wu et al. 2020). SARS-CoV-2
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shows 88% nucleotide sequence identity to the two bat-
derived SARS-like coronaviruses (bat-SL-CoVZC45 and
bat-SL-CoVZXC2) and about 79% similarity to the SARS-
CoV and 50% to the MERS-CoV (Lu et al. 2020). There are
growing numbers of reports that indicate that the genome of
SARS-CoV2 has undergone evolutionary changes and diver-
sification during the geographic dissemination process. The
pan-genomic analysis of global SARS-CoV-2 isolates has re-
vealed the identification of several genomic regions with in-
creased genetic variation, and distinct mutation pattern
(Korber et al. 2020; Kumar et al. 2020). The genome charac-
terization of Indian SARS-CoV-2 by our group showed ge-
netic variation in the SARS-CoV-2 circulating in India, which
is extensively dominated by G614 genotype with a strong
correlation to CFR of COVID-19 posing enormous challenge
for the effective prevention and management of COVID-19
cases in India (Kumar et al. 2020). According to the recent
evidence, it is observed that SARS-CoV-2 virus is primarily
transmitted between humans by inhalation or contact with
infected droplets with the incubation period ranging from 2
to 14 days (Lin et al. 2020; Liu et al. 2020; Rohit et al. 2020).
SARS-CoV-2 infection has a broad range of clinical manifes-
tations varying from asymptomatic to symptomatic including
respiratory symptoms, fever, shortness of breath, cough, dys-
pnea, and viral pneumonia and in severe cases, pneumonia,
severe acute respiratory syndrome, heart failure, renal failure,
and even death (Huang et al. 2020a). However, the main cause
of death related to COVID-19 is respiratory failure, followed
by septic shock, renal failure, and hemorrhage and heart
failure.This review provides a unique up-to-date and compre-
hensive overview on the performance of different nucleic
acid-based and serological techniques currently available for
the diagnosis of COVID-19.The information presented in this
review is hoped to help physicians and clinical microbiolo-
gists select a suitable technique for COVID-19 diagnosis and
clinical management.

Diagnosis of COVID-19

The clinical manifestation of novel SARS-CoV-2 (or COVID-
19) is highly variable from individual to individual, with
asymptomatic to acute respiratory distress syndrome and
multi organ failure. Hence, the accurate diagnosis of
COVID-19 is challenging. The routine clinical diagnosis of
COVID-19 is primarily based on epidemiological history,
clinical manifestations, and confirmed by a variety of labora-
tory detection methods, including computed tomography (CT)
scan, nucleic acid amplification test amplification test
(NAAT), and serological techniques (Corman et al. 2020;
Wan et al. 2020). A graphical abstract depicting the various
analytical methods available for the diagnosis of COVID-19 is
mentioned in Fig. 1 and their technical details are discussed

@ Springer

here below. For early screening or diagnosis of SARS-CoV-2
infection, specimens such as nasopharyngeal and/or oropha-
ryngeal swab, bronchoalveolar lavage fluid, sputum, bronchi-
al aspirate, or blood are generally recommended (Chan et al.
2004; Kim et al. 2011; Zou et al. 2020).

There are many viruses’ especially severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV) that also causes up-
per and lower respiratory tract infections and shows overlap-
ping clinical symptoms; therefore, it is difficult to differentiate
SARS-CoV-2 infections from other viruses causing respirato-
ry infections. Hence, laboratory examination is very essential
along with clinical and epidemiological assessments for accu-
rate and rapid diagnosis of the causative agent. This is also
known to improve quarantine efficacy.

Computed tomography

The chest computed tomography (CT) is currently one of the
first live imaging techniques to detect pneumonia-related ill-
nesses. It has been widely used earlier for the detection of lung
abnormalities in SARS and MERS and found to be more
sensitive than X-rays (Memish et al. 2014; Rao et al. 2003).
Recently, the technique has also been utilized for the diagnosis
of COVID-19 in hospitals. However, the technique has its
own limitations. For instance, in a retrospective study con-
ducted in Hong Kong on 64 patients, chest radiography
showed a sensitivity of 69% when compared to 91% in RT-
PCR. Among the RT-PCR positive cases, 20% did not show
any lung abnormalities on chest radiograph (Wong et al.
2019). Conversely, in another study, 75% of the RT-PCR
negative cases showed chest CT findings with 48% likely to
be positive for COVID19 (Ai et al. 2020). In addition, chest
computed tomography alone could lead to false positive re-
sults since it can overlap with other infections such as influ-
enza, SARS, and MERS. Considering all these points, most of
the health commissions have recently eliminated chest CT
scanning as a criterion for the diagnosis of suspected cases
of COVID-19. However, these ambiguities in the diagnosis
can be effectively overcome by using a combination of both
chest CT scanning and RT-PCR techniques. In addition, chest
CT imaging could also become a useful tool in monitoring
COVID-19 progression and therapeutic effect in clinical
settings.

Nucleic acid amplification test

Nucleic acid amplification tests (NAAT) are the most sensi-
tive assays and generally preferred test to detect early viral
infections because viraemia is usually seen early in the course
of a disease. The different types of NAAT assays, such as
reverse transcriptase real-time PCR (RT-qPCR), loop-
mediated isothermal amplification-based assay (RT-LAMP),
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Fig. 1 Schematic representation
of various analytical methods
available for SARS-CoV-2
detection

Imaging

Chest CT

microarray, and high-throughput sequencing have been devel-
oped for the rapid and accurate diagnosis of COVID-19.
However, NAAT demands high quality of SARS-CoV-2
RNA.

Reverse transcriptase real-time polymerase chain reaction

Probe-based RT-qPCR has been considered to be the gold
standard method for SARS-CoV-2 detection and currently
one of the most widely used test in many countries for screen-
ing the populations as recommended by WHO and CDC (Chu
et al. 2020; Corman et al. 2020; Loeffelholz and Tang 2020).
After the first outbreak, several RT-qPCR assays have been
deployed for the detection of SARS-CoV-2 from clinical sam-
ples. RT-qPCR assay were developed targeting different
genes such as RNA dependent RNA polymerase(RdRp) gene,
nucleocapsid (N) gene, envelope (E) gene, spike (S) gene, and
ORF1b or ORF8 regions of the SARS-CoV-2 genome
(Table 1) (Chan et al. 2020; Corman et al. 2020; Konrad
et al. 2020; Reusken et al. 2020). The WHO recommends
RT-qPCR-based assay targeting E gene for screening of
SARS-CoV-2 followed by a confirmatory test targeting the
RdRp gene (Corman et al. 2020). Whereas CDC advocated
RT-qPCR assay was based on two nucleocapsid protein genes
(N1, N2) (Holshue et al. 2020).

In addition, inclusion of two or more genes such as E,
RdRp, and ORF-1b-nspi4 in the RT-qPCR reaction could
lead to enhanced identification of true positives. However,
testing for more SARS-CoV-2 genes for confirmatory results
would be laborious and time consuming because of continu-
ous rise in the suspected cases throughout the world. This can
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be easily avoided by targeting highly specific region of the
virus genome that could even detect the virus at a very low
concentration. A recent report by Alagarasu et al. revealed a
better performance of ORF-1b-nsp14-based assay when com-
pared to RdRp-based assay (Alagarasu et al. 2020). Similarly,
it is also reported that a modified RdRp-helicase-based qPCR
assay was highly successful in detecting 35% more positive
cases of SARS-CoV-2 when compared to RdRp-based assay
(Chan et al. 2020). Some studies have also suggested that the
lower sensitivity of RdRp-based assay might be due a degen-
erate base present at the 12th position of reverse primer (Lim
et al. 2020; Vogel et al. 2020). The test protocol of all the
above-mentioned nucleic acid-based techniques is complex
and expensive which demands high-end experimental instru-
ments, testing reagents, and skilled research personnel; hence,
it cannot be deployed as point-of-care diagnostic or bedside
test in resource-limited settings. Moreover, the tests typically
take 4-6 h to complete, but the logistical requirement to ship
clinical samples takes turnaround time more than 24 h that
delays reporting. In addition, RT-qPCR result highly depends
on the quality of viral RNA and in some cases the test cases
test needs to be repeated 2 to 3 times for further confirmation.
The Limit of detection of most assays is between 3.4 to 4.5
log; copies/mL (LeBlanc et al. 2020). Though most tests use
two gene targets, positivity in gene is considered adequate and
this has been incorporated into some national case definitions
eg in Canada (http://health.gov.on.ca/en/pro/programs/
publichealth/coronavirus/docs/2019 case_definition.pdf).
Test results depend on sample and highest detection rates were
reported from brocheoalveolar lavage fluid, sputum, and nasal
swabs (Wang et al. 2020c). Though, there are some
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shortcomings, use of RT-qPCR for the diagnosis of COVID-
19 is still considered as the gold standard.

Reverse transcription loop-mediated isothermal
amplification

Loop-mediated isothermal amplification (LAMP) is a PCR-
based nucleic acid amplification, which has the ability to spe-
cifically amplify the target sequence very efficiently, rapidly
under isothermal conditions. The method relies on the use of
four-six different primers which recognize specific four or six
regions on the target gene and Bst DNA polymerase that elon-
gates the chain at constant temperature by using strand dis-
placement mechanism. Amplification by this method can oc-
cur in a conventional water bath/heating block, and the ampli-
fied product can be visually identified by adding a fluorescent
dye. Since SARS-CoV-2 is an RNA virus, a reverse transcrip-
tion step is required (RT-LAMP). After the outbreak, several
RT-LAMP assays have been developed and validated for
point-of-care diagnosis of COVID-19 (Broughton et al.
2020; El-Tholoth et al. 2020; Huang et al. 2020b; Lamb
et al. 2020; Park et al. 2020; Weihua et al. 2020; Yan et al.
2020; Yu et al. 2020). Park et al. have developed RT-LAMP
for the detection of SARS-CoV-2 targeting the Nsp3 region of
the virus. The technique could detect as low as 100 copies per
reaction of SARS-CoV-2 RNA (Park et al. 2020). However,
another research group in Japan evaluated a commercially
available RT-LAMP (Loopamp® 2019-SARS-CoV-2
Detection Reagent Kit; http://loopamp.eiken.co.jp/), that
showed a high sensitivity with detection limit of 1.0 x 10"
copies/puL within 35 min. In addition, RT-LAMP-based

+ Primers

+ Reverse Transcriptase
+ Viral RNA
@R
e
e
{ T "

Extractedviral RNA RT-RPA/RT-LAMP

'-lr» ‘¢ - + TwistAmp Basic RPA kit
\

Sample

method-iLACO (isothermal LAMP based method for
COVID-19) targeting ORF1lab gene using 6 primers devel-
oped by Yu et al. (2020) was found to detect SARS-CoV-2
as low as 10 copies per reaction (Yu et al. 2020). Similarly, a
combination of RT-LAMP with clustered regularly
interspaced short palindromic repeats (CRISPR)-based
DETECTOR technology was also developed for the rapid
detection (3040 min) of SARS-CoV-2 in clinical samples
with the limit of detection of 10 copies per microliter
(Broughton et al. 2020). In spite of the development of many
RT-LAMP-based molecular techniques, very few have been
commercialized due to cross reactivity and lack of sensitivity
in the assays (Zhang et al. 2020b).

Nevertheless, the technique like RT-LAMP does not re-
quire skilled personnel or high-end equipments. However, it
is important to look for multiple targets of SARS-CoV-2 for
the optimum utilization of the technique. Since the accuracy of
RT-LAMP will also be affected by the mutations at the primer
binding region of the virus, it is necessary to avoid these
mutation sites while designing the primers to increase the rate
of detection.

CRISPR-based diagnosis

Clustered regularly interspaced short palindromic repeats has
gained popularity with in the scientific community as a ge-
nome editing tool, but now slowly gaining their potential in
diagnostic applications (Chertow 2018; Li et al. 2019).
CRISPR requires guide RNA which binds to target comple-
mentary sequence and nuclease enzyme cleaves at the precise
site. CRISPR components are used for biosensing nucleic

Visual detection

. Control i

Test lil

i
Hin [

No target (-)

Lateral flow detection ~ Agarose gel detection

Time (s)

Fig. 2 Schematic representation of CRISPR-Cas12a based SARS-CoV-2 detection assay
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acids from different pathogens including bacteria and viruses.
In case of viral nucleic acid detection, a small RNA fragment
called guide RNA (gRNA), which will in turn bind to the
target segment of viral gene. Then, special CRISPR-
associated nucleases such as cas9, cas12, or cas13 will be used
for cutting the target molecule (Fig. 2).

Many researchers have attempted to use the CRISPR-based
detection system for detection of SARS-CoV-2. For instance,
a study by Zhang et al. (2020b) used CRISPR-based detection
system (SHERLOCK) (Specific High sensitivity Enzymatic
Reporter unLOCKing) with isothermal recombinase polymer-
ase amplification (RPA) could detect single molecule per mil-
liliter within 1 h (Zhang et al. 2020a). In this technique, cas13
was used for the detection of amplified products of S and
Orflab gene of SARS-CoV-2. This assay developed by
Sherlock Biosciences became the first FDA-approved
CRISPR technology on the market. Another CRISPR diag-
nostic company, Mammoth Biosciences, used combination of
RT-LAMP with CRISPR-casl12-based technique, which
could detect 10-100 copies of viral RNA per microliter in
40 min. Till date, this the fastest test developed by
Mammoth Biosciences for the detection of SARS-CoV-2
(Broughton et al. 2020). This technique targets the envelope
gene of SARS-CoV-2 and results can be analyzed by fluores-
cence or/through lateral flow method. Further, Ding et al.
(2020) developed a rapid, ultrasensitive all in one dual
CRISPR/Cas12a (AIOD-CRISPR) assay, which utilizes dual
crRNAs targeting two regions of the viral N gene (Ding et al.
2020) with limit of detection of 4.6—-11 copies/microliter.
Further, a recently developed bed side assay FELUDA
(field-deployable nucleobase detection and identification
using FnCas9) utilizes FnCas9 could detect as low as 110
femtomolar nucleic acid of the virus (Azhar et al. 2020).
Even though all these advanced molecular diagnostic methods
have shown promising results, it is important to carefully val-
idate these tools for its efficient field application.

Cartridge-based nucleic acid amplification test and TrueNAT

Cartridge-based nucleic acid amplification test (CBNAAT) is
a technique which uses the GeneXpert technology for the
diagnosis of tuberculosis (TB). This cartridge-based nucleic
acid amplification is a fully automated amplification system,
which utilizes real-time PCR. However, due to abrupt raise in
the COVID-19 cases, Indian Council of Medical Research
(ICMR) has approved the use of CBNAAT to detect
COVID-19 cases (https://www.icmr.gov.in/pdf/covid/labs/
Cepheid Xpert Xpress SARS-CoV2 advisory v2.pdf).
This technique targets E gene and N2 gene of the SARS-CoV-
2 for screening and confirmation, respectively. Another
nucleic acid-based test called TrueNAT targeting E gene for
screening and RdRp gene for confirmation of COVID-19

@ Springer

cases has also been approved by ICMR. This technology
mainly uses chip-based tools and takes up to 1 h for the test.

In addition to all the above molecular techniques, the next-
generation sequencing of clinical specimen from the COVID-
19 infected patients would allow rapid identification of SARS-
CoV-2 and other pathogens contributing secondary/co infec-
tions that otherwise known to enhance the severity of SARS-
CoV-2 symptoms. Metagenomic approach would help not
only in pathogen detection but also provides genetic informa-
tion, which further led to the better understanding of viral
evolution, molecular epidemiology, and contact tracing. In
addition, genetic sequencing allows us to assess the rate of
genetic mutations of SARS-CoV-2; this information is very
useful in determining the antiviral and vaccine efficacy.

The Ilumina COVIDSeq is an amplicon-based NGS-based
detection platform approved by US Food and Drug
Administration (US-FDA) for the qualitative detection of
SARS-CoV-2 from respiratory specimens collected from the
suspected COVID-19 patients. This detection method utilizes
different sets primers and probes leveraged from ARTIC mul-
tiplex PCR protocol (Itokawa et al. 2020) combined with
[llumina sequencing technology. The COVIDSeqtest accom-
modates up to 3072 samples in single run on a NOVASeq
with a turnaround time of 12 h (https://www.illumina.com/
products/by-type/clinical-research-products/covidseq.html).
Similarly, the Thermo Fischer Scientific has launched Ion
AmpliSeq SARS-CoV-2 research panel that facilitates analy-
sis of SARS-CoV-2 genome and provides high throughput
workflow for monitoring the viral evolution. This research
panel consists of two pools of amplicons ranging from 125
to 275 bp targeting more than 99% of the SARS-CoV-2 ge-
nome (https://thermofisher.mediaroom.com/2020-05-06-
Rapid-COVID-19-Genome-Sequencing-Aids-Outbreak-
Investigations). This assay requires 1 ng of viral RNA.

Oxford nanotechnology has introduced long-read sequenc-
ing platform which has demonstrated substantial benefits of
analytical innovations over the currently existing methods for
the genome sequencing. Moore et al. has demonstrated the
application of Minlon based amplicon and metagenomic se-
quencing to identify SARS-CoV-2 and other microbes asso-
ciated with COVID-19 illness (Moore et al. 2020). The study
of Wang et al. has reported nanopore target sequencing (NTS)
to SARS-CoV-2 and other pathogens simultaneously from
respiratory specimens within 10 h (Wang et al. 2020b). The
developed method has shown considerably higher sensitivity
of detecting 10 viral copies per mL of sample. As this tech-
nology is designed to amplify log read sequences, it is impor-
tant to consider the limitation of this technology in detecting
short fragments of SARS-CoV-2 genome from highly degrad-
ed samples (Wei et al. 2018; Wilson et al. 2019).

Recently, FDA approved SARS-CoV-2 Droplet Digital
PCR (ddPCR) Kit developed by Bio-Rad Laboratories for
the diagnosis of COVID-19. The developed assay detected
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as low as 0.260 to 0.351 copies/pL for genetic markers, N1
and N2.This assay was found to be highly successful in de-
tecting virus in the early stage of infection wherein viral load
is usually less. This further helps in resolving the problem of
indeterminate test results (https://www.bio-rad.com/featured/
en/sars-cov-2-covid-19-testing-solutions.html).

Serological assays

Detecting the antibodies against a virus in infected individ-
uals is one of the most important diagnostic methods in dis-
ease surveillance. Though RT-qPCR is the most established
technique in detecting the SARS-CoV-2 active cases, viral
RNA becomes almost undetectable 14 days post-illness; be-
sides, false-negative results may also arise due to improper
handling of viral samples. These challenges warrant the de-
velopment of simple testkits based on the detection of human
antibodies generated in response to viral infection. The fun-
damental principle behind antibody-based immunodiagnos-
tic is the detection of antibodies developed in response to
viral infection (IgG and IgM) and/or, viral antigen through
enzyme-linked immunosorbentassay (ELISA). Studies have
shown that antigen-specific antibody could be detected in a
patientafter 3 to 6 days, and IgG could be detected at the later
stages of an infection. The application of these tests has the
ability to provide information on both active and past infec-
tions and can be ramped up to analyze thousands of samples
at labs with resource-limited settings. Moreover, it can be
deployed for the disease surveillance programs to gain a bet-
ter understanding of the rate of infection among the commu-
nity. Although the serological tests have the ability to pro-
vide information on both active and past infections, its effi-
ciency in confirming SARS-CoV-2-specific antibodies re-
sponse to capture past infections is well established (Lee
et al. 2010; Wang et al. 2003). Studies conducted in China
showed that virus-specific antibodies titer is significantly
lower in the asymptomatic group compared to the symptom-
atic COVID-19 patients (Long et al. 2020). In symptomatic
COVID-19 patients, the medium duration for detection of
IgM and IgA antibodies was 5 days and [gG was detected in
14 days. The detection efficiency of IgM ELISA was higher
than that of RT-qPCR after 5.5 days of symptom onset (Guo
etal. 2020). Presence of IgM antibodies indicates recent ex-
posure to viral infection, whereas IgG antibodies indicate
previous exposure to SARS-CoV-2 viral infection. Thus
the immunodiagnostic assays are also very critical to support
the development of vaccines against COVID-19. This fur-
ther helps in identifying extent of infection in people without
active infection. Given the incredible demand for the rapid
test for the diagnosis of COVID-19 infections, R&D firms
around the world have launched many rapid diagnostics with
varying degrees of sensitivity.

Enzyme-linked immunosorbent assay

There exist several ELISA-based methods with high levels of
reproducibility and enduring sensitivity which makes the test
an excellent tool for the diagnosis of various infectious dis-
eases. The test can be qualitative or quantitative, with the
turnaround time of around 1-5 h. An overview of sandwich
and indirect ELISA assay for the detection of SARS-CoV-2
antigens and human antibody against SARS-CoV-2 antigens
are shown in Figs. 3 and 4. Recently, IgG and IgM-based
ELISA kit (EDI™ Novel Coronavirus COVID-19 ELISA
Kit) was developed by Epitope Diagnostics Inc for the detec-
tion of SARS-CoV-2 infection. EDI™ Novel Coronavirus
COVID-19 IgM ELISA kit utilizes “IgM capture” method
on microtiter plate-based ELISA for the qualitative measure-
ment of the COVID-19 IgM antibody in the patient serum. In
this assay, test samples are added to the microtiter plate, which
was precoated with anti-human IgM-specific antibodies.
Immunocomplex of “Anti-hIgM” antibody and COVID-19
IgM antibody will be detected by HRP labeled recombinant
COVID-19 antigen. In the case of EDI™ Novel Coronavirus
COVID-19 IgG ELISA Kit, the test utilizes ELISA plate coat-
ed with SARS-CoV-2 recombinant nucleocapsid protein to
detect the presence of human IgG against SARS-CoV-2 in
the test sample. Clinical validation of the EDI™ Novel
Coronavirus COVID-19 ELISA Kits demonstrated high “true
positivity”” among the RT-PCR confirmed COVID-19 patients
(Bundschuh et al. 2020). In India, the National Institute of
Virology, Pune, in collaboration with Zydus Diagnostics,
has developed an indigenous IgG-based ELISA (COVID
KAVACH ELISA) for antibody detection for COVID-19.
Preliminary validation of the COVID KAVACH ELISA is
shown to have high sensitivity and specificity in detecting
SARS-CoV-2 infection. In addition to the above-mentioned
ELISA kits, there are few other ELISA Kkits available in the
market for the diagnosis of SARS-CoV-2 infection by analyz-
ing IgM and IgG antibodies (Table 2).

Point-of-care assay

Recent years have witnessed significant growth in the global
market for point-of-care solution for infectious disease point-
of-care (POC) test is performed at the patient’s bedside or near
the site and has a rapid turnaround time which facilitates better
disease diagnosis, monitoring, and change in the management
of patient care (Kozel and Burnham-Marusich 2017). As a
result of continuous development in the R&D sector, several
POC testing platforms based on lateral flow assays, biosen-
sors, microfluidic, bioanalytical platforms, and lab-on-a-chip
technologies are available for the rapid detection of analytes
near to the patient. Growing COVID-19 pandemic and the
dearth of molecular testing capacity, as well as reagents
around the world, demand the development of POC test for
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the rapid diagnosis of COVID-19, thereby aiding to establish
infection control measures. In response to this, 233 POC as-
says are commercially available or in development for the
diagnosis of COVID-19 worldwide (https://www.finddx.org/
covid19/pipeline/?avance=all&type=Rapid+diagnostic+
tests&testtarget=all&status=all&section=
immunoassays&action=default#diag_tab). These could detect
SARS-CoV-2 antigen like spike protein or antibodies against
viral antigens.

Lateral flow immunoassay

Lateral flow immunoassays are the handheld portable POC
platform for the rapid detection of an analyte and being used
in biomedical, veterinary, agriculture, and food industries.
This assay works based on the principle of antigen-antibody
reactions, where the sample to be analyzed is placed on a test
device, and the results are displayed within 5—15 min (Fig. 5).
The main advantage of Lateral flow immunoassays is that the
ease of performing test outside of the clinical laboratory,
which make the assays the superior without burdening the
capacity of the laboratories. In response to public health emer-
gency due to COVID-19, researchers around the world put an
effort to develop lateral flow immunoassays to detect antibod-
ies to SARS-CoV-2 or viral antigens (https:/www.medrxiv.
org/content/medrxiv/early/2020/05/07/2020.04.15.20066407.
full.pdf). Various types of lateral flow immunoassays for the
detection of COVID-19 and their features are given in Table 2.
A comparative evaluation of the three different lateral flow
immunoassays for the detection of COVID-19 showed an
overall clinical sensitivity of 70% without any significant dif-
ferences between the three different assays (Montesinos et al.

Addition
of sample
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polyclonal antibody

@ SsARs-CoV-2 antigen

Y Polyclonal antibody against viral antigen

* Monoclonal antibody against viral antigen

! HRP conjugated secondary antibody

3 xwash *
(im/ \é&)—>
Addition of Mab

2020). Mertens and colleagues at CorisBioConcep, Belgium,
have developed a lateral flow immunoassay (COVID-19 Ag
Respi-Strip) for the rapid detection of SARS-CoV-2 antigen
from nasopharyngeal specimens (Mertens et al. 2020). This is
the only available POC assay which targets the highly con-
served nucleoprotein region of SARS-CoV-2 and capable of
detecting the antigens in 15 min with an overall sensitivity and
specificity of 57.6 and 99.5%, respectively.

Chemiluminescence immunoassay

Over the past few years, chemiluminescence immunoassay
(CLIA) has gained increasing attention as a rapid and sensitive
POC test in different fields, including clinical diagnosis. The
detection of the analyte is based on the reaction wherein en-
zymes used for the immunochemical reaction converts the
chemiluminescence substrate to a reaction product, which
emits a photon of light instead of color development (Chen
et al. 2012). Based on this principle, few CLIAs are available
for the detection of serum immunoglobulin IgG and IgM
against SARS-CoV-2 (Cai et al. 2020; Infantino et al. 2020;
Wan et al. 2020). The performance of four different chemilu-
minescence immunoassay systems for the detection of
COVID-19 showed varying degrees of diagnostic accuracy,
thereby suggesting the necessity of performance evaluation
diagnostic test before actual use (Wan et al. 2020).

Conclusion

Currently, a range of nucleic acid-based and antigen/antibody
based tests and available for detection of SARS-CoV-2

LL

3 x wash 3 xwash
Addition of HRP @, | additionof
conjugated substrate
antibody
Additionof 5 N
H,SO,
Read at 450

Fig. 3 An overview of sandwich ELISA assay for the detection of SARS-CoV-2 antigens
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Fig. 4 An overview of indirect ELISA assay for the detection of human antibody against SARS-CoV-2 antigens

infection. While nucleic acid-based tests or antigen detection
tests are used for diagnostic purpose, antibody detection tests
may be used for assessment of exposure to the virus or for
sero-surveillance of populations. Nucleic acid-based tests and
antigen/antibody detection tests vary widely in sensitivity.
Most nucleic acid-based tests depend upon use of two gene
targets, but in some countries, single target detection is con-
sidered adequate. Even the results of a nucleic acid-based test
depend on the sample used with highest rates of detection
obtained in broncheoalveolar lavage, sputum, and nasal
swabs. But this might depend on the stage of infection. In

Analyte

Test Line

Sample Pad Conjugate Pad

asymptomatic and pre-symptomatic individuals, nasal swabs
or sputum is generally used. Currently, RT-qPCR remains the
frontline and gold standard technique for the detection of
SARS-CoV-2 infection. However, due to the limited capacity
of laboratory-based molecular testing and high turnaround
time, we propose that newer rapid point-of-care technologies
such as RT-LAMP and other isothermal amplification tech-
niques may serve as an alternative detection modality for the
screening of SARS-CoV-2 infection in highly populated
countries including India. Chip-based (nucleic acid-based)
tests have been validated for performance and are being

Control line

Wick
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Y Human anti-SARS-CoV-2 IgG
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/. SARS-CoV-2 Antigen

Y Anti-Goat IgG antibody

Fig. 5 Lateral flow immunoassay for the detection of human anti-SARS-CoV-2 IgM or IgG antibody
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widely used in India. Antigen detection tests have lower sen-
sitivity compared to nucleic acid-based tests and negative re-
sults need to be reconfirmed by RT-PCR or other nucleic acid-
based tests. However, point-of-care tests are still under devel-
opment and following validation, these point-of-care tests
could become available in the near future.
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