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Abstract The novel coronavirus SARS-CoV-2 is the sev-
enth known species of coronavirus, infectious to human
beings. The pandemic COVID-19 spread all over the world
with an unprecedented spreading rate after its first
appearance in Wuhan, China. As a novel viral disease there
in no antiviral treatment or vaccine for the COVID-19. At
present, the early detection and the quarantine of infected
patients are the ways to stop the spreading of the disease.
This review will discuss about the current invitro diag-
nostic methods used worldwide for the early and accurate
diagnosis of COVID-19. Currently the nucleic acid based
polymerase chain reaction is used as the reliable diagnostic
platform and antigen/antibody detection immunoassays are
playing the role of screening tests for early detection and
prognosis in COVID-19 treatment.
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Introduction

The Coronavirus disease 2019 (COVID-19) is the latest
pandemic gaoling the humanity, having very high spread-
ing rate and approximately 5-6% of mortality worldwide.
This novel beta coronavirus is an enveloped non-seg-
mented positive sense RNA virus. The Severe Acute Res-
piratory Syndrome Coronavirus-2 (SARS-CoV-2) genome

<l R. Arun Krishnan
arunkvm123 @gmail.com

R&D Reagent Department, Agappe Diagnostics Limited,
Cochin, Kerala, India

structure comprises single stranded RNA with nucleocap-
sid protein which are enclosed by membrane proteins,
envelope proteins and spike glycoproteins [1] (Fig. 1). Asa
coronavirus, the SARS-CoV-2 has high similarity with
other viruses like SARS-CoV and MERS-CoV [2]. The
entry of the novel coronavirus to host is through the
interaction between the densely glycosylated spike proteins
to the receptors on host cell membrane. The spike glyco-
protein is a trimeric class I fusion protein consisting S1 and
S2 domains [3]. It is reported that there is 55% similarity in
S1 domain of spike glycoproteins among SARS-CoV-2 and
SARS-CoV and 91% similarity in case of S2 domain. It is
evident that the SARS-CoV-2 can infect the human respi-
ratory epithelial cells through interaction of spike protein
with the human ACE2 receptor. [4].

The coronaviruses are large RNA viruses (65-125 nm in
diameter) come under the Coronaviridae family in the
Nidovirales order. Normally the coronavirus genome con-
tains six open reading frame (ORFs) which encodes for the
structural as well as accessory proteins in the virus. The
nucleocapsid protein (N-protein) in the coronavirus binds
to RNA genome and forms a capsid around the enclosed
nucleic acid. The function of N-protein includes the
interaction with membrane protein during viral assembly,
assists in RNA synthesis/folding and affects host cell
responses, including cell cycle and translation. The struc-
tural and accessory proteins are essential for viral replica-
tion, genome maintenance and pathogenesis of the virus.

[5].
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Fig. 1 Schematic diagram of
SARS-COV-2

Current Molecular Diagnostic Techniques
for COVID-19

The currently available invitro diagnostic techniques can
be broadly classified into (1) Nucleic acid based assays and
(2) Serological assays. These are described below.

Nucleic Acid Based Assays

At present the most widely used approved test for the
diagnosis of COVID-19 is the Polymerase Chain Reaction
(PCR). Two different strategies are in use for PCR based
assays; the Reverse Transcriptase PCR (RT-PCR) and the
Loop Mediated Isothermal Amplification PCR (LAMP
PCR). Both methods offer high sensitivity (85-90%) and
specificity for the COVID-19 diagnosis as the methods are
focusing on direct amplification of the virus genetic
material. The RT-PCR is quantitative in nature whereas the
LAMP PCR is qualitative. As compared to RT-PCR,
LAMP PCR will be more cost effective and less time
consuming. High throughput screening is another nucleic
acid detection technology. It is costly and has high
equipment dependency making it less widely used. Even
though the aforementioned methods can offer nearly 90%
accurate result, the improper sample collection, handling
and transportation may lead to false negative results,
obviously decreasing the sensitivity of the assay.

Reverse Transcriptase PCR (RT-PCR)

The RT-PCR is the most common and effective method
used in the market to detect SARS-CoV-2. In RT-PCR,
reverse transcriptase converts virus RNA into cDNA fol-
lowing amplification into millions of copies of DNA using
a set of specific primers and probes. The amplification
taking place in 3 steps: [1] denaturation [2] annealing and
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[3] elongation. These three steps take place at 95 °C for
30 s, 50° for 30 s and 72 °C for 60 s respectively. The
primers target and amplify different regions for SARS-
CoV-2 such as nucleocapsid protein (N) gene, envelope
protein (E) gene and ORFlab gene regions which can be
determined within the same cycle and separately for con-
firmatory testing [6]. The turnaround time for sample
analyses is 2.5-3.5 h. One-step RT-PCR assay to detect E
gene and RNA-dependent RNA polymerase (RdRp gene)
regions of SARS-Cov-2 has been developed by Tib-Mol-
biol [7]. Predominantly, upper respiratory samples includ-
ing nasopharyngeal swabs and oropharyngeal swabs are
recommended for analysis. There are many breakthrough
assays developed by various IVD manufacturers including
Abbott, Bosch and Cepheid where a specific gene of
SARS-CoV-2 is detected within few minutes. Although
RT-PCR is the most widely used confirmatory test for
COVID-19, this technique is not robust and can only be
performed by skilled analysts due to various biological
safety hazards making sample detection cumbersome in
many cases [8].

Even though the RT-PCR is a robust technology there
are many factors contributing to false-positive and false-
negative results. Mutations in primers targeting virus
genome can lead to false negative results. Laboratory
practices and safety procedures including collection,
transportation and handling also contribute to false nega-
tive results [9]. The sampling timing and optimum sample
types play significant role in obtaining highly sensitive and
highly specific results [10]. In most PCR assays two dif-
ferent regions of genes are targeted. Hence the result
interpretation will be positive, negative or inconclusive. If
both genes are amplified the result is positive; If only one
gene is positive, that is called inconclusive; and negative
could be a false negative. So, inconclusive and negative
persons should be treated as doubtful.
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Loop Mediated Isothermal Amplification (LAMP)

The efforts on minimizing length of the entire PCR process
and practice of isothermal amplification has resulted in the
development of loop-mediated isothermal amplification.
The LAMP is a highly specific isothermal amplification
technique with an analytical limit of detection of 75 copies
per pl. In LAMP, conversion of RNA to DNA is followed
by amplification of sample genome using 4-6 primers
(forward inner primer, forward outer primer, reverse inner
primer and reverse outer primer) targeting different regions
of the DNA [11]. The LAMP has several advantages over
RT-PCR. It is considered to be more user friendly with
easy detection, speed and less background signal when
compared to RT-PCR. In addition to its speed, LAMP
shows high level of specificity and high amplification
efficiency than RT-PCR [12]. The recently developed
Chitra Gene LAMP-N by Sree Chitra Thirunal Medical
Institute and Technology in collaboration with Agappe
Diagnostics Ltd. detects two different regions of N gene.
The turnaround time of 20 min for the analysis of 30
samples is a remarkable achievement. However, stringent
evaluations on commercial LAMP kits are needed for
accuracy check and processing of large samples is an
impetus for COVID-19 testing.

Apart from RT-PCR and LAMP, United States Centers
for Disease Control and Prevention (CDC) approved one-
step real time reverse transcriptase polymerase chain
reaction (rRT-PCR) to quantitatively detect viral particles
in more than 90 samples within 45 min [13]. Recently,
Specific High Sensitivity Enzymatic Reporter Unlocking
(SHERLOCK) that allows multiplexed, portable, and ultra-
sensitive detection of RNA is a detection strategy used to
combat SARS-CoV-2. Casl3a ribonucleases used for RNA
sensing binds to amplified RNA which when activated,
cleaves fluorophore-quencher probes emitting fluorescence.
SHERLOCK has previously been used to detect clinical
samples for Zika Virus [14]. Nevertheless, there is a need
for further optimisation of this technique in larger samples
to achieve large scale evaluation of SARS-CoV-2.

Serological Assays

Though the rRT-PCR is considered as the ‘Gold Standard’
in the clinical diagnosis of COVID-19, it has own limita-
tions. As a pandemic, screening and isolation of the
infected patients is the only way to reduce the spread of
COVID-19. In RT-PCR, the testing directly look for the
presence of viral DNA but serological tests detect the
presence of antibodies/antigens in human blood against the
COVID-19. Hence RT-PCR will give the positive results in
3-7 days of infection but serological test will take
7-14 days to give positive results. The test cost and testing

time of PCR based assays inevitably demands the devel-
opment of rapid serology tests [15-17]. Several
immunoassays are developed by various IVD companies
for detecting COVID-19 infection in serum, plasma and
whole blood. Among these strategies Lateral flow
immunoassays, ELISA and Chemiluminescence are most
promising approaches.

The limitation of rRT-PCR to detect COVID-19 past
infection and the progress of the disease, increases the
importance of serological assays. The serological tests can
detect both active and past infections, if the tests are per-
formed within the correct time frame after the onset of the
disease. In case of antibody detection assay, both IgG and
IgM antibodies against the COVID-19 are the target ana-
lytes where IgM appears in blood within a week of time
and IgG expression will take more than 10 days. Apart
from antibody detection, antigen detection against spike
glycoprotein and nucleocapsid protein is also under
development which offers early detection of COVID-19
infection. In case of RT-PCR one of the important reasons
for false negative results is improper sampling (throat
swab) and transport, whereas the sample of choice for
serological test is serum/plasma/whole blood which are
easy to handle and transport. Serological tests like LFIA for
antigen/antibody detection can be used as a rapid test or a
point of care testing which offers quick screening of the
patients with limited expertise [18]. Detecting antibody
titre is important for convalescent plasma therapy and the
development of vaccines for COVID-19. Apart from that,
serological testing would also provide valuable information
regarding the course and degree of immune response as
well as the durability of immunity in both infected indi-
viduals and participants in the vaccine clinical trials. [19].

Lateral Flow Immunoassay (LFIA)

The LFIA can be utilized as a preliminary testing tool for
COVID-19 in case of community spread or in mass pop-
ulation screening. At present the COVID-19 IgG/IgM
antibody evaluation kits based on LFIA is widely available
in market. Upon COVID-19 infection the IgM and IgG
antibodies will start to develop in our body from 7-10 days
and 14-20 days respectively. Though IgM can be detected
earlier it also decreases and disappears earlier but IgG can
persist for a long time after the infection. Even though the
antibody test kits are reliable for preliminary screening, the
test cannot be used as a confirmatory test because of non-
specific interaction of antibodies and other proteins in the
blood with capture and detector molecules in the mem-
brane, which may results in false positive or false negative
results [20].

The main advantages of LFIA are that it can be used as a
rapid POC test and it can be detected using finger-pricked
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blood or serum/plasma. It does not require any instruments
or expertise staff for carrying out the test and it gives result
in 5-30 min [21]. The LFIA antibody test for COVID-19
can also be considered as a prognostic tool there by pro-
vides information about the immune status of the patient.
Mostly the LFIA results are qualitative but can be made
quantitative by the use of customized color readers. Cur-
rently COVID-19 antigen LFIA test is under development
which will offer more sensitive and specific result for
COVID-19 diagnosis and will detect the viral antigen in
3 days of infection [22].

Enzyme Linked Immunosorbent Assay (ELISA)
and Chemiluminescence Immunoassay (CLIA)

The ELISA and CLIA platforms are widely using serology
techniques for the quantitative detection of specific antigen
or antibody in the samples. Zhang et al. have developed an
enzyme linked immunosorbent assay for the detection of
COVID-19 IgM and IgG antibody from serum sample.
SARS-CoV-2 Rp3 nucleocapsid protein is adsorbed on the
surface of a 96 well plate as capture molecule and anti-IgG
antibody conjugated with horse radish peroxidase is used as
the detector molecule [23]. Manual ELISA kits for
detecting COVID-19 have been developed by IVD manu-
factures like IBL International, DRG Diagnostics GmbH,
Epitope Diagnostics and Euroimmun for detecting the IgG
and IgM antibodies developed in response to COVID-19
infection [24]. ELISA and CLIA based COVID-19 antigen
detection kits are under development by IVD manufactur-
ers worldwide.

Automated CLIA method can also detect IgG and IgM
antibody in serum or plasma. The advantages of automated
CLIA analyzers compared to rapid LFIA tests is the very
high throughput of samples and the ability to detect other
biomarkers like C- reactive protein simultaneously [22].
DZ-Lite SARS-CoV-2 CLIA developed by Diazyme, USA
and MAGLUMI CLIA developed by Snibe, China are
chemiluminescent analyzers which can detect [gG and IgM
antibodies of COVID-19.

Non-specific Tests for COVID-19

Besides the aforementioned specific tests, certain routine
biochemical and haematological tests show abnormal
results in COVID 19 patients. Upon COVID-19 infection
the level of prothrombin time, lactate dehydrogenase
(LDH), D-dimer, alanine transaminase (ALT), C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and
creatine kinase are elevated [25]. There is a marked lym-
phopenia with depletion of CD4 and CDS8 lymphocytes in
the early phase of the disease. As the disease progress
patients show higher levels of interleukin-2 (IL-2), IL-7,
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IL-10, granulocyte colony-stimulating factor(GCSF),
interferon gamma-induced protein, monocyte chemotactic
protein 1 (MCP1), macrophage inflammatory protein alpha
and tumour necrosis factor-ot (TNF-at). It’s also noted that
patients in intensive care show significant increase in
amylase and D-dimer. And in case of non survivors there is
a marked elevation in the level of ferritin, blood urea,
neutrophil count, and D-dimer and creatinine levels. But
procalcitonin (PCT) is not elevated in COVID 19. So
Procalcitonin level can be used for the differential diag-
nosis of COVID 19 from bacterial pneumonia [26, 27].
The level of CRP starts to rise at the time of mild
pneumonia and reaches peak at severe pneumonia. The
CRP is also used as a marker of inflammation and the rise
correlates with the level of inflammation regardless of the
factors such as age, sex and physical condition. It is
reported that the CRP levels are positively correlated with
lung lesions in early stage of COVID 19 cases and can be
used as a key indicator for disease monitoring [28, 29].

Conclusion

The nucleic acid based diagnostics methods and serological
assays described above are serving as strong diagnostics
tools for the COVID-19 diagnosis. The assurance of quality
of developed diagnostics kits is having prime importance at
this scenario. Even though recently many developments
happened in the field of serological diagnosis for COVID-
19, still there are many concerns regarding the sensitivity
and specificity of the assays. The complexity, cost effec-
tiveness and limitations of nucleic acid based diagnostic
tools, impetus the innovative development of well stan-
dardized, high sensitive, specific and low cost serological
assays for COVID-19 diagnosis.
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