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INTRODUCTION
The pandemic of respiratory viral pneumonia initiated as an 
outbreak during December 2019, at the Hubei region, China [1]. 
In spite of adherence to strict public health control measures 
the virus had spread across the globe. The higher reproduction 
number (Ro) of the virus and transmissibility from asymptomatic 
individuals had made the infection control measures cumbersome 
[2]. An infected case can spread to 3-4 individuals with Ro of 3.32 
[3]. The demanding research work conducted by the scientific 
community across the globe identified the causative agent. The 
phylogenetic RNA sequencing of the virus revealed 79.5%, 50%, 
and 96% homology with the already existing SARS-CoV, Middle 
East Respiratory Syndrome virus (MERS-CoV), and bat coronavirus 
(TG13), respectively [4]. Hence, the virus was named as SARS-
CoV-2 by the International Virus Taxonomy Committee (IVTC).

A systematic review conducted in 2022 reveals an estimated Case 
Fatality Ratio (CFR) of 29% in the Intensive Care Unit (ICU) patients, 
15% in hospitalised patients and 1% in the general population [5]. 
However, the CFR varies based on the geographical region and the 
wave forms. As per the World Health Organisation (WHO) around 
6,418,958 deaths have been reported till August 10, 2022, globally. 
The highest number of confirmed cases is reported from Europe 
estimated to be 243,772,549 (42%) and lowest in Africa 9,233,083 
(2%) [6].

Laboratory diagnosis of infectious diseases has an integral role 
in case surveillance, diagnosis, treatment and prevention. It also 
aids in triage of infected individuals, tracing their contacts thereby 
curtailing the infectious chain. The management of pandemic 
warrants optimisation of laboratory testing services across the 
globe. However, a pragmatic approach on the choice of tests 
considering the logistics in resource poor settings was the 
absolute necessity. The molecular tests which were considered 
gold standard alluded such concerns. In addition, the impediment 
was on designing, validation and approval of the diagnostic tests. 
The choice of apt diagnostic test befitting clinical setting mystifies 
the treating physician. Since, the sensitivity and specificity of the 
different diagnostic tests varies. A proper choice of laboratory test 

will guide in the early therapeutic intervention. The aim of this review 
was to discuss the recent diagnostic modalities available for the 
diagnosis of SARS-CoV-2 infection.

VIROLOGY OF COVID-19
SARS-CoV-2 is a positive sense ssRNA virus grouped under the order 
Nidovirales, family Coronaviridae, and subfamily Orthocoronavirinae [7]. 
Among the four genera (α, β, g, and δ) of the subfamily, SARS-CoV-2 
belongs to the beta-coronavirus genus (subgenus sarbecovirus). It 
is a spherical enveloped virus with nucleocapsid of helical symmetry 
and diameter of 60-140 nm [1]. The envelope contains club shaped 
spike which gives the virus sun ray appearance. The novel coronavirus 
emerged because of genetic recombination within the species of the 
same and related genera [8]. The genome is 32 kb in size and has 
homology with the SARS-CoV, MERS-CoV, and RaTG13 bat CoV 
[9]. The genome of the virus has six Open Reading Fragments (ORF) 
of which ORF 1a/b located at the 5’ end encodes 16 nonstructural 
proteins {NSP1-16 including Ribonucleic Acid (RNA) dependent RNA 
polymerase and helicase}. Similarly, ORF located at the 3’ end encodes 
four structural proteins [10]. The structural proteins are spike protein 
(S), membrane protein (M), nucleocapsid protein (N), and the envelope 
protein (E). The S protein has S1, S2 and the Receptor Binding Domain 
(RBD) which recognises the host cell receptor (ACE-2) and mediates 
endocytosis, the M protein gives shape to the virus, N protein involves 
in genome package, and E protein helps in virus assembly and release 
[11]. In recent times, the emerging newer Variants Of Interest (VOI) and 
Variants Of Concern (VOC) pose a potential risk to the community [12]. 
These variants arise because of mutation in the spike protein or the 
RBD. The variants are highly transmissible, evade the neutralisation by 
antibodies thereby have a reduced therapeutic response. The VOI are 
Epsilon (B.1.427, B.1.429), Zeta (P.2), Eta (B.1.525), Theta (P.3), Iota 
(B.1.526), Kappa (B.1.617.1), Lamba (C.37), Mu (B.1.621). The [Table/
Fig-1] shows the variants that are being identified in different regions. 

CLINICAL PRESENTATION
The infection is acquired through inhalation of respiratory droplets or 
contact with the fomites. The incubation period ranges from 11-14 
days with a median of five days [13]. The common symptoms are 
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Alternatively, OPS and MTS could be collected from the suspected 
patients. A comparative study of NPS, OPS and MTS conducted by 
Yu F et al., revealed better results of viral load detection in NPS and 
MTS compared to the OPS [26].

A non invasive alternative URTS is saliva which could be collected 
in large volumes and has minimal risk to the healthcare workers 
[27]. In a study conducted by Pasomsub E et al., the sensitivity and 
specificity of saliva in comparison to NPS and OPS were 84.2% and 
98.9%, respectively. This was less compared to the other URTS 
[28]. However, the sensitivity was found to improve when a group of 
people were trained for saliva sample collection (90%) compared to 
the non trained group (66%) [29].

Lower Respiratory Tract Sample (LRTS)
The LRTS are better option for diagnosis of SARS-CoV-2 compared 
to the URTS. It is opted when the URTS is negative or the clinical 
scenario warrants such as ventilated patients. In a study conducted 
on viral load comparison of 76 positive patients, sputum sample 
was better compared to OPS and MTS [30]. Similarly, Lin C et al., 
found that sputum sample had positive rate of 76.9% compared to 
44.2% among OPS [31]. BAL specimen is superior to sputum with 
highest positive rate. Around 93% positive rate was reported from 
205 SARS-CoV-2 patients compared to all other samples [32].

Other Samples
The other samples which could be tested are conjunctival swab, 
stool sample and blood sample. Conjunctival swabs when compared 
with the NPS had less positive rate irrespective of their ocular 
symptoms [33]. The detection of SARS-CoV-2 from stool sample 
was present in patients with and without gastrointestinal symptoms. 
However, patients with gastrointestinal symptoms had more stool 
positivity rate (73.3%) compared to the respiratory sample (14.3%) 
[34]. Asymptomatic patients excrete virus in the stool sample for 
seven days even after the respiratory sample is detected negative. 
The SARS-CoV-2 RNA is rarely detected from blood samples of 
critically ill COVID-19 patients [35].

VIRUS CULTURE
Virus culture is direct evidence for the presence and diagnosis of 
infection. It lays the fundamental for research studies on virus, newer 
antiviral drug testing, vaccine development and genomic analysis. 
The virus was cultured by Harcourt J et al., from the first US COVID-
19 patient. The SARS-CoV-2 virus was grown in Vero E6 and Vero 
CCL-81 cell lines. The cell lines were added with Dulbeco’s minimal 
essential medium, foetal bovine serum, penicillin, amphotericin and 
trypsin. It was found that comparatively Vero E6 had better results 
with plaque production in two days [36]. The other cell lines were 
found to be ineffective in growing the SARS-CoV-2.

A similar effort was made to culture the SARS-CoV-2 from the 12 
clinical cases in India. The virus was grown on Vero CCL-81 cell line 
with Eagle’s minimal essential medium, 10% foetal bovine serum, 
penicillin and streptomycin. On day two, the cell line depicted 
cytopathogenic effect with syncytium formation. The presence of 
virus was confirmed by rRT-PCR [37].

MOLECULAR DIAGNOSTIC METHODS
Molecular diagnostic methods are a highly sensitive method compared 
to the other diagnostic modalities available. However, sensitivity 
fluctuates based on the stage of the disease, quality of the sample, 
type of sample, the quality of the reagents, processing method, 
molecular conditions adapted and the primer-probe set used [38]. 
The development of primer probe set was based on the global data 
obtained on the SARS-CoV-2 genomic sequence. The analysis of 
these sequences has revealed conserved regions in RdRp, E, and N 
gene which are widely used in molecular diagnosis [4]. The molecular 
methods used for diagnosis of SARS-CoV-2 are rRT-PCR, RT-LAMP, 
Digital PCR, CRISPR based assay and sequencing methods.

fever, cough, dyspnoea, fatigue, headache, muscle pain, anosmia 
and ageusia. Around 89% of hospitalised patients present with 
fever [14]. The less common symptoms are sore throat, congestion, 
nausea, vomiting and diarrhoea [15]. The other complications 
are multisystem inflammatory syndrome in children, acute stroke 
and myocardial infarction. The median time for the onset of acute 
respiratory distress syndrome is eight days [16]. Among infected 
individuals’ hospital care is mandated in 15% of cases and critical 
care is required in 5% of cases [17]. Radiograph is also used as an 
aid to support clinical suspicion of Coronavirus-2019 (COVID-19). 
The presence of ground glass opacities in Computed Tomography 
(CT) scan aids suspicion of COVID-19 with a sensitivity of 97% in 
comparison to RT-PCR [18]. Similarly, other chest radiograph findings 
are consolidation, hazy or linear opacities [19]. However, the typical 
radiographic findings may also be absent in few cases [20].

The other biomarkers which aid diagnosis are elevated 
aminotransferase levels, lactate dehydrogenase levels, elevated 
D-dimer levels, altered neutrophil lymphocyte ratio, elevated 
inflammatory markers such as ferritin, C-reactive protein, 
procalcitonin, Interleukin (IL)-6 [21]. These markers are considered 
non specific as their levels are elevated in any infectious disease.

SAMPLE COLLECTION
Sample collection is a critical step in the laboratory diagnosis of 
SARS-CoV-2 infection. Improper sample collection, storage and 
transport would alter the results of the laboratory test. Unwarranted 
practice of this crucial step could produce false negative results 
altering the sensitivity of the rRT-PCR [22]. Therefore, serial testing 
with new sample is recommended in cases with strong suspicion 
[23]. The various samples collected include Upper Respiratory 
Tract Sample (URTS) such as Nasopharyngeal Swab (NPS), Mid 
Turbinate Sample (MTS), Oropharyngeal Swab (OPS), saliva and 
Lower Respiratory Tract Sample (LRTS) such as sputum and 
Bronchoalveolar Lavage (BAL). Other samples which could be tested 
are conjunctival swab, stool sample and blood sample. Dacron or 
polyester swabs are recommended for collection of samples as per 
the WHO [24]. The positivity of the samples depends on the quality 
of sample, collection method, the stage of the disease, and the 
type of the sample. In a systematic review by conducted by Mallett 
S et al., it was found that the positivity rate was altered based 
on the duration of the symptoms. It was found 89% at four days 
postsymptom and 54% at 14 days postsymptom [25].

Upper Respiratory Tract Sample (URTS)
The NPS are collected with the patient head tilted upwards a swab 
is passed along the nasal cavity to reach the posterior pharyngeal 
wall. This method may result in false negative results due to improper 
techniques of sample collection and the patient compliance. 

VOC Mutation Effect 

Alpha 
(B.1.1.7 
lineage) UK

17 mutations with 8 spike mutation 
(Δ69-70 deletion, Δ144 deletion, N501Y, 
A570D, P681H, T716I, S982A, D1118H)

Increased affinity to 
ACE2 receptor, 45-71% 
transmissibility 

Beta 
(B.1.351) 
South Africa 

9 mutations in spike protein and 3 
mutations in RBD (18F, D80A, D215G, 
R246I, K417 N, E484K, N501Y, D614G, 
A701V, K417 N, E484K, and N501Y)

Increased affinity to 
ACE2 receptor, 55% 
transmissibility 

Gamma 
(P.1) Brazil 

10 mutations in the spike protein and 
3 mutations in the RBD (L18F, T20 
N, P26S, D138Y, R190S, H655Y, 
T1027IV1176, K417T, E484K, N501Y, 
L18F, K417 N, E484K)

Increased affinity 
to ACE2 receptor, 
increased transmissibility

Delata 
(B.1.617.2) 
India

10 mutations in the spike protein (T19R, 
G142D∗, 156del, 157del, R158G, 
L452R, T478K, D614G, P681R, D950N)

Increased transmissibility 
around 50% more than 
the alpha strain.

Omicron 
(B.1.1.529) 
South Africa 

50 mutations with 30 in the spike region. 
Increased transmissibility 
and undetected in the 
RT-PCR kits.

[Table/Fig-1]:	 Variants of Concern (VOC) prevalent among the SARS-CoV-2 virus [12].
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General Molecular Processing and Precautions
The SARS-CoV-2 samples must be handled with biosafety 
precautions. The personnel handling the samples must wear 
personal protective equipment. The laboratory must follow standard 
protocol for sample handling to avoid aerosol exposure and spillage 
management. The samples must be handled in biosafety level II or 
III laboratory. The laboratory must be disinfected periodically with 
sodium hypochlorite, hydrogen peroxide, or quaternary ammonium 
compounds to avoid contamination [39]. The biomedical waste must 
be handled and disposed as per the biomedical waste treatment and 
disposal guidelines. The laboratory must have separate cabins for 
donning, doffing, sample receipt, neutralisation, extraction, master 
mix preparation, template addition and PCR. The standard operating 
procedures, records of each step followed in the laboratory must be 
followed as per the laboratory accreditation standards.

Real time Reverse Transcription Polymerase Chain 
Reaction (rRT-PCR)
The rRT-PCR is a nucleic acid amplification method employing four 
major steps in the detection process. It includes neutralisation, RNA 
extraction, conversion of RNA to complementary DNA (c-DNA) 
by reverse transcriptase enzyme, amplification of specific sites 
of c-DNA by the DNA polymerase enzyme, and real time optical 
detection of the amplified products by TaqMan probe or fluorescent 
dye. TaqMan probe is a hybridised reporter probe which is cleaved 
by 5’ exonuclease activity of polymerase removing the quencher 
emitting fluorescence. The fluorescent dyes such as SYBR Green 
could be intercalated with the double stranded DNA [40].
The common targets which are used for rRT-PCR assays are 
E  gene, N gene (N1, N2), S gene, Orf1ab, and the RdRP gene 
[41]. The RdRP gene and the S gene are highly potential targets 
which differentiates the SARS-CoV-2 from other coronaviruses [42]. 
The E gene is present in all the beta-coronavirus and the N gene 
cross react with other virus of the same group [43]. The choice of 
the primer/probe set determines the sensitivity and specificity of 
the assay. The inclusion of RdRp gene and N gene had improved 
the analytical sensitivity of the assay at 95% detection probability 
[4]. Similarly, the specificity is less when fluorescent dyes are used 
compared to the TaqMan probe. This is due to specific targets 
developed with TaqMan probes compared to the fluorescent dyes.
The other determinants of assay sensitivity and specificity are type 
of sample, duration of illness at the time of sample collection, viral 
load, and the lower limit of viral load detection of the PCR kit [44]. 
These factors can alter the clinical performance of the assay, though 
it is considered highly sensitive. In a study conducted by Fang Y 
et al., on 51 symptomatic patients around 15 (29%) had an initial 
negative result [45]. Similar studies have shown false negative rates 
of 8 (11%) out of 70 patients and 3.5% (out of 626 patients) [46-48]. 
A metanalysis conducted by Tsang NNY et al., on sample types 
had revealed sensitivities of 86%, 85%, and 68% for nasal swab, 
saliva sample and throat swab, respectively [47]. Another study on 
the duration of illness had revealed the false negative rates vary as 
100% on the first day of symptom, 38% on the fifth day of symptom, 
20% on the eighth day of symptom and 66% on the 21st day of 
symptom [48]. The viral load is higher in presymptomatic patients 
however lower viral loads may be present at the onset [49].
The Cycle threshold (Ct) denotes the number of cycles required to 
detect the amplified RNA. The higher the viral load the Ct values 
are less and vice versa. However, their clinical utility is ambiguous 
as there are no studies to validate [50]. The unavailability of the 
quantitative standards for rRT-PCR testing, heterogeneity of the 
URTS, variable performance efficiencies of assays, and the clinical 
stage of the illness (symptomatic and asymptomatic) are the 
factors which hinder the clinical utility of the Ct values. Being a 
highly sensitive test, the assay results would be positive for the non 
infectious fragments of virus shed by the recovering patient. Hence, 
repeat negative test cannot be used for work return policies.

Reverse Transcription Loop Mediated Isothermal 
Amplification (RT-LAMP)
The RT-LAMP is an isothermal amplification method in which the 
nucleic acid is amplified exponentially at a constant temperature (60-
65°C). The amplification is performed in an auto cycler with three sets 
of primers (inner primer, outer primer and loop primer). The target 
adhesion and extension of the inner and outer primer stem loop 
structure on either side. The Deoxyribonucleic Acid (DNA) amplification 
is initiated at the stem loop region and the strand displacement activity 
of polymerase enables multiple cycles. The amplified products are 
detected by fluorescence or calorimetric method [51]. The assay has 
high sensitivity, specificity and less turnaround time compared to the 
rRT-PCR. In a study conducted by Yan C et al., the sensitivity and 
specificity of RT-LAMP was 130 (100%) with mean detection time of 
26±4 minutes [52]. Similar results of sensitivity and specificity were 
detected by Huang WE et al., [53].

Other Isothermal Amplification Methods
Other isothermal amplification methods with point of care application 
are Recombinase Polymerase Amplification (RPA), Rolling Circle 
Amplification (RCA), Exponential Amplification Reaction (EXPAR), 
and Exponential Strand Displacement Amplification (ESDA). These 
methods have less sensitivity except RPA which has sensitivity 
similar to PCR [54].

Digital PCR
Digital PCR is a newer generation of PCR which helps in quantification 
of the target genome circumventing standard curve. This method 
was  hypothesised by Sykes PJ et al., in the year 1992 however 
Voglestein and Kinzler introduced the methodology in 1999 [55]. 
The sample is divided into different dilutions termed as partitions in 
individual  reaction mixtures. With each reaction mixture containing 
varying target copies the endpoint fluorescence is identified and 
Poisson statistics is employed for quantification of the target. Both 
droplets based digital PCR (dd PCR) and chip based digital PCR 
(cdPCR) are available. Droplet Digital PCR (ddPCR) employs 
microfluidics to generate nanoliter sized droplets from the reaction 
mixture. These droplets are amplified in a thermocycler and the 
fluorescence emitted is detected in a droplet reader. Similarly, in 
cdPCR the reaction mixture is separated into compartments in a 
chip which is amplified in a thermocycler and endpoint fluorescence 
is detected. The number of targets per partition is estimated by 
poisson statistics to give the number of copies/microliters [56]. These 
methods can detect low viral loads present in the samples which 
are undetected by the RT-qPCR. In a comparative study conducted 
by Suo T et al., 21 cases were positive by RT-qPCR and 49 cases 
were positive by RT-dPCR (n=77) [57]. In a similar study conducted 
by Gniazdowski V et al., around 5.6% of negative specimens were 
identified by RT-dPCR [58]. Hence, dPCR could be used as an 
alternative for quantification of viral loads present in the sample.

Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) Based Assay
This method utilises CRISPR RNA (crRNA) and CRISPR proteins 
(Cas12, Cas13, Cas14) for the detection of target gene. The crRNA 
binds the target sequence and cuts it followed by collateral cleavage 
of other surrounding nucleic acids. Cas 12 exhibits collateral activity 
on DS DNA, Cas 14 exhibits collateral activity on SS DNA and 
Cas 13 exhibits collateral activity on SS RNA [59]. Each of these 
cleaved collateral components can be detected by reporters 
with different signals. The combination of isothermal amplification 
method with CRISPR is feasible. This aids to discriminate the 
single nucleotide polymorphism and improves the sensitivity and 
specificity [60]. Cas12, Cas13 and Cas9 based diagnostic tools 
have been developed for the detection of SARS-CoV-2. Cas12a 
based diagnostic tool combining RPA was developed by Chen Y 
et al., similarly RT-LAMP associated CRISPR lateral flow assay was 
developed by Broughton JP et al., [61,62].
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Gene Sequencing
The newer emerging organism is identified by sequencing methods. 
These methods aid in the identification, tracing the origin, developing 
the newer molecular kits and vaccine against the infectious agents. 
However, each sequencing method has its own limitation and varied 
sensitivity. Meta-transcriptomics allied with Sanger sequencing 
aided identification of the first complete genomic sequence of 
SARS-CoV-2 genome in December 2019 [63]. The sequencing 
strategies used is shotgun meta-transcriptomics, hybrid capture 
enrichment, amplicon sequencing and direct RNA sequencing. 
Shotgun metatranscriptomics is a non culture method of sequencing 
the RNA from clinical samples. It also employs the illumine platform 
or the Oxford Nanopore Technology [63]. The amplicon-based 
sequencing is a target-based analysis which is restricted to specific 
sequence. Similar targeted sequences which are enriched by 
hybrid capture is utilised in hybrid capture sequencing. Direct RNA 
sequencing is allowing detection of complex transcriptional patterns 
and post-transcriptional modifications in SARS-CoV-2 infection.

ANTIBODY DETECTION METHODS
Rapid diagnostic tests are the need of hour in early diagnosis of SARS-
CoV-2 infections. However, cross reaction with other coronavirus 
limits the diagnostic utility of these tests. The detection methods 
utilise respiratory, serum and fecal samples for diagnosing SARS-
CoV-2 infection. The dynamics of infection decides the positive rate 
for antibody detection methods. The positivity rate of both IgM and 
IgG increases 10 days postdisease onset however, IgM declines after 
35 days [64]. The presence of IgM denotes early infection and IgG 
denotes late stage of infection. Hence, identification of the same will 
help in differentiation of active cases from those who recovering. A 
systematic review evaluated 38 studies and identified that the IgM 
and IgG detection rate were 23% and 30% in first week, 58% and 
66% in the second week, 75% and 88% in the third week [65]. The 
other factor that determines the positivity rate is the type of assay. The 
lateral flow assay is comparatively less sensitive than Enzyme-linked 
Immunosorbent Assay (ELISA) and chemiluminescent assay [66].

Enzyme Linked Immunosorbent Assay Method (ELISA)
The IgM and IgG antibody detection test utilising Rp3 nucleocapsid 
protein which has homology to antigens of other SARS related 
virus was developed [67]. Similarly, antibody detection kits were 
developed utilising spike protein and nucleocapsid protein [68]. The 
spike protein-based ELISA kits had better sensitivity compared to 
the nucleocapsid protein based ELISA kits.

Immunochromatography Test
These tests have a nitrocellulose membrane with immobilised 
antigen to detect the antibody in patient sample. The presence of 
control band and test band indicates positivity. The sensitivity and 
specificity of the rapid immunochromatographic test were 88.6% 
and 90.63%, respectively [69]. Similarly, Choe JY et al., obtained 
a sensitivity of 92.9% and specificity of 96.2%, when the rapid 
immunochromatographic method was compared with RT-PCR [70].

Dried blood spots are also utilised for antibody detection against SARS-
CoV-2 S1 protein antigens. The sensitivity and specificity of the same 
was found to be 100% [71]. Similar other study conducted by McDade 
TW et al., identified IgG antibodies with a sensitivity of 97% [72].

The serological tests including ELISA, immunochromatographic 
method, and chemiluminescent assays could be used as an 
alternative to the molecular tests however their sensitivities and 
specificities vary depending on the stage of the disease, antibody 
concentration, antibody specificity [64].

ANTIGEN DETECTION METHODS
The antigen detection methods utilise antibodies against E, N, and S 
proteins of the SARS-CoV-2. The duration of illness, type of antigen 

used, and the viral load are other factors which can alter the sensitivity 
and specificity of the test [73]. These tests show good results in 
symptomatic patients during the five days of illness, whereas false 
negative results occur in symptomatic patients more than seven 
days of illness. Similarly, the N and S proteins share homology with 
other coronaviruses (SARS-CoV-2 and MERS-CoV) providing false 
positive results. The antigen-based tests are highly specific and less 
sensitive compared to the Nucleic Acid Amplification Test (NAAT) 
however, the sensitivity is more during the first week of illness [74]. 
In a systematic review evaluating 58 antigen tests against NAAT 
positive SARS-COV-2 patients, the sensitivity was variable showing 
72% among symptomatic individuals, 58% among asymptomatic 
individuals. Among the symptomatic individuals, sensitivity was 
78% during first week and 58% during second week [75]. ELISA, 
chemiluminescence and lateral flow formats are available for 
diagnosis of SARS-CoV-2. A lateral flow strip format with N protein 
as target with Limit Of Detection (LOD) of 65 ng/mL [76]. A nano 
chemiluminescence test targeting spike protein had LOD of 0.1 ng/
mL, and a sandwich ELISA test targeting spike protein with LOD 
63-500 pg/mL has been developed for antigen detection of SARS-
CoV-2 [77]. Antigen test are advantageous detecting mutants of 
SARS-CoV-2. Incorporation of ACE-2 receptor with spike protein 
aids in detection of mutants of SARS-COV-2 compared to the 
amplification tests [78]. A judicious use of antigen tests during 
the early course of illness is beneficial. However, combination of 
molecular tests with antigen tests increases the positivity rate.

BIOSENSOR DETECTION METHOD
Biosensors are biotechnology based analytical technique which has 
gained importance in the field of clinical diagnosis. It has gained 
importance in the diagnostic field since its discovery by Clark and 
Lyons in the year 1962 [79]. The bioreceptors, transducer and 
the signal processing system are the integral components of the 
system [80]. The bioreceptors such as nucleic acids, glycan, lectin, 
enzyme, monoclonal antibody, or tissue interact with a biochemical 
marker/target in the sample analyte. These are converted to a 
measurable signal (electrochemical, optical, or piezoelectric) by a 
transducer. These signals are amplified to detect the pathogens of 
concern qualitatively or quantitatively [81]. The viral biosensors used 
are piezoelectric, electrochemical, thermal and optical sensors. 
These viral biosensors are found to be better alternatives as they 
are inexpensive, rapid, sensitive and portable compared to the 
conventional methods [82]. A gold nanoparticle-based colorimetric 
test was developed by Moitra P et al., with LOD of 0.18 ng/µL [83]. 
A graphene transistor-based biosensor detecting spike antibodies 
with LOD 242 copies/mL was developed by Seo G et al., [84]. A 
3D nano printing platform was developed by Ali MA et al., with 
LOD 2.8×10-15 M for spike protein [85]. A polymer-based biosensor 
platform with molecular imprinting was developed by Raziq A et al., 
had LOD of 15fM [86]. A rapid microfluidic biosensor was developed 
by Lin Q et al., which can detect the IgG, IgM and antigen of SARS-
CoV-2 in 15 minutes [87]. Similarly, Broughton JP et al., developed 
CRISPR/CAS-12 integrated in microfluidics [62]. RT-LAMP has 
been integrated in microfluidics with LOD of two RNA copies per 
reaction in 70 minutes.

CONCLUSION(S)
All clinically suspected symptomatic patients and close contacts 
of asymptomatic individuals must be screened for the detection 
of SARS-COV-2. Although, a huge array of tests are available, the 
pertinent choice of diagnostic test is crucial. The molecular detection 
methods are highly sensitive, accurate and reliable. However, they 
require trained personnel, instruments and strict quality control. At 
the contrary antigen and antibody detection methods are less time 
consuming, do not require sophisticated equipment’s, and trained 
personnel. However, the sensitivity of the antigen and antibody 
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tests vary based on the dynamics of infection, the viral load, the 
individual response and the type of assay. The newer diagnostic 
methods introduced require evaluation before they are used in 
routine diagnosis. The future research should focus on improving 
and evaluating the other diagnostic methods and improve the 
sensitivity and accuracy.
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