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Abstract
An outbreak of the coronavirus disease caused by a novel pathogen created havoc and continues to affect the entire world. 
As the pandemic progressed, the scientific community was faced by the limitations of existing diagnostic methods. In this 
review, we have compared the existing diagnostic techniques such as reverse transcription polymerase chain reaction (RT-
PCR), antigen and antibody detection, computed tomography scan, etc. and techniques in the research phase like microarray, 
artificial intelligence, and detection using novel materials; on the prospect of sample preparation, detection procedure (quali-
tative/quantitative), detection time, screening efficiency, cost-effectiveness, and ability to detect different variants. A detailed 
comparison of different techniques showed that RT-PCR is still the most widely used and accepted coronavirus detection 
method despite certain limitations (single gene targeting- in context to mutations). New methods with similar efficiency that 
could overcome the limitations of RT-PCR may increase the speed, simplicity, and affordability of diagnosis. In addition 
to existing devices, we have also discussed diagnostic devices in the research phase showing high potential for clinical use. 
Our approach would be of enormous benefit in selecting a diagnostic device under a given scenario, which would ultimately 
help in controlling the current pandemic caused by the coronavirus, which is still far from over with new variants emerging.
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Introduction

Severe Acute Respiratory Syndrome (SARS) caused by a 
beta coronavirus abbreviated as SARS-CoV-2 and coro-
navirus disease 2019 (COVID-19) [1, 2] rapidly spread 
worldwide. World Health Organisation (WHO) declared 
COVID-19 as a pandemic in March 2020. The cases are 
still rising, and by March 20, 2022, 472 million cases and 
6.1 million deaths were recorded [3]. With the emergence 
of more infectious strains, the future regarding control of 
disease and accurate diagnosis is unknown. Complete vac-
cination of the public will take months, and vaccines are 

not effective against each variant. Under these scenarios, 
the diagnosis of COVID-19 holds immense importance [4].

Symptoms expressed by COVID-19 patients are not con-
sistent over different people and vary with mutations in the 
virus; hence, they cannot be used as accurate criteria for 
screening. Thus, it is important to have quick, accessible 
and accurate onsite point-of-care diagnostic devices for 
timely diagnosis, so that infected patients can be isolated 
and treated to curb infection and mortality rates [5].

This study aims to collate different diagnostic techniques, 
their corresponding devices and classify them based on 
screening efficiency, detection limit and effect of mutations 
on detection. We have further discussed some of the methods 
in the research phase that are not clinically used to detect 
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Existing diagnostic methods and devices

Reverse transcription polymerase chain reaction 
(RT‑PCR)

SARS-CoV-2 ribonucleic acid (RNA) is reverse transcribed 
into complementary deoxyribonucleic acid (cDNA), and 
specific gene fragments are amplified using target-specific 
primers [6] by polymerase chain reaction (PCR). Amplified 
cDNAs are quantified using probes [7] emitting readable 
fluorescent signals. Amplification is important to detect a 
small amount of virus among large genetic information. The 
detection method of RT-PCR is summarized in Fig. 1. RT-
PCR requires specific instruments and is generally carried 
out in the laboratory [8, 9].

Two years after the pandemic, RT-PCR is still considered 
the gold standard for detecting COVID-19 [10]. The most 
common samples for RT-PCR are throat and nasopharyngeal 
swabs [11]. RT-PCR has sensitivity of 98% and specificity 
of 95–100%, and can detect within 3 h. Sensitivity of RT-
PCR increases considerably after day-6 of illness [12]. More 
than 150 commercialized RT-PCR COVID-19 diagnostic 
kits are developed worldwide [13] and some major ones are 
discussed in Table 1.

United States (US) developed a one-step RT-PCR that 
uses gene-specific and region-specific probes. Many other 
countries have also developed gene-specific COVID-19 test-
ing kits. Some of them are Altona Diagnostics (Germany) 
[20], CerTest biotech (Spain) [25], and Seegene (Korea) 
[23]. Corman et al. [26] generated a novel in vitro tran-
scribed RNA standard that accurately matches the sequence 
of SARS-CoV-2, thereby increasing the sensitivity. Tang 
et al. [27] used stool specimens to detect COVID-19 by 

RT-PCR with 59% accuracy. COROSURE (IIT Delhi, India) 
RT-PCR Kit [16] detected COVID-19 using a probe-free 
method, considerably reducing the cost to USD 9 without 
compromising the accuracy. COVIRAP [17], RT-PCR kit 
developed by IIT Kharagpur, India uses a paper strip to 
detect DNA of the SARS-CoV-2 which can be interpreted 
by a mobile application. It shows 94% sensitivity and 96% 
specificity. GeneXpert system which was earlier used to 
detect other diseases like tuberculosis and HIV has now been 
approved by the US Food and Drug Administration for emer-
gency use in COVID-19 detection, which can detect with a 
sensitivity of 100% and specificity of 80% [24].

Some limitations of RT-PCR are long-term nucleic acid 
extraction, requirement of trained staff, errors during sample 
preparation, and high cost for large volumes. A few RT-PCR 
kits can also fail to differentiate between influenza virus and 
SARS-CoV-2.

Computed tomography scan (CT‑scan)

For COVD-19-infected patients, a CT-scan of lungs shows 
infiltrates, ground-glass opacities, and sub-segmental con-
solidations (Fig. 2). CT-scan has higher sensitivity (86–98%) 
and fewer false-negative results than RT-PCR [28]. CT-scan 
imaging supported decision-making, provided immediate 
isolation and appropriate patient treatment [29]. CT-scan 
combined with other diagnostic techniques provides better 
diagnosis during the early stages of infection [30]. CT-scan 
is limited as the lungs are not always the infected organ. 
COVID-19 can cause multi-organ dysfunctions [31]. Param-
eters associated with COVID-19 infection observed in CT-
scan are also not specific to COVID. The imaging time for a 
CT-scan is longer, is expensive, and requires a radiologist to 
analyze the results. In addition to this, CT-scan uses ionizing 

Corona virus
Isolation of the 
viral RNA

m-RNA

cDNA

Reverse transcription

Addition of target-
specific primers

Amplification

Amplified products

Gene Target Example of Probe

ORF1ab FAM-CCGTCTGCGGTATGTATGTGGAAAGGTTATGG-BHQ1

N FAM-TTGCTGCTGCTTGACAGATT-TAMRA

RdRp FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ

E FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ

Gene targeted identified using specific probes

Quantitative/
Qualitative 

results

Thermocycler/PCR 
machine 

Fig. 1  An overview of the procedure of RT-PCR with sequences of some probes [7]
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radiation for detection and the harmful effects of radiation 
can prove a big deterrent in using CT-scan imaging for diag-
nosing COVID-19.

Serological techniques: immunoassay (antibody 
and antigen detection)

Antigen or antibodies in liquid (generally serum) sam-
ples are measured using antigen–antibody interaction. The 
immune system produces antibodies in response to antigens, 
such as pathogenic bacteria and viruses. The presence of 
antibodies (Immunoglobins A, G, and M [IgA, IgG, and 
IgM]) in body fluid are an indication of the corresponding 
infection. IgM antibodies corresponding to SARS-CoV-2 are 
first to be detected since IgM are the first to respond to infec-
tion. IgG are detectable 7–10 days after the infection [33].

Antigen-detection diagnostics directly detect SARS-
CoV-2 proteins (antigens) present in the human body post-
infections. SARS-CoV-2 antigens are replicated in respira-
tory secretions and nucleocapsid (N) proteins are released 
in large amounts in serum, fecal matter, urine, and throat 
wash samples [34]. Diao et al. [35] measured antigen in the 
infected patients' urine samples, indicating that antigen can 
also be detected non-invasively. Antigen detection is inex-
pensive and does not require instrumentation, and its kits 
can be mass-produced easily. However, it suffers from low 
sensitivity because of the absence of amplification. Major 
serological diagnostic kits are compared in Table 2.

Enzyme‑linked immunosorbent assay (ELISA)

ELISA is a plate-based assay in which a known antigen or 
antibody, whose corresponding antibody or antigen, respec-
tively, needs to be detected, is immobilized [54]. During 
measurements, antigen–antibody complex is formed to 

which complementary enzyme-linked antigen is bound, 
followed by the addition of color changing substrate that 
generates a signal proportional to antigen/antibody concen-
tration. Serum and plasma samples for ELISA are taken by 
venipuncture and should be done by experts. MacMullan 
et al. [55] used saliva samples on a commercially available 
ELISA and detected COVID-19 with 84.2% sensitivity and 
100% specificity, indicating saliva as a suitable sample for 
detection.

Liu et al. [56] and Kohmer et al. [57] observed an increase 
in the performance of ELISA test from ~ 50 to ~ 80%, when 
measurements were done between 10 and 18 days instead 
of 5 and 9 days after the onset of symptoms. ELISA kit 
developed by Sapkal et al. [58] showed that IgG antibody 
has the highest sensitivity of 92.37% and reproducibility of 
97.9%. My BioSource developed N protein-based ELISA kit 
costing around USD 600 for 96 tests based on Horseradish 
Peroxidase (HRP) colorimetric detection system to detect 
COVID-19 antigens. Che et al. [59] developed monoclonal 
antibodies-based ELISA to detect N protein with a sensitiv-
ity of 50 pg/mL. They also found that the N antigen peaked 
between 6 and 10 days after the onset of symptoms.

To et al. [60] reported that ELISA is most effective for 
detecting antibodies of Receptor-Binding Domain (RBD) 
and N protein of coronavirus. ELISA for the detection of 
RBD antibodies showed 100% sensitivity for IgG and 94% 
sensitivity for IgM, whereas N protein antibodies showed 
lower sensitivity at 94% for IgG and 88% for IgM [33]. After 
examining the ELISA technique, researchers concluded that 
it is cheaper than the RT-PCR diagnostic method, has high 
throughput, but is labor-driven, less sensitive, and hence not 
suitable for point-of-care detection.

a b

Fig. 2  a CT-scan of lungs for a healthy patient [32]. b CT-scan image of COVID infected patient with arrows showing ground-glass opacities 
[32]
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Chemiluminescence immunoassay (CLIA)

CLIA’s principle is similar to ELISA, but this method uses 
luminescent chemicals as substrate instead of chromogen [61]. 
Stationary solid particles are coated with antigen or antibody 
of interest and light generated upon interaction is proportional 
to the concentration of analyte [62]. Abbott Core laboratory 
[8] has provided a CLIA test kit named as 'ARCHITECT-i 
system', which detects up to 100–200 tests/hour in serum/
plasma/whole blood IgG samples and is approved by USA. 
The main advantage of CLIA is its ability to be unaffected by 
background signals, thereby giving higher sensitivity.

The use of CLIA for IgG detection showed a sensitivity of 
89% and specificity of 91%, whereas for combined IgG and 
IgM detection, a sensitivity of 97% and specificity of 99% 
was observed [63]. There are over 100 point-of-care CLIA 
antibodies detection kits worldwide for COVID-19. Auto bio 
[64], Shenzhen YHLO [43], and Snibe [43] are some manu-
facturers from China producing commercial CLIA point-of-
care COVID-19 kits. Mesa Biotech [65] and Access bio [48] 
are companies from the USA developing CLIA-based kits for 
rapid diagnostics.

Liu et al. [66] developed a nanozyme chemiluminescence 
portable paper test for rapid and accurate detection of SARS-
CoV-2 S antigen. This method, in combination with LFIA, 
can be used as a novel point-of-care detection method, espe-
cially during the early stages of infection. LUMIPULSE and 
LIASON SARS-CoV-2 CLIA-based antigen detection kits 
developed by Hirotsua et al. [67] and Dia Sorin et al. [45] 
validated that antigen test by CLIA shows high sensitivity 
and specificity toward COVID-19.

Lateral flow immunoassay (LFIA) 
or immunochromatography: rapid diagnostic tests (RDTs)

LFIA or immunochromatography, commonly called as 
RDTs, can detect analytes within 5–30 min using capillary 
action. Dye-labeled antibodies or antigens are captured on 
nitrocellulose strip to bind complementary antigens or anti-
bodies, showing visible color change for qualitative detec-
tion [68]. There are around 400 immunochromatography kits 
for COVID-19 diagnostic purposes [69].

The SARS-CoV-2 rapid IgG-IgM combined antibody test 
kit developed in China tested combined IgG and IgM with a 
sensitivity of 89% and specificity of 91% using antigen RBD 
as a recognition element [70]. Traugott et al. [71] showed that 
sensitivity of LFIA kits for antibody detection is based on the 
duration of symptoms onset (13–20% for < 5 days, 20–80% 
for 6–10 days, and 100% for > 11 days from symptoms onset). 
LFIA is cost-effective and rapid but sometimes lacks sensitiv-
ity. RDTs for SARS-CoV-2 antigens prefer N protein as its 
analyte because of its maximum presence. Niclot et al. [72] 
compared antigen RDT of 138 nasopharyngeal samples to Ta
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RT-PCR and showed that RDTs have good sensitivity. The 
Pharmact company has developed a new kit for antigen test 
named BELMONITOR CoV-2 with high specificity, sensitiv-
ity, and accuracy at 99%, 98%, and 98%, respectively, after 
7–8 days of infection [73]. Most LFIAs are specific to only 
one type of antigen, thereby limiting its sensitivity.

Magnetic immunoassay (MIA)

MIA uses magnetic beads as labels to detect a specific ana-
lyte. MIA can be conducted in a liquid medium, whereas 
ELISA and CLIA require a stationary medium [52]. 
Pietschmann et  al. [74] detected SARS-CoV-2 specific 
antibodies by human serum-based MIA and compared it 
with ELISA. MIA showed higher sensitivity and a larger 
detection range with detection time four times faster than 
ELISA (MIA—42 min; ELISA—161 min). Fabiani et al. 
[75] developed an immunoassay using magnetic beads to 
detect spike (S) and N protein of coronavirus with a detec-
tion limit of 19 ng/mL and 8 ng/mL, which is comparable to 
RT-PCR. This method can be easily miniaturized, requires 
non-invasive samples such as saliva, thus making it an effi-
cient method for commercial use.

Isothermal nucleic acid amplification‑based 
methods

RT-LAMP combines Loop-mediated Isothermal Amplifica-
tion (LAMP) with reverse transcription to detect RNA at a 
lower cost to RT-PCR [76]. The target sequence is amplified 
at isothermal condition (60–65 °C) and polymerase is added 
along with primers, which has both replication and strand 
displacement activity [77]. In the isothermal process, DNA 
strands are not denatured by heat, thereby increasing the 
amount of DNA produced. Amplification products can be 
easily detected by simple photometry, replacing the need of 
complex instrumentation [78]. Thi et al. [79] collected sev-
eral hundred clinical RNA pharyngeal swabs samples from 
individuals tested for COVID-19 and confirmed that RT-
LAMP assay was simpler compared to RT-PCR for large-
scale testing of SARS-CoV-2. Park et al. [80] observed that 
RT-LAMP can detect as low as 100 copies of SARS-CoV-2 
RNA with no cross-reactivity to other human coronaviruses.

Emerging diagnostic technologies 
and devices

CRISPR (clustered regularly interspaced 
short palindromic repeats)

Cas9 is CRISPR-associated protein 9 that serves as an 
enzyme which uses CRISPR sequences to recognize specific Ta
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c

b

a

Fig. 3  a Block diagram for identifying infection from CT scans. b Illustration of the framework used for modeling. c Corona score calculated 
from the model for patients at different levels of infections [89]
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strands of DNA and cleave them [81, 82]. DETECTR, devel-
oped by Chen et al. [83], activates Cas12a after binding with 
SARS-CoV-2-cDNA. It further cuts specific labeled probes, 
confirming the presence of the virus. Wang et al. [84] pro-
posed an ultrasensitive visual SARS-CoV-2 detection using 
integrated RT-LAMP and CRISPR/Cas cleavage in one pot 

within 45 min. It showed 100% positive predictive agree-
ment. Huang et al. [85] developed an assay utilizing custom 
CRISPR Cas12a/gRNA complex to detect target amplicons 
generated during RT-PCR within 50 min with a detection 
limit of 2 copies/sample. Other CRISPR-based nucle-
ases such as fnCAS9 and Cas12a have also been used for 
COVID-19 detection, exhibiting high specificity and faster 
detection [86]. Sherlock Biosciences [87] received approval 
from US FDA for employing CRISPR-based diagnostic kits 
for screening. Some of the CRISPR kits available for use and 
in the research stage are discussed in Table 3.

Artificial intelligence (AI)

Machine learning-based screening of SARS-CoV-2 can use 
data from the large-scale screening of COVD-19 patients 
and evaluated using neural network classifiers [88]. Simi-
larly, a deep learning-based analysis system using thoracic 
CT images as input was constructed for automated detec-
tion and monitoring of COVID-19 patients over the time of 
infection. Multiple images of CT were first provided to CNN 
(Convolution Neural Network) to predict the probability of 
the infection. Ground-glass Opacities gives the final detec-
tion and visualization, confirming infection of COVID-19 
giving a corona score of the infected patient based on the 
level of infection. Figure 3 illustrates the framework used for 

Alpha
B.1.1.7

23 mutations
(Spike protein)

Beta
B.1.351

(Spike protein, 
ORF and N gene)

Delta
B.1.617.2

17 mutations
(Spike protein)

Omicron
B.1. 1.529

50 mutations
(Spike protein,  N 

protein, ORF)

Gamma
B.1.1.28.1

12 mutations
Spike protein, 

ORF1a, ORF8, N 
protein

MAJOR VARIANTS OF 
CONCERN

Effect on diagnosis

Multi-Target
Detection possible with 

decreased sensitivity, some 
targets may not be mutated

Single-Target
Detection may fail, the 

sequence targeted may be the 
point of mutations

Fig. 4  Variants and its effects on diagnosis [100, 101]

CT-Scan

RT-PCR

ELISA

LFIA

MIA

CRISPR

Micro
array

Bio-
sensors

Name of 
technique

Clinical 
Use

Effect of 
mutation Accuracy Infrastruct

ure
Detection 

time LOD

Most-used 
method

Minimal effect 
(for multi-target) High Laboratory 

required 4-5 hrs Low LOD

Secondary 
to RT-PCR

Moderate High, if lung 
is infected

Complex & 
expensive 4-5 hrs Only lung 

infection

For antibody 
analysis Moderate Moderate to 

high
Laboratory 

required 1-2 hrs Moderate 
LOD

Rapid 
antigen test Moderate Moderate to 

high
Point-of-

care device 10-20 mins Moderate 
LOD

No 
(Research stage) Moderate Moderate to 

high
Minimum 
required 10-15 mins Lower than 

ELISA 

Moderate 
use

Minimal effect 
(for multi-target) High Laboratory 

required 40-60 mins Low LOD

No 
(Research stage)

Can identify 
variants High Minimum 

required 2-3 hrs Low LOD

No
(Research stage)

Moderate Moderate Point-of-
care devices

Within 10 
mins

Moderate 
LOD

RT-
LAMP Small use Minimal effect

(for multi-target)
High Laboratory 

required 1-2 hrs Lower than 
RT-PCR

Worst Best

Qualitative/
Quantitative

Time required 
after infection 
for detection 

Both

Both

Both

Only 
qualitative

Both

Both 

Only
quantitative

Both

Both

1-8 days

4-15 days

8-15 days

After 11 
days

After 15 
days

5-10 days

5-10 days

10-15 days

1-8 days

(vary with symptoms)

Fig. 5  A comparative analysis of different methods used for the diagnosis of coronavirus
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modeling clinical data (CT Scan Images). These automated 
diagnostic systems can be used as efficient methods to detect 
COVID-19 [89, 90].

Microarray

Multiple DNA samples are used to construct an array and 
expression is indicated by the amount of mRNA bound to 
each site. Data are collected and profile for gene expression 
is generated. Parallel analysis of genes can simultaneously 
provide information on thousands of genes, an advantage of 
this method [91]. The advent of many different variants of 
coronaviruses and increased infections and virulence of the 
new variants make DNA Microarray an effective diagnostic 
technique in detecting COVID-19.

Hedde et al. [92] used coronavirus antigen microarray 
(CoVAM) to measure antibody levels in serum samples from 
23 strains against 67 antigens of 10 viruses known to cause 
respiratory tract infections, including SARS-CoV-2. Detect-
ing a large number of antigens simultaneously in a single test 
considerably increases specificity and sensitivity. CoVAM 
is a robust and 3D-printable portable imaging platform that 
can be deployed immediately with minimal infrastructure at 
the cost of ~ USD200 per unit. Samples include a few drops 
of blood from a finger prick to determine the presence of 
antibodies to SARS-CoV-2 with a test turnaround time of 
2–4 h. Assis et al. [93] suggested that CoVAM could be used 
both as an epidemiologic and research tool.

Nanotechnology

There has been considerable use of silver nanoparticles 
(AuNPs) as immobilizers in LFIA and CLIA [94, 95]. Zhao 
et al. [96] have developed a one-step method using pre-
coated metallic nanoparticles for viral RNA extraction of 
COVID-19, a one-step method combining lysis and bind-
ing. Pre-coated metal nanoparticles–RNA complexes can be 
directly added into subsequent RT-PCR reactions complet-
ing purification within 20 min. Chandra et al. [97] developed 
point-of-care immunosensors for detecting antigens based 
on electrochemical nano-dendroids and graphene oxide 
nanocomposites. Martens et al. [98] developed COVID-19 
antigen respi-Strip, point-of-care device based on membrane 
technology with colloidal gold nanoparticles. Sensitivity 
and specificity were recorded as 99.5% and 57.6%, respec-
tively, with an accuracy of 82.6%. Verma et al. [99] showed 
that gold nanoparticle-coated peptides could be used as a 
rapid-detection tool for COVID-19. All these emerging tech-
niques may prove highly useful for developing point-of-care 
devices.

Mutations in coronavirus and its effect 
on diagnosis

Changes in S, N, membrane (M), and envelope (E) proteins 
lead to different variants of virus. Some variants of concern 
are Alpha, Beta, Delta, and Gamma, with Omicron being the 
newest variant. It has ~ 30 mutations having multiple effects 
on the human body. Different variants of SARS-CoV-2 
can affect diagnosis performance. Tests that have antibod-
ies as recognition elements can fail because of a change in 
antigens’ structure, rendering them useless for detection. 
Changes have been largely observed on S protein of coro-
navirus; hence, immunoassays focusing on detecting N pro-
tein and antibodies corresponding to N protein might remain 
unaffected in detecting different variants in comparison to 
detections based on S protein [100].

Molecular tests, such as RT-PCR, RT-LAMP, and Micro-
array, have less chances of failing, since molecular diagnosis 
focus on multiple targets. Other sequences targeted that are 
void of any mutation can still give satisfactory results. Sen-
sitivity of the diagnoses has been shown to get affected, both 
for molecular diagnosis as well as point-of-care serologi-
cal techniques. Even for multi-target diagnostic techniques, 
overall sensitivity and performance is reduced (Fig. 4) [101]. 
Deletion of nine nucleotide sequences in N protein in new 
variant, Omicron has impacted diagnosis significantly. Many 
RT-PCR kits however target only single gene site; hence, 
there is a possibility that deleted N-protein portion (in Omi-
cron variant) is the one targeted by the currently available 
diagnostic method. Hence, molecular testing devices which 
focus on a single target can fail in the face of emerging 
variants.

Conclusions and future perspectives

This review covers different diagnostic techniques currently 
in use in various clinical setups to diagnose COVID-19. RT-
PCR is considered as a gold standard method for diagnosis, 
and all other measurement techniques are compared, taking 
RT-PCR as a reference, in terms of their measurement prin-
ciple, sensitivity, accuracy, and cost. RT-PCR focuses on 
measuring nucleic acids for diagnosis of infection, whereas 
a wide range of measurement techniques are based on sero-
logical tests. Both antigen and antibody are detected in sero-
logical tests. The most favorable time for antibody meas-
urements is 14 days after the onset of symptoms to up to 
60 days, while antigen detection can be used for early detec-
tion starting from the second day of infection to 14 days. 
The detection of antigen in blood by LFIA can provide an 
efficient point-of-care diagnostic technique for fast detection. 
Some rapid diagnostic tests (RDTs) have been developed 
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with limited accuracy, and further advances in this field can 
lead to the development of highly sensitive and accurate 
point-of-care testing devices. Technologies in the research 
phase, such as developing electrochemical biosensors and 
AI to provide insights from data, can prove useful for fast 
and accurate detection. A comprehensive comparison of all 
methods is presented in Fig. 5.

It has been observed that even in the wake of different 
mutations of coronavirus, RT-PCR detecting multiple tar-
gets may still be efficient and give accurate results (with 
lower sensitivity) for new variants. However, RT-PCR has 
limitations such as the requirement of laboratory facilities, 
complex preparation and detection steps. To overcome these 
limitations, other nucleic acid methods such as RT-LAMP 
and microarray can be used to develop fast and efficient 
detection methods at a low cost. MIA presents major benefits 
over ELISA with a lower detection limit, lower detection 
time, and fewer intermediate steps. MIA can be developed 
for immunoassay detection over ELISA and CLIA with con-
siderable benefits.

A lot of research is underway for the development of 
accurate methods. However, more rigorous studies are 
needed in transferring lab-based methods to clinical tri-
als. Efforts with the right emphasis and providing essential 
tools to the research community can lead to the develop-
ment of effective point-of-care diagnosis with minimum 
sample preparation steps, lower detection time, and better 
accessibility.
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