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Since December 2019, the severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2) has been a global health concern. The transmission method is hu-
man-to-human. Since this second wave of  SARS-CoV-2 is more aggressive than 
the first wave, rapid testing is warranted to use practical diagnostics to break the 
transfer chain. Currently, various techniques are used to diagnose SARS-CoV-2 
infection, each with its own set of  advantages and disadvantages. A full review 
of  online databases such as PubMed, EMBASE, Web of  Science, and Google 
Scholar was analyzed to identify relevant articles focusing on SARS-CoV-2 and 
diagnosis and therapeutics. The most recent article search was on May 10, 2021. 
We summarize promising methods for detecting the novel Coronavirus using sen-
sor-based diagnostic technologies that are sensitive, cost-effective, and simple to 
use at the point of  care. This includes loop-mediated isothermal amplification 
and several laboratory protocols for confirming suspected 2019-nCoV cases, as 
well as studies with non-commercial laboratory protocols based on real-time re-
verse transcription-polymerase chain reaction and a field-effect transistor-based 
bio-sensing device. We discuss a potential discovery that could lead to the mass 
and targeted SARS-CoV-2 detection needed to manage the COVID-19 pandem-
ic through infection succession and timely therapy.
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What is new/important. Learning Points

• The use of  the electrochemical and serological sensors for SARS-CoV-2 diagnosis;
• Sensitivity enhancement compared to the traditional diagnostic devices;
• State-of-the-art SARS-CoV-2 diagnosis strategies such as miniaturized electrochemical analyzers;
• AI-supporting smartphone-based operations for rapid diagnosis;
• Evidence on the diagnostic accuracy of  all known tests for SARS-CoV-2, as well as tests for antibodies to SARS-CoV-2;
• Most qPCR assays have three targets: Orf1, E and N genes. 
• Manufacturers can apply for emergency use authorization (EUA) from the United States Food and Drug Administration for 

clinical diagnostic use.
• Rapid antigen detection has the potential to become an important tool for the early diagnosis of  SARS-CoV-2, particularly in 

situations with limited access to molecular methods.
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INTRODUCTION

In December 2019, the novel coronavirus disease 2019 (COVID-19) was first reported and diagnosed in Wuhan, China. Coronavirus 
(CoV) is a member of  the Coronavirinae subclass of  the Coronaviridae family of  the order Nidovirales. These viruses are members of  
the coronavirus subgenera alpha, beta, gamma, and delta [1]. These viruses are typically 150–160 nm in size and classified as enve-
lope-type viruses [2]. The virus structure comprises unfermented positive ss-RNA, a nucleoprotein capsid suspended in a matrix, and a 
Spike protein (S). The virus' fully labeled structure is shown in Figure 1.

After comparing DNA viruses with RNA viruses, it was discovered that the substitutions per nucleotide site per cell infection ranges 
between 10−8 to 10−6 (s/n/c) and 10−6 and 10−4 (s/n/c), respectively [4]. Genome sequencing was done regularly to identify genetic 
changes in SARS-COV-2, but the infection is difficult to diagnose and treat [5, 6].

After five days, the first symptom of  COVID-19 appears. The onset of  the first symptom can range from sixth to the 41st day, with an 
average of  14 days. The onset of  symptoms is determined by the infected patient's age and immune system. According to studies, it takes 
less time for patients over 70 years to recover than for younger patients [7, 8]. Fever, dry cough, dyspnea, myalgia or fatigue, headache, 
hemoptysis, and diarrhea are some of  the most common symptoms of  COVID-19 [9]. Patients infected with this virus can suffer po-
tential damage to other vital organs, such as the gastrointestinal, cardiac, renal, and nervous systems [10]. 

Although some patients do not have a fever, they suffer from acute respiratory distress syndrome (ARDS) and acute organ injury. One of  
the significant symptoms of  COVID-19 is that patients lose their ability to smell and taste [11]. It was proven that convalescent plasma 
transfusion (CPT) is useful in patients with severe COVID-19 [12].

Figure 1. The structure of SARS-CoV-2 virus binding to the ACE2 host receptor [3]. (A) Schematic SARS-CoV-2 binding to the ACE2 host 
receptor. Schematic of a SARS-CoV-2 particle, an enveloped ssRNA virus expressing the spike glycoprotein (S) that mediates the binding 
host cells at its surface. (B) Structural studies have previously obtained a complex between the receptor-binding domain (RBD, a subunit 
of the S glycoprotein) and the angiotensin-converting enzyme 2 (ACE2) receptor. (C) Schematic of probing SARS-CoV-2 binding using 
atomic force microscopy (AFM). The initial attachment of SARS-CoV-2 to cells involves specific binding between the viral S glycoprotein 
and the cellular receptor, ACE2.
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The presence of  protein found in the virus was discovered to be the primary cause of  this disease, contributing to the development of  
diagnostic methods [13]. SARS-CoV2 comes in two variants, both of  which are quite stable. 

Further, it can be detected in aerosols for up to 3 hours, on cardboard for up to 24 hours, and copper for up to 4 hours due to its high 
stability. Furthermore, it was discovered that SARS-CoV-1 and SARS-CoV-2 have longer viability on polypropylene and stainless steel 
materials than on cardboard or copper. They can survive on plastic and stainless-steel surfaces for up to 2–3 days. Researchers also 
demonstrated a similar half-presence in aerosols, which lasted an average of  2.7 hours and 13 hours on steel surfaces [14, 15]. 

According to a rapid report published by McIntyre in February 2020, the virus has spread to a level of  pandemic potential compara-
ble to influenza, with an R0 of  2.2 [16]. COVID-19 was declared a global pandemic on March 11, 2021. At the moment of  writing, 
145,501,934 confirmed cases were reported across 221 countries, with a death rate of  more than 2,992,193 lakhs people reported to 
the World Health Organization (WHO). Currently, it is reported and observed in 221 countries and regions across the world. (https://
www.worldometers.info/coronavirus/coronavirus-death-toll/).

As stated earlier, due to the evident presence of  a particular protein in the virus, it was an indicator in many diagnostic tools for iden-
tification in respiratory samples. Several labs conducted tests to detect this protein's presence in respiratory specimens. The Centers 
for Disease Control and Prevention (CDCP) and WHO, as well as the Indian Council of  Medical Research (ICMR), issued specific 
guidelines for the transportation and handling of  infected patients’ samples. In this section, we will go over sample transportation and 
testing methods developed by various companies for early detection, which will aid in disease containment.

Pre-analytical issues

Specimen collection and transport

Samples from the nasopharyngeal or pharyngeal region are collected and transported to testing laboratories at a minimum temperature 
of  4°C. They can be stored at -70°C in the lab for more than five days. As recommended by CDC, the current diagnostic approach 
includes collecting samples from the patient's sputum, blood/serum, and a swab from the nasopharyngeal and or pharyngeal swab, 
bronchoalveolar lavage, tracheal aspirate, nasopharyngeal aspirate, or nasal wash. For swab-based SARS–CoV-2 testing, a nasopharyn-
geal specimen is commonly preferred over other swabs. 

However, other swab samples such as oropharyngeal, mid-turbinate, or anterior nares are also acceptable and can be considered for 
identification [17, 18]. Sputum, endotracheal aspirate, and bronchoalveolar lavage samples were more sensitive [19].

Emergence and genome Evolution of SARS-CoV-2 Virus

More viral genomes have been sequenced and added to the previously known category as the SARS-CoV-2 or COVID-19 pandemic 
has progressed. While phylogenetic and phylogeographic inferences can be used to predict and remise the disease, some general health 
experts in Wuhan made some historical findings by identifying the disease as the leading group of  pneumonia cases [20]. The highly 
compensated infection rate of  virus replication within the hosts compensates for the recommended lower mutation rates. 

Although no evidence of  the virus's ability to mutate has previously been discovered, it will cause extreme changes in any phenotype, 
such as transmissibility and virulence [21], so it is critical to screen for any changes in phenotypic changes as the infection spreads. Any 
decrease in the number of  positive cases and the Case Fatality Ratio (CFR) of  COVID-19 will undoubtedly be due to rising resistance 
in the human population and an epidemiological environment hostile to mutational changes in the viral structure.

Genomic features of SARS-CoV-2 

Based on structural studies [22, 23] and biochemical experiments [24, 25], there are two types of  notable genome features of   
SARS-CoV-2: alpha and beta types. SARS-CoV-2 can be optimized by binding receptor Angiotensin-Converting Enzyme 2 (ACE2); 
and SARS-CoV-2 spike protein has a useful polybasic cleavage site at the S1–S2, which limits the inclusion of  12 nucleotides and also 
prompts the anticipated security of  three O-linked glycans around as shown in (Figure 2).

SARS-CoV-2 origin and related theories

It is quite hypothetical that SARS-CoV-2 emerged from laboratory manipulation of  SARS-CoV-like coronavirus in 2019. As noted 
over, the receptor-binding domain (RBD) of  SARS-CoV-2 is upgraded for authoritative to ACE2 of  human cells [26]. Betacoronavirus 
consists of  A, B, C and D subgroups; SARS-CoV and  SARS-CoV-2 come under the B subgroup [27]. 

In any case, hereditary information verifiably shows that SARS-CoV-2 is not received from any recently used infection backbone [28]. 
Based on the analysis of  subgroup B, key insertions and deletions were identified and named M1 to M6 in the ORF3a, M, ORF7a, 7b, 
8 and N genes, respectively [28].
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Figure 2. Schematically representation of the RBD-ACE2 complex protein-protein interaction. (A) Viral entry mechanism of SARS-CoV-2. 
(B) Trimeric S protein RBD interaction inhibition with ACE2 by repurposed antiviral drugs. (C) Bar graph of binding affinities (kcal/mole) 
of selected antiviral drugs from virtual screening to RBD-ACE2 complex. (D) ACE2 binding to trimeric S protein RBD in a closed conforma-
tion. (E and G) Key residues of the interaction mechanism. Blue-colored residues are from the ACE2 enzyme and green-shaded residues 
from trimeric S protein (F) Open conformation of the antiviral drug (PC786) that conjugates the RBD-ACE2 complex [4]. (Reproduced with 
permission, © AAAS Science Advances).
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CURRENT DIAGNOSTIC TESTS FOR COVID-19

Target selection for the rapid detection of COVID-19

The detection of  SARS-CoV-2 RNA was demonstrated for the use of  early coronavirus disease detection. It could be useful in con-
trolling wellspring contamination and preventing patients from being infected with the virus. Detecting coronaviruses quickly and 
precisely is now becoming extremely important. With advancements in atomic science, innovation, and nucleic corrosive location 
techniques, it was possible to find a solution for detection of  techniques for a rapidly growing pandemic through progressive viral detec-
tion innovation. Polymerase chain reaction (PCR)-based detection is characterized as a fast recognition, high sensitivity, and specificity 
detection technique, and it has been regarded as the “gold standard” for virus detection. Several other molecular tests compete to 
recognize coronavirus RNA, but they are not based on PCR. Here, we evaluate and the various methodologies available for coronavi-
rus detection to help future scientists combat such a pandemic by developing a novel, fast, and precise detection method. The current 
diagnostic workflow for COVID-19 is described in (Figure 3). 

The most promoted technique is the real-time reverse transcription-polymerase chain reaction (RT-PCR) test strategy [29, 30]. The 
initial positive nucleic acid test and the lung changes seen on computed tomography (CT) scans must be compared and checked. Positive 
cases typically have a low lung CT, which is similar to a reverse halo sign, but this should be supported by several other nucleic acid 
tests [31, 32].

The detection of  nucleic acids, on the other hand, has its limitations in terms of  ease of  operation, time efficiency, and degree of  pollu-
tion. However, CT results can differ between infected patients and have low specificity. It is also recommended to test for the presence 
of  IgM/IgG antibodies. Because of  its high sensitivity, the enzyme-linked immunosorbent assay (ELISA) test is used [33]. SARS-CoV 
N-based IgG ELISA has a 94.7% sensitivity, SARS-CoV S-based IgG ELISA has a 58.9% sensitivity, and SARS-CoV-2 IgG/IgM are 
still being studied [34]. Table 1 shows the current COVID-19 detection methods that are available.

Figure 3. Sample collection process from people and its handling. Process of post-analytical flow. (A) Schematic representation of a human 
affected by the SARS-Cov-2 infection. (B) Nasopharyngeal and or pharyngeal swab sample collection. (C) Severe cases are admitted to the 
hospital, and mild cases are self-quarantined at home. (D) Sample collection tube in a viral transport medium. (E) Sample transport and 
maintenance at 4°C. (F) Measure sequence and cycle threshold. (G) Interpretation of the positive or negative result. 
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DIAGNOSIS OF SARS-COV-2 WITH MOLECULAR AND CHIP-BASED 

Reverse transcription-polymerase chain reaction (RT-PCR)

RT-PCR is now widely used to detect COVID-19 in respiratory secretions [35]. However, it has some drawbacks, such as biological 
contamination risks due to inappropriate handling of  patient samples, the need for well-equipped laboratories and skilled personnel, 
and the long time required for the expected results [36]. RT-PCR-based kits have recently been developed for the qualitative detection 
of  viral infection in various biological fluids such as alveolar lavage fluid, nasopharyngeal swabs, sputum, and blood [37]. The Chinese 
Center for Disease Control and Prevention recommended that ORF1ab and N-gene regions must be used for COVID-19 detection by 
RT-qPCR. The use of  RT-qPCR-based techniques (Taq Man-based fluorescence signal) to determine ORF1ab and N-gene regions in 
respiratory samples was well described, and results were reported [37].

Wang et al. conducted a study using RT-qPCR, which revealed a 91.7% positive rate in saliva samples from SARS-CoV-2 infected 
patients. Saliva has been proposed as a promising non-invasive patient sample for disease diagnosis and monitoring [38]. COVID 19 

Method available Working principle Sample Source Advantage Time required Disadvantage

Next generation 
sequencing (NGS)

Gross genome se-
quencing

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Eminently sensitive 
and distinct, able to 
identify newfangled 

strain

1–2 day

Recommended with 
highly equipped 

lab and needs high 
expertise of the 

lab technician and 
sophisticated lab 

equipment

RT-PCR Unique probed-prim-
er based detection

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Higher Response 
time needs slight 
amount of DNA 

sample, can be appli-
cable in a single step, 
traditional technique 

in viral diagnostics

3–4 hrs.

Needs expensive lab 
equipment, complex 

process with time 
consuming steps

Reverse 
transcription 
loop-mediated 
isothermal 
amplification  
(RT-LAMP)

Detection based on 
more than two sets 
of specific primers

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Highly accurate and 
repeatable in fixed 
climate conditions

1 hr.
Highly sensitive and 
too prone to cross 

contamination

Serological 
(Traditional 
antibody test)

Antigen/Antibodies 
IgM/IgG 

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Highly Selective and 
Sensitive 4–6 hrs. 

Highly time taking 
process with 3-4 

days incubation and 
testing time

Rapid serological Antigen/Antibodies 
IgM/IgG

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Applicable for 
Point-of-care testing 

(POCT)
15–30 mins

Highly time-consum-
ing process with 3-4 
days for incubation 

and testing time; 
too prone to cross 

contamination

CT Scan Chest images Based on human 
physiology

Highly sensitive 
and selective if the 

results are combined 
with RT-PCR findings

1 hr.

Predictability from 
other viral pneumo-

nias and abnormal CT 
hysteresis

Virus Isolation
In vitro live virus 

isolation and propa-
gation

Oropharyngeal swabs 
or nasopharyngeal 

swabs, sputum, lower 
respiratory tract 

aspirates, broncho-al-
veolar lavage

Highly (100%) specif-
ic. Gold standard 5–15 days Less sensitive if isola-

tion is not prompt

Table 1. Current diagnosis method available for COVID-19.
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tests, in general, have lower accuracy and sensitivity than RT-PCR-based tests because they do not amplify small amounts of  target viral 
RNA. Furthermore, the assurance of  novel coronavirus SARS-CoV-2 has specifically designed primers to be used [39]. However, while 
RT-PCR-based methodologies have some advantages over other tests, they also have some disadvantages, such as the fact that results 
can take anywhere from a few hours to up to two days [40]. 

Furthermore, RT-PCR necessitates well-trained personnel to handle and go through complicated sample processing methods. These 
limitations have an impact on its functionality and widespread application in the management of  antiviral agents. Several Clinical 
Laboratory Improvement Amendments (CLIA) have recently waived the molecular tests that have been reported for point-of-care 
utilization (https://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.html). 

Reverse transcription loop-mediated isothermal amplification (RT-LAMP) 

Notomi et al. developed the reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay for the first time in 2000 
[42]. It is a sensitive, fast method with simple operation, command over the visual nucleic acid amplification method, and simple re-
sults interpretation. This technique has recently been used to detect pathogenic infections like SARS-CoV-2, influenza, Middle East  
Respiratory Syndrome (MERS)-CoV, West Nile, Ebola, Zika, yellow fever, and others (Figure 4) [43–48]. 

According to the reports, six primers were used on an isothermal LAMP method called the isothermal LAMP-based method for 
COVID-19 testing 

(iLACO) to amplify a fragment of  the ORF1ab gene [34]. The Basic Local Alignment Search Tool (BLAST) was used to compare 11 
related viruses in this method. Although the developed system’s reaction time ranged from 15 to 40 minutes, its assays were initially 
valuable for testing COVID-19 positive patients with outbreak control due to their accuracy, simplicity, and versatility [49]. In this 
study, SARS-CoV-2 RNA was used in conjunction with the RT-LAMP method and reported for visual and colorimetric detection. 

Figure 4. Schematically representation of development stages of paper microfluidic RT-LAMP assay: (A) Development of paper microfluid-
ic chips. (B) Loading of ZIKV-spiked samples, (C) Amplification step and color change observation via smartphone [41].
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Temperature is the most important factor for a specific and efficient RT-LAMP reaction. A conventional thermocycler was used to in-
vestigate three different temperatures, 65°C, 68°C, and 70°C (for maintaining one temperature required for RT-LAMP) (Figure 4). The 
authors tested the system on RNA samples purified from COVID-19 patients’ respiratory samples in Wuhan, China. Later in the study, 
the researchers concluded that this method could detect viruses without complex diagnostic materials [50]. RT-LAMP amplification, a 
polyester-toner (PeT) for visual detection on-chip, fluorescent DNA intercalator SYBR Green I was added for visual detection on-chip, 
as shown in Figure 5.

Field-effect transistor-based biosensor for SARS-CoV-2 detection

Seo et al. discovered that the graphene-based field-effect transistor biosensor could detect SARS-CoV-2 from a human nasopharyngeal 
swab. The sensing layer of  the biosensor was chosen to be graphene, and the SARS-CoV-2 spike antibody was conjugated onto the 
graphene sheet via a 1-pyrene butyric acid N-hydroxy succinimide ester linkage. At low levels of  phosphate-buffered saline and clinical 
transport medium, this field-effect transistor (FET)-based biosensing device could determine the SARS-CoV-2 spike protein concentra-
tion. As a result, this biosensor has been successfully constructed as a promising FET biosensor for SARS-CoV-2 without the need for 
pretreatment or labeling [62]. The detailed procedure is depicted in Figure 6.

Graphene is implemented as a sensing material, and the SARS-CoV-2 spike antibody is conjugated onto the graphene sheet via 
1-pyrene butyric acid N-hydroxysuccinimide ester, which is an interfacing molecule as a probe linker. Schematic diagram of  COVID-19 
FET sensor operation procedure: (A) Nasopharyngeal swab sample collection. (B) Sample collection tube in the viral transport medium. 
(C) Graphene-based biosensing device functionalized with the SARS-CoV-2 spike antibody. (D) The fabricated device through 1-pyrene 
butyric acid N-hydroxy succinimide ester (PBASE). (E) Response SARS-COV-2 signal on display.

RADIOLOGICAL FEATURES OF COVID-19 

Computed tomography (CT)

CT is a non-invasive imaging technique that can detect certain trademark indications in the lung associated with the novel corona-
virus SARS-CoV-2 [32, 53]. As a result, computed tomography can be an effective method for the early detection and screening for 

Figure 5. LAMP reaction steps on micro chamber via interaction of a fluorescent dye [51].
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COVID-19 positive patients. Despite such advantages, computed tomography may share particular comparable imaging highlights 
between COVID-19 and various types of  pneumonia, making it difficult to distinguish between them both. Radiological tests, partic-
ularly chest CT for COVID-19, have been developed for initial diagnosis and monitoring disease progression. A proficient and precise 
evaluation technique is required for the rapid detection technique using computed tomography assessments for meeting the require-
ments of  accurate level detection of  COVID-19 differentiating between pneumonia [54, 55]. In one study, a small number of  patients 
were tested using RT-PCR analysis, which adhered to the gold standard. The researchers proposed that non-contrast chest computed 
tomography has a sensitivity of  98% for detecting COVID-19 disease, compared to the initial RT-PCR sensitivity, which was 71%. This 
study reported a lack of  sensitivity at the start of  RT-PCR testing, which was confirmed by another study [56]. It was revealed that 3% 
of  patients had negative RT-PCR results for the COVID-19 virus regardless of  chest CT outcomes. Due to various viral pneumonia, 
using a chest CT reduces the number of  false-negative COVID-19 results. The results of  an analysis of  121 patients report from four 
studies conducted in the early, transitional. Late stages of  disease revealed that RT-PCR was more sensitive than CT scans and was 
proposed as a necessary supportive diagnostic method [57, 58]. In addition, the American Society for Radiation Oncology proposed 
developing CT-based diagnostic techniques for COVID-19 to improve SARS-CoV-2 detection rates [59]. 

POINT OF CARE TESTING (POCT)

POCT allows for faster test results, potentially reducing the turnaround time of  the results. At the moment, the majority of  SARS-
CoV2 confirmatory tests are based on a molecular diagnostic method that takes at least 24 hours to produce results. Because of  a lack of  
POCT and other limited-resource settings, it has become a bottleneck, adding to the complications of  the current pandemic outbreak 
situation. As a result, developing a POCT for SARS-CoV-2 has become critical. The ideal POCT should be more sensitive and specific 
for detecting the SARS-CoV2 virus in real-time while also being easy to use.

Sensor-Based (Molecular, Serological and antigen tests) Testing approved in-vitro Diagnostics (IVDs)

SARS-CoV-2 Spike Protein ELISA Kit
The serological analysis is currently being developed [60, 61]. Serology testing (IgM and IgG) in human serum of  SARS-CoV-2 patients 
is only used for observational purposes and not as a diagnostic tool. Rapid antigen horizontal stream examinations have the potential 

Figure 6. FET biosensor operation procedure for SARS-CoV-2 diagnosis [52]. 
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benefit of  detecting the SARS-CoV-2 virus in a short period with minimal effort. Nevertheless, they are likely to experience the effects 
of  low sensitivity as a result of  the use of  this technique for previous infections [62–64]. A significant challenge associated with the 
inconsistencies of  COVID-19 patients is due to the viral load, and the antigen discovery may cause some missing cases attributed to low 
irresistible weight or testing changeability.

The serological analysis of  the host reaction to contamination is a circuitous proportion of  disease that must be handled cautiously. 
Serological strategies have been developed and have proven helpful in the epidemiology of  COVID-19 [59, 65]. If  the response is to 
establish IgG reactions, serology detection is unlikely to play a role in a dynamic case of  the board. Cell cultures are not recommended 
for disease diagnosis or infection monitoring strategies to validate recent SARS-CoV-2 cases with their resistance rates [66].

Lateral-flow immunoassay (LFIA)

Rapid antibody recognition-based assays include the following tests: 1) Bio-medics rapid test and Sure screen rapid test cassette, 2) Gold 
site diagnostics kit, 3) Assay Genie rapid POC kit, and 4) Viva-Diag SARS-CoV-2 antibodies. DPP SARS-CoV-2 IgM/IgG is a POC 
test approved by The United States Food and Drug Administration (FDA) with a rapid LFIA test developed by Chembio Diagnostics 
that can produce results in 15 minutes using a finger pricked blood sample. This test is based on optical readout via micro reader 1 
and 2 analyzers. Diazyme DZ-Lite SARS CoV-2 IgM and IgG chemiluminescence immunoassay (CLIA) Kits are another FDA and 
Emergency Use Authorization (EUA)-approved antibodies-based kit [67]. The DZ-Lite SARS CoV-2 IgM and IgG CLIA Kits are used 
in their method, based on a CLIA analyzer with a throughput of  50 tests/hour. Various CE-certified ELISA kits developed by in vitro 
diagnostics (IVD) manufacturers such as Euroimmun, IBL International, DRG Diagnostics GmbH, and Epitope Diagnostics are widely 
available on the market. 

The majority of  them are based on IgG and IgM antibodies in the patient’s blood. These assays are designed to measure and detect the 
presence of  IgG and IgM in patient blood, serum, or plasma samples. It also includes a simple operation process in which the patient’s 
finger is pricked, and the blood is analyzed, with the resulting output similar to a pregnancy test, which takes approximately 10–15 min-
utes to complete. All of  these are compatible with single-use disposable cartridges that can be stored at room temperature. The handling 
procedure is quite simple; it makes use of  a simple, easy-to-follow procedure. Pipetting a few drops of  blood from a finger prick or vein, 
for example, can be used. The blood sample flows through the strip, and the result of  the sample can be interpreted in 5 to 10 minutes. 
These are single-use expendable cartridges that can be used at room temperature regularly. 

The Indian Council of  Medical Research (ICMR) and the All India Institute of  Medical Sciences (AIIMS) Delhi have recently tested 
the COVID antigen from SD biosensors exclusively in India. According to the guidelines, these antigen tests are highly selective and 
specific, with sensitivity ranging from 55% to 84%. In India, it is almost mandatory that COVID-19 patients undergo this antigen test-
ing. If  found positive, RT-PCR testing is not required; however, if  found negative, RT-PCR testing is required, and it takes 30 minutes 
to complete.

NEW DIAGNOSTIC MODALITIES FOR SARS-COV-2 DETECTION

Vivalytic COVID-19 Test: Bosch, Germany, and Randox Laboratories, UK, created the Vivalytic SARS-COV-2 test. This kit’s test time 
is less than 2.5 hours. SARS-COV-2 NS and TS samples were used to detect multiple respiratory viruses with influenza A and B using 
a fully automated and rapid point-of-care molecular test [68]. Abbott ID Now™: Based on the RdRp gene of  SARS-COV-2, this test kit 
can provide qualitative results in 5 minutes using NS and TS samples [68]. Qwik Zyme: This test is more sensitive and specific, as well 
as simple to use; it can even be performed outside of  the clinical setup; the solution allows it to be used extensively for outside-of-lab 
testing, theoretically in any geographic region, which can help to reduce virus spread [85].

OTHER DIAGNOSTIC METHODS

Xpert Xpress SARS CoV2: The N2 gene is detected using a rapid point-of-care RT-PCR test. The test has a detection limit of  250 copies/mL  
and takes 45 minutes to complete. This type of  testing is done with cartridges. The results are comparable to those obtained using  
RT-PCR. The test does not necessitate any specialized training or skilled personnel.

Bio Fire: This POCT from Biomereiux has a single place and multiplexed SARS-CoV-2 detection cartridges. This system is approved 
by Emergency Use Authorization, and it can detect respiratory pathogens in about 45 minutes.

TRUENAT: For COVID-19, it is a chip-based technology using RT-PCR technology developed by Molbio, a company based in India. 
In one hour, the results can be confirmed as positive. The kits have been approved by the Indian Council of  Medical Research (ICMR). 
It is widely used at the district/community health center level in India. It has made a significant contribution to covering the widespread 
testing in India’s healthcare system. It includes an RNA extractor as well as a processor; also, it detects the ORF3a gene of  COVID19 
and the whole process takes 1 hour [69].
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The most common technique identifying SARS-CoV2 diagnosis is real-time PCR. The RT-PCR test is also highly recommended for 
disease progression monitoring. Although RT-PCR is a sensitive and specific technique, it requires skilled personnel to perform the 
test correctly. A chest CT or X-ray must be performed for the COVID-19 patient suspected of  having viral pneumonia. In addition,  
ELISA-based tests have recently been investigated for the specific detection of  COVID-19 antibodies. Individuals with an active im-
mune response to SARS-CoV-2 can be identified using serological assays. Micro-neutralization is a test used to detect specific antibodies 
in a serum sample; it is thought to be more sensitive and specific for neutralizing antibody analysis. The presence of  antibodies indicates 
that the infected person has developed an immune response. Serology tests, on the other hand, are only recommended for observational 
purposes and not for diagnostic purposes. Point-of-care diagnostics (POCD) allows for faster test results, potentially enhancing active 
medical care. Currently, all available COVID-19 tests are hospital/laboratory-based, with a turnaround time of  24 to 48 hours. POCD 
inaccessibility and a scarcity of  skilled personnel are also significant issues in the current pandemic. As a result, there is a pressing need 
to develop a COVID-19 POCD test that is simple to use, sensitive, specific, and cost-effective.

According to Kaushik et al., electrochemical SARS-CoV-2 immunosensing is sensitive, and with the help of  nano-enabled biosensors, 
we can detect SARS-CoV-2 at the picomolar level, even at point-of-care. It is recommended to adopt and optimize an immunosensing 
approach by Kaushik et al., who developed an electrochemical SARS-CoV-2 biosensor. This method is also ideal for quick data analysis, 
secure data storage, and remote data sharing with healthcare professionals. 

CONCLUSIONS

The development of  a rapid, robust, accurate, precise, and cost-efficient point-of-care sensor/device is critical in the event of  a pandem-
ic caused by SARS-CoV-2. It should be so simple to use in nursing homes, government healthcare facilities, and community settings 
that even a layperson could operate it. It should apply to a wide range of  people, from the average citizen to highly skilled workers. The 
government will be able to control cases better and combat the pandemic if  these rapid POC tests are implemented. Due to the shortage 
of  research in this area, finding simple assays with high sensitivity and ease of  use has become difficult. For SARS-CoV-2 detection, 
precise RT-LAMP assays are now preferred. In studies comparing RTPCR and the RT-LAMP assay for SARS-CoV-2, the RT-LAMP 
method was superior to the other POC testing methods. It was found to be promising, quick, easy to use, and highly efficient. RT-LAMP 
may alter COVID-19 recognition; these particular RT-LAMP assays for SARS-CoV-2 detection are both fast and accurate. 

Currently, a chip-based RT-PCR test is used for detecting Beta CoV and RdRp genes in India. However, a positive screening test 
requires a second Rdrp gene confirmatory test. Another significant milestone is the reporting of  asymptomatic or very mild cases of  
infection, making it difficult to determine the accurate or exact number of  infected people in the population. The IgG-IgM combined 
antibody test has proven to be more effective in detecting antibody prevalence among infected people. This type of  test usually takes less 
than 15 minutes and can tell if  the patient has had a recent or previous SARS-CoV-2 infection.

ACKNOWLEDGMENTS

We are thankful to Cansu İlke Kuru from the Department of  Biochemistry, Faculty of  Science, Ege University and Buca Municipality, 
Kızılçullu Science and Art Center, Izmir, Turkey and Fulden Ulucan from the Department of  Bioengineering, Ege University, Bornova, 
Izmir, Turkey for their help in retrieved the data.

Conflict of interest
The authors declare that there is no conflict of  interest.

REFERENCES

1. Pal M, Berhanu G, Desalegn C, Kandi V. Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2): An 
Update. Cureus. 2020;12(3):e7423-e. 

2. Kannan S, Shaik Syed Ali P, Sheeza A, Hemalatha 
K. COVID-19 (Novel Coronavirus 2019) - recenttrends. 
European review for medical and pharmacological sciences. 
2020 Feb;24(4):2006-11.

3. Brüssow H. COVID-19: emergence and mutational 
diversification of  SARS-CoV-2. Microbial Biotechnology. 
2021 2021/05/01;14(3):756-68

4. Singh DD, Han I, Choi EH, Yadav DK. 
Immunopathology, host-virus genome interactions, and 

effective vaccine development in SARS-CoV-2. Comput 
Struct Biotechnol J. 2020;18:3774-3787. 

5. Verma HK, Merchant N, Verma MK, Kuru Cİ, Singh 
AN, Ulucan F, et al. Current updates on the European and 
WHO registered clinical trials of  coronavirus disease 2019 
(COVID-19). Biomed J. 2020 2020/10//;43(5):424-33. 

6. Sahu T, Mehta A, Ratre YK, Jaiswal A, Vishvakarma NK, 
Bhaskar LVKS, et al. Current understanding of  the impact 
of  COVID-19 on gastrointestinal disease: Challenges and 
openings. World J Gastroenterol. 2021;27(6):449-69. 

7. Ouassou H, Kharchoufa L, Bouhrim M, Daoudi NE, 
Imtara H, Bencheikh N, ELbouzidi A, Bnouham M. The 
Pathogenesis of  Coronavirus Disease 2019  
(COVID-19): Evaluation and Prevention. J Immunol Res. 
2020: 10;2020:1357983.

8. He X, Cheng X, Feng X, Wan H, Chen S, Xiong M. 
Clinical Symptom Differences Between Mild and Severe 
COVID-19 Patients in China: A Meta-Analysis. Front Public 
Health. 2021 Jan 14;8:561264.

9. Lima C. Information about the new coronavirus disease 
(COVID-19). Radiologia brasileira. 2020;53(2):V-VI.

10. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. 
Review of  the Clinical Characteristics of  Coronavirus Disease 
2019 (COVID-19). Journal of  general internal medicine. 
2020: 35(5); 1545-9.

11. Verma HK, Farran B, Bhaskar LVKS. Convalescent 
plasma transfusion a promising therapy for coronavirus 
diseases 2019 (COVID-19): current updates. Antib Ther. 
2020;3(2):115-25.



© 2021 JOURNAL of  MEDICINE and LIFE. VOL: 14 ISSUE: 4 JULY-AUGUST 2021442

JOURNAL of MEDICINE and LIFE

12. Mujawar MA, Gohel H, Bhardwaj SK, Srinivasan S, 
Hickman N, Kaushik A. Nano-enabled biosensing systems 
for intelligent healthcare: towards COVID-19 management. 
Mater Today Chem. 2020;17:100306.

13. Van Doremalen N, Bushmaker T, Morris DH, Holbrook 
MG, Gamble A, Williamson BN, et al. Aerosol and Surface 
Stability of  SARS-CoV-2 as Compared with SARS-
CoV-1. The New England journal of  medicine. 2020 Apr 
16;382(16):1564-7. 

14. Harbourt DE, Haddow AD, Piper AE, Bloomfield H, 
Kearney BJ, Fetterer D, et al. Modeling the stability of  severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on 
skin, currency, and clothing. PLoS neglected tropical diseases. 
2020 Nov;14(11):e0008831. 

15. Kpozehouen EB, Chen X, Zhu M, Macintyre CR. 
Using Open-Source Intelligence to Detect Early Signals of  
COVID-19 in China: Descriptive Study. JMIR Public Health 
Surveill. 2020;6(3):e18939-e.

16. McFee DRB. COVID-19 Laboratory Testing/CDC 
Guidelines. Dis Mon. 2020;66(9):101067. 

17. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z,  
et al. SARS-CoV-2 Viral Load in Upper Respiratory 
Specimens of  Infected Patients. The New England journal of  
medicine. 2020 Mar 19;382(12):1177-9. 

18. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. 
Detection of  SARS-CoV-2 in Different Types of  Clinical 
Specimens. Jama. 2020 May 12;323(18):1843-4. 

19. Grubaugh ND, Ladner JT, Lemey P, Pybus OG, Rambaut 
A, Holmes EC, et al. Tracking virus outbreaks in the  
twenty-first century. Nature microbiology. 2019 Jan;4(1):10-9. 

20. Grubaugh ND, Petrone ME, Holmes EC. We shouldn't 
worry when a virus mutates during disease outbreaks. Nat 
Microbiol. 2020 Apr;5(4):529-530. 

21. Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor 
Recognition by the Novel Coronavirus from Wuhan: an 
Analysis Based on Decade-Long Structural Studies of  SARS 
Coronavirus. Journal of  Virology. 2020;94(7):e00127-20.

22. Walls AC, Park Y-J, Tortorici MA, Wall A, McGuire AT, 
Veesler D. Structure, Function, and Antigenicity of  the  
SARS-CoV-2 Spike Glycoprotein. Cell.  
2020; 181(2):281-92.e6.

23. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh 
CL, Abiona O, et al. Cryo-EM structure of  the 2019-nCoV 
spike in the prefusion conformation. Science (New York, NY). 
2020 13;367(6483):12603. 

24. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, 
Zhang W, et al. A pneumonia outbreak associated with 
a new coronavirus of  probable bat origin. Nature. 
2020;579(7798):270-3.

25. Sheahan T, Rockx B, Donaldson E, Sims A, Pickles 
R, Corti D, et al. Mechanisms of  zoonotic severe acute 
respiratory syndrome coronavirus host range expansion in 
human airway epithelium. J Virol. 2008 Mar;82(5):2274-85. 

26. Cui J, Li F, Shi ZL. Origin and evolution of  pathogenic 
coronaviruses. Nature reviews Microbiology. 2019 
Mar;17(3):181-92. 

27. Singh DD, Han I, Choi EH, Yadav DK. Recent 
Advances in Pathophysiology, Drug Development and 
Future Perspectives of  SARS-CoV-2. Frontiers in cell and 
developmental biology. 2020;8:580202.

28. Chu DKW, Pan Y, Cheng SMS, Hui KPY, Krishnan 
P, Liu Y, et al. Molecular Diagnosis of  a Novel Coronavirus 
(2019-nCoV) Causing an Outbreak of  Pneumonia. Clinical 
chemistry. 2020: 1;66(4):549.

29. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer 
A, Chu DK, et al. Detection of  2019 novel coronavirus 
(2019-nCoV) by real-time RT-PCR. Euro Surveill. 
2020;25(3):2000045.

30. Zhifeng J, Feng A, Li T. Consistency analysis of  
COVID-19 nucleic acid tests and the changes of  lung CT. J 
Clin Virol. 2020;127:104359. 

31. Verma HK. Radiological and clinical spectrum of  
COVID-19: A major concern for public health. World J 
Radiol. 2021;13(3):53-63.

32. Jia X, Zhang P, Tian Y, Wang J, Zeng H, Wang J, et al. 
Clinical Significance of  an IgM and IgG Test for Diagnosis 
of  Highly Suspected COVID-19. Front Med (Lausanne). 
2021;8:569266.

33. Li X, Geng M, Peng Y, Meng L, Lu S. Molecular immune 
pathogenesis and diagnosis of  COVID-19. Journal of  
pharmaceutical analysis. 2020;10(2):102-8. 

34. El-Tholoth M, Bau HH, Song J. A Single and Two-Stage, 
Closed-Tube, Molecular Test for the 2019 Novel Coronavirus 
(COVID-19) at Home, Clinic, and Points of  Entry. 
ChemRxiv. 2020:10.26434/chemrxiv.11860137.v1. 

35. La Marca A, Capuzzo M, Paglia T, Roli L, Trenti 
T, Nelson SM. Testing for SARS-CoV-2 (COVID-19): 
a systematic review and clinical guide to molecular and 
serological in-vitro diagnostic assays. Reprod Biomed Online. 
2020;41(3):483-99. 

36. Kevadiya BD, Machhi J, Herskovitz J, Oleynikov MD, 
Blomberg WR, Bajwa N, et al. Diagnostics for SARS-CoV-2 
infections. Nature Materials. 2021; 20(5):593-605.

37. Tang Y-W, Schmitz JE, Persing DH, Stratton CW. 
Laboratory Diagnosis of  COVID-19: Current Issues and 
Challenges. J Clin Microbiol. 2020;58(6):e00512-20. 

38. Wang Z, Chen Y, Yang J, Han Y, Shi J, Zhan S, et al. 
External Quality Assessment for Molecular Detection of  
Severe Acute Respiratory Syndrome Coronavirus 2  
(SARS-CoV-2) in Clinical Laboratories. J Mol Diagn.  
2021;23(1):19-28. 

39. Engelmann I, Alidjinou EK, Ogiez J, Pagneux Q, 
Miloudi S, Benhalima I, et al. Preanalytical Issues and Cycle 
Threshold Values in SARS-CoV-2 Real-Time RT-PCR 
Testing: Should Test Results Include These? ACS Omega. 
2021;6(10):6528-36. 

40. Notomi T, Okayama H, Masubuchi H, Yonekawa T, 
Watanabe K, Amino N, et al. Loop-mediated isothermal 
amplification of  DNA. Nucleic acids research.  
2000 Jun 15;28(12):E63. 

41. Ge Y, Wu B, Qi X, Zhao K, Guo X, Zhu Y, et al. Rapid 
and sensitive detection of  novel avian-origin influenza 
A (H7N9) virus by reverse transcription loop-mediated 
isothermal amplification combined with a lateral-flow device. 
PloS one. 2013;8(8):e69941. 

42. Huang P, Wang H, Cao Z, Jin H, Chi H, Zhao J, et al. A 
Rapid and Specific Assay for the Detectionof  MERS-CoV. 
Frontiers in Microbiology. 2018 2018-May-29;9(1101). 

43. Cao Z, Wang H, Wang L, Li L, Jin H, Xu C, et al. Visual 
Detection of  West Nile Virus Using Reverse Transcription 
Loop-Mediated Isothermal Amplification Combined with a 
Vertical Flow Visualization Strip. Frontiers in Microbiology. 
2016 2016-April-20;7(554). 

44. Chotiwan N, Brewster CD, Magalhaes T, Weger-
Lucarelli J, Duggal NK, Rückert C, et al. Rapid and specific 
detection of  Asian- and African-lineage Zika viruses. Science 
translational medicine. 2017: 3;9(388). 

45. Li H, Wang X, Liu W, Wei X, Lin W, Li E, et al. 
Corrigendum: Survey and Visual Detection of  Zaire 
Ebolavirus in Clinical Samples Targeting the Nucleoprotein 
Gene in Sierra Leone. Frontiers in Microbiology. 2016;7:948. 

46. Kwallah A, Inoue S, Muigai AW, Kubo T, Sang R, Morita 
K, et al. A real-time reverse transcription loop-mediated 
isothermal amplification assay for the rapid detection of  
yellow fever virus. Journal of  virological methods.  
2013 Oct;193(1):23-7. 

47. Jang WS, Lim DH, Yoon J, Kim A, Lim M, Nam J,  
et al. Development of  a multiplex Loop-Mediated Isothermal 
Amplification (LAMP) assay for on-site diagnosis of  SARS 
CoV-2. PloS one. 2021;16(3):e0248042. 

48. Yu L, Wu S, Hao X, Dong X, Mao L, Pelechano V, et al. 
Rapid Detection of  COVID-19 Coronavirus Using a Reverse 
Transcriptional Loop-Mediated Isothermal Amplification 
(RT-LAMP) Diagnostic Platform. Clinical chemistry.  
2020 Jul 1;66(7):975-7. 

49. Chung M, Bernheim A, Mei X, Zhang N, Huang 
M, Zeng X, et al. CT Imaging Features of  2019 Novel 
Coronavirus (2019-nCoV). Radiology. 2020;295(1):202-7. 

50. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. 
Clinical Characteristics of  138 Hospitalized Patients With 
2019 Novel Coronavirus-Infected Pneumonia in Wuhan, 
China. Jama. 2020: 17;323(11):1061-9. 

51. Pan Y, Guan H, Zhou S, Wang Y, Li Q, Zhu T, et al. 
Initial CT findings and temporal changes in patients with the 
novel coronavirus pneumonia (2019-nCoV): a study of  63 
patients in Wuhan, China. European radiology.  
2020 Jun;30(6):3306-9. 

52. Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest 
CT for Typical Coronavirus Disease 2019 (COVID-19) 
Pneumonia: Relationship to Negative RT-PCR Testing. 
Radiology. 2020;296(2):E41-E5.

53. Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, 
Zhang N, et al. Chest CT Findings in Coronavirus Disease-19 
(COVID-19): Relationship to Duration of  Infection. 
Radiology. 2020 Jun;295(3):200463.

54. Dai WC, Zhang HW, Yu J, Xu HJ, Chen H, Luo SP,  
et al. CT Imaging and Differential Diagnosis of  COVID-19. 
Canadian Association of  Radiologists journal – Journal 
l'Association canadienne des radiologistes.  
2020 May;71(2):195-200. 

55. Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B,  
et al. Molecular and serological investigation of  2019-nCoV 
infected patients: implication of  multiple shedding routes. 
Emerging microbes & infections. 2020;9(1):386-9. 

56. Xiang J, Yan M, Li H, Liu T, Lin C, Huang S, et al. 
Evaluation of  Enzyme-Linked Immunoassay and Colloidal 
Gold-Immunochromatographic Assay Kit for Detection of  
Novel Coronavirus (SARS-Cov-2) Causing an Outbreak of  
Pneumonia (COVID-19). medRxiv; 2020.

57. Cai X-F, Chen J, Li Hu J, Long Q-X, Deng H-J, Liu P,  
et al. A Peptide-Based Magnetic Chemiluminescence Enzyme 
Immunoassay for Serological Diagnosis of  Coronavirus 
Disease 2019. J Infect Dis. 2020;222(2):189-93. 

58. Chen Y, Chan KH, Hong C, Kang Y, Ge S, Chen H, et 
al. A highly specific rapid antigen detection assay for on-site 
diagnosis of  MERS. The Journal of  infection.  
2016 Jul;73(1):82-4. 

59. Lau SK, Woo PC, Wong BH, Tsoi HW, Woo GK, Poon 
RW, et al. Detection of  severe acute respiratory syndrome 
(SARS) coronavirus nucleocapsid protein in sars patients by 
enzyme-linked immunosorbent assay. J Clin Microbiol.  
2004 Jul;42(7):2884-9

60. Liu IJ, Chen PJ, Yeh SH, Chiang YP, Huang LM, 
Chang MF, et al. Immunofluorescence assay for detection 
of  the nucleocapsid antigen of  the severe acute respiratory 
syndrome (SARS)-associated coronavirus in cells derived from 
throat wash samples of  patients with SARS. J Clin Microbiol. 
2005;43(5):2444-8. 

61. Chen X, Zhou B, Li M, Liang X, Wang H, Yang G, et al. 
Serology of  severe acute respiratory syndrome: implications 
for surveillance and outcome. J Infect Dis.  
2004 Apr 1;189(7):1158-63. 

62. Li Z, Yi Y, Luo X, Xiong N, Liu Y, Li S, et al. 
Development and clinical application of  a rapid IgM-IgG 
ombined antibody test for SARS-CoV-2 infection diagnosis. 
Journal of  medical virology. 2020: 92(9); 1518-24 

63. Zhifeng J, Feng A, Li T. Consistency analysis of  
COVID-19 nucleic acid tests and the changes of  lung CT. J 
Clin Virol. 2020;127:104359. 

64. Mahmoud SA, Ibrahim E, Ganesan S, Thakre B, 
Teddy JG, Raheja P, et al. Evaluation of  seven different 
rapid methods for nucleic acid detection of  SARS-COV-2 
virus. medRxiv : the preprint server for health sciences. 
2021:2021.04.15.21255533.

65. Udugama B, Kadhiresan P, Kozlowski HN, Malekjahani 
A, Osborne M, Li VYC, et al. Diagnosing  
COVID-19: The Disease and Tools for Detection.  
ACS Nano. 2020 2020/04/28;14(4):3822-35. 

66. Cascella M, Rajnik M, Aleem A, Dulebohn SC, 
Di Napoli R. Features, Evaluation, and Treatment of  
Coronavirus (COVID-19). 2021.

67. Kaarj K, Akarapipad P, Yoon JY. Simpler, Faster, and 
Sensitive Zika Virus Assay Using Smartphone Detection 
of  Loop-mediated Isothermal Amplification on Paper 
Microfluidic Chips. Scientific reports. 2018;8(1):12438. 

68. Geovana M. Mendes a, Kézia G. Oliveira a, Juliane 
C. Borba b, Thais S. Oliveira c, Fabíola S. Fiaccadori c, 
Maurício L. Nogueira d, et al. Molecular Diagnostics of  
Dengue by Reverse Transcription- Loop Mediated Isothermal 
Amplification (RT-LAMP) in Disposable Polyester-Toner 
Microdevices. J Braz Chem Soc,. 2019;30(9):841-1849.

69. Seo G, Lee G, Kim MJ, Baek SH, Choi M, Ku KB,  
et al. Rapid Detection of  COVID-19 Causative Virus  
(SARS-CoV-2) in Human Nasopharyngeal Swab Specimens 
Using Field-Effect Transistor-Based Biosensor. ACS Nano. 
2020 Apr 28;14(4):5135-42. 


