Applied Biochemistry and Biotechnology (2022) 194:1390-1400
https://doi.org/10.1007/s12010-021-03728-0

REVIEW ARTICLE

®

Check for
updates

Comprehensive Review on Rapid Diagnosis of New Infection
COVID-19

Davoodbasha MubarakAli'?

Received: 14 July 2021 / Accepted: 21 October 2021 / Published online: 29 October 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Generally, rapid detection of viral infection is necessary for preventing the virus from
spreading among people in a society as a pandemic. Although there are many effective
standard techniques used for virus identification, they are laborious, required skilled person
to handle and time-consuming. Particularly, the detection of viral infection involved in the
isolation and nucleic acid detection by collecting specimens (sample) from the appropri-
ate sites. For instance, oral or nasal swab, nasopharyngeal or tracheal extract, lung tissue,
blood, sputum and feces are collected in order to investigate the pandemic, COVID-19 for
the effective and rapid diagnosis and eventually for the treatment. In this mini-review, it
is summarized that the advanced testing methods which include RNA, immunologic and
radiological based tests that could be used to detect COVID-19 and their cost, reliability
and functionality are discussed in this review. This mini-review might help the researcher
and health care sector to plan the diagnostic procedures as per the severity of the new
infection, COVID-19.

Keywords COVID-19 - Molecular diagnosis - Immunodiagnosis - RT-PCR - Viral RNA -
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Introduction

The COVID-19 is a contagious pandemic disease, rapidly spreading globally by a newly
discovered coronavirus, SARS-CoV2. Coronaviruses are a broad group of viruses that can
infect both animals and humans. The outbreak of pandemic originated in Wuhan city of
China during 2019 and drew major attention and concern from the World Health Organiza-
tion (WHO, 2020). Currently, COVID-19 has affected a large population in over 200 coun-
tries and territories around the world. Compared to other viral outbreaks such as SARS
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(2003) and MERS (2012), COVID-19 is being spread very rapidly, and entered a treach-
erous new phase and controlling the spread of COVID-19 is being a great hurdle. It is
an emergency period for the world to show the scientific potential to find an appropriate
and rapid diagnostic protocol to investigate the viral infection such as pandemic, COVID-
19. Generally, before proceeding to diagnosis, a suspected individual consented with some
questionnaire mentioning their travel history from an affected place or have contact with a
person with the affected place and by observing the clinical presentation such as symptoms
of COVID-19 [1]. Alternatively, chest X-ray revealed the bilateral infiltrates, but in early
stage it is in normal condition. CT scan is more sensitive and specific because it showed
infiltrates, segmental consolidation and peripheral or multifocal ground-glass opacities in
both lungs of the affected person [2]. Invariably, a chest CT scan is used for the comple-
ment to RT-PCR to diagnose COVID-19. The schematic diagram represented showing the
clinical sample collection and laboratory diagnosis of COVID-19 as per the Centre disease
control and prevention (CDC) protocol (Fig. 1).

Surprisingly, about 1014 patients were tested with RT-PCR, and performance of CT
scan was assessed, 580 patients showed positive results both RT-PCR and CT scan, 380
patients showed positive CT scan and negative RT-PCR results, 23 patients showed RT-
PCR positive, and negative CT scan results and 105 patients showed negative results in
both RT-PCR and CT scan on February 6, 2020, in Wuhan, China. Hence, CT scan has
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Fig.1 Schematic representation of clinical sample, nasopharyngeal swab collection and planning for the
laboratory diagnosis of COVID-19 as per the CDC protocol
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more sensitivity than RT-PCR [3]. CT scan is used for diagnosing COVID-19 patients
when a person is more suspicious and has a negative RT-PCR result with repeated testing.
RT-PCR is a reverse transcription-PCR used for RNA, which involved in the additional
process of converting RNA to cDNA (complementary DNA). The RT-PCR is carried out
in a thermocycler at various temperatures for denaturation, annealing, and multiplication of
specific target the sequence of nucleic acid using specific primers. We are comprehensively
reporting the testing methods for the rapid diagnosis on the basis of accuracy, reliability,
and duration for the tests are summarized in Table 1 [4-13].

Sample Collection for COVID-19 Detection

Preferably, early morning patient’s sputum collected from the posterior oropharnyx for the
investigation. Generally, blood, sputum, feces, urine specimens to be collected during ill-
ness and tested under different biochemical procedures. The physiological examinations
such as hematology, radiology, microbiological examinations must be processed thereafter.
Once the serum is drawn from the patients and immediately stored at -20 °C until all the
testing procedures to be done. Furthermore, the severely affected patients must be imme-
diately taken to the hospital for ventilation because of breathing illness and taken samples
such as broncho alveolar lavage fluid and fibro bronchoscope brush biopsy to be collected.
RT-PCR for the identification of RNA dependent-RNA polymerase gene region for deter-
mining the receptor binding spike protein and the nucleoprotein are examined. In addition,
the electron microscopy is used to detect the live cells from the viral culture [14, 15].

RNA Based Diagnostic Techniques

General detection of viral infections involved in the isolation and nucleic acid detection by
collecting specimens from the oral swab, nasal swab, nasopharyngeal or tracheal extract,
lung tissue, blood, sputum and feces [16]. Some of the alternative testing methods that
were used to detect COVID-19 (Fig. 2) based on the genetic material of the virus in general
and COVID-19 in particular.

Reverse Transcription-PCR (RT - PCR)

RT-PCR is a standard tool for detection since human coronavirus is an RNA virus. After
the PCR process the, PCR product is analyzed by electrophoresis analysis, restriction
enzyme analysis, high-throughput sequencing for confirming the presence of Viral RNA
[17-19]. The broncho-alveolar lavage fluid was collected from the patients are infected
with COVID-19. The RNA of CoV2 is extracted then to RT-PCR and unbiased; high-
throughput sequencing was used to identify the presence of viral RNA using RdRp region
of CoV2 as a target [5]. Although this method is more sensitive to collect viral particle
directly from the affected alveolar the region, it is not used routinely because it needs spe-
cial equipment, preparation and skilled person and not convenient for patients as well.
There also other alternative method but it is less sensitive when compared to the previous
method, Corman et al., (2020) obtained the clinical specimens (sputum) from nose and throat
swap, then the viral RNA is isolated using MagNA Pure 96 system. Then, the RT-PCR was
done with a reaction mixture of 25 pL having RNA(S pL), 2 Xreaction buffer (12.5 pL, Taq
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Fig. 2 Different methods used to detect for Covid-19

mixture (1 pL), 50 mM magnesium sulfate solution (0.4 pL) and nonacetylated bovine serum
albumin (1 pg), then the thermal cycling are carried out, for RT at 55°C (10 min) followed
at 95 °C (3 min) then 45 cycles at 95°C (15 s), and 58°C (30 s) [4]. Moreover, Real Time
PCR (RT gPCR) is a simple qualitative assay used for detecting most of the human corona-
viruses with more specificity and sensitivity than other conventional PCR, and it is used for
early diagnosis. RT qPCR is prone to contamination and requires more time for post-analysis
[18]. Meanwhile, many false-negative results have been reported due to several factors, previ-
ous investigations with a total of 957 individuals suspected or confirmed with COVID-19, the
false-negative rate ranged from 2% to 29% [19]. This is because Corona virus has the mutat-
ing nature, so results from RT qPCR using primers in the gene are affected by the variation of
viral RNA sequences. A COVID-19 patient’s RT qPCR test showed a false-negative result for
the first three times. The RT-PCR test for SARS-CoV-2 virus, on the other hand, has several
flaws that demand changes in how the technology is employed. The RT-PCR test, like immu-
nodiagnostic assays, can have difficulty discriminating between real positive and true negative
results. Individuals infected with COVID-19 [20]. The timing of sampling after the beginning
of symptoms is one of the key reasons for such a high false-negative rate in RT-PCR results.
Because it has been demonstrated that the false-negative rate increases with sampling time,
the time of sample is critical. The test’s difficulty level changes with time [21]. To summarize,
RT-PCR has a substantial false-negative rate that varies between specimens and time peri-
ods. When immunodiagnostic tests and clinical symptoms are examined with the RT-PCR test
result, the false negative rate can be reduced.. Otherwise, the negative PCR test findings will
no longer provide us with sufficient assurance that the suspected case is disease-free.
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Microarray Technique

COVID-19 is used to diagnose with rapid and high-throughput method. The cDNA labeled
with the specific probe was produced from the RNA of the SARS-CoV2 by the process of
reverse transcription. These labeled cDNA are loaded in each well-containing solid-phase
oligonucleotide and get hybridized, and the microarray plates are washed to remove free
DNA. Eventually, the presence of coronavirus RNA is found by the detection of a specific
probe [7]. A 60mer oligonucleotide was designed that corresponds to the TOR2 sequence
of coronavirus, and then it’s hybridized with cDNA sequence of the RNA extracted from
the nasal swab and gargling fluid [22]. In addition, microarray approaches that use a scan-
ner to display the hybridization between the probe and the target are a quick, sensitive,
specific, and accurate way of detecting hybridization which is successfully used for detect-
ing 24 single nucleotide polymorphisms mutation in the gene that encodes spike protein of
human coronavirus, this technique showed 100% accuracy [23]. They can also do simul-
taneous analyses of multiple microbial genes. Although it can detect many samples, this
approach does not allow for the detection of a few viral genes in small samples.

RT Loop-Mediated Isothermal Amplification (RT-LAMP)

RT-LAMP is used to amplify the specific gene by a set 4 or 6 unique primers in general.
The amplification detection is done by either precipitation of magnesium pyrophosphate
or by fluorescence under UV-radiation and also by monitoring the pyrophosphate turbidity
level. LAMP assay is also used to detect other RNA virus such as respiratory CoV2. RT-
LAMP uses a single tube under the isothermal condition of a single-stranded temperature
of (63 °C) detect the MERS. This procedure requires only 1 h to perform and requires only
a single standard temperature for amplification. It is done by primer or probe that targets
the conserved nucleocapsid protein region (upE and ORF1la gene) [8]. During the SARS
epidemic, 49 samples were collected from the patients and performed RT-LAMP assay
and compared to RT-PCR, concluded that sensitivity is 100% and specificity is 87% for
RT-LAMP with regard to RT-PCR respectively [24, 25]. The fundamental disadvantage of
the LAMP-based approach is the difficulty of designing primers which is required to obtain
the specificity of a PCR test maintaining the benefit of running the entire experiment at a
constant temperature [26]. Another possible drawback of such methods is that they can
provide false-positive results as a result of carry-over from earliest tests particularly when
upgraded into an automated platform. RT-LAMP detection using quenched fluorescent
primers, for example, can circumvent these constraints. Several other improvements to the
LAMP method are being optimized and validated in various laboratories around the world
to meet the needs of the COVID-19 pandemics [27, 28].

Multiplex Test

It is used to detect and distinguishing coronavirus and other viruses, multiplexed coronavi-
rus. The mass spectrometry method detects the pathogenic human coronavirus and provides
phylogenetic evidence about unknown or novel coronavirus. This method is performed in
a Mass ARRAY using MALDI-TOF data, and it is highly sensitive and simple to perform
[9]. Novel arch-shaped multiple-target sensor involves indirect amplification using primers
that readily amplify the multiple targets since it has high sensitivity, accuracy, and speci-
ficity. This technique also helps in distinguishing the coronavirus and another respiratory
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virus in clinical specimens within 20 min. More research is being done now to solve some
of the major flaws in LFIA test systems, particularly in terms of generating quantitative
data and documenting them. They can be digitized with scanners or cameras and specific
software that allows them to be recorded and transmitted across long distances. However,
technological advancements will necessitate more complex technology, increasing the cost
and duration of analysis in the long run.

Paper-Based Colorimetric Test

The paper-based colorimetric is based on the aforementioned principle, and this is a sim-
ple, rapid approach, where the aggregation of pyrrolidinyl peptide nucleic acid-induced
silver nanoparticles is used for detection of CoV2 oligonucleotide [29]. The acpcPNA
probe is used as an attractive alternative to RNA and DNA probes. They are chemically
and biologically stable and effectively hybridized with cDNA sequence. The color change
indicates the presence of target oligonucleotide by the electrostatic repulsion, where ani-
onic DNA-acpcPNA duplex results in the dispersion of silver nanoparticles. Moreover, this
method has some disadvantages concerning sensitivity and selectivity because it depends
on pH, concentration of nanoparticles and DNA probe and mismatched DNA strand.

Immunodiagnostic Techniques
Immunodiagnostic of Antigen

This diagnostic test involved in identifying the availability of CoV2 antigen and considered
as the best test for detection of acute or early infection typically within 30 min [13]. The
specific antibodies for the viral antigen are adsorbed on the paper strip and enclosed by a
plastic casing. The visually detectable signal is observed if the target antigens bind with
specific antibodies. WHO does not recommend the antigen-detecting rapid diagnostic tests
for patient care due to limited available data [12]. The sensitivity of the rapid diagnostic
test is expected to be varied in the range (34-80%). The sensitivity of this method depends
on time from onset of infection, virus concentration and quality of the sample collected
from sputum or throat swab, and precise formulating of reagents in test kits [11].

Immunodiagnostic of Antibody

Alternatively, a rapid test for COVID-19, used to identify the specific antibodies in the
blood against CoV2 antigen. Generally, antibodies are generated over some days after the
infection, and its strength depends on age, nutritional health status, disease severity and
some medications or infection that suppress the immune system [13].
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Colloidal Gold-Based Immunochromatographic Assay (CG-ICG)

CG-ICG is also known as IgM/IgG antibody test involved in the collection of blood sam-
ples containing serum, plasma samples for the detection of CoV2. This technique contains
two strips for IgM and IgG. Briefly, 1-2 volume of serum or whole blood samples is added
into the strip, after about 15 min of incubation, the strip containing the positive sample will
appear line called T and C; if the sample is present only in C line then it is negative; It will
be considered as invalid test if there is no C line is showed up. The sensitivity of CG-ICG
assay in nuclear acid confirmed cases were 11.1, 92.9 and 96.8% at early, intermediate and
late stages, respectively [13].

Radiation Mediated Diagnosis
Chest X-Ray

Chest X-ray images revealed about the rapid progression of pneumonia and also showed
differences between the left and right lung by the observation of bilateral or unilateral
opacities due to infections of COVID-19 using X-ray images [6].

Ultrasonography

Lung ultrasonographic imaging has similar results with respect to chest CT with some
additional advantage reported elsewhere (24). The characteristics a feature of pneumonia
due to COVID-19 includes, pleural line was irregularly thickened, B lines were observed
in various identical patterns. The merging of these identical patterns, non-translobar, trans-
lobar and multifocal small, with bronchograms, lines have appeared during the remedial
phase, and uncommon pleural effusions [30].

Other Qualitative Assay
Cobas SARS-CoV2

The cobas® 6800/8800 system is a qualitative test used for the detection of SARS-CoV2
RNA. Copan or BD™ universal transport systems are used for collecting the sample from
the oropharyngeal and nasopharyngeal swab. The entire sample preparation and PCR is
regulated by RNA internal control, some external controls such as low titer positive control
and negative control are regulated by this system. Positive results of SARS-CoV2 RNA
detection do not confirm the presence of the transmissible virus and negative results do
preclude SARS-CoV2 infection, it must be considered along with symptoms, patient’s
travel host and epidemiological information [12]. On the whole, there are plenty of in silico
studies are reported to study the anti-COVID property of essential oils, microalgal peptides
and so on [31].
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Conclusion

To summarize, many COVID-19 cases were asymptomatic; hence, it is a great challenge
for healthcare workers to diagnosis appropriately. There are many standard methods avail-
able reported in this review for the diagnosis of COVID-19 accordingly, if any suspected
person has positive results by following diagnosis methods is considered to be a confirmed
case.
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