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Abstract

The COVID-19 caused by a novel coronavirus, named Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2) has
taken a great toll of life affecting lakhs of people around the globe. It was detected initially in Wuhan, China and has spread
rapidly to more than 208 countries to date. A range of molecular and immunoassay-based techniques ranging from central
laboratory testing to point-of-care tests is urgently needed for the diagnosis and management of COVID-19 patients. Intensive
research is going on for the rapid and highly sensitive detection of COVID 19 using varied approach. Hence, this review will
focus on the structure of SARS-CoV-2 and recent progress of different detection tool for the detection of COVID-19. This review
will also stimulate academics and researcher to update their current technology. Additionally, we also state about the future
revolving around the detection of the novel coronavirus. Lately, the way ahead for better management are also put forward.
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1 Introduction

The year 2019 ended with a fatal outbreak of a novel corona-
virus, Severe Acute Respiratory Syndrome Corona Virus 2
(SARS-CoV-2), preliminarily identified as a causative agent
of a series of unusual pneumonia cases in Wuhan City, Hubei
Province, China. The International Committee on Taxonomy
of Viruses (ICTV) permanently named the pathogen SARS-
CoV-2 and the disease it caused coronavirus disease 2019
(COVID-19) and declared the crisis a pandemic (Enserink
2020). As per the World Health Organisation (WHO), latest
situation report (Sep 14, 2020) at the time of this writing, more
than 28.9 million confirmed cases with more than millions of
deaths have been reported in 208 countries (Organisation
2020). The first reported case of COVID-19 was in Wuhan,
Hubei province with symptoms such as fever, cold, shortness
in breath very similar to the common cold in few cases and
within a week had a reported cluster cases of acute pneumonia
(Nishiura et al. 2020). The Computerized Tomography (CT)
scan of the patients revealed slight opacity and difference from
the healthy scan of the lungs (Ai et al. 2020). It was concluded
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as a possible case of pneumonia but the speculation was
rejected as soon as PCR results revealed it belongs to corona-
virus family using the bronchoalveolar lavage samples of the
patients (Ai et al. 2020). It was speculated that the viral disease
caused had a zoonotic source. Genome sequencing of SARS-
CoV-2 has revealed that it is 96.2% identical to the bat coro-
navirus and 79.6% identical to SARS-CoV, while 50% simi-
larity to MERS-CoV (Zhou et al. 2020; Ai et al. 2020). The
USA can be regarded as the new epicenter of the diseases
more than 6.7 million reported cases with 198,520 death
followed by India and Brazil having more than 450,000 cases
as of Sep 14, 2020.The infection spread is increasing at an
alarming rate all around the globe as no great breakthrough
has been made in vaccine development to treat the virus.
Although, structural analysis and molecular characterization
has illuminated a lot of advancement to fight the COVID-19
outbreak even though there is a lot to be uncovered for better
disease detection and prevention.

SARS-CoV-2 belongs to beta lineage of subgenus
Sarbecovirus, genus Betacoronavirus, the Coronaviridae fami-
ly, and the Orthocoronavirinae subfamily (Huids et al. 2020;
Weiss and Leibowitz 2011). It is an enveloped single-stranded
RNA virus (+ve ssRNA) with a genome size of 29.9 kb that
spreads widely among humans and other mammals, causing a
wide range of symptoms from those of the common cold to
fatal diseases such as SARS (Zhu et al. 2020; Zhou et al.
2020). Based on their antigenic properties, they were classified
into three main groups (Schoeman and Fielding 2019): i) alpha-
CoVs, responsible for gastrointestinal disorders; ii) beta-CoVs,
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which includes: (a) Bat coronavirus (BCoV), and mammals (b)
the human Severe Acute Respiratory Syndrome (SARS) virus,
(c) Middle Eastern Respiratory Syndrome (MERS) virus; and
iii) gamma-CoVs, that mainly infect avian species (iv) delta-
CoVs mostly in pigs. Severe disease has been caused previous-
ly to humans by corona family of viruses like MERS-CoV,
SARS-CoV and very recent SARS-CoV-2 being the leading
cause of death around the globe falls in beta type of coronavirus
(Schoeman and Fielding 2019). The four major structural pro-
teins of the Coronaviridae family consists of the spike surface
glycoprotein (S), a small envelope protein (E), matrix protein
(M), and nucleocapsid protein (N) as shown in Fig. 1.

The spike protein has great importance for entry into the
host and can greatly act as a major point to focus for thera-
peutics and vaccine development as it has better binding as
compared to SARS-CoV (Wrapp et al. 2020; Yuan et al.
2017).The M protein has two conformations elongated and
compact hence aids in viral assembly (Neuman et al. 2011).
The E protein act as an ion-channeling viroporin and interacts
with host cell protein (Schoeman and Fielding 2019). The
transmission from animal to human lead to the occurrence of
the diseases while the spread of the disease is attributed mostly
to human transmission making it impossible to constrain the
spread of the diseases without distancing (Li et al. 2020a;
Chan et al. 2020b).The symptoms for SARS-CoV-2 vary from
patient to patient. The symptoms are highly influenced by
factors such as sex, age and the attributed diseases underlying
a person like hypertension, cardiovascular diseases or even
diabetes. The symptoms can range from mild fever, cough,
fatigue in certain cases symptoms like diarrhea, hemoptysis
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and even headache are also reported. In certain cases, compli-
cations like acute respiratory distress syndrome, anemia, acute
cardiac injury and other secondary infection are also reported
(Huang et al. 2020). The case-fatality rate of COVID-19
ranges from 0.6% to 7.2% by region and seem to be substan-
tially higher than the 0.1% mortality rate of seasonal influenza
(Onder et al. 2020; Dong et al. 2020; Centers For Disease
Control and Prevention 2020a). Few medications are
highlighted to treat the COVID-19 which includes of
Lopinavir /Ritonavir (Yao et al. 2020; Lu 2020).
Chloroquine has also been described to be effective in the
treatment of the novel virus (Gao et al. 2020). Vaccine devel-
opment for treatment is under extensive research and is under
rigorous screening before that it can be made available for
human use. Currently, the vaccine is in the developmental
stages but research is progressing rapidly to find a cure. To
constrain the further spread until a vaccine is available for
treatment constant efforts also needs to be made in the direc-
tion of accurate and point of care detection technique. Point of
care testing is a bed side testing which helps to take quick
medical decisions by the individuals based on the proximate
result. In recent scenario, point of care testing can act as an
armor by mass screening the population as it provides result in
minutes. The virus can be the next great pandemic in the
history of diseases caused by viruses if not managed appro-
priately. The death toll is increasing day by day with no po-
tential vaccine in hand. Although the field of disease detection
has revolutionized in a short time like never before.

The prospect related to COVID-19 detection is reforming
at great pace. In regard to the amount of people screened as of
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Sep 14,2020 for detection with highest testing been done by
China having a count of one hundred sixty million followed
by USA and India having ninety-two million and fifty seven
million testing done respectively (Elflein 2020).Pertaining to
the number of test performed per 1000 people is highest in
countries like Australia, Canada, USA,Russia, Saudi Arabia
and Spain. Whereas relatively fewer tests are performed per
1000 people in countries like Brazil, Peru, Colombia and
South Africa to name a few (Hannah Ritchie et al. 2020).
Case Fatality Rate (CFR) is high in countries like Mexico,
Italy, UK and Yemen (Hannah Ritchie et al. 2020).This re-
view is a holistic resource of all the information currently
necessary to be considered for COVID-19 diagnosis. The re-
view will act as an aid in field of COVID-19 detection and
diagnosis. In a systemic way it also put forward various efforts
across the globe taken to tackle the deadly virus. Moreover, it
provides information in what way nanotechnology interven-
tions could possibly be linked in a better and more accurate
detection apart from the available technology. Initially it sheds
lights on the current scenario and rate at which the virus has
affected the globe followed by the structure of the virus and
later the detection of the virus. Finally, it also states various
pioneering commercial names at present in the field of detec-
tion. The goal of this review is to present an overall idea
pertaining to SARS-CoV-2 detection.

2 Current diagnostic tests for COVID-19

COVID-19 has spread massively all over the world since its
breakthrough making the field of disease detection and testing
to revolutionize (Udugama et al. 2020). Enormous biological
examination is done attributed to the structure of virus this is help
in development of both the vaccine and the diagnostics measures
further to constrain the spread of virus. Here in we elaborate
specifically on Nucleic acid and protein based diagnostic tech-
niques developed over time for detection of COVID-19.

2.1 Nucleic acid based detection

With increasing in several cases each day there is a constant
need for the diagnosis of the diseases. Currently, the diagnosis
of the COVID-19 is done using nucleic acid-based testing
method. In nucleic acid-based testing usually, RT-PCR is used
for detection (Corman et al. 2020). A nasopharyngeal samples
taken from the respiratory tract to assess the presence of one or
several Nucleic Acid (NA) targets specific to SARS—CoV-2 is
preferred choice at the moment, but samples from oropharyn-
geal, mid-turbinate, or anteriornares are also acceptable
(Centers for Disease Control and Prevention 2020b; Zou
et al. 2020). For better sensitivity than upper respiratory tract
samples, sputum, endotracheal aspirates, and bronchoalveolar
lavage are also preferred after microbiological processing

(Zhu et al. 2020). Inadequate or improper sample collection
may result in a false-negative test. For setting up the reaction
initially a reverse transcription of SARS-CoV-2 virus RNA is
done which converts the RNA into complementary DNA
(cDNA) strand which is then followed by amplification of
specific regions of the cDNA (Fig. 2). Three regions that are
usually targeted to carry out the detections using RT-PCR are
(a) the RDRP gene (RNA-dependent RNA polymerase gene)
in the open reading frame ORF1lab region, (b) the E gene
(envelope protein gene), and (c) the N gene (nucleocapsid
protein gene) (Corman et al. 2012a, b). Two types of RT-
PCR formats are currently available in the market one known
as the singleplex format and other the multiplexed format. In
both the format one primer and probe set is used to detect
human RNase P (RP) to ensure the RNA extraction was suc-
cessful. Singleplex format uses three primers whereas the
multiplexed make use of only two primers (Authorization
2020). Basic steps for setting up the RT-PCR for detection
of COVID-19 are simple although needs trained personnel
to carry it out. The major drawback in using lone RT-PCR
test for detection is the occurrence of false-negative detection
of the specimens making it difficult to take the necessary steps
for taking the right measures for the treatment of the patient. In
the case of asymptomatic patients if becomes difficult to iden-
tify such individuals on the bases of RT-PCR results and take
the necessary actions to stop the further spread of the disease
(Lee et al. 2020). Hence it was reported that it was beneficial
to make use of CT scans to complement the RT-PCR results
for enhanced and better diagnosis of the diseases (Ai et al.
2020; Feng et al. 2020; Fang et al. 2020). Leo L M Poon
et al. reported making of RT-PCR based test for detection of
COVID-19 which specifically used two different regions
(ORF1b and N) of the virus (CHU et al. 2020). Another group
reported the development of RT-PCR based testing targeting
RNA-dependent RNA polymerase (RdRp)/helicase (Hel),
spike (S), and nucleocapsid (N) genes of SARS-CoV-2 and
compared it with RdARp-P2 assay, and concluded that COVID-
19-RdRp/Hel assay was reported as the most effective test for
detection of the COVID-19 as it did not cross-react with other
coronavirus species (Chan et al. 2020a). The major downfall
in diagnosis using the traditional RT-PCR in the testing of
COVID-19 includes of unavailability of enough test reagent
for testing, requirement of trained personnel for carrying out
the testing, availability of developed and well-equipped lab
for the entire process to occur in a critical manner. Lastly,
the time required for completion of the test is too large to
produce results. The ability of RT-PCR assays to rule out
COVID-19 on the basis of upper respiratory tract samples
obtained at a single time point remains unclear. To overcome
some of the problems encountered efforts are made around the
globe to transverse this problem at the earliest.

Recently the development of straightforward detection
technique which made use of mini PCR and well plate reader
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Fig. 2 Traditional RT-PCR based nucleic acid testing

was reported which can be possibly used in a remote area as
well provide early results after the detection. Samples were
combined with a DNA intercalating reagent (Evagreen Dye)
which was then detected after amplification using the fluores-
cence indicator in a 96 well plate format (Gonzalez-Gonzalez
2020). Another progress in the field is the development of
direct rapid extraction-free PCR (DIRECT-PCR). The
single-tube homogeneous reaction was developed which in-
cluded all Viral lysis, reverse transcription, amplification and
detection within 36 min in just a tube for regions where labo-
ratory competency is a major constrain. It would be helpful for
early screening of mass population (Wee et al. 2020). To
overcome the problem faced by using nucleic acid-based de-
tection using RT-PCR technique which included of laborious
system, a large amount of time required to process the sample,
necessity of developed facilities to carry out the detection,
trained personnel to carry out the test and occurrence of
false-positive results (Gallagher 2020). Lastly, the test is not
point of care hence there is a need to find some alternatives
that are easy to use and provides accurate results
instantaneously.

2.1.1 Aptamer based testing

Aptamer are single stranded nucleic acid molecule which can
be readily used for detection of specific disease in an accurate
manner as they have property to be modified at random position
and could act as a great advantage to tackle the COVID-19
crisis at hand. Exploiting aptamers as they are small
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oligonucleotide which can be used for detection of COVID-
19 as they are stable and easy to modify (Chen and Yang
2015). Again, synthesis of aptamers is easy in large quantity
and at a lower price when compared to RT-PCR based nucleic
acid testing. As many strategies are already put forward in line
for commending the use of aptamers one such strategy was
used was put forward by Ahn et al. in 2009 for detection of
SARS-CoV by finding application in the preparation of
nanoaptamer chip in detection by making use of the nucleocap-
sid protein which acted as a selective marker for detection a
chemiluminescence based immunosorbent assay was devel-
oped and a detection limit of 2 pg/ml was achieved (Ahn
et al. 2009). Another possibility can be making use of aptamers
to develop anti-corona virus agent (Jang et al. 2008). Group of
scientist from Aptamer Group Ltd. are working extensively to
develop aptamers based point of care test for COVID-19 using
spike protein of the SARS-CoV2 (Group 2020). Selex (system-
ic evolution of ligands through exponential enrichment) process
is another potential way of creating aptamers and finding its
application in virus detection in conjugation with the
microfluidics system (Liebich 2020; Lai et al. 2012). COVID-
19 being an RNA virus recently reported MANGO a
fluorogenic dye tactic in the detection of the virus as the dye
has background-free technology for live-cell RNA imaging up-
on ligand binding (Cawte et al. 2020). The group of scientists
from Simon Fraser University (SFU) proposed making use of
MANGO system which consists of an RNA Mango aptamer
bounded by fluorescent dye and glows brightly when bounded
by the target. The team has proposed developing Mango
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NABSA (nucleic acid sequence-based amplification) kit for
detection of the COVID-19 (News 2020).

2.2 CRISPR-Cas based testing

Another aspect to be explored for detecting COVID-19 is
making use of CRISPR-Cas gene editing tool which can cre-
ate wonders in the field of detection (Chekani-Azar et al.
2020). Making use of CRISPR-Cas has been reported for
use in medicine and diagnostics over the years. Success in
making use of the CRISPR-Cas has enabled to ascertain
new systems for targeting and manipulating nucleic acids in-
cluding those from Cas9, Casl2, Cascade and Casl13
orthologues (Pickar-Oliver and Gersbach 2019; Li et al.
2019). Possibilities of developing a diagnostic tool for detec-
tion of TB is already known using CRISP-Cas technology
which lay the foundation for making its use in COVID-19
detection as well (Ai et al. 2019). Very recently, developed
SARS-CoV-2 DNA Endonuclease-Targeted CRISPR Trans
Reporter (DETECTR) for detection of COVID-19 using
CRISPR-Cas12. This developed lateral flow strip could de-
crease the detection time required by the ongoing RT-PCR
testing and aid in better disease management in this crucial
time (Broughton et al. 2020). Exploiting the potential of
CRISPR-Cas technology fluorescence and colorimetric based
detection of COVID-19 was made possible. The technology is
named as specific high-sensitivity enzymatic reporter
unlocking (SHERLOCK) by making use of recombinase-
mediated polymerase pre-amplification of DNA or RNA for
detection. The reported technology takes less than an hour to
provide results making it one of the potent applicants in the
field of diagnosis of COVID-19 (Kellner et al. 2019). An
improved version of SHERLOCK was put forward which
overcome major challenges of SHERLOCK and is named as
STOP (SHERLOCK testing in one pot). The mentioned assay
is capable of solely performing extraction, amplification and
CRISPR-mediated detection of the viral RNA in a go on a
single temperature. Two version are presented as STOP covid
version 1 and 2 respectively. STOP covid version 1 is com-
patible with lateral-flow and fluorescence readouts whereas
STOP covid version 2 makes use of magnetic beads concen-
trated SARS-CoV-2 RNA for detection (Joung et al. 2020).
CREST is another pioneering discovery in the field of diag-
nosis for detection of COVID-19. The CREST stands for
(Casl13-based, Rugged, Equitable, Scalable Testing) and has
overcome major drawbacks associated with the current diag-
nostic system of COVID-19. The Cas13 can be used in point
of care setting and it would be low cost when compared to
traditional lateral flow assay as it doesn’t require antibody
conjugates for the detection (Rauch et al. 2020). Another ef-
fective use of CRISPR Cas 12 was seen by integrating into a
lateral flow system named as iSCAN having potential to be
used as effective management system for point of care

detection(Ali et al. 2020). AIOD CRISPR assay, made use
of a pair of crRNAs to initiate the detection using CRISPR-
Casl12a for improved sensitivity. The assay have potential in
detecting nucleic acids (DNA and RNA) of SARS-CoV-2 and
HIV (Ding and Yin 2020). Integration of lateral flow system
along with nucleic acid as a substrate for quick and point of
care results can prove to be fruitful amid this pandemic as
shown in Fig. 3a. Another perspective to be explored is
pairing CRISPR-Cas with electrochemical based sensing as
it can help in achieving even lower limit of detection. Can
Dincer et.al, reported (CRISPR)/Casl3a-powered
microfluidic based electrochemical sensor for detection of
cancer reaching a limit of 10 pM on site (Bruch et al. 2019).
Such a system should be made available at this crucial time in
detection of COVID-19. Development of CRISPR-Cas based
on-chip electrical detection of nucleic acid could be the future
of detection in COVID-19 screening as it can detect even in
femto Molar levels (Hajian et al. 2019).

2.3 Protein based testing

Along with the on-going nucleic acid-based testing for detec-
tion of COVID-19 protein-based detection can also act as an
excellent supplement alongside for better mass screening for
early measures in a point of care setting. Although nucleic
acid, CRISPR-Cas and aptamer-based testing are currently
been employed for detection protein-based avenues needs to
be explored. Antigen and antibody are the among the major
protein-based entities which are already used for detection of
several diseases over a long time. Protein-based detection sys-
tem mostly includes ELISA, chromogenic based or
fluorescence-based detection using dye, lateral flow-based de-
tection. Not much was developed until recently since the viral
load has reported fluctuating with weeks after detection pro-
viding results which are not possibly reproducible when test
was made using saliva sample from infected patients. Viral
load was highest at the start and subsequently declined at the
end (To et al. 2020). Although it can be speculated that
antibody-based test can provide more time since antibody
can be detected even after a long time in the patient.

2.3.1 Antigen based testing

An antigen test has ability to reveals if a person is presently
infected with a pathogen such as the SARS-CoV-2 virus.
Antigen tests mostly detect proteins or glycans, such as the
spike proteins found on the surface of the SARS-CoV-2 virus.
Sona nanotech is one of the pioneers in the filed leading the
way of COVID-19 testing by developing antigen-based test
kit for detection. The gold nanorod particles used are CTAB
(cetyltrimethylammonium) free hence limiting the toxic risks
associated with the use of other gold nanorod technologies in
medical applications. It was reported recently that the test
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Fig. 3 Lateral flow integration for a Nucleic acid-based testing for COVID 19 detection, b Protein based testing for COVID 19 detection

attained a positive response to a recombinant whole spike
protein control reagent specific to SARS-CoV2 and neither
had false positives (Nanotech 2020). Another milestone is
reached by E25Bio’s rapid diagnostic which provide results
in 15 min by detecting the presence of the virus in the patient
sample (Misra 2020). Iceni Diagnostics run by Prof Rob Field,
has developed a diagnostic technique that make use of an
artificial glycan receptor to detect the novel virus (Iceni
Diagnostics Ltd 2020). OraSure envisions is another
established name being working on developing antigen based
testing kit (OraSure Technologies 2020). Roche has reported
of developing test having sensitivity of 96.52% and a speci-
ficity 0 99.68%, based on 426 samples from two independent
study centers the test helps in identifying both symptomatic
and asymptomatic people with in 15 min (Roche Ltd 2020a).
Lately special consideration is being given to point of care
antigen testing in order to detect infected person at the earliest
and decreasing the chances of mass transfer of the virus
(Dinnes et al. 2020). However, it was reported that antigen
based detection alone cannot be effective in detection of
SARS-CoV-2 (Mak et al. 2020).

2.3.2 Antibody based detection

Major class of immunoglobins includes of IgG, IgM, IgA, IgE
and IgD which can contribute in detection of diseases. IgG
been the first line of defense initiated as part of the immune
response when infected by a pathogen and creates immuno-
logical memory to further fight the infection is mostly targeted
in detection of COVID-19. Also reported is that IgM appears
in the blood of the patient when infected by SARS after 3 to
6 days and IgG can be detected 8 days after the infection
occurred (Racine and Winslow 2009; Wan et al. 2003).

IgG and IgA ELISAs in conjunction with the EURO Lab
workstation (Euroimmun, Libeck, Germany).
EUROIMMUN enzyme-linked immunosorbent assay
(ELISA) for semi-quantitative detection of IgA and IgG anti-
bodies in serum and plasma samples using recombinant S1
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domain of the SARS-CoV-2 spike protein as antigen is report-
ed demonstrates excellent sensitivity for detection of IgA and
IgG antibodies from samples collected >3 days and >4 days,
respectively, after COVID-19 diagnosis by PCR (Beavis et al.
2020). Other ELISA based IgG and IgA showed specificity of
91.9% and 73.0% 12 and 11 days after symptom onset
(Jadskeldinen et al. 2020). Many industries as well have de-
veloped ELISA based detection kit for COVID-19 like
Epitope diagnostic, Inc. and Eagle bioscience although tests
are yet to be approved by FDA for use. Eagle bioscience test
kits are now available for use in the US for detection (Epitope
Diagnostics 2020; Bioscience 2020). Making use of protein
for detection is known and adopted for development over
decades but recently making use of neutralizing antibody
had been adopted to fight against the novel coronavirus. The
antibody targets the spike protein of the virus which is made
up of two subunits the S1 and S2. The S1 subunit is necessary
for entry into the host cell while S2 subunit helps in fusion of
the cellular and viral membrane. SARS-CoV-2 binds the re-
ceptor human angiotensin-converting enzyme 2 (ACE2)
(Wang et al. 2020a).Considering the fact that neutralizing an-
tibodies have great potential to fight the diseases making its
use in disease diagnosis could be the near future. On evalua-
tion of IgM/IgG based detection kit the highest specificity was
reported for the Wantai SARS-CoV-2 Total Antibody ELISA
followed by 93% for the Euroimmun IgA ELISA and 96% for
the Euroimmun IgG ELISA with sensitivities of 90%, 90%,
and 65%, respectively (Lassauniére et al. 2020).
Development of lateral flow strip for detection makes use
of antigen-antibody reaction. Here the reaction occurs on the
nitrocellulose membrane. Once the sample is added into the
strip the antigen interacts with the already loaded capture an-
tibody for detection through capillary action. The gold
nanoparticle-conjugated antibody is present near the sample
port to interact with the sample for the formation of the visible
color change after formation of the immunocomplex. Making
use of lateral flow assay for diseases detection which makes
use of antigen-antibody for detection can be a better
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alternative for COVID-19 diseases management. Lateral flow
assay(LFA) is well established in terms of diseases detection
and been used for more than a decade as shown in Fig. 3b
(Bahadir and Sezgintiirk 2016).

Building on this concept various lateral flow strip has been
developed lately (Li et al. 2020b).Development of a rapid and
simple point-of-care lateral flow immunoassay that can detect
immunoglobulin M (IgM) and IgG antibodies simultaneously
against SARS-CoV-2 virus in human blood within 15 min
having an overall testing sensitivity of 88.66% and specificity
of 90.63%. This IgM-IgG combined assay would result in
better utility and sensitivity on contrary to single IgM or IgG
test. (Li et al. 2020b). Lateral flow immunoassay strip with
various optimizing parameters such as concentration of coat-
ing antigen, BSA blocking concentration and pH value for
conjugation was also developed (Wen et al. 2020). IgG based
NG-Test® based lateral flow immunoassay strip showed sen-
sitivity (around 80%) for CLIA, ELISA and LFIA (Nicol et al.
2020). IgG and IgA ELISAs in conjunction with the EURO
Lab workstation (Euroimmun, Liibeck, Germany).

Many companies have developed LFA which is ready to use
and provide results within minutes. Roche diagnostic reported
making a serological test for COVID-19 named as Elecsys which
make use of cobas-e analyser for analysis of the results and
provides results in 18 min with detection at a rate of 300 test’h
can by targeting the nucleocapsid (N) antigen for the determina-
tion of antibodies against SARS-CoV-2 (Roche Ltd 2020b).
Abbott’s, on the other hand, developed another platform knowns
as ARCHITECT /1000SR and i2000SR laboratory-based instru-
ments which run 100-200 tests an hour for effective detection
using antibodies (Abbott 2020). Although IgG and IgM based
test strip are claimed to provide results which are not accurate and
reliable hence now are having limited use in the field of diagnosis
of COVID-19 due to the drawbacks (Burog et al. 2020). Milenia
Biotec a Germany based company has already intervened in the
development of dipstick based COVID-19 detection system
named as HybriDetect which uses gene amplification system or
protein for detection of the novel virus (Biotec 2020). Although a
lot has developed within a short time in testing related to
COVID-19 multiple detection of close related biomarker or mul-
tiple analyte could be the next step in early and timely detection
of the virus (Dincer et al. 2017). Concurrently, it was reported
recently that alone RT-PCR had few limitation which could be
overcome by making simultaneous use of antibody based tests
resulting in an overall sensitivity and specificity of 95.7% and
98.7% respectively (Wang 2020). Concluding, we represent the
current tool of diagnosis for COVID- 19 Diagnosis as shown in
Fig. 4.

2.3.3 Chemiluminescence based COVID-19 detection

Chemiluminescent based immunoassay is one the effective
modification to overcome traditional immunoassay

drawbacks which can be used in order to detect COVID-19
effectively. Peptide-based luminescent immunoassay to detect
IgG and IgM is been proposed for COVID-19. Cut-off value
of this assay was determined by the detection of 200 healthy
sera and 167 sera from patients infected with other pathogens
than SARS-CoV-2. To evaluate the performance of this assay,
detection of IgG and IgM in the 276 sera from confirmed
patients were done. The positive rate of IgG and IgM were
71.4% (197/276) and 57.2% (158/276) respectively. By com-
bining with real time RT-PCR detection, this assay might help
to enhance the accuracy of diagnosis of SARS-CoV-2
infection(Cai et al. 2020). Highly purified receptor-binding
domain (RBD) of the SARS-CoV-2 spike protein was
expressed in human 293F cells and used to make a set of
chemical luminescence kits for detecting the presence of
RBD-specific IgA, IgM, and IgG, respectively The RBD-
specific IgA, IgM, and IgG kits showed diagnostic sensitivi-
ties of 98.6%, 96.8%, and 96.8%, and specificities of 98.1%,
92.3%, and 99.8%, respectively (Ma et al. 2020).

3 Nanotechnology interventions

Nanotechnology intervention is disease detection, vaccine de-
velopment and therapeutics is known for a long time.
Advanced research has been done for hand in hand application
of nanotechnology along with disease management. The re-
cent pandemic can put forward more ways to tackle the pan-
demic by making use of nanotechnology. Few advancements
are already done is a field of COVID-19 diagnosis using nano-
technology (Weiss et al. 2020; Mujawar et al. 2020). In recent
time, the field-effect transistor (FET)-based biosensing device
for detecting SARS-CoV-2 was developed. The developed
biosensing platform made use of graphene-coated FET against
specific spike protein against COVID-19. One major advan-
tage of the biosensing platform is that does not require any
pre-treatment of the sample for detection (Seo et al. 2020).
Another use of nanotechnology-based COVID-19 detection
is in making use of innovative nanoparticles to simplify the
existing available technologies for efficient results. One such
developed nanoparticle is of poly (amino ester) with carboxyl
groups (PC)-coated magnetic nanoparticles (pcMNPs) which
aided in viral RNA extraction. pcMNPs-RNA complex can
directly integrate into the RT-PCR reactions and help in de-
tection. The proposed pcMNPs can be a great help in this
decisive time to reduce the turnaround time which is obliga-
tory to take early measure as fast as possible (Zhao et al.
2020). Recent improvement and novel strategy were integrat-
ed in making LFA for detection benefiting the advantage of
glyconanoparticles. It was accomplished by exploiting the si-
alic acids affinity with SARS-CoV-2 spike protein by using
glyconanoparticle platform rather than the traditional IgG and
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CRISPR-Cas based detection

Sample type:

Nasopharyngeal

swabs or Blood
_SENRe
>7C‘Z:‘:_ S

Time required:
<40 min
Point of care: Yes

+

Aptamer based detection

Sample type:
Blood or Swab

Time required:
5-10min
Point of care:
Yes

Fig. 4 Current diagnostics tool of COVID-19 diagnosis

IgM based testing. It novel strategy helped in having a detec-
tion limit of 5 ug-mLfl (Baker et al. 2020).

Another report is in development of naked eye detection
test for SARS-CoV-2 by making use of AuNPs capped with
thiol-modified antisense oligonucleotides (ASOs) specific for
N-gene (nucleocapsid phosphoprotein). Results appears in
10 min from the isolated RNA samples showing agglomera-
tion in the presence of its target RNA sequence of SARS-
CoV-2, moreover RNaseH helps in cleaving the RNA strand
from the RNA-DNA hybrid aiding in visually detectable pre-
cipitate. The limit of detection is 0.18 ng/uL of RNA having
SARS-CoV-2 viral load (Moitra et al. 2020). Development of
lanthanide-doped polysterene nanoparticles (LNPs) used as a
fluorescent reporter to detect anti-SARV-CoV-2 IgG in hu-
man serum using Lateral flow immunoassay. The developed
assay can be of great benefit in positive identification in
doubtful cases and evaluating patients response to treatment
(Chen et al. 2020). Wuhan Dgensee Clinical Laboratory Co.,
Ltd. reportedly developed nanopore target sequencing (NTS)
to detect SARS-CoV-2 and other respiratory viruses simulta-
neously within 6-10 h. The NTS is not constrained to detect
only COVID-19 but can be used in the application of diseases
detection of other pathogenic viruses as well for improved
results (Wang et al. 2020b).

Lately, smart electronics has emerged as a potential field in
the development and detection of pathogenic infections.
Diseases like cancer, HIN1, HIV and many more have been
detected by making use of biosensors. Point-of-care based bio-
sensors are reported to have high selectivity and sensitivity and
works on bio affinity receptors (Morales-Narvaez and Dincer
2020). All kinds of biomolecules like aptamers, antibody
nucleic acid and lipids are reported to be detected by making

@ Springer

/ Diagnosis KR No

Community
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use of biosensors (Tu et al. 2019). TriSilix is a recent advance-
ment in the field of detection which makes use of silicon and
have three modes of working on a single chip starting from
electrical heater followed by temperature sensor and lastly elec-
trochemical sensor when tested using cDNA from SARS-Cov-
2 the system could detected up to 1 pg (Nunez-Bajo et al. 2020).
Further, development of exhaled breathe analyzer based on
nanomaterial hybrid array was developed and showed an accu-
racy of 90% and 95% in differentiating COVID-19 patients or
other related lung infection if any, such an analyzer will help in
better screening of patient in point of care setting (Shan et al.
2020). Integration of biosensors into a mobile technology can
be the future of disease management and detection which can
also be adapted for detection of COVID-19 (Zhang and Liu
2016). Multiplexing using smart and flexible electronics can
also be adopted at this crucial time for detection of the novel
virus as it has been reported for accurate and timely detection of
many diseases (Konstantinov et al. 2009). Microfluidics can be
used in detection as they have the capability of been point of
care also been small in size it becomes user friendly in diseases
management (Myers and Lee 2008; (Chin et al. 2011; Martinez
et al. 2008). Table 1 represents the available list of commercial
SARS-CoV-2 in-vitro diagnostic assays.

4 Conclusion and future prospect

The development and research have ramped up at a greater
speed than ever in the field of diseases diagnosis due to
COVID-19 outbreak leading to an increase in the mortality rate
each day in an unpredictable manner. Still countries are strug-
gling to speed up testing due to the laborious and expensive



Page9of18 83

Biomed Microdevices (2020) 22: 83

BIA UONOJJUI (6]-AIAOD) SIIARUOIOD) MU JO UONIA)IP Paseq
MO dwm-[eay 10§ papusur Jonpoid onsouSerp OnIA-ur ue St )iy YL,
61-AIAQD Jo payoadsns are oym senpiarpur woy sojdures Arojemndsar
ur 7-A0D-SYV'S WOIJ PIok dI3[onU Jo uonoop dAne)enb ay) 10§ papusjul
Kesse YOI~ 1urodpud ue st Aessy XA wi6T-ATAOD XIU0dy oy,
61-AIAOD JO paroadsns are oym sjenprarpur woy ‘wmnds
pue suouwnoads ojendse [eseu Jo oyeridse/ysem [easukreydoseu se
[[oM SE ‘SqeMS [BSBU d)eUIqIN}-PIW pue
Jeseu Joud)ue ‘[easukreydoro 1o ‘feaSukreydoseu ur z-A0D-SUVS
wolj PIoe 19[oNU JO UONIA)IP dANL)[eN()
7-A0D-SYVS Surpnjour ‘suonodjur A1oyendsar asnes jey) suosoyjed
7T sopnpour yorym erpewt podsuen ur sojdures qems jeagukreydoseu
s159) pue Ut Gy, Afjewurxordde soxe) joued 74 @TUIIOI UL
61-AIAOD Suiaey Jo pajoadsns syuoned woiy
suowoads ajendse [eseu pue jendse/ysem [eaguiieydoseu se [[om se
‘suouroads qems [eseu o)euIqIn)-pru pue [eseu Joudjue [eofukieydoseu
Ul 7-A0D-SYV'S WOIJ SPIOE OI[oNU JO UONOJIP dAne)[enb
2} JoJ papudul 159) YD d- 1Y utodpus paseq-uonnied e s11sd) oy ],
‘6 1AIAOD JO paroadsns are oym s[enprarpur woiy sojeridse [eseu pue
SOUSEM [ESBU ‘SqeMS 9)RUIQINIPIW ‘SqBMS [BSBU IOLISJUE ‘SqeMS (JBOIU})
[ea3uAreydoro ‘sqems [eadukreydoseu ur z-A0DSYVS Wol VNI
JO uonoa3op daAnen|enb ay) 10 papusul s} YD d- 1Y dW-[ear € Iy YL
‘skesse A10jendsar (1.4 Joyo se dqgord
Surpkd YD d Surpnjour Jooojoid wes oy sasn Aessy 7-A0D)-SYVS
LA YL "61-AIAOD SuISNed Z-A0)-SYV'S SIIABUOIOD MU
A J02JOp 0 PaAsh 183} YD SWI-[edl € SI ABSSY 7-A0D-SUVS AL QUL
asn onsouderp
OIIA UI 10] Z-AOD-SYVS 10919p 03 paziuupdo sjuagear A1essedou
[[e sapnjoul ABSSY "UONORIXS SPIOE JID[ONU [BIIA JOYE YDJ dWN-[edl
Suisn Iy UONORJRP IB[NOOW € STIN @ANAD-Y T-A0D-SAVS UL
‘Teusis
Q]qBIO9)AP © SISBI[AI PUB PAJRANOR SI SWAZUD YJS[YD Y ‘Punoy st
armeusIs oY) UoyAN uduIoads (Tyg) 95eAR] JR[OSAJROYIUOI] IO qemS
TeaSukreydoio ‘qems [eagukreydoseu ‘qems [eseu & ul — 7-A0D-SYVS
J0J 21mjeusIs oouas oy} ‘sed SIY) Ul — AINJeuSIS o1udS J1j10ads € Jo
doudsaid oy 30030p 03 o[nodjow YJS[YD & SurwwerSord £q ssppom 3y oy,
‘sojdures
wmnds pue oFeAe] JeJ0dA[EOYOUOI] ‘Sqems [ea3uAreydoio ‘sqems
[eaSukreydoseu woyj pajoenxd YN Z-A0D-SYVS Jo uonaop
oy 103 pauSisap st 3 ofdues oy ur YR [BIIA O} JO UOIAIP
sopraoxd yorym ‘(YD d-1¥) uonoear ureyd aserowkjod uonduosuen
9SI9ASI SWIN-[Ea1 U0 paseq ST 19} YDId-Ld ¢T-ACD-SUVS 1LdO YL
‘61-AIAOD Jo paroadsns sjuoned woiy (95eAR] Je[09A[ROYOUOIq PUE
‘soyexidse Teoyoen ‘wmnds se yons) suounoads Arojendsor omof
pue ‘(sqems [eaSukieydoro 1o oyeurqiny-pru ‘feagukreydoseu ‘feseu
se yons) suowoads A1ojendsar zoddn ur g-A0D-SYVS WO sproe
219[ONU JO UONIP dAE)END JY) 10] POpULIUI 50} Y- 1Y dWn-[eay
"61-AIAOD Jo parwadsns senprarpur woy pmy (Tyg) oeae|
JIE[OIA[BOUOUOI] PUE ‘QEMS [ESBU J)RUIGIN)-PIW ‘qBMS [ESEU JOLIJJUR
‘qems [eaSukreydoseu ‘qems (Jeoryy) [eaSukreydolo ur z-A0D-SYVS
WO} PIok OI9[ONU JO UONO)AP dAnEIenb oy 10 papudiul 159}
(4Dd-1 Y1) uonoeay urey)) aserowA[0g uondLIoSuBL ], 9SIOAY dW-[eay

ADd-LY!

ADd-Lyt

ADd-LYL

ADd-LYT

ADd-1 g 1widop [ensip

YDd-Ld!

ADd-LYt

ADd-LYL

JNVT- LI/ IdSTID

ADd-LYL

YDd-Lyt

ADd-LYL

I3 wondared 61-AIAOD dOL-N

Aessy XA 61-ATAOD XIUoduy

I ADd-LY 61-AIAOD UnDHAeT

(1'2d¥) 1°C 19ued Arojendsay axjorg

1S9L ADdPP T-A0D-SUVS pey-old

(Surqoiq eoudssaIoN[I-YDd) I
oUsouSel( PV dRPNN (AODU-610T)

SNIIABUOIO)) [0AON]

T-AOD-SUVS dlLd

HANHD-I T-AOD-SIVS

I T-A0D-SUVS AdSTIAD A0S

1S9L UDd LY T-A0D-SUVS ILdO

I AOd-LYIT-A0D-SYVS HomO

Kessy-7-A0D-SUVS
yregbe, A10jeroqe sorwousn
[eotur]) s1eSiny

STVIIHLVINOIG NNSVAS

“OUJ “XIUOAY

"PYT 0D SonuouInqe]

D71 ‘sonsouduiq 211401

ouj ‘saLiojeIoqe] pey-org

*oU] Y09 01 AINSUES
(Aueduro)) s1oounyieoH]
SUSWIAIS ©) TI®'S
SmoquioxnT sonsoudelrq
Joel] 1seq

VS XnoLRNoIg

"OU] ‘SO0UBIISOIE JIO[IYS

"ou] ‘SwolsAS [eIPIN 11dO

uonerodio)) yo1essay owkz

Ajs1oAtun) s1omy

- sorgojorg Ayl YADNY

Je AI10}eI0QRT SOIIOUdN)
[ed1ur)) s8Iy

4!

!

0l

I
JE[NOS[ON

uonduosaq

uojje|J/A30[0uyoa ],

qureu Js9) dnsouel(

JIoINORNUBIA

“ON

020T ABIN 6 JO St V. 9} Wolj Y Uk UAIS sAesse onsouserp o.4gid ul g-A0D)-SYV'S [BI0IOWT0D JO ISIT

L 3|qel

pringer

Qs



Biomed Microdevices (2020) 22: 83

83 Page100f18

189} WISAS JOJLIDA (T SY} JO SHNSAI JS9 ], “OUBLIGUIUL

A} uo punoq sarpoquue Jo dul| & Aq parmded d1e pue BaIe UONIEI

oy 03 diys 159 oy ssoioe djerdiwu soxd[dwos syednluos-uonue

oy, “dins 1503 oy ur sejonaed 10309)0p 0) pajesn(uod sarpoquue 0} puiq

uay) uawdads Ay ur Juasald suaSnue z-A0)-SYVS "2IAP 159) WISAS

IOIIDA (Id 9y} 0} pappe sI udwroads oy JuoSeal uonoenxa oy ur

qems oy Surssaooid 1oy surgjordoadjonu [ena feurdjur Sursodxd

‘paydnusip are uowrtdads ot ur Jussard safonred snuA owm yorym SuLmnp
‘aqny Juagear uonoenxd Ay ul paoejd APoalrp st uswdads qems [eseu oy,

‘sorduues [edrur)o oAnesou

7S woxy Aoyroads pue ‘sojduies [eoruro 9AnIsod [{ WoL paurIop

sem Aanisuog suuoped 8¢ XA0 Ped-ord pue “X( Ised 00$L (19V)

JoysL] oLy, ‘g oIpSIueng) (IgV) Joyst] OWLIdY], dY) U0 uni oq p[noys

189) OU [, Y 7 JOpun Ul uni aq ued 1sd) YL IS9L Xo[dnny z-A0D-SUVS
SnITAnuEng) Ay Paf[ed “Onsouserp YIJ-L Y Xo[dnynur e st sy,

‘unJ 9[3uIs e ur passadoid

2q ued sajdwes 6 pue ‘Y [ INOqe SAYe) 159} Y[, ‘[BULISYIOSI S
uonesyriduwe oy pue 1 sIy} 10§ A1essa09U $59001d UONIBIXS OU SI AT,

U8 N AU} Ul 95¢°¢ JO el

aamisod asyey & sem 1oy “sojdwes aanesou pue aanisod (¢ woxy

pauruLiep a19m AIo1109ds pue AIANISUIS "OIBMYOS € ZA YIM SWI)SAS

ADd PWI-[edy 005, swaysAsorg parjddy oy sammbar pue ‘| 7 ;noqe
SoYe) 159) AL, YDd 10} PuB UONORNXd VN 10J SjuaSear sapnjoul Iy Ay,

‘sojdures oAne3ou pue

oamisod z¢ Sursn pauruio)op aem Aoiroads pue AIARISULS Y '] INOqe

SOYB) 159) [, JRULIOJ [[OM-H8€ 1O [[9M-06 B Ul UNI 3q URD PUE ‘W)SAS YDd
ou ] -[eay X Iseq 005, swaysAsorg parjddy ay) uo uni oq pjnoys 3so3 AL,

‘sordwes g1 woy Ajrory10ads

pue ‘sojdures 9AnIsod ¢ WOIJ PAUTULIANP Sem ANANISUOS “SW)SAS YD d

oui ] -[eay I1 08 JR[OADWSIT AYI0Y pue SWIAISAS YD U] -[BY 109UU0D)
XAD Peyold YOnoL 96 XAD PryOld AU UO UnI dq P[noys Isdj YL

"1090301d YD -1 DAD oY 0} paredwiod 1M S)nsal

1y, sojdures oaneSou 001 woy Ayogoads pue ‘sojdures aanisod (g
WOy PAUMULINP sem AIANISUS "ANSIWAYD UeAbe ], sasn 159 sIy],

'$189) 0] 10J SpuaSear Suraey Iy Yoed I 1S9} YD J-LY doIs-ouo e st sy,
‘sojdures oAne3au ()| woy Ayads pue ‘sojdwes aanisod
(€ Suisn pauTULIOIOP sem ANANISUIS 1y dreredos © Suisn pajoenxd
VN g “wiopiefd GAT-96X A0 AVY-OId 9y U0 uni oq pinoys 153} o[,
"Z-A0D-SIV'S SUIpnjour SNIIA09aqIes Jo [[e 10§
aua g pue ‘7-A0D-SYV'S 10J di10ads sauad N pue JYpy 19919p 0}
pougIsop sI Aesse A [, "9qm) J[SUIS B Ul Z-A0D-SYV'S JO souad 1031} ¢
JO UOIO3)OP SNodUEJNWIS J0J Kesse YD J dwn-[eay xo[dninuu s1 Aessy
"(ouaS § pue H s1981e)) YN d10ads (Z-A0D-SYV'S)

7 SNIIABUOIOD SWIOIPUAS A10YeIidsar ainoe a10A3s pue (A0 g-4)
SIIARUOI00LIO- 95EaUl] JO UOHEIUSIONIP PUE UONIIP dA1E)IEND
oy 10y ‘A30[0uyod) YD J W [BAI UO Paseq ‘WISAS JuaSeal e St Iy Ay,

ouos g pue auas (dypy)

qe1. Y0 Sunadie) sojdures qems jeory) pue sqems [eafuireydoseu

uewny ur SpIoe d1[onu (A0DJU-6](7) SIUIABUOIOD [OAOU JO UOIOIP
pue uoneoynuap! pider 10 pasn SI I UONIANS( AW [ -[BaY

uonodul 61-AIAOQD 192dsns

i syuaned ur ouaS-N pue qe] YO Jo uoneoyrdure snosueynwIs

(Aesseounuuur [e)Sip
oyder3orewonyo) uasnuy

YDd-Lyt

pajudied (VOIINO)
uoreoyrdure [euLoyiosy

ADd-LYL

ADd-LYL

ADd-LY!

ADd-LYL

ADd-Lyt

ADd-LIL

ADd-Lyt

ADd-LYL

ADd-LYL

waIsAS XVIN dd 10§
SJuURBeayT-A0D-SUVS Ad

I ISOL T-A0D-SUVS

snAnueng)

I3 uond9led 6 1-AIAOD dINV!

L YD We0salon ¢-A0D-SUVS

LI ¥Dd-1Y 61-dIAOD wiSH

Aessy 7-A0D-SYVS
BAIO[-0AIIRIND)

33 uondR( YDd-LA
61-AIAOD unsof

] durypesy snjd
61-ATAQD 1OpUL{oUaD)

AOD-610T Xdxtueoyd

Kessy AODU-610T Xold[[V

'S S DALY
COAOD-SUVS TeIS[eay]

3] UOTOI(] W] -[ey
AODU N AYVANVLS

Kuedwo)
29 UOSUIYII(] ‘U0

ouj ‘eMe)eIq

‘ou] ‘swoIsAgorg e[y

JT1(VSn)
ASojounosjorg BINdIBIA

DT ‘IoSudgousn)

‘oU[ SQBTRAIOY]

U] YS[) BULBYJ UNSO,]
QIBdYEH DNVSO

‘U] SAOIAIOS
JUOWOSBURIA XBI],

"ou] ‘Oua809G/00UBA0))

HquD sonsouger( euolfe

‘ouf ‘Tosuasorg (S

¥C

€C

[44

1

0¢

6l

81

L1

91

SI

4!

€l

uonduosoqg

uuoped/ASojouyoa ],

Jweu 359} dnsouder

Jarmodejnue

“ON

(ponunuod) T 3[qeL,

pringer

Qs



Page 110f 18 83

Biomed Microdevices (2020) 22: 83

‘parerd-axd 0) pappe SI pIoe J12[ONU [£)0) PAJOLNX

'S 7-A0D-SYV'S 109)9p AJisea 0} uuope[d xourun oy} uo wojsAs

Sunos ey [esioarun Arejoudord @xourun oy yum (YDJ- 1Y) uonoeay
urey) oserowik[oJ oseydosuel], os10AdY xojdninur sajerodioour 1593 oy ],

*A1oanoadsar ‘sojdwes gg pue £8 pasn Aoy ‘Ajroy1oads pue A)IADISUSS

10 "WASAS LAN A 10 WIsAS @ LY-INLN uedo) ayp ym pajod[jod aq

PINOYS SqeMS PUE ‘WASAS JB[NOJOJA X(OJANON Y} UM Pasn 9q PInoys
Iy YL “Anstuayo uejgbe [, im YD gb-13 dois-ouo e uo sorjar 159) oy,

‘sojdures oAneR3AU 46 WO

AaneSou pue ‘sojdwes [eorur(o 9AnIsod /¢ WOIL POUIULINOP SeM ANADISUIS

‘Spoyiow Uonda[[0d pue sadA ajduwes snowrea Sursn uordOP JO W[ Ay}

Jo Aprys oA1SU0IXd A10A © PIp Aoy, "suope]d X9[J § duen-1030y uaSel() 10

“YONOT, 96XAD PEY-0 ‘96 TIOADNSIT dYO0Y dY) UO UNI dq PINoys 153} A,
150 Jepnosjowt dajs-ouo e st Z-A0D-SUV'S ADJb-1Y 10anq Apeads-org oy,

*KjoAnadsar ‘sojdures ¢ pue 9¢ Sursn pouruLIdNOp d1om

Apoy1oads pue AIAISUSS [BOIUI[D) “7'7 | UOISIdA 2IBMIJOS ()IM JUSWINLSUL
(T1SO) X9l glorprgiueng) swasAsore parjddy gy pasn aq pinoys 1sa) A,

"UOTBUNIEIUOD Pue uoneIodead jusaaid snyy pue armyxrw uoneoyidure ayy

Urejuoo 0} 19p10 ul YO dJ Suneniur oy Joud w)sAs oY) Aq pa[eas are AFpLnIed

AU UO SIA[BAOIOTA] "dSpLIIED) YD Y} OIUI SPIOE JID[ONU PAJORIIXD

Sururejuoo uonnjos Apear-yDd-1¥ JO SWN[OA PIXI] B SoSUdSIp W)SAS

XVIA dd 9y} ‘uonmnsuodalr Yy 'saqoid pue siowd Surpnjour YOd- 14

10J ATeSS200U SJUATEAI [[B SUIEIUOO YIIYM ‘SJuadeay 7-A0D-SYVS XDoig

QJeIpAYQI 0} pasn SI djen[d [eulj oy, “uoneLrea Hd pue jedy

JO UONBUIqUIOd & AQ PaIN[o Ik SPIok OIA[ONU Y} PUB PIYSEM AIE ‘SPIOR OI[oNU

punoq oy yim 1013230} ‘speaq [, "speaq Auie onousew uo parnydes are

swsIueS10 Jo51e) ) WOIJ PASLI[AI SPIOk JI[INN] "UONILNXd VNY/VNJ pue
SISAT [[99 wI0j10d 0} pasn sI SJuoSeal UONORNXd Pue ONA[ JO UONBUIqUIOD Y

JIun SHRYV A U paR[dwon [[e oxe YO d- 13

pue ‘uonoenxd YN ‘SIsA] ojdweg ‘sajdwes xis 0} dn pjoy ues yorgm
91108580 SANYV Uk YIM Jun SHIYY Ue uo pauuioyied aq jsnu 1sd) oy [,

I SIY) JO 9SN 210Joq PAINbal ST YN JO UONIBNXD
pue ‘WwAsAs X ISt 00SL GV oy uo pauriorad oq pinoys s YL,
"I9[0AD 81,007 pue ‘IO0AD) YDb DIN ‘Xog X0D Ym asn 10} ‘Y G 1]
soye) 1593 A, “AS0[0uyos) IDWLIJOD) YM YD d- 1Y ‘doIs-ouo e S1 s} oy ],
*QIEMJOS '] UOISIOA SAS UMM Judwnnsu] YDd ] -[eay
x( 1584 005, swsAsorg parjddy oy ur paygrdwe Apuanbosqns
pue YNO 0} POQLIOSUET) ISIOAI ST suowoads Arojendsor 1omof pue 1oddn
woly payund pue paye[ost YN ‘[oued oy ur papnjout osfe st sududads
[eotur[d pue sadures [o1uod ur (JY) 2UT J oseNy uewny ) 19)p
01 19s 9qoi1d/zownid [euonippe uy (s1os oqoid/ouwnd omy) A0DU-610T
a1} Jo uonodjep oIdads 10y paudisop st oued oy, -ouad (N) prsdeooejonu
SNIIA 9 JO SUOIZal woy 4 uagowoun) 10y SO00E0LOAD PAIJRs
1M Z-A0D-SYV'S JO uonoap 1oy saqoid pue siowrid apros[onuosijo Y],
‘(pey-org) 21eMYoS OnsIN XD Pim (pey-oid)
wWoISAS U013 YDd QWI]-[eay YonoL 96X:1D s 1o (SwaysAsorg
parddy) 41 uorsioa ‘@remyos (SAS) WISAS uonoe 2ouanbog yPim
(swsAsorg parddy) yuswnnsu] YDd WL -6y X(J ISt 00SL Y Yim uni
2q pInoys 3593 AY L, 1Y sty Suisn a10j0q paunioyied aq pinoys uonoenxd VAR
-9)o1dwod
s1 ow) Juowdo[aAdp ABSSE UIW-G | AU} USYM ‘JUSWNNSUI POZLIOYINE
JIOUJO 1O Juownnsuy 10zA[euy snjd IojIdA (g oy Suisn peal e d01A9p

ADd-Lyt

ADd-LYL

ADd-LYT

YDd-Ld!

YDd-1d

ADd-LYL

ADd-LYL

ADd-Lyt

ADd-LY!

YDd-Lyt

Kessy [oued popudxyg
AOD DVIXN

Kessy 7-A0D-SUV'S XAOWNON

[ouBd T-A0D-SUVS
K1ojendsay xg-1e1svIO

Kesse X1 61-A0D

wasAS XVIN ad 10}
SJURZENY T-A0D-SYVS XDorg

Aessy 7-A0D-SYVS SHINV
3] uonoR (YOdb-1¥)
ADd-LY dw-[ey]

SIUIABUOIOD) T-A0D-SYVS [[PDURIS
I (61-ATIAOD) 610

9sBaSI(J SNIIABUOIO)) MW XIS0]

3] uonoR( YOd [eH3IA-1Y
61-AIAQD udgowoun)

I ADd-LYT T-A0D-SUVS
10030 MeWS

‘ou] ‘sonsouder(

IR[NOJ[OJA] Xourwn | e

*oU] “IR[NOS[OJA] X(JOJANON €€
HQWD NIOVIO [43

D711 ‘sonsouder wnsd] 1£3

(ag) Auedwo)

uonduosoqg

uuoped/ASojouyoa ],

Jweu 359} dnsouder

29 UOSULOI(] ‘U0)0dg] 0¢
uoneiodio) xaurung 6T
SaLo1eIOqe |

[o1easay [[9DUSI0S 8T

ouj ‘sonsouger-o) LT

D711 ueSowoun) 9T

ouJ ‘[eUOnBUIAU] SOIguU] ST
JToImoeInuey ‘ON

(ponunuod) T 3[qeL,

pringer

Qs



Biomed Microdevices (2020) 22: 83

83 Page120f18

DI UL 'SMIIABUOIO JO UIBNS SIY} 0 O1j10ads
OS[e pue PAAIdSU0d ATy3Iy dre soouonbas 1o51e) pPajod[as Ay L,

Qwoudd 7-A0D-SYVS Y3 Jo sauad N pue dypy z-A0D-SYVS oy ur are Aesse

7-AOD-SUVS WL [ [eaY Noqqy oY) 10J saouanbos jo5re) oy,
“JI3Y/SUOIORAI {7 Al QI ],
‘95001 2Jom Aoyroads pue ANANISULS ‘sojdures oAU
96 pue oAnisod ¢ uf ‘woysAs XA uostery ay ur pautioyied e YDd
pue ‘uondLdsues) 9SIOARI ‘UONORIXD IIM ‘WASAS  dUO Ul [[B,, UE SI 1S3} Y],
SUIA 1-A0D SYVS ym
K)IAT)ORDI-SSOIO SeM I} PUB ‘%t 6 Sem ANANISUIS [eorUI]D) 'Y ¢ Sune)
UNI YOBd YIIM ‘YIYS Y-8 UB UI UNI 3 ULD S)SA} 9 "UOIIJAP [EOIWAYO0IIIO
uo paseq uonesyijduwe 10230p 0} A30[0UY0d) I0SUISD AP} SAsN 159) A ‘saqoxd
judosazonyy Suisn uey Joypey -ojdures oY) ur VN [NA Z-A0D-SYVS
Jo sisouSerp oAnenjenb sopraoid pue ‘wWaISAs X9[Jo oY) UO UNI dq IS s} Y,
T 08 PPADISIT @YY ‘96X AD Pey-0Ig ‘WSS YDd
w8y 005, @WwsAsorg parddy :suuojerd Surmol[oy oy (s pasn
9q ued 159} Y, I uonodenxo pasoxdde ue ym pajdnos aq Isnw 3 pue “VNY
JeIIA JO uonodap 10y seqoid judosatonyy yim ASojouyod) uejgbe], sasn 31y oy,
*seouanbas 1081e) 9y JO UONIA)AP pue ‘UonedlIjdwe pue UONIENXS PIoB
oreponu ‘uoneredard ojdures sapnjour yoIym WASAS U0 Ul [[e,, UL SI SIY],
‘swesAs Aruguy padyousn) pue X Hodyauon) ) Uo uni 9q pjnoys 1sd) Y[,
*SUIRISAS
010 ] ABIIW]I] PU. ()’ ARLIVWIL] Y} UO SUNI PUE ‘UIU G INOGE SANE) 1S9} Y],
“Soop Y urym pauLojiad are YO d- 1Y Pue ‘UONORNXd
VN ‘sIsA] ojduues a1oym Quo U [[e,, Ue SI WI)SAS Y[, “UIW () INOQe S}
Ppue So0(] SHE[IS 9} J0 JI0(] B[N ) UO UNI dq JSNW 53} Y], "d2ANe)[enb
s1nopear oy, “dins MO[J [eIR)e] & UO PIOB JIR[ONU ) JO UOHBZI[ENSIA UO
Paseq SI uonojp Ay} YD U0 Paseq S YN [eHA oy Jo uonesyrjduwe oy,
'S)50) 8 10J Spuadear Suraey
I YOBd (I YUSWNNSUL ()¢ JISLUYO S JSWHUINIdJ UO UNI oq PInoys s} YL,
*€'C UOISIOA QIBMIJOS (IM WISAS
MO Q] -[eay] Ise] 00§ . swsAsorg parddy uo unx oq pinoys 3sd) Ay L,
‘959°66 Sem A)oy10ads pue ‘g, 188 sem sa[duwes [eoIUld 8¢
ur AJADISULS A ], "ANIAIORII-SSOIO OU PUNO) pue ‘A0)-SYVS
pue y ezudnpjur se yons ‘sudforped 10110 G 10YI0 YIM AJAIBII SSOIO POISI)
os[e ASY T, “Tu/SuOLIA (OGT—00T SeM (ANADISUSS 9,66 10§) UONDAIP JO JILu] A,
s10318) VNI
paygrdure oy Jo yoea Ajnuopl Ajjeoyroads 0} pasn oJe Suooedq Je[nod[ow
Paroge-Apudosaiony,] Juowas dyypy oy Jo uordor onbrun e Ajrjdure
VNI 2-A0D-SYVS 10818} 0) pauisap (s1ownid 0y reruus) sajerduwd) oy,
"[OUOD [BUIDIUI UE SE [[oM S ‘Z-A0D-SYVS Jo uonesyijdure 1oy
poxmbal spuaSear oy urepuod aseq 1S9, AY) Ul SIQN) UONORAIL Y], “JUSWNNSU]
MON I 9y pue ‘aseq 1591, 9y 0} a[dwes pajnjo sy Jo JJsuen 10j o3pLiIe)
19ysuel], e 99[[od paziydoA] e Sururejuod yoes ‘saqn) UONOLAI PI[LIS 0M])
Sursudwoos ‘oseq 19, © IOPNQ SISA[/uonn|d SUIUIRIU0D ‘I9A1000Y dduieg
& Jo pasudwo SI 3] 'SPIO. J10[oNU [BIA 7-A0D-SYV'S JO UONOIP dAnEN[enb
oy} 10y ASojouyod) uonedyIdiue proe SI[ONU [EULISYIOSI SIZI[NN ALsSy
wiLONAS 10§ 9[L] Aessy [oued papuaIxg A0D HV.IXN
ayp Suisn pozAjeue dre sfeudis pjeIouasd oy, Juswnnsul @X[dOVIA
Q) UO peaI PuB PIJIOS USY) I Speaq Pagde) ‘pazIpLqAy o], ‘[[om
UONOBAI PI[L3S A UM UONRZIPLIGAY Peaq SNOJUL)[NIWIS Jeau S2031opun
jonpoid uonoear o pue YD J-1LY el payrjduwe sI uonoeal ayJ, "sjuosear
uonoeal Ay puadsnsar 0 paxi pue (sYgT) stueSeay peaq paziydoL |

YOd-LYt

ADd-LYT

ADd-LYT

ADd-LYL

ADd-LYt

ADd-LY!

MO} [eIo¥e] Pue YDd

ADd-LYL

YDd-Lyt

ADd-Lyt

ADd-LY!

Kesse 7-A0D-SYVS WL [eay HoqqV

Kesse 10011 61-AIAQD exordung

1S9L T-AOD-SUVS X9[dd

Kesse YO d S -[ey Sisoudd
61-AIAOD "P¥] USisopIowig
1591 Z-A0D-SYVS ssaidy 1ady

1S9L 61-AIAOD =1i0tq

1891 T-A0D-SYUV'S BNV

3] TN PIOY OIRONN
SNIIABUOIO)) MON] JOW[UDHOJ
159} TAODOUI[PAY

T-A0D-SYV'S Sunoda(T 10§ 11y
D~ U99SAION],] dUIL [ -[eY

61-AIAOD MON dI

IE[NOS[O]N BOqqY

D17 Te[NIS[O]A ULIOSEI(T

‘ou] ‘sonsouger SHRNUID

'pr] uSisoprowLg

proyda)

DT *asuajeq dmgorg

*oU] [09}01¢] B
“ou] “IOWIUTHOJ

ouf “Y'S( qeT oulPAY

PYT 00 SOImoudD [Dg

ou] ‘y3noroqreos
sonsougelJ Hoqqy

Sy

124

(94

w

8%

(U4

6¢

8¢

LE

9¢

33

uonduosoqg

uuoped/ASojouyoa ],

Jweu 359} dnsouder

Jarmodejnue

“ON

(ponunuod) T 3[qeL,

pringer

Qs



Page 130f 18 83

Biomed Microdevices (2020) 22: 83

S13s9) oy [, ewuse[d pue wnds uewny ul g-A0)-SYVS 03 (D3] Surpnjour)
SAIPOqNUE JO UONOP dANEN[END ONIA UI AU} 10 )$9) paseq Aesseounwuwl ue st jf

‘uonoLal I0[0d

e SuizAJeres (91eSnfuoo swkzuo) DI uewny-Hue PI[[oqe[-dwWAZud ue Sursn no

PALLIED ST UONBQNOUT PUOJIS B ‘SAPOqHUE PUNOQ ) J9Jp O], "Suanue

A 03 puiq [[1m sarpoqnue (NS pue y3] os[e) D3] oy1oads ‘sojdwres aanisod

JO ased oy uf "Ss[jom dy) ur pajeqnout axe sofdues jusned pajnyip

‘doys uonoear 3s11y Ay U] 'Z-A0D-SYVS JO u0101d [BINIONIS JUBUIQUIOIAT YA
P21e00 S[[om JudTeal JJo-yealq § Yim yoes sdys jejdororur sureyuod iy 19) Ay,

BLIOJLID [eo1Sojorwopids Jo/pue [eorul[d A0DU-610T

199Ul OYM S[BNPIAIPUI WO Pajod[[0d (deridse [eseu 1o djelndse/ysem

[esSukreydoseu pue ‘9Feae| Ie[0dATEOYOUOI] ‘sdjeidse Joe1

A1oyendsar 1omo] ‘winnds ‘sqems [eaSuAieydoro 1o feoSukreydoseu se yons)

suouoads A1oyendsar omo] pue soddn ur A0Qu-¢107 9y WO PIoe J1[ONU JO
uonop 2AnE)EnD ) 10§ papuUI 153} YD d- LY AWn-[B1 € ST I|

"QIBMYOS '] SAS YNM JUSWNISU|
ADd dWIL-[edy X 158 00S . swasAsorg parddy uo paunoyad sisATeue pue 3sa,
Kesse aAne)enb joS1e) [enp ‘[[om-o[3uls & oq 0) pAuSISI "SIUAWNNSUI POZLIOYINE
IOU)0 1O ‘WRISAS ()088/0089 SEQOD A} UO UONIAP pue uonesyrdure YO d
‘uonduosuen 9510491 Aq pamo[[o} (uonesyund pue uoONoLNXd PIok JI[oNU)
uoneredaxd ojdures pajewoine A[[ny uo paseq sI 1s9) 7-A0D-SYV'S seqoo |,
*SJUSUINJSUI PAZLIOYINE JAYI0 IO “JUdWNNSUI YD SWILL -6 X ISed 00SL
swioysAsorg parjddy oy uo 31y oquio)) 61-AIAQD Yredbel Suisn poutiojog
"9)ATeue ] JO 20USqe J0 2oussald ay) 10 Jnsar dAneyenb e donpoid 0 JJo-jno
pouruuiopaid e o) [euSis sousosaronfy Y saredwod wIsAs uolsn Joyjued
QU , "TeuSIs 00udsION[} B 0} SPES| SUOIFAI Y30q 10 JoyId Jo uoneoyrjdue
PUB PAJENUIILIP JOU AT SUOISAI 0M]) JY ], “[UURYD dOUIISAION[J dUILS
oy ur 2udd e[ YO Y} JO SUOITAI PIAIISUOI 0Mm]) S)I)op pue sayijdure Kessy ],
‘I UONIJ[[09 AWy
189} 61-AIAOD d10DqeT £q [ox14 o Sursn dwroy je 1o ‘Iopraoid areoyedy
o) Aq pa3oa[[oo oq Aewr sojdureg ‘sojdures oy Suruunt Ajuo ‘suourroads 309][00
j0u s20p d10)qeT "YNY [BIA S109)9p 10JoI0Y) Pue 53} YD Jb- 131 ue s1 15} oy,
‘anpodoid uonoenxd YN Mou oy derodioour 0y opewr sofueyd
YIM ‘0Z0T/L1/€ uo Anud ot se dwes o Ajojeunrxordde st ampodsord oty
JO 1521 9], "S|ONUO0D dAIESU puB dANISOd JO SOUWINJOA UI SOOUIIJIP SWOS e
Q19 pue  JJnq $s2001d,, & SUIBIUOD MOU I Y], "SHOOUS[1}0q JudTedl a5LAIOIP
0} JOpIO UI uonoenxd jeay doys-ojSurs e s dojs uonoenxd YN oy seoejdor
VA PASIAL SIY) ING ‘0Z0T/LT/€ UO SIS YF PAAIdAI 2Inpadoxd 1533 Iy,
'00SL 19V W uo Anstuayo uejybe] Sursn paysijdwosoe
1B U0102Ip pue uonedyIdwry ‘Z-A0DSYVS JO UoNIAp ) 10) pauSIsop
stpue (N 29 [N) 2udS prsdeooajonu snirA 93 Jo suorsar
s)a81e) Aesse 9, 'saqoid d1y10ads A0DU-G1(Z YHM UONIAIP AWN-[B2I PUB
szowd oi10ads 7-A0D-SYVS ynm uoneoyrdwe YOHJ pue
uonduosuern 9s10A91 dojs-ouo (7) ‘suouroads juoned woly YN JO UONORNXD
(1) :sdoys Tedrounrd omy Jo pesoduios st Aesse oy, “(sojeardse [eayoen
pue ‘“Tyg ‘wmnds ‘sqems [eadukreydoio ‘sqems [eoSukreydoseu ‘ojdurexd
10}) suowodds Aroyendsar 1oddn ur z-A0)-SYV'S 9y} WoIj proe or[onu
JO uono3p dANEN[EnD JY) 10] POPULIUL 53} YD J- 1Y QWI-[EdI € SI 1S9} oY [,
‘ewsed uewny 9AneSou U pan[Ip ueq sey jey) pnIed
@VNY PAIOWLY Ue Ul PAISAIRP SI pue ‘odad viiganony)y ‘yueld unydwnd
) WoIj dudS 9se)ONpPaI 0jeANIAdAX0IPAT] ) WO PIALIOP ST douoenbos JoF1e)

Apoquuy A3ojo10g

D3| A30]0108

ADd-LY

ADd-LY

ADd-LYL

ADd-Lyt

ADd-LYL

ADd-LY!

ADd-LYL

YDd-Lyt

T-AOD-SUVS-IuY SAs03[

(D3D VSITd ¢-A0D-SIVS-Buy

(OD) eueq onsouserq YOd-I¥

SwI-[eY AODU-610T DAD
[oued onsouserq YOd-(L¥)

ose)dLIosuRI ], 9SIOAY An)-[ey

CT-AOD-SUVS HOA MON

CT-AOD-SYVS seqod

3 0quo) 6T-ATAOD Pedber,

AessY Z-A0D-SYV'S
uoisn Iaypued

1S9L Dd-LY¥ 61-AIAOD

Kessy 7-A0D-SUVS BIAT

AD-LAT T-A0D-SYV'S 18900

sonsouSer( ayooy

Ul SN NNWNIOYNA

(DAD) s.uonuaAdl] pue
[onuo)) 3seasI(J 10J SINUS))

(Oad) s.pesH o1and jo

Juounredo(q oyelg 10X MON
“ISUR)) YLOMSPRA

(STARY) "ou] ‘swaysAg
JIB[NIJ[OIN SYI0Y

QU] “OYNULIOS JOYSI,] OUWLIdY ],

-ouy ‘0130[0H

(dr0pqe]) oLy
Jo uonerodio) Aojeroqe]

uonerodio) [Ppme)

*ouj ‘OseasI(] SNONOJYU]
sonsouger( 1sanQ)

I
[eo130[010§

139

[43

1s

0s

6y

8

Ly

9

uonduosoqg

uuoped/ASojouyoa ],

Jweu 359} dnsouder

Jarmodejnue

“ON

(ponunuod) T 3[qeL,

pringer

Qs



Biomed Microdevices (2020) 22: 83

83 Page140f18

(uonensiuIupy Sni pue pooq 'S V. ‘uonezuoyny asn Aouddowy vNg

10p1aoid areoypreay e £q uondJul 1-AIAOD
Jo payoadsns syuoned woiy sojdures (v 4 Jo uLreday wniyy) ewseld 1o ‘winids
pO0[q [OYM SNOUSA ‘POO[q S[OYM JONSIATUL) Ul Z-A0D-SYVS O} sepoquue
(D8p) O wnqorSounuwy pue (NS) N UHNQO[SOUNtIW] JO TONENUSIYIP
pue uonodap saneyenb ayy 1oy 159y oyderdoreworyoounuul prder asn-o[3urs v
‘ewsed pue wnos ur urjoid
1dS 7-A0D-SUVS PSuI[ [0y IsureSe yYS[TH AIojeuIjuod e Aq uourodds
aansod 10} pamoy[oj ‘ewse]d pue wWnIds ul Z-A0)-SYVS Jo urewo( Surpurg
10)dooay JueuIquiosar jsureSe paunioyad st ST [eniul uy “Iopiaoxd
areoyp[eay 1oy £q 61-AIA QD SOSNED Jey) SNIIA Ay YIM uonodjur Joud jo
payoadsns s[enpraIpur woij pajod[[od sudwdads ewseld pue wnIos ur sarpoquue
D3] uewny Jo UondAAP dAneIENb dY) 10J (YSITH) SABSSY JUqIOSOUNLI]
PaUI'T-WAZUF 19211P [ELISS 0 JO SISISU0D 1831, Apoquuy D] VSITH
1op1aoid oreoyyjeay] B Aq uonddJuI 61-AIAOD JO paroadsns
sjuoned wox suswroads poojq ajoym armoundiusa 1o (3jen1d ‘v Iqd)
ewse[d ‘WNIos Ul 7-A0D-SYV'S 0} sAIpoquue HS] pue AS] JO UOHRHUILIP
pue uonojop dAnE)enb ay) 10§ pOpULIUI ABSSEOUNUIWI MO [eI)e] Y
uonodyut Joud 10 Judsa1
Suneorpur ‘z-A0D-SYVS 03 asuodsar sununu oandepe ue yim sjenprarpur
SuIAJnuopt Ul pre ue se 9sn 10 PAPUSIU] WINISS 10 (JJBHIO WNIPOS
/V¥1ad /utredsH) poojq pajenseoonue woxy euse[d uewny ur -A0)-SAVS
0} sarpoquue D3] pue S JO UOHEHUIIIP PUE UONIAP dALE)I[EN()
uonoyul Joud 10 Jusdar Sunedrpur ‘7-A0D-SYV'S
03 osuodsax sunuwur dAndepe ue Yim s[enprarpul SUIAJHUSPI Ul pre ue se osn 10§
POPUSIUJ "WINISS UeWINY Ul Z-A0D-SYV'S 01 sarpoquue HI] JO UONIIP dAneIEN()
SUASIUY 7S 29 [S UM Pajeod speaq oNouSeu JO asn dyew S)sa) Y],
SWISAS 1 [DHLIHDYY Pue I Ajuly oy) uo ewse[d pue WnIds uewny|
ur 2-A0D-SYV'S 01 SAPOquuE HS] Jo UON0P dAnEIEnb oY) 10§ pasn (VIIND)
Kesseounuuwur 9[onIedoIoI JUISIUIUN[IWAYD © SI Aesse DT 7-A0D-SYVS YL
“(ayen1d WINIPOS
10 ‘qOV ‘urredoy wniy ‘v 1d wnsselody ‘v 1qd wnissejodip) ewseyd pue
WSS uewny ur g-A0)-SYVS 03 (VS/OS/AS]) serpoquue €30} JO UONOAIP
aane)enb oy 10J papudul ‘(YS[TH) AeSSe JUSGIOSOUNUUII PAYUI[-OWAZUD
‘yeurioj armdeo uaSnue dojs-auo e sI qy [8I0] 7-A0D-SYV'S BIIe[d YL
‘uonaayur Jo11d 10 JuadaI Funesrpur g-A0)-SYVS 03 asuodsar
sunwut dandepe ue J09[Ja1 Jey) POO[q Y} Ul SAIPOqIUE JANORII-Z-A0D)-SYVS
JO S[AQ] Sy 9ARY ABW OYM S[ENPIAIPUI SUIAJIIUSPI UI PIe Ue sk pasn oq 0) SI )|
7-A0D-SYV'S 0} UONOBAT SUNUIWI ) JO UONRUIULISIOP dY} UL PIE UB Se PAPUIUI

03[ pue N3] A30[0105

03[ A30]0108

D3] pue N3] £30[0105

D3] pue ]NS] ASojo108

Auo D31 £30j0108
Auo D3] A30[010§

Kuo D3] A3010108

Apoqnuy [e10], A30[0108

Apoqnuy [e10], A30[010§

wasAS DII/NGI 61-ATAOD ddd

19 Apoquuy O3] VSITH 61-AIAOD

191, prdey INSI/D3] T-A0D-SUVS

189, prdey T-A0D-SAVS-HuY
yord Juadeay DI[
CT-AOD-SUVS-huy spnpoid

onsouSerpounwu] SOYLIA

DBI TS/IS T-AD-SUVS NOSIVIT

Kesse D3] 7-A0D-SUVS

Kesse Qv [210], Z-A0D-SUV'S Bld®[d
uonoANR( Apoquuy 10y
Kesseounuuu] 10y dsororjy
AOD"SUVS HOA MIN

uonduosoqg

uuoped/ASojouyoa ],

Jweu 359} dnsouder

ouJ ‘WoISAS
onsoueI( o1quIdY) 11
A10)8I10qRT TRUIS JUNOJA 01
"ou] Xa[[0) 6
‘Y7 "0 sonsousel( o1qoyny ]
*ou] ‘sonsousel(J [eIIUI -0y L
“ouf utogelg 9
*dU] SALI0JBIOqR T NOqQY S
ouJ ‘saLI0jeIoqe] pey-olg %
yedH jo Juounreda(y a1e)S
SHO A MAN “ISJURD) [HOMSPRA ¢
IoIoeJnuUBIA ‘ON

(ponunuod) T 3[qeL,

pringer

Qs



Biomed Microdevices (2020) 22: 83

Page 150f 18 83

Nanotechnology integration

Drug delivery
Future of COVID-19 f

Diagnosis

() |

Microfluidic ch|
Point of care
Easy to use
Low cost
Less sample
required

nanoparticle

Electrochemical sensing
I Detection at low concentration

Easy screening

Fig. 5 Future prospects of COVID-19 diagnosis

RT-PCR lab technique, which often require centralized ser-
vices. Few RT-PCR based innovative diagnostic methods are
in the developmental stage which detect viral materials in dif-
ferent ways such as gene editing tool CRISPR. But, need of the
hour in this pandemic is the development and establishing in-
novative diagnostic tool which would be easy to use, accurate,
sensitive and point of care. Although point of care serological
tests (lateral flow immunoassay based) is readily available in
the market for COVID-19 detection but still the quality of com-
mercial kits needs to be re-evaluated due to occurrence of false
positive results. The lateral flow-based immunoassay has ad-
vantages over RT-PCR in developing nations were the facilities
for RT-PCR set up is scare. However, the lateral flow immu-
noassay does not give an explicit picture of the severity of the
disease but can help as an aid the detection alongside with RT-
PCR technique.

With the available technology, the diagnosing of the disease
could be a menace shortly. Although the process of technology
development is hurtling up day by day integrating them for a
better output is essential. In our view, following developments
can make an advanced COVID -19 detection tools (Fig. 5): 1)
Making isothermal amplification-based LFA could be one of the
alternatives in hand to overcome the problem with current lateral
flow assay of giving false negative results. 2) Paper-based device
with real-rime simultaneous detection of multiple DNA targets
can be developed for highly sensitive and specific detection, 3)
Nanotechnology intervention in the pipeline of disease detection
can be potentially fruitful, 4) Development needs to be made in
making use of microfluidic devices for development of new
prototype for early point of care detection of the novel virus.
Even screening of close biomarkers for development of accurate
and precise diagnostics kit is necessary, 5) Efforts need to be
made for technology forward approach by integrating it to

Diagnostic development
Development of Anti viral
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Biomarker detection
Aid in diagnosis
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i

Smart phone integration
Enhanced diseases management
I Early measures
Quick response at crucial time

smartphone mobile devices which are omnipresent in nature, 6)
Making CRISPR-Chip based electrical detection can help us to
detect the analyte even at lower concentration, 7) Development
of novel face mask which in turn is integrated with an sensor can
help in detecting even lower limit of virus 8) Making use of
electrochemical based device as it can detect even narrow anti-
genic load. There is also possibility to explore the development
of point-of-care tests with multiplex assays and breathe analyzer.
With integration with technology it will be easy not only to
identify the people suffering and also take measure as early as
possible for better diseases management.

Research in the field of COVID-19 is evolving quickly and
new data are generated each day. Some referenced manu-
scripts are preprints and have not been peer-reviewed.
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