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COVID-19 as a public health concern of the world has spread worldwide and a combination of vari-
ous methods including tomography imaging, reverse transcription-polymerase chain reaction (RT-
PCR), enzyme-linked immunosorbent assay (ELISA) and cell culturing were developed to detect and
identify SARS-CoV-2. Due to the absence of specific antiviral agents or vaccines for COVID-19 treat-
ment, early detection and identification are vital. An alternative, sensitive, fast point-of-care (POC)
detection tool that can be routinely used by health care providers utilizing biological fluids as a spec-
imen before starting an emergency process is desired. Efforts are underway to develop more effective
diagnostic and surveillance technologies with loop-mediated isothermal amplification (LAMP) tests,
antibody testing and microfluidic RT-PCR devices (Lab-on-a-chip). Point-of-care diagnostics are
promising candidates in SARS-Cov-2 detection and encourage scientists to improve their technolo-
gies beyond conception. The reverse transcription LAMP (RT-LAMP) method developed for SARS-
CoV-2 could detect the virus even in saliva samples in less than an hour (Harapan et al., 2020). Lab-
on-a-chip devices contain a small size chip, microchannel, microelectrodes and microheater. Cell ly-
sis, DNA extraction and PCR amplification stages could be integrated on these microchips (Sharma
et al., 2020). Because of the rapid detection, small volume of the specimen and integration with PCR
in a portable tiny system, these devices are promising for SARS-CoV-2 detection (Huang et al., 2018).
The validity and sensitivity of all the above-mentioned methods need to be improved for salivary
specimen usage; in case of improvement, they might provide an opportunity for salivary detection of
the virus without a waiting period and complex analytical infrastructure.
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INTRODUCTION

The family of coronaviride are responsible for
respiratory, hepatic, neurological and enteric man-
ifestations of the new epidemy of COVID-19.
Coronaviride family has four general classes in-
cluding, alpha, beta, gamma and delta corona-
viruses (Harapan et al., 2020). The crown-like
shape of the virus under electron microscope has
been attributed to the term coronom (Sharma et al.,

2020). A broad range of mammels such as humans,
animals and rodents could be infected via corona-
viruses. High recombination and mutation rate
leads to the rapid adjusting of the virus in the new
host (Sharma et al., 2020; Huang et al., 2018).The
common symptoms of this pandemic health con-
cern include fever, cough, myalgia, plummeted
leukocytes and opacities (Chan et al., 2020; Hoff-
manet al., 2020). Headaches, abdominal pain, hem-
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optysis and diarrhea are considered as other symp-
toms (Harapan et al., 2020).However, many cases
are asymptomatic and the validity of testing assays
is low, and thus the real number of affected patients
is certainly underestimated. This in turn increases
the spreading of the disease (To et al., 2020). In ad-
dition, the symptoms are commonly similar to nor-
mal cold and flu. So, accurate and early diagnosis
of the disease is crucial in order to prohibit the fa-
tality. In particular, early detection allows the cli-
nicians to avoid serious complications in COVID-
19 patients. Also, identification of negative indi-
viduals helps the removal of unnecessary quaran-
tine time. In the current paper, novel developments
in the diagnosis of COVID-19 and innovations es-
pecially in the context of biosensors and point of
care settings will be discussed.

MATERIAL AND METHODS

1. Rapid and portable detection devices

The nonspecific manifestations of COVID-19
require an urgent need for rapid diagnosis of sus-
pected individuals and an exact screening (Yang et
al.,2020). Point of care settings which are rapid, ef-
ficient, cost-effective and do not need experts are
demanded (Nguyen et al., 2018). These devices
could be utilized in emergency situations
(Baroneet al., 2020).This would inhibit rapid
spreading of the diseases (Nguyen et al., 2020).
However, the current standard methodology is
based on the real-time reverse transcription-poly-
merase chain reaction (rRT-PCR) with five steps
(Berry et al., 2016) that include sample collection,
storing the specimens, transmission to the labora-
tory, testing protocol and result reporting. In addi-
tion, sample transportation to the rRT-PCR central
laboratory is time-consuming and thus postpones
obtaining the results (Berry et al., 2016; Chu et al.,
2020). This is a pivotal drawback in the COVID-
19 outbreak since can lead to the rapid distribution
of the disease. The need for technical expertise and
being very expensive are other problems (Liaw et
al., 2012; Cho et al., 2014). Also, co-detection of
coronaviruses with other respiratory viruses via
PCR might result in false positive cases (Fig. 1)
(Cho et al., 2014).

2. Loop-Mediated Isothermal Amplification
(LAMP) Assays in PoC devices

Surrogate molecular amplifications methods to
overcome the limitations of RT-PCR technique are
required. A novel nucleic acid amplification method
with high efficiency and specificity under isother-
mal situations is loop-mediated isothermal amplifi-
cation (LAMP) (Fig. 2). A DNA polymerase with
strand displacement function and a series of four pri-
mers are used in the LAMP to fabricate several
DNA copies in a short time that are stem-loop with
multiple inverted repeats of the target and cauli-
flower-like shape (Nagamine et al., 2002). In addi-
tion to high sensitivity and specificity, simple proto-
col has turned it into an appealing method in the
realm of molecular biology and pathogen detection.
Instead of heat denaturation, LAMP used strand-dis-
placement polymerases to synthetize a single-
stranded template. The main advantage is diminish-
ing the use of energy in thermocycler because it runs
in a constant temperature. In comparison with PCR,
this technology is more stable and sensitive (Labar-
rere et al., 2011; Galvez et al., 2020). So, there is a
great hope that LAMP could be a potential candidate
in point-of-care detection of COVID-19. In the pro-
ject of Veterinary validation of point-of-care diag-
nostic instrument), LAMP has been utilized as a
point-of-care device in detection of some respiratory
viruses such as avian influenza virus (Galvez et al.,
2020). In this project the detection time was then 60
min. also, combination of LAMP with disposable
polymer chips as a lateral flow strip would be bene-
ficial. The example for this method might be
COVID-19 IgM/IgG Rapid Test of BioMedomics
(Cassaniti et al., 2020) with the sensitivity of ap-
proximately 89%.

3. New technologies for SARS-CoV-2 detec-
tion

Biosensors are novel detection tools which
mix the selectivity properties of a biomolecule with
the sensitivity of a transducer (Kurbanoglu, 2020).
Biosensors can achieve rapid, reliable, real time
and sensitive diagnosis of different diseases (Sin et
al., 2014). Different types of biosensors have for-
merly been applied in the detection of infectious
diseases and pathogens (Fig. 3) (Sin et al., 2014).
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Fig. 2. Hlustration of -LAMP amplification method.

The trapping of conductive nanoparticles with
smaller wavelength of light is the basis of an optical
sensor termed as Localized surface plasmon reso-
nance (LSPR). Coherent localized plasmon oscilla-
tion is generated by the interaction of the incidence
light and surface electrons in the conduction band.
Local alterations such as the differences in the re-
fractive indices and molecular binding change the
resonance frequency (Petryayeva and Krull, 2011).
Viral sequences such as ORFlab COVID, RdRp-

COVID and SARS-CoV-2 e genes havebeen

detected via localized surface plasmon reso-
nance (LSPR) sensing transduction and Dual-func-
tional plasmonic biosensor utilizing plasmonic
photothermal (PPT) impact. The in situ hybridiza-
tion of RdRp of SAR S-CoV-2 and its complemen-
tary DNA has been increased using a converted
PPT heat energy near the gold nano-islands. Pho-
todermal increased LSPR produced a higher slope
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compared to the system destitute of phototermal ef-
fect. This biosensor could distinguish between
SARS-CoV and SARS- CoV-2 viruses. However,
a false positive response signal was achieved for
RdRp-SARS sequence in the absence of photother-
mal effect. The detection limit for this fabricated
device was estimated to be 0.22 pM (Qiu et al.,
2020).

The basis for the field effect transistor (FET)
is the regulation of carrier mobility through a bi-
ased semiconductor owed to the electrostatic field
(Fig. 4). The selective diagnosis of special targets
is provided with the covering of the gate surface
which is covered with a layer that could be altered
using different biomolecules (Ahmad et al., 2020).

The SARS-CoV-2 spike protein S1 was de-
tected using a graphene FET modulated with an an-
tibody of SARS-CoV-2 spike S1 subunit protein

(CSADb) or angiotensin-converting enzyme 2
(ACE2).
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Fig. 4. Field-effect transistor biosensor

The  graphen  surface  encompasses
CDADb/ACE?2 receptors and the binding of S1 pro-
tein with a positive charge mediate the conduction
and resistance in the FET. In this study, the CSAb-
altered graphene FET showed higher affinity to the
antibody and thus a higher sensitivity with an LOD
of 0.2 pM (Yiiceet al., 2020).

The alterations in channel surface potential of
the FET and its impact on the electrical impulse has

provided the platform for detection of SARS-CoV-
2. The S protein as the main transmembrane pro-
tein in the virus and acts as a great antigen but ex-
hibits diversities in the amino acid sequences in
coronaviruses.

The SARS-CoV-2 S1 antigen was also de-
tected with a Cell-based potentiometric biosensor
A membrane-engineered renal cell changed with
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the SARS-CoV-2 SpikeS1 antibody. The anti-
gen/antibody interaction changes the potential of
the membrane. Eight gold screen printed electrodes
along with polydimethylsiloxane (PDMS) layer
with eight wells was the structure of the device.
Protein adding was done subsequent to the addition
of suspension of the modified membrane and the
signal was measured by a potentiometer. The de-
tection limit was estimated to be 1fg/ml which was
great (Mavrikou et al., 2020).

CONCLUSION

Recent developments in the field of biosens-
ing technology, and molecular systems including
LAMP microfluidics are promising to improve the
quality and efficiency of diagnostics and will re-
place RT-PCR. Additional researches are needed
to improve sensitivity, reproducibility, reliability
of new detection methods. Furthermore, developed
systems should analyze samples from diverse
routes to confirm the results. The production of
POC devices is still an urgent need to sensing of
pathogens on-site without the need for trained per-
sonnel.
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SARS-CoV-2—-nin xasta iizarindo COVID-19 testi ilo siiratli vo sado askarlanmasi
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COVID-19 bir ictimai saglamliq problemi olaraq diinya miqyasinda yayilmisdir vo tomografiya goriintiisi,
oks transkripsiya-polimeraza zoncir reaksiyasi (RT-PCR), ferments bagli immunosorbent analizi (ELISA)
va hiiceyrs kultivasiyasi daxil olmagla miixtolif metodlarin birlosmasi SARS-CoV-2-nin askar edilmasi vo
miisyyan olunmasi ii¢iin inkisaf etdirilmisdir. COVID-19-un miialicasi {igiin spesifik antiviral maddalorin
va ya peyvandlorin olmamasi sabobindon onun erken askarlanmasi vo identifikasiyasi ¢ox vacibdir.Tacili
yardim omsliyyatina baslamazdan avval bioloji mayelsri niimuns olaraq istifade edan sohiyys iscilori
torafindon miitomadi olaraq istifads edils bilon alternativ, hassas, siiratli xasts lizerinds agkarlama vasitasi
arzuolunandir. D6nga vasitagiliyi ilo izotermik giiclondirmo (LAMP) testlori, antikor testlari vo mikrofluik
RT-PZR cihazlar (¢ip laboratoriyast) ilo daha tosirli diagnostika vo nozarat texnologiyalarinin inkisafi tizro
islar davam etdirilir.POC diagnostika, SARS-Cov-2 askarlanmasinda timidvericidir vo alimlari konsepsiya
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xaricindo texnologiyalart inkisaf etdirmoyo tosviq edir. SARS-CoV-2 iigiin inkisaf etdirilmis oks tran-
skripsiya LAMP (RT-LAMP) metodu, bir saatdan az miiddst arzinds tiipiircok niimunslarinds bels virusu
askar edo bilor. “Lab-on-a-chip” qurgusu kicik olgiili mikrosxem, mikrokanal, mikroelektrodlar va
mikroqizdiricidan ibarstdir. Hiiceyra lizisi, DNT ekstraksiyasi vo PZR amplifikasiyast marhalalori bu
mikrogiplars inteqrasiya edils bilor.

Agar sozlor: COVID-19, RT-PZR, polimer ¢ip, termosikl, f6vgalads hallar, biosensorlar

BricTpoe u npoctoe ooHapy:kenne SARS-CoV-2 ¢ TecTupoBaHuEM
COVID-19 B npucyTcTBHH MAIHEHTA

A. I/Iq)Tnxapnl'z, A.H. Hacu6osa**, P.M. Xaauios”>*

1
Dakynvmem gapmaxonio2uu U MoKcuKoro2uu Yuusepcumema meduyunckux Hayk Mapaza, Mapaza, Upan
2 . . . L .
ObvedunenHbvlll YKpauncko-A3epbationcanckutl MexcOyHapOOHblll HAYYHO-00pa308amenbHbIl YeHmp
HaHOOUOMEXHOI02UU U (PYHKYUOHATbHBIX HaHOocucmeM, [poeoduiy, Ykpauna u Azepoaiiorcan,
baxy, Azepbaiiosncan
3
Kageopa buoghuzuxu u dbuoxumuu baxuncrkoeo cocydapcmeentnozo ynusepcumema,
baxy, Azepbaiioxncan
4 . .
Uncmumym paouayuonuwix npobaem HAH Azepbationcana, baxy, Azepbatiosxcan

COVID-19 xak mpo0iieMa MHPOBOTO OOIIECTBEHHOTO 3/PAaBOOXPAHEHHs PACIPOCTPAHUIICS IO BCEMY
mupy. Jns obHapyxxenus u uaentupukanun SARS-CoV-2 paspaboTanbl pa3nuuHble METOJBI, BKIIOYAS
ToMorpaduio, MOIMMEpa3HyIo IEMHYK peakiuio ¢ oopatHon TpaHckpurimeil (RT-PCR), ummyHodep-
MeHTHBIH aHanmu3 (ELISA) u xynmeTUBUpOBaHHWE KIETOK. M3-3a oTCyTCTBHS CrieMU(UYIECKHX TPOTHBO-
BUPYCHBIX areHTOB win BakiuH s nedeHns COVID-19 pannee oOHapyskeHHe U MACHTH(PHUKALIUS HMEIOT
KU3HEHHO Ba)KHOE 3HaueHue. JKenareabHO ObIIO ObI, YTOOBI MEAUIIMHCKHE PAOOTHHUKH, CITONB3YIOIINE B
KadecTBe 00pasia OMOJIOrHYeCKHe KUAKOCTH, NIEepe]] HauyaJloM OKa3aHUsl CKOPOM MEIUIMHCKOW TOMOIIN
(POC) umenu B HanM4yuu albTEPHATHBHBIN UYYBCTBUTEJBbHBIH HHCTPYMEHT OBICTPOrO OOHApYXKEHHUS,
KOTOPBI MOT ObI PEryJISIPHO UMH MCIIOJIb30BaThcsl. B HacTosIiee BpeMs MPEANPUHUMAIOTCS YCUIHS 10
pas3paboTke Oonee 3 (HEKTUBHBIX TEXHOJOIHHA TUArHOCTHKH M HAOMIOJCHHS C MCIIOJIb30BAHUEM TECTOB C
nemieBoil u3orepmudeckoi ammmbukanueir (LAMP), TecTupoBaHHs Ha aHTHUTENa M NPUMCEHEHHEM
mukpodronansix yerpoiicte RT-PCR (Lab-on-a-chip). POC-nuarsoctuka nepcrniekTHBHA B OOHapyxe-
Hun SARS-Cov-2 1 noOyxaaeT yaeHbIX, COBEpIICHCTBYIOIUX TEXHOJIOTHH, BEIXOJUTD 32 TpeIesbl KOH-
uernuy. Metox oopartHoit Tpanckpunuun LAMP (RT-LAMP), pazpabotanssiii uiss SARS-CoV-2, moxer
00HapyKUTh BUPYC Ja’ke B 00pa3Iax CIIOHBI MEHee YeM 3a yac. Y CTpOicTBa THNA «1abopaTopHs Ha YUIIE)
coJiepKaT MHUKPOCXeMy HEOOJIBIIOro pa3Mepa, MUKpPOKaHall, MUKPOAJIEKTPOIbl ¥ MUKpOHArpeBarelb. B
3TH MUKPOYHIIBI MO’KHO HHTETPUPOBATH 3TAllbl JIM3Kca KieTok, skcTpakuuu JHK u [MLP-ammnudukanmu.
Bnaronaps 6picTpomy 00HapykeHuUI0, HeOoIbIIOMY 00beMy 0Opasia u unrerpamuu ¢ [1LP B mopraruBHO#M
KPOILIEYHOH CHCTEME, 3TH YCTPOUCTBA SBISIOTCS MHOrooOemaronmMu s ooHapyxenuss SARS-CoV-2.
Heo0xomumMo MOBBICHTH TOCTOBEPHOCTh W UYBCTBHUTEJIBHOCTH BCEX BBIMICYIOMSHYTHIX METOMIOB IS
WCTIONB30BaHuA 00pa3loB CIIOHBL, B CiIydae YJIyYIICHHS OHM MOTYT NPEIOCTaBUTH BO3MOKHOCTD
oOHapy»XeHHs BUpYca B CIItOHE 03 Iepro/ia OXKHUIAHNS U CIIOKHOW aHATUTHYECKON HHPPACTPYKTYPHI.

Knrouesvte cnoea: COVID-19, OT-III[P, norumepHbulii uun, mepmoyuxiep, agaputidvle Cumyayuu,
buocencopwl
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