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RAPID ELECTROCHEMICAL 
POINT - OF - CARE COVID - 19 DETECTION IN 

HUMAN SALIVA 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to U.S. Provisional 
Application No. 63 / 040,152 , filed 17 Jun . 2020 , which is 
incorporated by reference herein in its entirety . 

BACKGROUND 

[ 0002 ] During the COVID - 19 pandemic , rapid viral detec 
tion has become increasingly important . Rapid viral detec 
tion is vital to hindering the spread of disease during 
pandemics such as COVID - 19 . Existing detection methods 
each have significant limitations . PCR - based tests are non 
invasive ( using nasal swabs or saliva ) but must be shipped 
off to molecular biology labs for testing . Antibody tests are 
relatively fast point - of - care ( POC ) tests , but often require 
blood samples and are semi - quantitative . The important and 
unsolved issue in pandemics such as COVID - 19 is being 
able to provide viral tests to the highest number of individu 
als , including asymptomatic patients . 

SUMMARY 

[ 0003 ] The present technology provides saliva - based POC 
biosensors that utilize nanotechnology to yield a non - inva 
sive , rapid , and accurate POC viral detection device and 
method . 
[ 0004 ] An aspect of the technology is an electrochemical 
sensor device for detection of a virus in a fluid sample . The 
device includes a substrate , a working electrode and a 
counter electrode disposed on the substrate , and a sample 
placement area on the substrate . The sample placement area 
is configured for deposition of a fluid sample into the sample 
placement area , such that the deposited fluid sample covers 
the working and counter electrodes . One or more function 
alization layers is deposited on a surface of the working 
electrode . The surface is configured for exposure to the fluid 
sample deposited in the sample placement area . Each func 
tionalization layer comprises one or more sensor elements , 
metallic nanoparticles , a crosslinker , a redox reagent , and a 
virus receptor . 
[ 0005 ] Another aspect of the technology is a system for 
electrochemical detection of a virus . The system includes the 
electrochemical sensor device described above , a power 
source capable of supplying a desired voltage signal to the 
electrodes of the device , and a detection circuit capable of 
detecting current between electrodes of the device . 
[ 0006 ] Yet another aspect of the technology is a method of 
detecting a virus in a fluid sample . The method includes 
depositing the sample into the sample placement area of the 
sensor device described above , as part of the system 
described above . A voltage signal , such as a ramped series 
of square wave voltage pulses , is applied to electrodes of the 
sensor device , and the resulting current is measured . In the 
presence of virus in the fluid sample that binds to the virus 
receptor of the sensor device , current is reduced in propor 
tion to the concentration of the virus in the fluid sample . 
[ 0007 ] The present technology can be further summarized 
by the following list of features . 

1. An electrochemical sensor device for detection of a virus 
in a fluid sample , the device comprising : 
[ 0008 ] a substrate ; 
[ 0009 ] a working electrode and a counter electrode dis 
posed on the substrate ; 
[ 0010 ] a sample placement area on the substrate , the 
sample placement area configured for deposition of a fluid 
sample into the sample placement area , wherein the depos 
ited fluid sample covers the working and counter electrodes ; 
[ 0011 ] one or more functionalization layers deposited on a 
surface of the working electrode , the surface configured for 
exposure to the fluid sample deposited in the sample place 
ment area ; wherein each functionalization layer comprises 
one or more sensor elements , metallic nanoparticles , a 
crosslinker , a redox reagent , and a virus receptor . 
2. The electrochemical sensor device of feature 1 , wherein 
the device comprises from 2 to about 10 stacked function 
alization coating layers . 
3. The electrochemical sensor device of feature 1 or 2 , 
wherein the one or more sensor elements , metallic nanopar 
ticles , polymer , redox reagent , and virus receptor of each 
functionalization layer are disposed in separate sublayers of 
the functionalization layers . 
4. The electrochemical sensor device of feature 3 , wherein 
the sublayers of each functionalization layer are disposed in 
the order ( from electrode surface upwards ) : sensor elements , 
metallic nanoparticles , crosslinker , redox reagent , virus 
receptor . 
5. The electrochemical sensor device of feature 1 or 2 , 
wherein the one or more sensor elements , metallic nanopar 
ticles , polymer , redox reagent , and virus receptor of each 
functionalization layer are present in a single continuous 
functionalization layer . 
6. The electrochemical sensor device of feature 5 , wherein 
the one or more functionalization layers are each produced 
by drop casting 
7. The electrochemical sensor device of any of the preceding 
features , wherein the sensor elements comprise a material 
selected from the group consisting of carbon nanotubes , 
graphene , graphene oxide , fullerene , buckypaper , graphite , 
carbon nanofibers , carbon nanowires , carbon nanopowder , 
nanorods , quantum dots , and mixtures thereof . 
8. The electrochemical sensor device of feature 7 , wherein 
the sensor elements comprise a mixture of carbon nanotubes 
and graphene . 
9. The electrochemical sensor device of any of the preceding 
features , wherein the metallic nanoparticles comprise a 
metal selected from the group consisting of gold , silver , 
platinum , palladium , iron , iron oxide , copper , zinc , titanium , 
rhodium , ruthenium , rhenium , and mixtures thereof . 
10. The electrochemical sensor device of any of the preced 
ing features , wherein the crosslinker is selected from the 
group consisting of NHS.EDC , streptavidin , 1,6 - hexanedi 
thiol , glutaraldehyde , cysteamine , alkanethiol , protein A , 
3 - aminopropyltriethoxysilane ( APTES ) , sulfosuccinimidyl 
4- ( N - maleimidomethyl ) cyclohexane - 1 - carboxylate ) , dith 
iobis ( succinimidyl propionate ) ( DSP ) , sulfhydryl - reactive 
( maleimide ) , carboxy - PEG - amine or -carboxylic acid , car 
boxy - PEG - lipoamide ( bidentate thiol ) , carboxy - PEG - thiol 
or -carboxylic acid , methyl - PEG - amine , methyl - PEG - lipo 
amide ( bidentate thiol ) , Protein G , disuccinimidyl suberate 
( DSS ) , and combinations thereof . 
11. The electrochemical sensor device of any of the preced 
ing features , wherein the redox reagent is selected from the 
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group consisting of methylene blue , thionine , ferrocyanide / 
ferricyanide , horseradish peroxidase , glucose oxidase , alka 
line phosphatase , rrease , B3 - galactosidase , and combina 
tions thereof . 
12. The electrochemical sensor device of any of the preced 
ing features , further comprising a reference electrode dis 
posed in the sample placement area , wherein the deposited 
fluid sample covers the reference electrode . 
13. The electrochemical sensor device of any of the preced 
ing features , where any of the electrodes comprises a con 
ductive material selected from the group consisting of gold , 
graphite , carbon , platinum , silver / silver chloride , aluminum , 
graphene , lead , carbon steel , nickel , chromium , copper , 
silver , tantalum , antimony , tin , tungsten , iridium , bismuth , 
titanium , molybdenum , and combinations thereof . 
14. The electrochemical sensor device of any of the preced 
ing features , wherein the substrate comprises a material 
selected from the group consisting of plastic , glass , polymer , 
silicon , stainless steel , polyimide , polyester , polydimethyl 
siloxane ( PDMS ) , paper , polyethylene terephthalate , poly 
ethylene naphthalate , cotton , poly ( methylmethacrylate ) , and 
combinations thereof . 
15. The electrochemical sensor device of any of the preced 
ing features , wherein the one or more functionalization 
layers further comprise a surfactant selected from the group 
consisting of tergitol , sodium dodecyl sulfate ( SDS ) , Triton 
X - 100 , Tween 20 , Tween 80 , polyethylene glycol ( PEG ) , 
pluronic , polysorbate 80 , polysorbate 20 , cetyltrimethylam 
monium bromide , CTAB , ( 3 - ( ( 3 - cholamidopropyl ) dimeth 
ylammonio ) -1 propanesulfonate ) ( CHAPS ) , Span 60 , lauric 
acid , oleic acid , digitonin , decyl glucoside , poloxamer , n - oc 
tyl - B - D - thioglucopyranoside , n - dodecyl - B - D - maltoside , 
lauryl glucoside , ethoxylated amides , alkyl polyglycosides , 
carbohydrate - derivate ethoxylates , and combinations 
thereof . 
16. The electrochemical sensor device of any of the preced 
ing features , wherein the one or more functionalization 
layers further comprise a surface blocking agent selected 
from the group consisting of bovine serum albumin ( BSA ) , 
chicken serum albumin ( CSA ) , 11 - mercapto 1 - undecanol 
( MCU ) , polyethylene glycol ( PEG / HS - PEG ) , Tween 20 , fish 
gelatin , non - fat dry milk , casein , whole sera , polyvinyl 
alcohol ( PVA ) , polyvinylpyrrolidone ( PVP ) , and combina 
tions thereof . 
17. The electrochemical sensor device of any of the preced 
ing features , wherein the virus receptor is selected from the 
group consisting of cell surface proteins and fragments and 
variants thereof , antibodies and fragments thereof , aptamers , 
and combinations thereof . 
18. The electrochemical sensor device of any of the preced 
ing features , wherein the device is configured for detecting 
a virus selected from the group consisting of HIV - 1 , HIV - 2 , 
Zika virus ( ZIKV ) , SARS - CoV , SARS - CoV - 2 , and combi 
nations thereof . 
19. The electrochemical sensor device of feature 18 , wherein 
the virus is SARS - CoV - 2 . 
20. The electrochemical sensor device of feature 19 , wherein 
the virus receptor is selected from the group consisting of 
antibodies and fragments thereof binding to SARS - CoV - 2 
spike protein , envelope protein , RBD protein , or nucleo 
capsid protein ; angiotensin - converting enzyme 2 ( ACE2 ) , 
SARS - CoV - 2 specific aptamers , CR3022 antibody , CR3009 
antibody , CR0018 antibody , and combinations thereof . 

21. The electrochemical sensor device of any of the preced 
ing features , wherein the device is configured for use in 
performing an electrochemical measurement comprising 
square wave voltammetry ( SWV ) , amperometry , cyclic vol 
tammetry ( CV ) , or electrochemical impedance spectroscopy 
( EIS ) . 
22. The electrochemical sensor device of any of the preced 
ing features , wherein the device is configured for detecting 
a virus in a fluid sample selected from the group consisting 
of saliva , urine , tears , sweat , blood , and interstitial fluid . 
23. The electrochemical sensor device of any of the preced 
ing features , wherein the device is capable of detecting virus 
in a fluid sample down to a virus concentration of at least 
about 106 copies / mL . 
24. The electrochemical sensor device of any of the 
ing features , wherein the device is capable of detecting virus 
in a fluid sample down to a virus concentration of at least 
about 10 % copies / mL . 
25. The electrochemical sensor device of any of the 
ing features , wherein the device is capable of detecting virus 
in a fluid sample down to a virus concentration of at least 
about 104 copies / mL . 
26. The electrochemical sensor device of any of the preced 
ing features , wherein the device comprises a filter for 
pre - treatment of a deposited fluid sample . 
27. The electrochemical sensor device of any of the preced 
ing features , wherein the device is configured for detecting 
SARS - CoV - 2 down to a concentration of at least about 105 
copies / mL of a fluid sample ; wherein the device comprises 
ACE2 and an antibody to S1 spike protein antibody as virus 
receptors ; wherein the device comprises carbon nanotubes 
and graphene as sensor elements ; wherein the device com prises gold nanoparticles , and wherein the device comprises 
thionine as redox reagent . 
28. A system for electrochemical detection of a virus , the 
system comprising the electrochemical sensor device of any 
of the preceding features , a power source capable of sup 
plying a desired voltage signal to the electrodes of the 
device , and a detection circuit capable of detecting current 
between electrodes of the device . 
29. The system of feature 28 , further comprising a trans 
mitter for sending a wireless signal from the system to a 
computer , mobile phone , remote monitoring device , or net 
work . 
30. A method of detecting a virus in a fluid sample , the 
method comprising depositing the sample into the sample 
placement area of the device of any of features 1-27 or the 
system of feature 28 or 29 , applying a voltage signal to 
electrodes of the device , and obtaining a measure of the 
presence , absence , amount , or concentration of the virus in 
the fluid sample . 
[ 0012 ] As used herein , the term “ about ” refers to a range 
of within plus or minus 10 % , 5 % , 1 % , or 0.5 % of the stated 
value . 
[ 0013 ] As used herein , “ consisting essentially of ' allows 
the inclusion of materials or steps that do not materially 
affect the basic and novel characteristics of the claim . Any 
recitation herein of the term “ comprising ” , particularly in a 
description of components of a composition or in a descrip 
tion of elements of a device , can be exchanged with the 
alternative expression " consisting of " or " consisting essen 
tially of " . 
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[ 0014 ] FIG . 1A shows a schematic illustration of a cross 
section of a working electrode according to the present 
technology . Substrate 1 is coated with a layer of sensor 
elements 2 , which in turn is coated with a layer of metallic 
nanoparticles 3. The top layer is a functionalization coating 
7 that includes a crosslinking reagent , a redox reagent , and 
a virus receptor , which can be present as separate sublayers 
( not shown ) or as an essentially homogeneous mixture . In 
some embodiments , components of one layer may mix to 
some extent with adjacent layers ; in other embodiments they 
remain separate . FIG . 1B shows an embodiment of a work 
ing electrode in which functionalization coating 7 contains 
sublayers of crosslinker 4 , redox reagent 5 , and virus recep 
tor 6. FIG . 1C illustrates a multilayered embodiment in 
which multiple functionalization coating layers 7 are stacked 
one above the other . Each functionalization coating layer 7 
can be subdivided into sublayers 4 , 5 , and 6 as shown in FIG . 
1B , or the components can be mixed to form an essentially 
homogeneous layer . The upper functionalization layers 7 
also can optionally repeat the sensor element layer 2 and / or 
the metallic nanoparticle layer 3 as shown in FIG . 1A . 
[ 0015 ] FIG . 2A is a schematic illustration of an ACE2 
enzyme - based , SARS - CoV - 2 sensor that binds virus through 
its binding sites to ACE2 . FIG . 2B is a schematic illustration 
of a SARS - CoV - 2 - specific antibody - based sensor that binds 
virus through its binding sites to the antibodies . FIG . 2C is 
a schematic illustration of a sensor using the combination of 
ACE2 enzyme and SARS - CoV - 2 antibody that binds virus 
through its different binding sites , to both ACE2 and anti 
body , leading to lower risk of false negative and false 
positive readouts . 
[ 0016 ] FIG . 3A depicts a staircase wave component of a 
square wave voltammetry excitement potential , where every 
period on the staircase is increased by a predetermined 
parameter Estep . FIG . 3B depicts a square wave component 
of the square wave voltammetry excitement potential , where 
the amplitude of the wave is a predetermined parameter 
Eamp , and the period is identical to that of the staircase wave . 
FIG . 3C depicts a combination of the component waves 
( staircase wave component and square wave component ) 
that produce the square wave voltammetry excitement wave 
form . 
[ 0017 ] FIG . 4A depicts a calculated example of forward 
( PF , bottom waveform ) , reverse ( Pr , middle waveform ) 
and total ( 47 , top waveform ) waveforms that make up the 
final voltammogram . This is a graphical representation and 
does not depict an actual result . FIG . 4B depicts calculated 
examples of final output voltammograms with a predicted 
positive result waveform ( bottom waveform ) when virus is 
present in the solution , versus when virus is not present 
( negative result is top voltammogram ) . An example thresh 
old value for positive and negative results is illustrated as the 
dotted horizontal line . This is a graphical representation and 
does not depict an actual result . 
[ 0018 ] FIG . 5A shows a measured calibration curve of 
sensor responses to different concentrations of SARS - CoV - 2 
pseudovirus . FIG . 5B shows square wave voltammetry test 
results performed at 20 Hz frequency and 0.5 V amplitude 
in the voltage range of 0 to -0.7 volts using a functionalized 
electrode sensor to detect the indicated concentrations of 
SARS - CoV - 2 pseudovirus . FIG . 5C shows results from a 
negative control test using a sensor whose working electrode 

DETAILED DESCRIPTION 

[ 0019 ] The present technology provides a convenient and 
extremely rapid point of care ( POC ) test for detection of 
virus in infected humans or other animals using a fluid 
sample , including saliva . This test could help address the 
global challenge of providing rapid pathogen detection to 
stop the spread of emerging viruses such as SARS - CoV - 2 
and its variants , as well as bacterial pathogens and other 
microbial pathogens having known receptors on host cells or 
available antibodies or aptamers with specificity and affinity 
sufficient to bind the pathogen to the sensor's functional 
ization coating . The POC test can analyze a liquid sample 
from a human or other animal subject and provide imme 
diate or very rapid indication of the presence of a virus 
above a threshold concentration . In a multiplex format , the 
test can provide information as to the presence above a 
threshold concentration or absence at a threshold concen 
tration of two or more viruses or virus variants simultane 
ously . The saliva based POC biosensor utilizes nanotech 
nology and robust , cross - linked components , yielding non 
invasive , rapid , and accurate POC viral detection tests and 
kits with long shelf life . The results can be obtained in 3-5 
minutes for COVID - 19 detection using saliva . The rapidity 
of the test makes it an ideal option to screen for infected 
individuals ( including asymptomatic individuals ) , at hospi 
tals , clinics and health care facilities , workplaces , airports , 
ports of entry , schools , in community screening settings , in 
the home , and for people on the go , even during travel . 
Furthermore , the device can be provided in an affordable 
home viral test kit . The device is non - invasive , and the 
possibility of self - collection reduces the risk of contamina 
tion for healthcare workers . 
[ 0020 ] While the present technology can be applied to any 
liquid sample , saliva contains plentiful disease biomarkers , 
including virus particles and portions thereof , which can be 
measured in order to detect and diagnose a variety of 
diseases . Saliva analysis is emerging as a non - invasive 
substitute to blood , serum , plasma , and urine analyses in 
diagnostic sampling . For example , saliva has been used to 
detect HIV !, hepatitis A² , B3 and C breast 
cancer , pancreatic cancer , lung cancer , cardiovas 
cular disease , and diabetes14 . Saliva also demonstrates 
great potential as a diagnostic fluid for HIV - 1 and HIV - 2,15 
Zika virus ( ZIKV ) , 16,17 SARS - CoV18 and SARS - CoV - 219,20 
within the first week of symptom onset . 
[ 0021 ] Furthermore , when testing saliva and nasopharyn 
geal aspirate ( NPA ) in parallel for the respiratory viruses , 
respiratory syncytial virus and influenza , the results had a 
93 % agreement , and the reported sensitivity and specificity 
for saliva and NPA are 90.8 % and 100 % , respectively . ? 
With some viruses like Zika virus , viral load in saliva is 
actually higher than in blood.17 In a study conducted at 
Hong - Kong University , saliva had a higher detection rate for 
COVID - 19 in the early stages of infection before lung 
lesions develop , while in some patients coronavirus was 
detected in saliva , but not in nasopharyngeal specimen . 
Moreover , it is reported that the concentration of SARS 
COV - 2 is higher in saliva than in blood or urine . 
[ 0022 ] In view of the great potential of saliva specimens , 
the Food and Drug Administration ( FDA ) has approved 
saliva as a reliable and valid specimen for COVID - 19 
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diagnosis in a test developed by Rutgers University.22 This 
is important , as self - collection of saliva minimizes the 
chance of exposing healthcare workers to the virus since 
saliva samples can be collected outside of hospitals , without 
the surveillance of trained healthcare workers . 
[ 0023 ] As discussed above , a critical issue in pandemics 
such as COVID - 19 is the ability to provide an accurate test 
to the highest number of individuals , including asymptom 
atic patients . In an example , an accurate test could be rapidly 
deployed at a low cost , or freely distributed , to individuals 
who want to utilize the accurate test . The present technology 
successfully addresses these issues and can provide real 
time POC testing systems . A real - time POC testing system 
can play a crucial role in effective disease control and 
appropriate therapeutic intervention . This detection system 
offers patients a simple , non - invasive , and rapid test wherein 
the user can perform the test by him / herself at home , 
laboratory , or any location , without the surveillance of 
trained personnel . To achieve this goal , the proposed bio 
sensor is used in combination with an electronic meter to 
conduct an electrochemical measurement of SARS - CoV - 2 
concentration . 
[ 0024 ] The key aspects of the electrochemical biosensor 
device are the composition and structure of the functional 
ization coating applied to the working electrode of the 
device . General schemes for the functionalization coating 
and structure of the electrode are shown in FIGS . 1A - 1C . As 
shown in FIG . 1A , substrate 1 , which is electrically insu 
lating or semiconducting , is coated in the sample placement 
area with a layer of sensor elements 2 , such as carbon 
nanotubes and / or graphene flakes . The sensor elements in 
turn are coated with a layer of conductive metallic nanotubes 
3. The nanotube layer is then overlaid with one or more 
functionalization layers 7. As shown in FIG . 1C , two or 
more functionalization layers 7 may be stacked for increased 
sensitivity , as needed . In the embodiment shown in FIG . 1B , 
the functionalization layer can be in turn divided in to 
sublayers , such as a layer of crosslinker 4 , a layer of redox 
reagent 5 , and a layer of virus receptor 6 , which is exposed 
to the sample fluid deposited in the sample placement area . 
[ 0025 ] In an example of the electrode functionalization of 
the device , FIG . 2A depicts an ACE2 enzyme - based , SARS 
CoV - 2 sensor fabrication process and layers , in which a 
virus will only bind through one of its binding sites to ACE2 . 
The five layers depicted at the bottom of FIG . 2A and FIG . 
2B can be in any combination . A binding of SARS - CoV - 2 to 
ACE2 is depicted at the top of FIG . 2A . In this example , 
ACE2 is used to detect SARS - CoV - 2 specifically . A sub 
strate is depicted by the solid bar at the bottom of FIG . 2A 
and at the bottom of FIG . 2B . The substrate can be an 
insulating layer , a conductive layer , a semi - conducting layer , 
or a combination thereof . For example , the substrate can 
include plastics , glass , polymers , silicon , stainless steel , 
polyimide , polyester , polydimethylsiloxane ( PDMS ) , paper , 
polyethylene terephthalate , polyethylene naphthalate , cot 
ton , poly methyl methacrylate , or a combination thereof . 
Examples of conductive materials can include gold , graph 
ite , carbon , platinum , silver / silver chloride , aluminum , gra 
phene , lead , carbon steel , nickel , chromium , copper , silver , 
tantalum , antimony , tin , tungsten , iridium , bismuth , tita 
nium , molybdenum , or a combination thereof . Graphene 
and / or carbon nanotubes ( of any thickness ) can be associ 
ated with nanoparticles and one or more cross - linkers . The 
graphene and / or carbon nanotubes can be utilized for con 

duction . An ACE2 enzyme is shown associated with SARS 
CoV - 2 at the top of FIG . 2A . In another example , FIG . 2B 
depicts a SARS - CoV - 2 specific antibody - based ( or aptamer 
based ) , sensor fabrication process and layers in which a 
virus will only bind through one of its binding sites to the 
antibodies or aptamers . 
[ 0026 ] ACE2 can be used with a SARS - CoV - 2 specific 
antibody and / or aptamers to reduce false negatives / positives 
when detecting SARS - CoV - 2 . An example is depicted in 
FIG . 2C . As shown in FIG . 2C , the combination of enzyme 
( ACE2 ) and antibody used as complementary bioreceptor in 
a virus sensor , in which virus will bind , through its different 
binding sites , to both ACE2 and antibody / aptamer , which 
can lead to lower risk of false negative / positive readouts . 
[ 0027 ] The device can be an electrochemical device and 
can provide a sensor platform including one or more of the 
functionalization coatings depicted in FIGS . 2A , 2B , and 
2C . As shown in FIGS . 2A , 2B , and 2C , a cross - linker can 
be used to assemble and stabilize multiple layers and / or 
sublayers of films . In the sensor platform an electrochemical 
technique of square wave voltammetry ( SWV ) can be per 
formed to reach high sensitivity in detecting SARS - CoV - 2 . 
The sensor platform can detect SARS - CoV - 2 within a short 
time ( on the order of 1 , 2 , 3 , 4 , 5 , or 10 minutes ) with high 
accuracy and sensitivity . The lower limit of detection can be 
about 1,000 , about 10,000 , about 100,000 , or about 1,000 , 
000 virus particles or virus components per mL . 
[ 0028 ] Fabrication of the sensor can include self - assembly 
multilayered films on a substrate , or on an electrode , or can 
include a drop coating or drop casting deposition of a 
suspension containing multiple components . One or more 
filters or semi - permeable membranes , ( e.g. , Nafion or a lipid 
bilayer membrane ) optionally can be added to act as a 
filtration layer for filtering the liquid sample and / or also as 
a protection layer , for example , to enhance shelf life . 
[ 0029 ] The entire sensor platform has a long shelf life , 
which is the length of time that the sensor remains usable 
( e.g. , sufficiently sensitive and accurate ) , fit for use , or 
saleable . The sensor can be provided with or without exter 
nal ackaging . The salivary - based COVID - 19 ( or other 
viral ) detection biosensor herein can have a shelf life of 
more than about six months , more than about a year , or more 
than about two years . The test sensitivity and accuracy is 
preserved during the storage time . In an example , the 
biosensor can be packaged and stored at a temperature in the 
range from about -20 ° C. to about 40 ° C. , optionally in the 
range from about 0 ° C. to about 35 ° C. , optionally in the 
range from about 5 ° C. to about 30 ° C. , and optionally in the 
range from about 5 ° C. to about 30 ° C. Packaging can be 
designed to inhibit environmental humidity changes and / or 
exposure to electromagnetic radiation ( e.g. , UV light ) . In 
another example , packaging can include a sensor / indicator 
on the exterior of the packaging that indicates exposure to 
conditions that may yield the contents unsuitable for use . 
The sensor or packaging can include an indication of pres 
sure , electromagnetic radiation , temperature , or other con 
ditions encountered during storage . 
[ 0030 ] Urgent need and commercial application of this 
technology are illustrated by the global pandemic of 
COVID - 19 . While the SARS - CoV - 2 spread was first iden 
tified around December 2019 , rapid detection of both symp 
tomatic and asymptomatic individuals can be provided by 
this technology . Generally , air travel has significantly 
increased the global reach of viruses , while the technology 
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to screen for viruses has lagged . The present technology 
finds application as a saliva - based POC system for viral 
diseases ( e.g. COVID - 19 ) . The technology can be developed 
for home use as well as at hospitals , laboratories , clinics , 
health - care facilities , doctors ' offices , workplaces , airports , 
ports of entry , and schools . 
[ 0031 ] The POC sensor can detect COVID - 19 through a 
self - collected salivary specimen . This sensor platform can 
include a salivary - based sensor in communication with a 
portable electronic meter . A microprocessor ( or computer ) 
can be included , along with display , WIFI , cloud - based 
storage , blue - tooth , or other electronic components . The 
sensor can indicate a positive result or a negative result , for 
ease of use . 

[ 0032 ] Among all detection techniques , electrochemical 
methods can have an advantage over others because of their 
relative simplicity and inexpensiveness . Currently , there 
are various methods available to detect COVID - 19 , each 
having significant limitations . Some on - the - market methods 
for detecting virions in solution ( including SARS - CoV - 2 ) 
include Reverse - Transcription Polymerase Chain Reactions 
( RT - PCR ) with viral cell cultures , or the newer Reverse 
Transcription Loop - Mediated Isothermal Amplification ( RT 
LAMP ) for rapid detection , in which the RNA of SARS 
CoV - 2 is amplified to produce millions of copies in order to 
bring the viral concentration into a detectable range . For 
example , RT - PCR is used by a Rutgers University lab to 
detect COVID - 19 through saliva in 24-72 hours with a 
detection limit of 200 copies / mL.31 However , this method 
suffers from its own complexity , a relatively long turnaround 
time , expensive equipment requirements , risk of false - nega 
tive / positives and requires the patient to visit a medical 
office . RT - LAMP has overcome the turnaround time issue by 
utilizing 4 primers , but the other limitations still exist . Abbot 
has developed a RT - LAMP test to detect SARS - CoV - 2 in 
nasopharyngeal specimen that only takes 15 minutes with a 
limit of detection as low as 150 copies / mL.32 However , 
RT - LAMP is a semi - invasive test where trained healthcare 
workers need to collect sample , and still requires expensive 
laboratory equipment . Hence it can only be done in hospital 
and clinics . Research in viral detection has also been done 
through cutting edge techniques such as Raman spectros 
copy , optofluidics , interferometry , and surface plasmon reso 
nance ( SPR ) . These techniques are promising but suffer 
from the same setbacks as RT - PCR / LAMP , in that they 
require expensive equipment and trained personnel to per 

On the contrary , electrochemical methods are 
low - cost , simple , and fast , as well as can be done by the 
patient themselves , similar to how blood glucometers are 
used now , and have been since their inception in the 1970s 
as POC devices . 38 Over the past decade plus , there have 
been more and more attempts to extend electrochemical 
techniques in to the realm of diagnostic testing for viral 
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nanotube - based sensing technologies 5-52 , electrochemical 
salivary based POC glucose monitoring14,53-58 , computa 
tional screening of molecular interactions and DNA 
sequences , and it can be adapted for any viral infection 
with modification of bioreceptors , surface binding agents , 
and specific linkers for each virus . 
[ 0034 ] In order to detect virions using biosensors , a biore 
ceptor that specifically binds to intact viruses or viral 
proteins is required . The bioreceptor can be , for example , 
antibodies normally expressed by the body to fight the virus , 
DNA , RNA or proteins that are complementary to the viral 
genome / protein . Herein is provided a SARS - CoV - 2 electro 
chemical biosensor using cutting - edge nanomaterials to 
measure the morphology change of the surface chemistry 
caused by the interaction between the bioreceptor and the 
surface proteins of SARS - CoV - 2 . 
[ 0035 ] SARS - CoV - 2 is composed of four target protein 
classes , the spike protein ( S ) , membrane protein ( M ) , 
nucleocapsid protein ( N ) and envelope protein ( E ) . The 
genome of the virus is encapsulated inside the nucleocapsid 
protein , while the S protein binds to human host Angio 
tensin - Converting Enzyme 2 ( ACE2 ) , which allows the 
virus to enter human cells and begin replication . In this 
technology , the commercially available human ACE2 pro 
tein is used as a SARS - CoV - 2 specific bioreceptor in the 
electrochemical biosensor . This POC biosensor is capable of 
detecting and quantifying active SARS - CoV - 2 concentra 
tion in an individual's saliva sample . The ACE2 receptor 
binds selectively to some coronaviruses , and excludes 
other common respiratory viruses such as influenza , which 
further ensures that this method is able to distinguish 
between COVID - 19 and other diseases . Furthermore , in 
order to accomplish the electrochemical reaction between 
the sensor chemistry and electrode surface , a redox - active 
probe such as ferrocene or methylene blue ( MB ) can be 
utilized in the fabrication chemistry . The redox - active probe 
has a predictable and reproducible electrochemical profile 
under controlled conditions without presence of target mol 
ecule in solution . In the presence of SARS - CoV - 2 , the 
morphology of the bioreceptor ( i.e. ACE2 ) on the sensor 
surface changes , and results in a change in the electrochemi 
cal profile of redox - active probe . This change in the output 
signal ( herein , current ) is proportional to the amount of virus 
present in the sample . 
[ 0036 ] In order to functionalize the aforementioned 
SARS - CoV - 2 biosensor , the working electrode is coated 
with a multi - layer structure consisting of specific biomate 
rials as bioreceptors ( ACE2 / SARS - CoV - 2 antibody alone or 
in combination as hybrid receptors or combined with SARS 
CoV - 2 specific aptamers ) , a mixture of nanomaterials ( such 
as gold - nanoparticles , GNP ) , graphene , carbon - nanotubes , 
CNTs , or a combination thereof ) in the presence of a 
cross - linker ( such as 1 - Ethyl - 3- ( 3 - dimethylaminopropyl ) 
carbodiimide , EDC ) , N - hydroxy succinimide ( NHS ) , 
cysteamine , 1,6 - hexanedithiol , or a combination thereof ) . 
The outstanding electrical properties of carbon nanomateri 
als ( e.g. , graphene & CNT ) enable ballistic transport with 
high electron mobility that offer unprecedented opportuni 
ties for efficient sensors . Nanoparticles can be used with 
carbon - based composites because they provide a suitable 
environment for electron transfer and biomolecule immobi 
lization , which improve the sensor's overall sensitivity . ? 
[ 0037 ] The coating procedure of the proposed nanocom 
posite onto the sensor electrodes ( working electrode alone or 
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[ 0033 ] Electrochemical sensors measure molecular con 
centrations by correlating them to an electrical signal using 
a bioreceptor and transducer . The bioreceptors are biomol 
ecules ( e.g. oligonucleotides , antibodies , or peptides ) that 
bind to or interact with the target molecules ( e.g. , herein 
SARS - CoV - 2 ) , which then catalyze a measurable signal on 
the transducer . Advanced biosensors now utilize cutting 
edge nanotechnology to increase sensitivity and lower the 
limit of detection ( LOD ) . For example , the biosensor 
described herein can leverage experience with DNA carbon 

71 
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all three electrodes ) consists of self - assembly of multi - layer 
films , or a one - time drop coating deposition process using a 
mixture solution including , but not limited to , nanomateri 
als , metal nanoparticles , enzymes / antibodies ( alone or in 
combination to antibody / aptamers ) , cross - linkers , surfac 
tant , blocking proteins , and redox - active probes ( e.g. , MB or 
ferrocene ) . Several known approaches are used to immobi 
lize bioreceptors ( herein ACE2 / SARS - CoV - 2 antibody 
alone or in combination as hybrid receptors or combined 
with SARS - CoV - 2 specific aptamers ) on biosensor chips , 
which can include passive conjugation , 72,73 and / or covalent 
conjugation.74,75 The passive method is impractical due to 
low efficiency and stability , while covalent conjugation of 
bioreceptors can result in greater stability and reproducibil 
ity , hence it can provide a reliable quantification of analytes 
( herein SARS - CoV - 2 ) that can hardly be achieved by pas 
sive conjugation . In this technology the bioreceptor can be 
immobilized ( e.g. , ACE2 / SARS - CoV - 2 antibody alone or in 
combination as hybrid receptors or combined with SARS 
CoV - 2 specific aptamers ) through a covalent conjugation 
method utilizing covalent cross - linkers . The bioreceptor to 
nano - composite ratio can be precisely controlled to reach to 
optimal bioreceptor loading and maximum sensitivity of 
SARS - CoV - 2 detection . Moreover , the crosslinking 
approach , in addition to the presence of non - ionic surfac 
tants , can stabilize the immobilized enzymes , leading to the 
desired expected shelf life of the sensor . 
reactivity of this sensor to other biomarkers in the sample 
can be reduced by adding blocking proteins ( e.g. bovine 
serum albumin ( BSA ) , polyethylene glycol ( PEG ) , gelatin , 
in combination or including other blocking proteins ) to the 
chemical mixture and performing a pretest saliva sample 
treatment ( e.g. filtration , adding stabilizing agents , extract 
ing S protein from viruses surface ) . The ACE2 enzyme and 
SARS - CoV - 2 specific antibodies ( e.g. Si spike protein 
monoclonal antibody , CR3022 ) bind to different binding 
sites of the virus , therefore using ACE2 enzyme and an 
antibody in parallel , as complementary bioreceptors , in 
addition to a blocking protein , can reduce the risk of false 
negative / positive results . Redox probes are widely used as 
conductive substrates and redox reagents in aptamer - based 
biosensors . Herein , it is added to the fabrication com 
posite in order to precisely monitor the electrochemical 
behavior of the sensor in the presence of low concentrations 
of virus . Consequently , the fabrication composite and coat 
ing procedure is provided herein to realize stability and 
sensitivity in SARS - CoV - 2 detection and reduce the 
required detection time to minutes , without needing any 
expensive equipment . 
[ 0038 ] To realize the POC device , an electrochemical 
technique called square wave voltammetry ( SWV ) can be 
used , which is a highly sensitive alternating current ( AC ) 
voltammetric method that uses the superposition of a stair 
case wave and a square wave potential applied to a station 
ary set of electrodes as the excitation to the electrochemical 
cell . An example of a staircase wave component of a SWV 
excitement potential is depicted in FIG . 3A , where every 
period on the staircase is increased by a predetermined 
parameter Estep : An example of a square wave component of 
the SWV excitement potential , where the amplitude of the 
wave is a predetermined parameter Eamp is depicted in FIG . 
3B . The period is identical to that of the staircase wave in 
FIG . 3A . A combination of the component waves ( staircase 

wave component and square wave component ) that produce 
the square wave voltammetry excitement waveform is illus 
trated in FIG . 3C . 
[ 0039 ] The SWV technique can be seen as a special case 
of Differential Pulse Voltammetry ( DPV ) where the duty 
cycle of the pulse is exactly 50 % . It is considered one of the 
more advanced electrochemical techniques because of its 
utilization and superposition of a pulse technique ( square 
wave , enhanced sensitivity ) , scanning technique ( sweep 
voltammetry , insight into electrode mechanism ) and impedi 
metric technique ( kinetic information for fast electrode 
processes ) . 
[ 0040 ] SARS - CoV - 2 and its spike protein itself are not 
strictly electrochemically active , although each protein has 
its isoelectric point ( IP ) having to do with the pH of the 
solution . The technology does not electrochemically detect 
the binding of the virus to the surface . The binding of the S 
protein to its complimentary antibody or ACE2 does not 
release an electron , as it is a conformational reaction ( lock 
and key ) , and the basic structures of the reactants do not 
change electrochemically . Therefore , direct current from 
binding of the virions to the surface is not measured . Instead , 
in the case where binding is occurring on the surface of the 
sensor , the surface capacitance , and efficiency of electro 
chemical reaction intrinsic to the sensor , is impeded . SWV 
is sensitive to this surface morphological change , and there 
will be less surface area for the redox probe imbedded in the 
chemistry on the surface to react with the electrolyte solu 
tion ( saliva ) , thus the output current will decrease in pro 
portion to the concentration of virions present . It should be 
noted that the density of virus receptor in the functionaliza 
tion layer should be sufficiently high as to allow the binding 
of the virus particles to inhibit the redox reaction at the 
electrode ; the optimum density can be determined by vary 
ing the virus receptor density . 
[ 0041 ] For example , the AC nature of this technique can 
enable the technology to get around ( cancel out ) the charg 
ing currents ( Ic ) that decay as an exponential function of 
time ( e- ) , and hence more quickly than the faradaic currents 
( IP ) which decay as a function of the inverse square root of 
time 
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and contain the pertinent information . Therefore , the device 
can be configured to wait until the end of each half cycle of 
the excitation waveform to take the measurement , where the 
faradaic currents dominate . Moreover , in the area of poten 
tial activation of the specific reaction , because of the super 
imposed square - wave , the electrochemical cell is brought 
over and below the activation potential each cycle , over 
many cycles . Thus , multiple cycles of forward and reverse 
reaction can be obtained , yielding two separate forward and 
reverse reaction waveforms ( Ypand Yr respectively , seen in 
FIG . 4A ) that are then combined to give the final waveform 
( 47 ) such that : 

Y- ( 4FYR ) .24,80 
[ 0042 ] An example of forward ( 4F , bottom waveform ) , 
reverse ( Yr , middle waveform ) and total ( 47 , top wave 
form ) waveforms that can make up the final voltammogram 
is shown in FIG . 4A . It is this summation of forward and 
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reverse reactions that cancels out the charging currents due 
to the double layer capacitance , allowing the determination 
of the kinetics of the electrochemical reaction , that are 
proportional to the concentration of the analyte in solution , 
as shown in FIGS . 3A - 3C and FIGS . 4A - 4B.24,80-82 An 
example of final output voltammograms , with an example of 
a positive result waveform ( bottom waveform ) when virus is 
present in the solution , versus when virus is not present 
( negative result is top voltammogram ) , is depicted in FIG . 
4B . In FIG . 4B , an example threshold value for positive and 
negative results is illustrated as the dotted horizontal line . 
The threshold can be established by calibration , and there 
after devices can include the threshold . 
[ 0043 ] As discussed above , saliva has been shown to be 
clinically promising as a diagnostic tool for the detection of 
SARS - CoV - 2 infection , 85,86 and there have even been cases 
where saliva has been shown to be a more reliable marker 
than nasopharyngeal fluid by concentration of the virus . 85,86 
SWV and similarly DPV and electrochemical impedance 
spectroscopy ( EIS ) , have been used to detect viruses such as 
human norovirus ( HuNoV ) , Middle East Respiratory syn 
drome coronavirus ( MERS - CoV ) and hepatitis E virus 
( HEV ) down to clinically relevant levels . 42-44 Using a com 
bination of the pulse induced method laid out by Chowdhury 
et al . and a specific parameter SWV for the application of 
this technology , SARS - CoV - 2 can be detected in saliva with 
a detection limit of between about 1,000 and about 10,000 
copies / mL ( about 1.6 to about 16 attomolar , aM ) , which is 
slightly lower than what Giamberardino et al . were able to 
achieve when they detected HuNoV down to 20 aM , 12,000 
copies / mL , and well below the reported median concentra 
tion in saliva of 3,300,000 copies / mL ( 5.4 fM ) in patients 
displaying symptoms . 
[ 0044 ] This technology is the first salivary - based electro 
chemical POC platform that is developed to accurately 
detect SARS - CoV - 2 through self - collected saliva . In this 
technology , the ACE2 or SARS - CoV - 2 antibody biorecep 
tors ( alone or in combination as hybrid receptors or com 
bined with SARS - CoV - 2 specific aptamers ) in addition to 
the cutting - edge nanomaterials are implemented to specifi 
cally detect SARS - CoV - 2 using a portable electronic meter . 
[ 0045 ] Example advantages and features of the present 
technology can include : S1 spike protein is used to detect 
SARS - CoV - 2 specifically . ACE - 2 enzyme is used to detect 
SARS - COV - 2 specifically . Combination of S1 spike protein 
antibody with ACE2 Enzyme or aptamer can be used to 
reduce false negatives / positives when detecting SARS 
COV - 2 and improve the sensitivity . This POC sensor detects 
COVID - 19 through self - collected salivary specimen . This 
sensor platform can consist of a salivary - based sensor and a 
portable electronic meter . The fabrication procedure of the 
sensor includes a self - assembly of multi - layer films , or a 
one - time drop coating deposition of a mixture solution 
containing multiple components . A cross - linker is used to 
assemble multiple layers of films . In this sensor platform an 
electrochemical technique of SWV is performed to reach 
high sensitivity in detecting SARS - CoV - 2 . 
[ 0046 ] This sensor platform can detect SARS - CoV - 2 
within 5 minutes with high accuracy and sensitivity of 
2.004x107?A mL / Copies with a limit of detection of below 
10 % copies / mL of COVID - 19 Spike Coronavirus pseudovi 
rus . This salivary - based COVID - 19 detection biosensor has 
a shelf life of more than six months . The test sensitivity and 
accuracy are preserved during storage time . Three sensors 

44,85,86 

are tested for each concentration and proved good repeat 
ability with n = 3 and RSD 3 % . Negative control test is done 
with mouse IgG antibody to evaluate the selectivity of 
sensor in presence of other bioreceptor to ensure that the 
detected signal variation is in fact due to specific binding of 
SARS - CoV - 2 to immobilized receptors . 
[ 0047 ] In order to functionalize the aforementioned POC 
bio - sensor for SARS - CoV detection , the working electrode 
( or all three electrodes ) is coated with a multi - layer structure 
consisting of specific biomaterials ( S1 Spike protein and 
ACE - 2 enzyme alone or in combination as hybrid receptors 
or combined with SARS - CoV - 2 specific aptamers ) , a mix 
ture of nanomaterials ( such as gold - nanoparticles ( GNp ) , 
graphene , carbon - nanotubes , CNTs and / or other suitable 
materials ) , redox regent ( such as Thionine , Methylene blue 
or ferrocene redox couple and / or other redox agent ) , and 
nonionic / ionic surfactant ( such as Tergitol , Tritonx - 100 , 
Tween 20 and / or other surfactants ) in the presence of a 
cross - linker ( such as 1 - Ethyl - 3- ( 3 - dimethyl - aminopropyl ) 
carbodiimide ( EDC ) , N - hydroxy succinimide ( NHS ) , 
cysteamine , 1,6 - hexanedithiol , and / or other suitable cross 
linker ) . In this technology , the commercially available Si 
Spike protein antibody is used as bioreceptor to specifically 
detect SARS - CoV - 2 . 
[ 0048 ] In an example , the functionalized point of care 
sensors are connected to a commercialized portable poten 
tiostat to initiate the electrochemical measurement . The 
functionalized sensors are incubated with different concen 
tration of COVID - 19 Spike Coronavirus Pseudovirus 
( 8x10 to 1x10 copies / ml ) are incubated on sensors for 5 
minutes . After this incubation time electrochemical SWV is 
performed on the modified sensor , with the output signal 
shown in FIG . 5B . As illustrated in FIG . 5B , with increasing 
the COVID - 19 Spike Coronavirus Pseudovirus concentra 
tion , the output signal is reduced due to the specific binding 
of the virions to the immobilized receptors on surface . This 
binding blocks the thionine electron transfer pathway . 
Therefore , this change in signal can be translated to the 
SARS - CoV - 2 concentration . 
[ 0049 ] The calibration plot in FIG . 5A demonstrates a 
good linearity between the virus concentration and current 
peak height versus baseline . Within the linear range up to 
5x10 copies / mL with sensitivity of 2.004x10-7 uA mL / 
Copies and LOD of less than 109 copies / mL . 
[ 0050 ] The negative control test shown in FIG . 5C is 
performed by immobilizing mouse IgG antibody ( non - spe 
cific to SARS - CoV - 2 ) and detecting different concentration 
of COVID - 19 Spike Coronavirus Pseudovirus to evaluate 
the selectivity of sensor in presence of other bioreceptor to 
ensure that the trend seen in functionalized sensor is in fact 
due to specific binding of SARS - CoV - 2 to antibody . 
[ 0051 ] These results show that in presence of immobilized 
SARS - CoV - 2 specific bioreceptors ( SARS - CoV - 2 antibody ) 
the output current is significantly decreased with increasing 
the COVID - 19 Spike Coronavirus Pseudovirus concentra 
tion which is due to the binding of the RBD part of the 
Pseudovirus spike protein with S1 spike protein antibody . 
While , in presence of mouse IgG antibody ( nonspecific 
receptor ) , no significant changed in output current is 
observed with different concentration of COVID - 19 Spike 
Coronavirus Pseudovirus . 
[ 0052 ] This POC biosensor is capable of detecting and 
quantifying active SARS - CoV - 2 concentrations in individu 
al's self - collected saliva samples at a concentration below 
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[ 0060 ] A suspension of gold nanoparticles was mixed with 
thionine ( 2 mg / ml ) at room temperature . The suspension was 
then drop cast on the sensor , which was again dried in a 
dessicator . 
[ 0061 ] A solution of S1 spike protein antibody was pre 
pared in PBS solution and then drop cast onto the sensor , 
which was fully dried in a dessicator . 
[ 0062 ] Finally , sensors were placed into a sealed , dark gel 
box , which was stored at 4 ° C. until use . 

a 

Example 2. Detection of SARS - CoV - 2 Pseudovirus 

10 copies / mL . The bioreceptor ( S1 Spike protein antibody ) 
can be immobilized through a covalent conjugation method 
utilizing one or multiple cross - linkers ( e.g. 1 - Ethyl - 3- ( 3 
dimethylaminopropyl ) carbodiimide ( EDC ) , N - hydroxy 
succinimide ( NHS ) , cysteamine , 1,6 - hexanedithiol , etc. ) . 
Moreover , the coating composition can consist of nanoma 
terial matrix layer ( consisting of gold - nanoparticles ( GNP ) , 
graphene , carbon - nanotubes ( CNTs ) and / or other suitable 
materials ) to increase the test sensitivity and lower the limit 
of detection . The fabrication procedure can be performed 
under controlled humidity ( 1-20 % ) to avoid sensor by sensor 
variation / unrepeatability . The functionalized sensor is 
packed appropriately and kept in defined environmental 
conditions to preserve the shelf life of the sensor . 
[ 0053 ] This technology realizes a saliva - based POC bio 
sensor capable of performing rapid , non - invasive , highly 
sensitive , reliable , and accurate COVID - 19 test . This sensor 
platform has the potential to be used for other viral disease 
detection with minimal modifications in bioreceptor and 
cross - linker choice . Moreover , this point - of - care detection 
platform enables people to perform the viral test at home . 
The rapidity of the test makes it an ideal option to screen 
infected individuals ( including those who are asymptom 
atic ) , specifically for POC screening at hospitals , laboratory , 
clinics and health care facilities , workplaces , ports of entries , 
schools , in homes , in community screening settings , or for 
people on the go . Furthermore , this device could be devel 
oped into an affordable home viral test kit for rural areas . 
[ 0054 ] The methods and the devices described herein can 
include any suitable microprocessor system or suitable com 
puting system , either with or without GPS capabilities . 
Software can be included operable with a processor . Pro 
cessing tasks can be carried out by one or more processors 
or microprocessors . 
[ 0055 ] An interface between the devices and the system 
can be provided . The computing device can include one or 
more input / output interfaces for connecting input and output 
devices to various other components of the computing 
device . 
[ 0056 ] While this technology has been described with 
references to example embodiments thereof , it will be under 
stood by those skilled in the field that various changes in 
form and details may be made therein without departing 
from the scope of the technology encompassed by the 
appended claims . 

[ 0063 ] In this Example , the commercially available si 
spike protein antibody was used as bioreceptor to specifi 
cally detect SARS - CoV - 2 pseudovirus . The functionalized 
point of care sensor was connected to a commercial portable 
potentiostat to initiate the electrochemical measurement . 
The functionalized sensor was incubated with different 
concentrations of pseudovirus , ( 8x10 to 1x10 copies / mL ) 
which was then incubated on the sensors for 5 minutes . After 
this incubation time , electrochemical square wave voltam 
metry ( SWV ) was performed on the modified sensor , and the 
output signal is shown in FIG . 5B . With increasing 
pseudovirus concentration , the output signal was reduced 
due to the specific binding of the pseudovirus particles to the 
immobilized receptors on the functionalized working elec 
trode surface . This binding blocked the thionine electron 
transfer pathway . Therefore , the change in signal could be 
related to the SARS - CoV - 2 concentration . 
[ 0064 ] A calibration plot shown in FIG . 5A demonstrated 
a linear relation between the virus concentration and current 
peak height versus baseline . Within the linear range , up to 
5x10 copies / mL could be detected with a sensitivity of 
2.004x10-7?A.mL / copy and a LOD of less than 10 % copies / 
mL . 

Example 3. Negative Control Test 

[ 0065 ] The negative control test shown in FIG . 5C was 
performed by immobilizing a mouse IgG antibody ( non 
specific with respect to SARS - CoV - 2 ) in a sensor function 
alization coating instead of a SARS - CoV - 2 S1 - specific anti 
body and testing different concentration of SARS - CoV - 2 
pseudovirus . This allowed evaluation of the selectivity of the 
sensor . The sensor containing immobilized SARS - CoV - 2 
specific antibody showed a significant decrease in the output 
current with increasing pseudovirus concentration , due to 
binding of the RBD part of the pseudovirus spike protein 
with the S1 antibody . However , when the S1 antibody was 
substituted with mouse IgG antibody with no binding speci 
ficity for the psuedovirus , no significant change in output 
current was observed at any tested concentration of pseudovirus . 

EXAMPLES 

Example 1. Fabrication of Biosensor for Detection 
of SARS - CoV - 2 

REFERENCES 
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[ 0057 ] Pseudovirus containing S1 spike protein of SARS 
COV - 2 was obtained from MyBioSource . Antibody against 
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1. An electrochemical sensor device for detection of a 

virus in a fluid sample , the device comprising : 
a substrate ; 
a working electrode and a counter electrode disposed on 

the substrate ; 
a sample placement area on the substrate , the sample 

placement area configured for deposition of a fluid 
sample into the sample placement area , wherein the 
deposited fluid sample covers the working and counter 
electrodes ; 

one or more functionalization layers deposited on a sur 
face of the working electrode , the surface configured 
for exposure to the fluid sample deposited in the sample 
placement area ; wherein each functionalization layer 
comprises one or more sensor elements , metallic nan 
oparticles , a crosslinker , a redox reagent , and a virus 
receptor . 

2. The electrochemical sensor device of claim 1 , wherein 
the device comprises from 2 to about 10 stacked function 
alization coating layers . 

3. The electrochemical sensor device of claim 1 , wherein 
the one or more sensor elements , metallic nanoparticles , 
polymer , redox reagent , and virus receptor of each function 
alization layer are disposed in separate sublayers of the 
functionalization layers . 

4. The electrochemical sensor device of claim 3 , wherein 
the sublayers of each functionalization layer are disposed in 
the order ( from electrode surface upwards ) : sensor elements , 
metallic nanoparticles , crosslinker , redox reagent , virus 
receptor . 

5. The electrochemical sensor device of claim 1 , wherein 
the one or more sensor elements , metallic nanoparticles , 
polymer , redox reagent , and virus receptor of each function 
alization layer are present in a single continuous function 
alization layer . 

6. The electrochemical sensor device of claim 5 , wherein 
the one or more functionalization layers are each produced 
by drop casting . 

7. The electrochemical sensor device of claim 1 , wherein 
the sensor elements comprise a material selected from the 
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group consisting of carbon nanotubes , graphene , graphene 
oxide , fullerene , buckypaper , graphite , carbon nanofibers , 
carbon nanowires , carbon nanopowder , nanorods , quantum 
dots , and mixtures thereof . 

8. The electrochemical sensor device of claim 7 , wherein 
the sensor elements comprise a mixture of carbon nanotubes 
and graphene . 

9. The electrochemical sensor device of claim 1 , wherein 
the metallic nanoparticles comprise a metal selected from 
the group consisting of gold , silver , platinum , palladium , 
iron , iron oxide , copper , zinc , titanium , rhodium , ruthenium , 
rhenium , and mixtures thereof . 

10. The electrochemical sensor device of claim 1 , wherein 
the crosslinker is selected from the group consisting of 
NHS.EDC , streptavidin , 1,6 - hexanedithiol , glutaraldehyde , 
cysteamine , alkanethiol , protein A , 3 - aminopropyltriethox 
ysilane ( APTES ) , sulfosuccinimidyl 4- ( N - maleimidom 
ethyl ) cyclohexane - 1 - carboxylate ) , dithiobis ( succinimidyl 
propionate ) ( DSP ) , sulfhydryl - reactive ( maleimide ) , car 
boxy - PEG - amine or -carboxylic acid , carboxy - PEG - lipoam 
ide ( bidentate thiol ) , carboxy - PEG - thiol or -carboxylic acid , 
methyl - PEG - amine , methyl - PEG - lipoamide ( bidentate 
thiol ) , Protein G , disuccinimidyl suberate ( DSS ) , and com 
binations thereof . 

11. The electrochemical sensor device of claim 1 , wherein 
the redox reagent is selected from the group consisting of 
methylene blue , thionine , ferrocyanide / ferricyanide , horse 
radish peroxidase , glucose oxidase , alkaline phosphatase , 
rrease , B - galactosidase , and combinations thereof . 

12. The electrochemical sensor device of claim 1 , further 
comprising a reference electrode disposed in the sample 
placement area , wherein the deposited fluid sample covers 
the reference electrode . 

13. The electrochemical sensor device of claim 1 , wherein 
the virus receptor is selected from the group consisting of 
cell surface proteins and fragments and variants thereof , 
antibodies and fragments thereof , aptamers , and combina 
tions thereof . 

14. The electrochemical sensor device of claim 1 , wherein 
the device is configured for detecting a virus selected from 
the group consisting of HIV - 1 , HIV - 2 , Zika virus ( ZIKV ) , 
SARS - CoV , SARS - CoV - 2 , influenza virus , hepatitis virus , 
Ebola , and combinations thereof . 

15. The electrochemical sensor device of claim 14 , 
wherein the virus is SARS - CoV - 2 . 

16. The electrochemical sensor device of claim 15 , 
wherein the virus receptor is selected from the group con 
sisting of antibodies and fragments thereof binding to 
SARS - CoV - 2 spike protein , envelope protein , RBD protein , 
or nucleocapsid protein ; angiotensin - converting enzyme 2 
( ACE2 ) , SARS - CoV - 2 specific aptamers , CR3022 antibody , 
CR3009 antibody , CR0018 antibody , and combinations 
thereof . 

17. The electrochemical sensor device of claim 1 , wherein 
the device is configured for use in performing an electro 
chemical measurement comprising square wave voltamme 
try ( SWV ) , amperometry , cyclic voltammetry ( CV ) , or elec 
trochemical impedance spectroscopy ( EIS ) . 

18. The electrochemical sensor device of claim 1 , wherein 
the device is configured for detecting a virus in a fluid 
sample selected from the group consisting of saliva , urine , 
tears , sweat , blood , and interstitial fluid . 

19. The electrochemical sensor device of claim 1 , wherein 
the device is capable of detecting virus in a fluid sample 
down to a virus concentration of at least about 104 copies / 
mL . 

20. A system for electrochemical detection of a virus , the 
system comprising the electrochemical sensor device of 
claim 1 , a power source capable of supplying a desired 
voltage signal to the electrodes of the device , and a detection 
circuit capable of detecting current between electrodes of the 
device . 


