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Screen Printed Graphene Oxide Textile Biosensor for Applications
in Inexpensive and Wearable Point-of-Exposure Detection of
Influenza for At-Risk Populations
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A textile screen-printed biosensor was developed using silver conductive electrodes and graphene oxide transduction film built
upon both nanoporous polyamide and consumer utility textiles for the detection of environmental exposure to influenza A virus.
An affinity assay was constructed upon the graphene oxide layer to introduce influenza protein-specific antibodies to the sensor
surface. Validation of fabrication reproducibility and stability, as well as affinity assay stability, was conducted using electrochemical
impedance spectroscopy. The textile sensor was utilized for the detection of influenza A in biofluid analog buffer. Its linear dynamic
range was from 10 ng/mL to 10 μg/mL with a limit of detection of 10 ng/mL, spanning both pre- and post-symptomatic ranges.
The sensor can be integrated into common textiles and worn by at-risk populations to detect exposure to the virus before symptoms
manifest. If integrated with Internet-of-Things reporting platforms, this sensor could have the ability to predict potential influenza
outbreaks before broad symptoms manifest, reducing the physical and economic burden of the disease.
© The Author(s) 2018. Published by ECS. This is an open access article distributed under the terms of the Creative Commons
Attribution 4.0 License (CC BY, http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse of the work in any
medium, provided the original work is properly cited. [DOI: 10.1149/2.0131808jes]
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The influenza virus is a physical and financial threat worldwide,
contributing to 250,000–500,000 deaths globally per year. Since 2010,
hospitalizations have surpassed 700,000 with up to 35 million more
cases occurring without hospitalization, inducing $10.4 billion of di-
rect medical costs annually in the U. S., with additional costs resulting
from workplace absenteeism and disruption of services.1 Health offi-
cials predict annual flu seasons to only get worse in the coming years.
The containment of influenza outbreak is a major subject of study for
health service workers and researchers as a means to mitigate these
large-scale endemics and pandemics. One of the major strategies for
reducing outbreaks is to prevent exposure in the first place.2 In the
internet era, connected devices provide an intriguing methodology for
the potential monitoring of environmental factors such as influenza
outbreaks. In recent years, the idea of an Internet of Things (IoT) – a
physical network of devices exchanging data - has grown into the field
of point-of-care biosensors. Here, rather than wearable and portable
biosensors giving strictly personal and individual reporting of results,
the data is shared wirelessly to a database. Doing this can help improve
the capability of the device over time based on user data, while also
helping researchers establish patterns for better general understanding
of a condition or disease. To date, these technologies primarily focus
on conventional health metrics, such as vitals.3 Expansion of this
idea would have major applications in the field of influenza detection.
Researchers have investigated a similar idea of IoT monitoring of in-
fluenza outbreaks by using social media to track regions of increased
verbal symptom reports to identify potential outbreaks.4 However,
having the ability to detect and report exposure to influenza virus,
before symptoms occur would help identify these hot spots earlier,
minimizing or even preventing outbreaks. In this work, we present
the concept of a “point-of-exposure” biosensor for the environmental
detection of influenza in at-risk populations, namely medical person-
nel, sanitation workers, and service industry members. By creating a
textile-based biosensor system sensitive to influenza proteins, sensors
can be interfaced within the clothing, gloves, and other textiles to
identify if a user has been in contact with the virus. By interfacing
these sensors with conventional IoT reporting platforms, users stand
to benefit directly, by being alarmed to contact with the dangerous

=These authors contributed equally to this work.
zE-mail: Shalini.Prasad@utdallas.edu

influenza virus. In addition, that data can be used to generate, with
high spatial-resolution, a “point-of-exposure” map of individual in-
fluenza exposures in the larger community, allowing for prediction
of outbreaks before the mass-manifestation of symptoms allowing
for expedited preventative action. This proposed implementation is
articulated visually in Figure 1.

To create these textile-integrated biosensors, we propose to uti-
lize an electrochemical transduction mechanism for the detection
and reporting of the sensor’s output. Electrochemical impedance
spectroscopy (EIS) allows for portable and wearable reporting sys-
tems that can be easily integrated with conventional IoT communi-
cation devices. We have previously demonstrated the inexpensive,
low-powered, and portable nature of EIS reporting devices in past
publications.5,6 Similarly, we have shown that EIS is a robust tech-
nique for small molecule detection in ultra-low volumes on flexible
sensors.5,7,8 For this work, the focus is on the development and test-
ing of the influenza-specific textile-biosensor itself that can then be
integrated with conventional IoT reporting devices.

To create these sensors, we demonstrate a novel two-step screen-
printing process for the integration of inexpensive biosensors into
consumer textiles. Typically to fabricate these types of microelec-
trode sensors, techniques such as lithography, sputtering, chemical
vapor deposition, and electron beam deposition techniques are needed,
which are typically done in a semi-conductor cleanroom and requires
expensive equipment.9 Conversely, screen-printed electrodes are be-
coming increasingly important in the field of biosensors for their ease
of manufacturability, scalability, and cost-effectiveness.10 We lever-
aged a non-scientific commercial screen-printer in conjunction with
custom-made laser-cut stencil masks to pattern desired electrode ge-
ometries onto two different flexible substrates: nanoporous polyamide
and a commercially available utility textile often found in professional
uniforms. The nanoprous polyamide is less translatable, being a non-
conventional material but has been extensively used in biosensing
applications, and for those reasons was evaluated alongside the con-
sumer textile. Conductive silver ink was first printed to create the
base electrode array for EIS sensing. Second, a graphene oxide (GO)
transduction layer was printed in a complementary pattern to the
silver electrodes. GO demonstrates desirable electrical, mechanical,
and chemical properties for biosensing applications.11,12 The numer-
ous oxygen containing functional groups on GO’s basal planes13 en-
ables higher reactivity with biomolecules, providing a framework for
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Figure 1. Schematic of envisioned application space for the proposed graphene oxide screen printed flexible impedance biosensors. The left shows how sensors
arrays can be implemented on standard utility textiles and easily interfaced with flexible electronics interfaced directly with the textiles. When interfaced with
conventional IoT systems, positives can be reported with spatial resolution to potentially create a more discrete map defining “point-of-exposure” helping identify
sources of outbreak before they occur or become widespread (right). Modified versions of vector graphics used with permission from Vecteezy.com.

assembling the biorecognition elements on the sensor.14 GO improves
the electron transport properties of the electrode-electrolyte interface,
making it a beneficial material to use in EIS. With the GO, present, 1-
Pyrenebutyric acid-N-hydrosuccinimide ester (PANHS) can be bound
to the sensor surface through irreversible π–π stacking. With the
PANHS crosslinker present, an influenza A-specific antibody can
create an amide bond with the PANHS creating a textile-biosensor
sensitive to influenza proteins in the environment.15

Materials and Methods

Materials.—200 nm pore size polyamide substrates were pur-
chased from GE Healthcare Life Sciences (Piscataway, NJ, USA).
DuPont 5025 Silver Conductor, and 5 mil Kapton sheets were pur-
chased from DuPont (Wilmington, DE, USA). Graphenea Graphene
Oxide (GO) Water Dispersion (0.4 wt% concentration) was purchased
from Graphenea (Cambridge, MA, USA). 100% cotton consumer
utility textile was purchased locally from JOANN Fabric and Crafts
(Plano, TX, USA). Phosphate Buffered Saline (PBS), Dimethyl Sul-
foxide (DMSO), and 1-Pyrenebutyric acid N-hydroxysuccinimide es-
ter (PANHS) were purchased from Sigma Aldrich (St. Louis, MO,
USA). Nucleoprotein specific Influenza A antibody, and H1N1 In-
fluenza A protein was purchased from Fitzgerald Industries Interna-
tional (North Acton, MA, USA).

Sensor fabrication.—To create the electrode array geometries, two
complementary Kapton mask stencils were laser cut using a Newport
Laser μFab system integrated with a Spectra Physics Spirit Laser.
The laser exposed regions of the masking material to allow patterning
on substrates during screen printing. The two substrates of interest,
polyamide membranes and utility textile, were cut to the size of the
stencils and placed upon a thoroughly cleaned deposition platform.

The stencil mask was then aligned with the substrate and secured with
tape, adhering to both the stencil and the platform but not the mem-
brane itself, to ensure that there was no separation between the stencil
and the target substrate for deposition. The prepared substrates were
then affixed to a EC Printing Machine Factory EC-2030T Mini Screen
Printer. The platform height, sweep speed, and speed trajectory were
optimized and specific to this application. 1–2 g of DuPont 5025 Sil-
ver Conductor (Sheet resistivity of 12–15 m�/sq/mil) was applied to
the edge of the mask without covering the exposed region of the sten-
cil. Two passes with the screen printer squeegee sufficiently patterned
uniform electrode layers. After deposition, the stencil was promptly
and carefully removed, and the deposited conductive ink was allowed
to dry over night at room temperature, leaving an ∼100 μm thick
electrode on each respective flexible substrate, roughly equivalent to
the thickness of the stencil mask.

To prepare the graphene oxide transduction film, 1 mL of 0.4 wt%
graphene oxide was pipetted into a microtube and centrifuged at
10,000 RPM for 10 minutes at room temperature using a Thermo
Scientific Sorvall Legend Micro 21R Microcentrifuge. After cen-
trifuging, 500 μL of the resulting supernatant was removed, and the
remaining amount was resuspended. Complementary stencils for the
patterning of the GO were cut in the same fashion as the electrode
stencils. Alignment marks were introduced to ensure proper place-
ment of the GO with respect to the previously deposited pattern. After
overnight drying of the conductive silver electrodes, the substrates
were reloaded onto the screen printer and affixed with the GO stencil
using the same method as described for the previous printing step.
5 μL of the GO solution was loaded on the edge of the stencil and de-
posited with two passes of the screen printer squeegee for polyamide
with 10 μL being used for the utility textile. Step by step visuals of
the fabrication process can be observed in Figures 2A, and 2B for
polyamide and textile respectively.
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Figure 2. (A) Fabrication process flow for the flexible screen-printed electrodes on polyamide. From left to right, raw polyamide sheets are screen-printed with a
∼100 micron thick pattern of conductive silver ink to form two electrodes. After, a layer of graphene oxide is screen printed in a complimentary manner completing
the fabrication. Shown are individual sensors, while fabrication occurs in sheets of 14 electrodes. (B) Fabrication process flow for the flexible screen-printed
electrodes on textile. From left to right, textile sheets are screen-printed with a ∼100 micron thick pattern of conductive silver ink to form two electrodes. After,
a layer of graphene oxide is screen printed in a complimentary manner completing the fabrication. (C) Cross-section schematic visually detailing the affinity
assay for influenza where PANHS crosslinker binds to the graphene oxide allowing for subsequent binding of influenza protein antibody and influenza protein for
detection.

Baseline stability studies.—For all impedance studies in this
manuscript, the EIS sweep parameters were 1 Hz to 1 MHz with
10 points/decade at a 10 mVrms + 0 V DCbias applied sinusoidal ex-
citation signal. Calibration dosing responses and stability data were
analyzed at 5 Hz, where maximal phase shift behavior was noted.
Individual sensors were diced and loaded into a Gamry Reference
600 Potentiostat, using toothless alligator clips connected at the large
square pads designed on the sensor.

Baseline stability studies were conducted on non-antibody func-
tionalized sensors. To investigate the impact of the graphene oxide
on the impedance response, baseline experiments were conducted on
sensors without the addition of graphene oxide and compared to ones
with the addition of the graphene oxide layer. These baselines were
collected by adding 3 μL of PBS on the polyamide and 5 μL for
the utility textile and taking EIS measurements. These results were
compared to multiple PBS washes of the same volume on sensors
with the addition of graphene oxide to ensure probe the stability and
uniformity of its deposition across different sensors. Open circuit po-
tential was characterized for 700 seconds by taking the measurement
after the addition of 3 μL for polyamide and 5 μL for the utility
textile.

Antibody stability study.—Antibody stability was probed via a se-
ries of PBS washes post-PANHS and antibody incubation, which are
described in more detail in the following section. After antibody in-
cubation, a series of PBS washes were conducted (3 μL of polyamide
and 5 μL for the utility textile) with EIS measurements taken after
each addition. Excess fluid was aspirated from the sensor before each
subsequent wash. Changes in impedance with respect to an initial
post-antibody measurement were evaluated to establish if the assay
was stably constructed on each respective sensor surface and was
robust to washes post-functionalization.

Calibration dosing response with influenza.—Utility textile sen-
sors with graphene oxide were connected to the potentiostat instru-
ment. 5 μL of 10 μg/mL PANHS in DMSO was added to each sen-
sor’s sensing region and allowed to incubate for 60 minutes in a
dark enclosed condition. Post-incubation, an EIS measurement was
taken. After measurement, 5 μL of PBS was used to remove un-
bound crosslinker two times with a nitrogen dry step between to allow
the diffusion of more fluid. Then, 5 μL of 10 μg/mL influenza an-
tibody was added to the sensing region and allowed to incubate for
40 minutes, allowing sufficient time for the antibody to bind to the
crosslinker. After incubation, another EIS measurement was taken,
before a subsequent set of PBS washes to remove unbound antibody.
At this point the sensor is functionalized and specific to concentrations
of influenza proteins. 5 μL of PBS was added to the sensing region
and allowed to incubate for 7 minutes, serving as a zero dose before an
EIS measurement. Four doses of influenza spiked samples (0.01, 0.1,
1, and 10 μg/mL) were serially incubated on the sensor, each allowed
to incubate for 7 minutes to allow ample time for binding before an
EIS measure was taken. This process repeated serially for each of the
dose concentrations. After each dose measurement, excess fluid was
aspirated from the sensor surface.

Results and Discussion

Sensor fabrication and stability validation.—This work intro-
duces the creative and novel implementation of conventional screen-
printing equipment and techniques (hats, t-shirts, jerseys) for the fabri-
cation of robust and flexible biosensing solutions in a two-step process.
Figures 2A, 2B shows the fabrication process flow for the polyamide
and textile respectively. First, raw material (left) is patterned with
the silver conductor electrodes on the flexible substrates (middle).
The subsequent screen-printing of a uniform layer of graphene ox-
ide transducer allows for improved electrochemical properties of the
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Figure 3. (A) Nyquist plot comparing polyamide sensors with and without addition of graphene oxide. Inset: Zoom in of the graphene oxide sensors. Four separate
sensors with GO are shown. (B) Bode phase and magnitude plot for polyamide sensors with and without addition of GO. (C) Wash data showing an impedance
baseline for polyamide on the left without graphene oxide, and three buffer washes after addition of graphene oxide to show stability of film at 5 Hz. (D) Nyquist
plot comparing textile sensors with and without addition of graphene oxide. Inset: Zoom in of the graphene oxide sensors. Four separate sensors with GO are
shown. (E) Bode phase and magnitude plot for textile sensors with and without addition of GO. (F) Wash data showing an impedance baseline for textile on the
left without graphene oxide, and three buffer washes after addition of graphene oxide to show stability of film at 5 Hz.

electrode system and allows sites for crosslinker binding (right). The
two materials selected for this study, nanoporous flexible polyamide
and standard consumer utility textile, needed to be validated elec-
trochemically for stability post-fabrication to ensure that the result-
ing sensors would demonstrate minimized sensor-to-sensor variability
and drift in impedance signal, which would otherwise make sensing
of influenza in biofluid challenging. To investigate, EIS measurements
were compared sensors both pre- and post- graphene oxide printing.
Figures 3A, 3D show the Nyquist plots for the polyamide and textile
sensors respectively. It is evident in both cases that the addition of
graphene oxide elicits an electrochemical response, the leftward shift
in the plot is due to the improved electron transport properties of the
graphene oxide covering the entire sensing region. The inset shows
data from four separate sensors for each material, each showing a
tight overlap. This demonstrates that not only is the addition of the
graphene oxide improving the electron transport abilities of the sen-
sors for improved biosensing abilities, but that also the budget-friendly
fabrication technique is highly repeatable and reproducible, showing
minimal sensor-to-sensor variability in baseline. Looking at the bode
magnitude and phase plot for polyamide and textile in Figures 3B,
3E respectively, the presence of the graphene oxide modulates the
charge transfer resistance of the electrical double layer, manifesting
as a large amplitude shift in the lower frequencies for both materials.
Additionally, there is a significant leftward shift in the maximum phase
response from approximately 100–1000 Hz to 5–10 Hz signifying im-
proved capacitive properties at lower frequencies, which is desirable
in electrochemical biosensing applications. There is also an increase
in the overall magnitude of the phase response from −50 degrees to
−67 degrees for PA and −62 to −70 degrees for textiles, which will
improve the sensitivity to modulations at the capacitive double layer
at the electrode-electrolyte interface, which is being perturbed by the
binding of influenza proteins to the sensor surface. Towards this end,
single frequency analysis in this study was conducted at 5 Hz.

It was then important to establish that the resulting graphene oxide
printed film was stable and would not be subject to degradation with
the addition of the affinity assay construction and influenza doses post-
fabrication. To investigate the graphene oxide printed film stability,

multiple buffer washes were conducted post-graphene oxide addition
and compared to a baseline measurement of a sensor without graphene
oxide. These results are found for polyamide and the utility textile in
Figures 3C, 3F respectively. The results show that the impedance shift
as a result of graphene oxide is maintained after n = 3 washes. An
unpaired t-test with a 95% confidence interval was performed com-
paring the left most baseline step to the three wash steps. All washes
(∼2800 +/−86 � for polyamide, ∼9610 +/−414 � for textile)
demonstrated < 0.05 p-values when compared to the graphene oxide
free samples (50218 +/−4023 � for polyamide, 895988 +/−214360
� for textile), demonstrating that they are statistically significant from
one another for both materials. Comparing just the three wash steps
in isolation to one another resulted in p-values >0.05 for the textile in
all comparisons, demonstrating they were not statistically significant
from one another, establishing minimal drift in the post-fabrication
baseline of the sensors. However, in the case of the polyamide, the
wash steps were still statistically significant from one another. This
may indicate some instability in the graphene oxide structure, but
the resulting difference in impedances after the third wash (∼3066
+/−91 �) and the baseline (∼50218 +/−4023 �) shows that though
drifting slightly by 22% from the first to third wash, the majority
of the graphene oxide is remaining intact. Additionally, each sensor
was investigated using open circuit potential to establish that the elec-
trode systems are electrochemically stable. Open circuit potential is
the measure of the potential difference in the two electrodes in the
absence of an applied electrical current. A drift in the open circuit
potential can indicate instability in the electrode system in the pres-
ence of electrolyte and can result in drift in the resulting impedance
responses that can reduce the confidence of results. Ideally, the open
circuit potential should stabilize within 30 minutes and be in the milli-
volts. In screen-printed systems, a lack of stabilization can indicate the
either the printed electrode or the graphene oxide is degrading in the
solution. Figures 4A, 4B show the open circuit potential for polyamide
and utility textile respectively. Both electrode systems stabilize inside
of 700 seconds at −17 mV for the polyamide sensors and −15 mV for
the utility textile. These results indicate that both electrode systems are
stable.
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Figure 4. (A) Open circuit Potential measurement for sensor on polyamide post-graphene oxide addition with respect to time in seconds. (B) Open circuit Potential
measurement for sensor on textile post-graphene oxide addition with respect to time in seconds. (C) Absolute percent change in impedance on polyamide sensors
after antibody functionalization to probe the stability of the constructed affinity assay for influenza. Error bars are standard error of mean with n = 3 replicates.
Ab#1-Ab#3 represent buffer washes and measurements post-functionalization. Measurements are analyzed at 5 Hz. (D) Absolute percent change in impedance
on textile sensors after antibody functionalization to probe the stability of the constructed affinity assay for influenza. Error bars are standard error of mean with
n = 3 replicates. Ab#1-Ab#3 represent buffer washes and measurements post-functionalization. Measurements are analyzed at 5 Hz.

Stability post-functionalization.—With the fabrication process
shown to be repeatable and stable and sensors demonstrating stable
electrochemical baseline for biosensing, the stability of the sensor’s
post-affinity assay functionalization needed to be investigated. After
sensors were functionalized with PANHS crosslinker and influenza
protein antibody, additional wash steps were conducted to evaluate
any drift in signal that may indicate instability or stripping of the
constructed affinity assay. Figures 4C, 4D show the antibody stability
data for polyamide and textile respectively. The results on polyamide
shows a drift in impedance with respect to washes, as indicated by
the upward trajectory in slope with respect to washes. The large er-
ror bars (+/−3 to 8%) also indicate that there is sensor-to-sensor
variability during the functionalization process. On the other hand,
the textile data shows a stable impedance after antibody washes. The
initial offset in the antibody impedance measurement for the textile
(∼4.6%) can be attributed to the removal of physically absorbed anti-
bodies at the surface of the electrode post-functionalization. After the
initial shift, the impedance remains constant with respect to washes,
demonstrating modest error bars (+/−1.6 to 2.2%) indicating that
the influenza affinity assay is constructed stably. These results give
more confidence in the ability for the textile-based sensor to perform
robustly for influenza detection. The drift in impedance during the
antibody stability study combined with a similar drift in the graphene
oxide baseline stability data on the polyamide sensor led us to fo-
cus on the textile sensors for the detection of influenza proteins. The
source of the drift is likely due to the nature of the polyamide mate-

rial. The nanoporous nature of the material has demonstrated superior
nanoconfinement and biosensing attributes in other sensing applica-
tions, but when screen-printing is utilized, the nanoporousity inhibits
the adhesion of the deposited materials resulting in a less stable film.
In this way, the more loosely woven utility textile is better suited for
this type of fabrication.

Detection of influenza protein.—A calibration dose response for
influenza in biofluid analog (buffer) was conducted on the utility tex-
tile sensors. Figure 5A shows the resulting Nyquist plot data. There
is leftward shift in the Nyquist plot as a function of increasing dose
concentration. The stabilized antibody measurement and 0 dose post-
7-minute incubation overlap, which is to be expected. This helps to
establish that there is little or no drift in the impedance as a func-
tion of incubation time or fluid addition, meaning that the resulting
change in impedance can be attributed to the increasing concentration
of influenza protein in the solution binding to the immobilized an-
tibody at the graphene oxide surface, modulating the double layer
capacitance of the system and thus impedance. Figure 5B shows
the dosing response analyzed at 5 Hz. The presented results are the
change in impedance with respect to the antibody measurement post-
stabilization. The sensor demonstrates good linearity in the tested con-
centration range of 10 ng/mL to 10 μg/mL, with a limit of detection
(LOD) of 10 ng/mL. Reiterated in this figure is the lack of response
to an influenza-free sample, demonstrating a change in impedance of
0.4% +/−0.25% across the three tested replicates. This is important
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Figure 5. (A) Nyquist response with respect to increasing concentration of influenza A in buffer solution. The right-most plots are overlapping (stable antibody
measurement and 0 dose). To the left, doses increase (0.01, 0.1, 1, and 10 μg/mL). (B) Calibration dose response for influenza A in buffer solution. Error bars are
the standard error of mean with n = 3. An initial dose incubation without the presence of influenza A was introduced showing minimal response, shown by the
horizontal blue line. The blue region shows influenza A concentrations expected in post-symptomatic patients, and the red region for pre-symptomatic patients.
Measurements are analyzed at 5 Hz.

in preventing false positives. Typically, in influenza, the expression of
the virus will steadily increase for 2 days, before gradually decreasing.
It can take up to 2–4 days for people to express symptoms of the virus.
The average expression of the virus in an infected person translates to
about 50 ng/mL, making the dynamic range of 10 ng/mL – 10 μg/mL
ideal for detecting pre- and post-symptomatic infection highlighted
by the division in the Figure 5B graph.16–19

These results show that conventional screen-printing fabrication
techniques can be used to introduce highly sensitive biosensors into
common utility textiles found in a number of occupations. The method
of fabrication requires minimal additional equipment to what mod-
ern clothing manufactures already have readily available, allowing for
a greater ease of implementation of this technology into production
compared to more conventional biosensor fabrication techniques. This
is important in the scalability, affordability, and accessibility of these
wearable textile sensors. By utilizing EIS as a transduction technique,
instrumentation can be minimized, resulting in low-powered, small
form-factor, and inexpensive devices that can be integrated compli-
mentary into the textiles with the sensing arrays. This sensor can be
integrated with current generation IoT devices for wireless reporting
of output data. By using impedance as a metric, the output from the
sensor is of negligible size in terms of memory consumption. With that
in mind, the focus of this work was on the development of the physi-
cal screen-printed biosensor that can be easily integrated in consumer
textiles (uniforms, gloves, wipes, etc.) for at risk populations, namely
medical workers (nurses, doctors), sanitation workers (custodial), and
service industry (cashiers, waiters, etc.), and not the reporting device
itself. This technology has personal implications, allowing the user to
be alerted of individual exposure to the influenza virus. However, with
proper integration with IoT networks, this technology has the potential
to be an invaluable environmental monitor for disease spread and iso-
lation by being able to produce “point-of-exposure” maps with high
spatial resolution after moderate-broad implementation of the tech-
nology to identify locations of post-exposure but pre-symptomatic
before outbreaks can occur.

Conclusions

In this work, we develop a methodology for fabricating screen-
printed biosensor systems on flexible polyamide substrates, and con-
ventional consumer textiles for point-of-exposure detection of in-
fluenza virus in at-risk populations. Conductive silver ink was screen-
printed to create the base conductive electrodes for the sensors, with
a complimentary layer of graphene oxide patterned to provide su-
perior electrochemical properties when using electrochemical trans-

duction techniques, and providing a location for crosslinker bind-
ing. An influenza-specific affinity assay was constructed upon this
graphene oxide layer for the detection of influenza using EIS. The
fabrication process and development of the influenza affinity assay
was shown to be more stable and repeatable on the textile compared
to the polyamide substrates and was selected for the actual detection
of the virus in solution. The utility textile demonstrated robust detec-
tion of influenza protein in biofluid analog (buffer), with a limit of
detection of 10 ng/mL and a linear dynamic range from 10 ng/mL
to 10 μg/mL, showing minimal response to samples without the in-
fluenza virus protein. This sensor demonstrates the potential to be
integrated with IoT devices for wireless reporting of influenza de-
tection, which could help create spatially-specific heat maps of virus
exposure. This can help healthcare workers to potentially identify and
contain virus outbreaks before they occur. The scope of this work
was to develop and validate the construction of the proof-of-concept
textile-based screen-printed sensor and the resulting sensor’s sensitiv-
ity to influenza protein detection. There are a number of considerations
that need investigation before the discussed applications can truly be
realized, most notably the response of the sensor to realistic environ-
mental conditions (varied temperature, humidity, contaminants such
as dirt or cross-reactive biomarkers), utilization of more realistic sam-
ple vehicles (such as saliva, or mucus), and integrity of signal when
integrated with IoT wireless reporting platforms, all of which will be
systematically evaluated in future works from our group. With that
being said, the optimization of those considerations are incremen-
tal steps compared to the successful detection of influenza A viral
proteins on consumer textiles, which has the potential to drastically
change and improve how the disease is identified and contained in
communities.
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