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Abstract  24 

Coronavirus with intact infectivity attached to PPE surfaces pose significant threat to the 25 

spread of COVID-19. We tested the hypothesis that an electroceutical fabric, generating weak 26 

potential difference of 0.5V, disrupts the infectivity of coronavirus upon contact by destabilizing 27 

the electrokinetic properties of the virion. Respiratory coronavirus particles (105) were placed in 28 

direct contact with the fabric for 1 or 5 minutes. Viral particles (2.5-4x104) were recovered from 29 

the fabric. Following one minute of contact, zeta potential of the coronavirus was significantly 30 

lowered indicating destabilization of its electrokinetic properties. Size-distribution plot showed 31 

appearance of aggregation of the virus. Testing of the cytopathic effects of the virus showed 32 

eradication of infectivity as quantitatively assessed by PI-calcein and MTT cell viability tests. 33 

This work provides the rationale to consider the studied electroceutical fabric, or other materials 34 

with comparable property, as material of choice for the development of PPE in the fight against 35 

COVID-19.  36 



The basic reproductive number of an infection, denoted as Ro, gauges the number of 37 

susceptible individual(s) that an infectious host can spread their disease to.  While this 38 

epidemiological metric for severe acute respiratory syndrome (SARS) was reported to be 3 by 39 

the WHO, recent studies on COVID-19 estimates its Ro to be 5.7 making containment more 40 

challenging (1). Respiratory infections are known to spread through direct routes of 41 

aerosolization such as sneezing, coughing and other contact gestures. In addition, indirect modes 42 

of transmission play a significant role in determining Ro. SARS-CoV-2 remains viable for an 43 

extended period of time. The CDC reported presence of SARS-CoV-2 RNA on various surfaces 44 

on the Diamond Princess ship 17 days after all symptomatic and asymptomatic COVID-19 45 

passengers had vacated (2,3). In a laboratory-based experimental study, SARS-CoV-2 remained 46 

viable for at least three hours in aerosols and up to 72 hours on fomites such as stainless steel (4). 47 

Use of personal protective equipment (PPE) is essential to safeguard healthcare providers against 48 

COVID-19 (5). However, use of these PPE itself poses significant threat as doffing of 49 

contaminated PPE carrying viable viral particles is likely to infect the person and potentially 50 

spread infection (6). Although CDC has recommended strict doffing procedures to reduce risk of 51 

nosocomial infections, contaminated PPE poses an imminent serious risk for healthcare 52 

professionals (7-9). 53 

Infectivity of a viral particle is dependent on its stability. Multiple biophysical factors 54 

determine the stability of coronaviruses (10). For instance, nonspecific electrostatic interactions 55 

influence capsid assembly of enveloped RNA viruses in which positively charged capsid proteins 56 

package the negatively charged RNA. In positive-sense single-stranded RNA viruses, such as the 57 

coronaviruses, this thermodynamically spontaneous assembly is mediated by arginine rich 58 

motifs. A large number of ss-RNA-viruses follow a general law of packaging, based on 59 



electrostatic forces without an explicit dependence on the sequence specificity (11). The overall 60 

positive charge of the capsid limits viral genome length (12,13). However, coronaviruses express 61 

an exoribonuclease associated with nonstructural protein 14 which allows them to inherit longer 62 

genomes when compared to other RNA viruses (14). Destabilization of coronavirus outside the 63 

host system is therefore of paramount importance in abating the spread of infection. We have co-64 

developed a wireless electroceutical fabric for use as wound care dressing (15-17). This dressing, 65 

upon contact with bodily fluids or other aqueous wetting media, generates weak electric field 66 

which is effective in managing biofilm infection and improving wound healing (16,18,19). The 67 

dressing is currently FDA cleared and in clinical trial (NCT04079998). In this work we sought to 68 

investigate the effectiveness of the said electroceutical fabric for its ability to curb coronavirus 69 

infectivity. 70 

Methods 71 

Electroceutical Fabric 72 

An FDA cleared wireless electroceutical dressing was used as a source of weak electric 73 

field for the current study and is referred to as electroceutical fabric (fe). This fabric, co-74 

developed by our laboratory (15-19), has been commercialized by Vomaris Inc. (Phoenix, AZ) 75 

was provided to us by the manufacturer. It is made of polyester fabric printed with alternating 76 

circular dots of Ag and Zn metals (ø2 mm and 1 mm, respectively), generating electric fields. A 77 

polyester fabric without any metal deposition (hence unable to generate electric field) was used 78 

as an experimental control and is referred to as sham fabric (fs). 79 

Viruses and Cell Lines 80 



Respiratory coronavirus (ATCC® VR-2384™) and its host porcine cell line - ST (ATCC® 81 

CRL-1746™) were procured from ATCC. Lentivirus - CSCGW mut6 [HIV-1-based vector 82 

expressing green fluorescent protein (GFP)] and cell line HEK293 used in this study were gifts 83 

from Prof. Kenneth Cornetta. 84 

Cell Culture 85 

Cell lines were cultured and maintained in respective cell culture medium at 37°C and 86 

humidified 5% CO2 in air atmosphere. All culture media were made complete by addition of 87 

Fetal Bovine Serum (FBS, final concentration 10%, Sigma-Aldrich, F2442) and antibiotic-88 

antimycotic solution (final concentration 1X; 15240-062, Life Technologies). For coronavirus 89 

studies, ST cells were cultured in complete Eagle's Minimum Essential Medium (EMEM, 90 

ATCC® 30-2003™). HEK293 cells were cultured in complete Dulbecco's Modified Eagle's 91 

Medium (DMEM, Cat no: 11995073, Gibco™).  92 

Respiratory Coronavirus Infection and Propagation 93 

ST cells were cultured in complete EMEM till they attained a confluency of 80-90% 94 

followed by washing monolayers with 5 ml of 1X PBS.  Coronavirus stock (ATCC VR-2384; 95 

USDA permit 141794) aliquot was diluted with 3 ml of incomplete culture medium (without 96 

FBS and antibiotic-antimycotic solution) to attain a Multiplicity of Infection (MOI) of 1. This 97 

diluted viral stock was added to the washed monolayer and incubated at 37 °C, humidified 5% 98 

CO2 in air atmosphere. Flasks were rocked gently for 2 min at intervals of 30 min, to re-99 

distribute viral inoculum. After 2h infection, viral adsorption was terminated by adding 10 ml of 100 

complete culture medium to the monolayer.  101 

 102 



Coronavirus Purification  103 

Coronavirus purification was performed as described previously (29). In brief, culture 104 

medium from flasks with infected cells was harvested at 10000xg for 20 min at 4 °C. Viral 105 

precipitation from this supernatant (12 ml) was done by addition of polyethylene glycol and 106 

NaCl. PEG precipitated proteins and virions were pelleted at 10000xg for 30 min at 4°C and the 107 

pellet was dissolved in 100 µl of ice-cold 1X HEPES-saline buffer (10 mM HEPES – Sigma 108 

H7523 + 0.9% w/v NaCl, pH 6.7). Dissolved pellet was then loaded on a discontinuous sucrose 109 

gradient (10-20-30%, 800 µl each; in 1X HEPES-saline) and subjected to ultracentrifugation at 110 

100000xg for 90 min at 4°C.  111 

Nanoparticle Tracking Analysis 112 

Viruses were diluted in EMEM or 18.2 MΩ water. Mean particle diameter and 113 

concentration of viral particles were analyzed by NanoSight NS300 with a 532 nm laser and 114 

SCMOS camera (Malvern) as previously described (30,31). Standard 100 nm latex spheres were 115 

run at 1000:1 dilution in milliQ to test optimal instrument performance. Data were analyzed 116 

using NTA 3.0 software (Malvern Instruments). 117 

Zeta Potential Analysis 118 

Zeta (ζ) potential measurement of viral particles was determined by Zetasizer (Nano-Z, 119 

Malvern Instruments Ltd., UK) as described previously (30,31). All samples were dispersed in 120 

double-distilled water and tested in volume-weighted size distribution mode in folded capillary 121 

cells (Fisher Scientific NC0491866). An average of three readings (60s) were recorded.  122 

Scanning Electron Microscopy  123 



Viral particles were suspended in ddH2O with 2.5% glutaraldehyde or other buffer and 124 

dropped onto clean silica wafers. After drying, samples were desiccated in a vacuum chamber for 125 

at least 12h before analysis. Images were obtained after carbon sputter coating using a field 126 

emission scanning electron microscope (JEOL 7800F, JEOL Japan) at a beam energy of 5 or 10 127 

kV. For the SEM images of the fabric, gold sputter coating was used.  128 

Energy Dispersive X-ray (EDX) Microanalysis 129 

For elemental detection, the EDX microanalysis associated with SEM was used (32). The 130 

x-ray emissions at different wavelengths were measured using a photon-energy-sensitive 131 

detector. The EDX detector system performed a simultaneous display of all mid-energy (1-20 132 

keV) x-rays collected during any individual analysis period. 133 

Coronavirus and Lentivirus Infectivity  134 

ST (coronavirus) and HEK 293 (lentivirus) cells were seeded at densities of 10,000 /well 135 

and 1000 /well in 24-well and 96-well cell culture plates, respectively. Seeded plates were 136 

incubated at 37°C, 5% CO2 humidified incubator for 18h. One hundred microliter (105 particles) 137 

of aqueous suspension of viruses (106/ml of VR-2384 or CSCGW mut6 lentivirus) were placed 138 

on 1.5 cm diameter discs of fe and fs at room temperature and time was allowed for the droplet to 139 

be fully absorbed into the respective fabric. As soon as that was achieved, a timer was started for 140 

either 1 min or 5 min of contact time followed by recovery of the particles. Serum free medium 141 

(100µl) was used to rinse each fabric for recovering viral particles from the fabric. NTA was 142 

performed, as above, to estimate viral recovery efficiency. Recovered VR-2384 viruses were 143 

diluted with serum free medium and used to infect ST cells at MOI of 10 (105 viruses). 144 

Recovered CSCGW mut6 virus was diluted in complete DMEM medium followed by HEK293 145 

transduction at MOI of 10 (4 x 104 viruses). Parallel sets of cells infected with untreated viruses 146 



(at the same MOI as that of treated viruses) were used as positive control while uninfected or 147 

non-transduced host cells were accounted as negative control. The expression of GFP in 148 

transduced HEK293 was assessed after 7 days to ascertain the effect of fe treatment on lentiviral 149 

infectivity. Six technical replicates and twelve biological replicates were studied. 150 

Cell Viability Staining by Calcein AM and Propidium Iodide  151 

Viability of ST cells, infected as above, was assessed by dual staining with Calcein AM 152 

and Propidium iodide (PI) (31). Media from wells with ST cells (uninfected or infected with 153 

untreated or fabric-contacted viruses) was washed briefly with 1ml of 1X PBS (per well) for 1 154 

min, followed by addition of 250µl of freshly-prepared staining solution in 1X PBS (Calcein 155 

AM; final concentration 1 µg/ml, Catalog no: C1430, Invitrogen™) and PI (Sigma-Aldrich). 156 

Cells were incubated under dark conditions at 37°C for 15 min and then observed under a 157 

Confocal Laser Scanning Microscope using a 10X objective. The ratio of PI:calcein signal was 158 

normalized with the average PI intensity of untreated cells to obtain fold-change compared to 159 

non-viable cells (basal cell death) in untreated cells. 160 

Cell Viability Assessment by MTT Assay 161 

Cell viability of ST cells infected as above was assayed using the MTT (3-(4,5-162 

Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay as per manufacturer’s protocol 163 

(MTT assay kit, Catalog no: ab211091, Abcam).  164 

Statistical Analysis 165 

GraphPad Prism (GraphPad Software) v8.0 was used for statistical analyses. Statistical 166 

analysis between multiple groups were performed using one-way analysis of variance with the 167 

post-hoc Sidak multiple comparison test. Statistical analysis between two groups was performed 168 



using unpaired Student’s two-sided t tests. P<0.05 was considered statistically significant. 169 

Significance levels and exact P values are indicated in all relevant figures. Data were normally 170 

distributed. Data for independent experiments were presented as means ± SEM unless otherwise 171 

stated. Individual data points are plotted reflecting n (8-19) for each experiment. 172 

Results 173 

Characterization of the Electroceutical Fabric 174 

The electroceutical fabric tested is made up of polyester fabric printed with alternating 175 

circular regions of Ag and Zn dots (Figure 1A). The Ag dots (ø 2mm) and Zn dots (ø 1mm) were 176 

printed on the fabric in proximity of about 1 mm to each other. Scanning electron microscopy 177 

(SEM) displayed the deposition of Ag particles and Zn on the fibers of the polyester fabric 178 

(Figure 1A). EDX microanalysis revealed the presence of Ag and Zn on the electroceutical fabric 179 

(fe) and absence in the sham polyester fabric (fs) (Figure 1B-C). The only peak that was present 180 

other than C and O was that of Au used for coating the fabrics for SEM imaging (Figure 1C). 181 

Proximity of Ag and Zn on polyester fabric forms a redox couple and is capable of driving 182 

electrochemistry when wet in an aqueous ionized environment including any body fluid (Figure 183 

1D). Ag and Zn were spotted on another textile which was also appropriate for the preparation of 184 

stretchable facemasks (Figure 1E). SEM of the fabric used for such mask showed a different 185 

weaving pattern (Appendix Figure 1A-C). Deposition of Ag and Zn on the fabric for facemask 186 

was tested by EDX spectrum analysis (Appendix Figure 1B). Our primary line of investigation 187 

focused on the polyester-based electroceutical fabric (Figure 1A right). Three ionized aqueous 188 

media were used to test potential difference between adjacent Ag and Zn deposits. NaCl solution 189 

(0.85% w/v), cell culture medium and tap water (of practical value to end users of PPE) were 190 



tested at room temperature. The potential difference between the two electrodes rapidly 191 

increased and achieved a steady state after the first 15s (Figure 2). 192 

Physical Characterization of the Coronavirus 193 

SEM (150,000x) revealed the morphological features of the CoV particle (Fig 3A). 194 

Following spotting on the silicon wafer, the purified virus was fixed and subsequently 195 

dehydrated. A thin (2-5nm) layer of carbon was sputtered on the sample to make the specimen 196 

conductive. The size of the virus ranged between 75-125nm. Nanoparticle tracking analysis 197 

(NTA) revealed poly-dispersed peak (Figure 3B). The electrokinetic property, as represented by 198 

the ζ potential, of the viral particles is a parameter that determines adsorption and stability of the 199 

particle in any given dispersant medium. For practical purposes, viral particles are expected to be 200 

suspended in water droplets either aerosolized or resting on a surface. The average ζ potential of 201 

four different preparation of CoV was determined to be -25.675 mV (Figure 3C). All four-202 

preparation demonstrated comparable ζ potential distribution and phase shift (Figure 3D-E). The 203 

average electrophoretic mobility distribution was determined to be -2μmcm/Vs (Figure 3F) 204 

Electroceutical Fabric Attenuated the ζ Potential of Coronavirus upon Contact 205 

Quantification of the viral particles after spotting on fe yielded 44.29% and 23.73% 206 

recovery from the fabric when exposed for 1 min or 5 min, respectively (Figure 4A). 207 

Nanoparticle tracking analysis demonstrated that unlike the purified CoV that showed a single 208 

peak around 75nm, the recovered CoV showed additional peaks suggesting aggregation of the 209 

viral particles upon contact with the fabric (Figure 4B). Analysis of ζ potential showed 210 

significant graded attenuation of this electrokinetic property upon contact with the fe (Figure 4C). 211 

Such lowering of average ζ potential of CoV, applied and recovered from fe, has been plotted 212 



(Figure 4D). Unlike 1 min exposure to the fe, 5 min exposure showed an appreciable difference 213 

in the phase plot of the viral particles (Figure 4E). 214 

Loss of Coronavirus Infectivity upon Contact with Electroceutical Fabric 215 

To assess changes in the infectivity of CoV following contact with the electroceutical 216 

fabric, a cytopathic assay was employed. Infected cells were monitored for appearance of 217 

cytopathic effects (CPE; cell rounding and sloughing) until post-infection day 7. Overt CPE was 218 

observed on day 7 in response to CoV infection (Figure 5B; Appendix Figure 2). Comparable 219 

CPE was noted in response to treatment of cells with CoV recovered from sham control fabric fs 220 

(Figure 5C; Appendix Figure 2). In contrast, CoV recovered from fe did not cause any CPE 221 

indicating loss of its infectivity (Figure 5D; Appendix Figure 2). Cells treated with fe-recovered 222 

CoV particles appeared as healthy as the uninfected cells (Figure 5A; Appendix Figure 2). 223 

Objective assessment of cell viability was performed using a calcein/PI fluorescence assay. Only 224 

live cells with intracellular esterase activity hydrolyze the acetoxymethyl ester in non-fluorescent 225 

Calcein AM converting it into green fluorescent Calcein. Dead cells or cells with damaged or 226 

compromised cell membranes include PI stain, which is otherwise impermeant to live cells. 227 

Fold-change increase in PI/Calcein signal as shown indicates loss of cell viability in response to 228 

infection.  Infection of cells with CoV caused marked loss of cell viability (Figure 5B). Such 229 

cytopathic effect of CoV was completely absent once the virus was exposed to fe (Figure 5 D-E). 230 

The sham fabric did not afford such protection (Figure 5C, E). The cytopathic effects of CoV and 231 

the protective effects of fe (versus fs) was corroborated by the standard MTT assay commonly 232 

used for testing cell viability (Figure 5F).  233 

Electroceutical Fabric Eliminated Lentiviral Transduction Efficacy 234 



The lentiviral pseudotype system is a standard laboratory tool to study the infectivity of 235 

viruses under conventional biosafety conditions (20). Lentivirus CSCGW mut6, upon successful 236 

transduction in HEK293 cells, results in GFP-expressing host cells. Mammalian cells were 237 

treated with purified lentivirus or the same virus subjected to contact with fe or fs for 1 or 5 min 238 

as indicated in the figure legend (Figure 6). Transduced cells were monitored microscopically to 239 

check the presence of GFP+ cells. Lentiviral exposure caused widespread infection of cells. 240 

Treatment of cells with virus recovered from sham fabric fs caused comparable infection (Figure 241 

6B). However, contact of virus with the electroceutical fabric fe, even for one minute, eliminated 242 

lentiviral infectivity (Figure 6B) 243 

Discussion 244 

Previous work from our laboratory has established the effectiveness of electroceutical 245 

principles as an alternative to pharmacological approaches in managing planktonic microbial 246 

pathogens and complex polymicrobial biofilms (16,18,19,21). Viruses are known to rely on 247 

electrostatic interactions for optimal virion assembly and attachment (10). For instance, 248 

structural proteins in coronaviruses, negatively charged amino acid residues in the nucleocapsid 249 

facilitates assembly with the membrane protein (22). Additionally, the coronavirus envelope 250 

protein is known to generate ion conductive pores across membranes which are voltage 251 

dependent (23). Leveraging these viral characteristics to achieve viral inactivation remains 252 

largely unexplored and has been attempted in this work. 253 

Electroceuticals have generated renewed interest in the health care industry (24). The 254 

fabric tested in this work consists of only silver and zinc dots on polyester fabric that forms a 255 

redox couple (15). Zeta potential of a particle determines its electrostatic interactions in particle 256 

dispersions and, as such, is an important determinant of the stability of viral particles. Contact of 257 



CoV with the electroceutical fabric studied rapidly lowered the zeta potential demonstrating a 258 

direct effect of the fabric on the electrokinetic properties of the viral particle. Any change of zeta 259 

potential towards zero is viewed as increase in electrical instability of the particle. The 260 

observation that contact with the electroceutical fabric eliminates infectivity of the virus leads to 261 

the hypothesis that the observed lowering of zeta potential may have caused defects in the 262 

structural integrity of the virus. Study of changes in the capsid-RNA structure following 263 

exposure to the weak electric field generated by the fabric is thus warranted.  264 

CoV is a nanoparticle. Nanoparticle tracking analysis determines the hydrodynamic 265 

diameter of the analyte by applying the Stokes–Einstein equation after measuring the Brownian 266 

motion of individual nanoparticle. NTA was utilized to estimate absolute viral particle number 267 

and size distribution in not only pure CoV but also in CoV recovered from the fabric. Observed 268 

changes in particle number and size distribution support the aforementioned hypothesis that 269 

exposure to the weak electric field causes damaging structural alterations to the virions. Cells in 270 

culture routinely display a small fraction of dead or dying cells. Cytopathic effects of viral 271 

infection are tested to examine whether exposure to the infectious particle adds to the basal cell 272 

death burden of the culture. Long-term observations, i.e. days versus hours, ensure the recording 273 

of the eventual fate of the affected cells. Reporting of short-term data alone, while sometimes 274 

may be encouraging with respect to effect of the intervention, may simply reflect results 275 

representing postponement of death from the insult and not a true rescue. In CPE studies of this 276 

work, cell rounding and sloughing were evident in day 4 post-infection. During this time, cells 277 

treated with virus pre-exposed to the electroceutical fabric closely resembled cells that were 278 

unchallenged by exposure to the virus. In standard cell culture, the growth medium is changed 279 

every other day to wash off floating dead cells and to replenish nutrition. Under conditions of 280 



infection by virus, such frequent change of cell culture medium is not made. Cells grow in the 281 

same spent media until day 7 post-infection. Maintenance of cells without any change in culture 282 

media for seven days is expected to marginally increase basal cell death burden as shown.  283 

Textiles evaluated for use in PPE such as masks are subject to specific FDA 510(k) 284 

requirements expecting stringent viral filtration tests to demonstrate 99.9% reduction of 1.1–285 

3.3x104 plaque forming units of standard phiX174 bacteriophage.  The phiX174 is widely used 286 

as a model organism because of it being a standardized test. However, it is important to note that 287 

unlike SAR-CoV-2 which is a RNA virus, phiX174 bacteriophage is a DNA virus with 288 

numerous contrasting physical, chemical as well as biological properties. Furthermore, this 289 

bacteriophage is much smaller in size than SAR-CoV-2. The non-enveloped icosahedral 290 

morphology of phiX174 are aerosolized with a mean particle size of 3.0 ± 0.3 µm (25). This is in 291 

direct contrast with the coronaviruses that cause diseases in animals and humans which are ~100 292 

nm in diameter and are aerosolized as respiratory droplets with sizes >5µm (26,27). Importantly, 293 

phiX174 cannot infect mammalian cells. It infects and forms visible plaques on a lawn of 294 

Escherichia coli (Migula) Castellani and Chalmers strains. In the context of COVID-19 295 

pandemic, this work studies the coronavirus and tests cytopathic effects on mammalian cells. 296 

Testing methods such as AATCC TM100 recommends a textile contact time of 24h for both 297 

enveloped and non-enveloped viruses. We report results on contact time that is much shorter and 298 

more relevant to PPE usage in the context of COVID-19.  299 

This work presents first evidence demonstrating that the physical characteristic features 300 

of CoV may be exploited to render it non-infective following exposure to weak electric field 301 

generating electroceutical fabric. The observation that lentiviral infectivity is also eliminated 302 

following contact with the electroceutical fabric contributes to the rigor of our central finding. 303 



Lowering of zeta potential of the CoV particles following exposure to the electroceutical fabric 304 

constitutes direct evidence supporting the contention that electrokinetic stability of the viral 305 

particle is weakened. Additional studies are necessary to characterize specific structural changes 306 

in response to exposure to the electroceutical fabric, and to connect such changes to loss of 307 

infectivity. In the meanwhile, this work provides evidence supporting the rationale to consider 308 

the studied electroceutical fabric, or other materials with similar property, as material of choice 309 

for the development of PPE in the fight against COVID-19. 310 
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FIGURE LEGENDS 413 

Figure 1: Physical characterization of fabrics. (A) Photomicrographs of sham fabric (fs) and 414 

electroceutical fabric (fe). SEM images of both fabrics were captured at 60X, 100X and 330X 415 

magnifications. Regions of silver and zinc metal deposition in fe have been marked with red 416 

squares. (B) Energy Dispersive X-Ray (EDX) microanalysis of silver and zinc metal deposition 417 

on fe. The gold peak in both spectra is from the gold sputter used to make the surface conductive 418 

prior to SEM. (C) EDX analysis of fs.  (D) fe voltage measurement using a multimeter (Amprobe 419 

34XR-A, Everett, WA). (E) Prototype face-mask developed using stretchable electroceutical 420 

textile. 421 

Figure 2: The electroceutical fabric. Voltage generated by electroceutical fabric was measured 422 

using the Amprobe multimeter in three different aqueous wetting solutions: (A) NaCl (0.85% w/v); 423 

(B) Incomplete EMEM, and (C) Tap water. DC voltage was measured as shown. Probes were 424 

placed adjacent Ag and Zn dots and at 0s, 100 microliters of the respective wetting solution was 425 

added to the electroceutical fabric. Three independent readings (each lasting for 1 min) were 426 

recorded for all three solutions and graphs were plotted with mean of these readings, showing the 427 

activation kinetics of the electroceutical fabric in response to these wetting solutions. Data are 428 

mean ± SEM. 429 

Figure 3: Physical characterization of the purified coronavirus. (A) SEM image of purified 430 

respiratory CoV. (B) Viral particle number in the purified respiratory CoV sample was quantified 431 

using NTA. An estimated yield of 4x108 viruses with one major peak corresponding to 100 nm 432 

size, was obtained from the adopted viral purification protocol. (C – F) Zeta potential readouts of 433 

four independent (mean ± SEM shown) purified coronavirus sample preparation and the different 434 

attributes of analyses are depicted. (C) Individual zeta potential values of purified respiratory CoV 435 



suspended in 18.2 MΩ water. (D) Zeta potential distribution within individual reads. (E) Individual 436 

phase plots determined by applying alternating voltage and reaching minimum between 1.75 – 437 

2.00 s. (F) Electrokinetic observation obtained by measuring mobility of the virus in response to 438 

an external electrical field. 439 

Figure 4: Zeta potential and nanosight tracking analysis of the purified coronavirus 440 

following contact with and retrieval from the electroceutical fabric. (A) Absolute 441 

quantification of viral particles recovered from the fabric after treatment with fe. A two-fold and 442 

four-fold reduction in the recovered viral number was observed after 1 and 5 min treatment, 443 

respectively. (B) Schematic diagram showing the recovery of viral particles from fabric and the 444 

subsequent experiments that were performed. (C) Viral particle number was quantified using 445 

NTA. One hundred microliters of the purified CoV was spotted on 1.5 cm discs of electroceutical 446 

fabric and recovered using incomplete EMEM, after 1 or 5 min of contact with the fabric. (D-F) 447 

Changes in viral zeta potential and affiliated parameters after contact with the fabric for 1 min or 448 

5 min. Data are mean ± SEM. 449 

Figure 5: Eradication of respiratory coronavirus infectivity upon contact with the 450 

electroceutical fabric. ST cells were infected with respiratory CoV (4 x 104 viruses). In other test 451 

sets, the virus (105) was brought in contact with the fabric for either 1 min or 5 min. After 7 days 452 

of infection, cells were observed for cytopathic effects (CPE, rounding and sloughing) by phase 453 

contrast microscopy. Host cell viability was objectively quantified using dual staining with Calcein 454 

AM (green, viable) and PI (red, non-viable). (A) uninfected ST cells (u); (B) ST cells infected with 455 

virus (CoV, 4 x 104); (C) ST cells infected with viruses pre-exposed to the sham fabric (fs1 and 456 

fs5); and (D) ST cells infected with viruses pre-exposed to the electroceutical fabric for 1 or 5 457 

minutes, respectively (fe1 and fe5). ST cells infected with untreated virus or fs-contacted virus 458 



showed distinct signs of CPE and loss of cell viability. Cells infected virus which were subjected 459 

to contact with the electroceutical fabric for 1 (fe1) or 5 (fe5) minute did not display any further 460 

loss of cell viability above and beyond the basal level of cell death expected at that phase of the 461 

life-cycle of the cell. (E) Quantitative plotting of changes in cell viability as determined by 462 

PI/calcein expressed as fold-change over the basal cell death level expected as part of standard cell 463 

culture process. (F) Changes in cell viability as determined by the MTT (3-(4,5-dimethylthiazol-464 

2-yl)-2,5-diphenyltetrazolium bromide) assay. Scale bars in images represent 100µm. Phase 465 

contrast images were captured at 40X magnification. Corresponding zoom out images showing a 466 

larger field of view were taken at 20X and presented as Figure S2. Data are mean ± SEM. 467 

Figure 6: Lentiviral infectivity in response to contact with the electroceutical fabric. (A) 468 

HEK293 cells were infected with 4 x 104 Lentivirus CSCGW mut6. In other test sets, the virus 469 

was brought in contact with the fabric for either 1 min (fs1 or fe1) or 5 min (fs5 or fe5). Recovered 470 

viral particles (4 x 104) were counted and used to treat cells at MOI of 10. After 96 h of infection, 471 

HEK293 cells were microscopically assessed for the expression of GFP which would be an 472 

endpoint of successful infection. (B) Data are mean ± SEM.  473 

Appendix Figure 474 

Figure S1: The prototype face mask utilizing stretchable electroceutical textile. (A) 475 

Photomicrograph of the region cut from the face mask and used for SEM and EDX analysis. (B 476 

and C) SEM and EDX analysis for silver and zinc deposition on the textile. Regions of mask used 477 

for EDX analysis have been marked and annotated in the respective figure panel. 478 

Figure S2: Phase contrast microscopy images of ST cells, uninfected or infected with CoV (either 479 

treated with fs or fe for 1 min or 5 min). These images are taken at 20X magnification displaying a 480 

larger field of view. Zoom-in images (40X) shown Figure 5. Scale bars, 100 µm. 481 
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Figure S1
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