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Study aim: 

To evaluate the virucidal efficacy of two treated fabrics produced by Claros Technologies, Inc., 

against a surrogate to SARS-CoV-2 [(transmissible gastroenteritis virus (TGEV)]. 

 

Materials:  

1- Specimens (2 cm2 ) each of nylon-cotton textile (60 treated  and 60 untreated samples). 

Supplied by Claros, Inc.  

2- Specimens (2 cm2 ) of melt-blown polypropylene face mask fabric (60 treated and 60 

untreated samples). Supplied by Claros, Inc. 

Virus: We used TGEV (transmissible gastroenteritis virus), an alpha coronavirus causing 

gastrointestinal infections in pigs, as a surrogate to SARS-CoV-2.  

 

Host cells used for virus titration: The TGEV was propagated and titrated in ST (swine 

testicular) cells. The cells were grown in Eagle’s MEM medium supplemented with antibiotics 

and fetal bovine serum. 

 

Contact times tested: the virucidal efficacy was tested at three contact times (10 min, 30 min, 

and 60 min). 

 

Method:  

1- Aliquots (1 mL) of the virus recovery medium (MEM medium with 4% FBS) were 

distributed in 27 round bottom 13 mL plastic centrifuge tubes (Falcon). The 27 virus 

recovery tubes were divided into 3 groups of 9 tubes each. Group 1 was marked as control, 

group 2 marked as treatment, and group 3 was marked as leached particles control (treated 

control). In each group, 3 tubes were assigned for virus recovery at 3 different time points 

(10 min, 30 min,  and 60 min). 

2- Two square Petri dishes were marked as control and treatment. 

3- Parafilm squares (2×2 cm2) were cut and 9 parafilm squares were placed in each Petri dish.  

4- Aliquots (75 µL) of TGEV suspension (with initial titer = ⁓ 6.5 Log TCID50/mL) were 

placed on the center of each parafilm square.  

5- 9 untreated (control) and 9 treated nylon/cotton specimens were placed over the surface of 

each parafilm square in the control-marked and treatment-marked Petri dishes, respectively, 

where the virus droplets were sandwiched between the tested fabric and the parafilm 

squares. The virus droplets were absorbed immediately by the fabric specimens as they are 

hydrophilic.  

6- After each contact time point (10 min, 30 min, and 60 min), a set of 3 samples (in triplicate) 

was withdrawn from the control and treatment Petri dishes and each sample set (tested 

specimen with the absorbed virus and the parafilm square) was transferred into its 

corresponding virus recovery tube of group 1 and 2.   

7- To recover the surviving viral particles, all virus recovery tubes were vortexed for 2 min 

immediately after transferring the sample set in each of them.  

8- In virus recovery group 3, a treated fabric specimen was transferred first in each tube and 

vortexed for 2 min before adding 75 µL aliquot of the virus directly into each tube (without 

direct contact with the fabric). This was done to know whether a fraction of viral particles 

was inactivated by contact with the textile active ingredients that were possibly leached in 

the virus recovery solution following the recovery of the virus from the fabric.  
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9- The titer of surviving virus recovered in the recovery medium was performed by the 50% 

tissue culture infective dose (TCID50) method. Serial 10-fold dilutions were prepared from 

the recovery medium of each sample. These dilutions were inoculated in 80% confluent 

monolayers of ST cells, prepared in 96-well microtiter plates using 3 wells per dilution 

(100μL of each sample dilution/well).  

10- The infected cells were incubated at 37°C in a 5% CO2-incubator for up to five days and 

examined daily under an inverted microscope for the appearance of cytopathic effects 

(CPE). The highest dilution of the virus, which produced CPE in 50% of the infected cells, 

was considered as the endpoint. The titer of the surviving virus in each sample was then 

calculated by the Karber method [2] and expressed as log10 TCID50/sample. 

11- The entire experiment was repeated one more time on a separate day. Both experiments 

used triplicate samples for each contact time and hence the results are shown as an average 

of 6 replicates.  

 

Real time PCR procedure: 

 

To gain some insight on the mode of action on virus inactivation, we quantified the viral genome 

copy numbers in the elution buffer after virus recovery from the control and treated samples.  

 

Viral RNA was extracted from 140 μL of sample using QIAamp DSP Viral RNA Mini Kit 

(Qiagen, Germany) according to the manufacturer’s instructions. The RNA was eluted in 100 μL 

of elution buffer and stored at -80°C until used for viral genome quantification.  

 

For RT-qPCR, we used PCR primer set and probe shown in Table 1. The RT-qPCR primers were 

designed to target a conserved 146 bp region [corresponding to the region between nucleotides 

370 and 515 of the TGEV S gene with reference to (with reference to the sequence of TGEV-

GenBank accession no.: KX900410.1)]. The primers and probe were manufactured by Integrated 

DNA Technologies (IDT, Coralville, IA).  

 

The reactions were performed using AgPath-ID One-Step RT-PCR kit (Applied Biosystems by 

Thermo Fisher Scientific, Waltham, MA).  

 

The reaction mixture (25 μL) consisted of 5 μL of template RNA, 12.5 μL of 2X RT-PCR buffer, 

1 μL 25X RT-PCR Enzyme Mix, 0.50 μL of 10 μM forward primer (200 nM final 

concentration), 0.50 μL of 10 μM reverse primer solution (200 nM final concentration), 0.30 μL 

of 10 μM probe (120 nM final concentration), and 5.20 μL of nuclease-free water.  

 

The RT-qPCR was performed in the QuantStudioTM 5 PCR thermocycler system (Thermo Fisher 

Scientific, Applied BiosystemsTM, catalog number: A28140).  

 

Reverse transcription was performed at 45°C for 10 min. Taq polymerase activation was done at 

95°C for 15 min followed by 45 amplification cycles using a 95°C/15s denaturation step and an 

annealing/extension step at 58°C for 45s. Fluorescence was measured at the end of annealing 

step in each cycle.  

In each run of RT-qPCR, standard curve samples and no template control were used as positive 

and negative controls, respectively.  
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The TGEV standard/calibration curve was constructed for absolute quantification of viral 

genome copy number, in which we used serial ten-fold dilutions of a 557 bp RT-PCR purified 

amplicon of TGEV S gene (including the 146 bp target sequence of the RT-qPCR prime/probe 

set). The 557 bp TGEV S gene fragment was produced by RT-PCR reaction using an in-house 

developed primer set shown in Table 1. Results were expressed as cycle threshold (Ct) values. 

The Ct values and standard curve were used to calculate the absolute genome copy number of 

TGEV, expressed as genome copies/ sample. 

 

 

Table 1: Oligonucleotides for TaqMan-based TGEV RT-qPCR used in this study 

 

PCR 

reactio

n 

Oligonucleot

ide name 
Sequence (5’ 3’) 

Polarit

ya 
Position 

Produ

ct 

length 

(pb) 

Reference 

TGEV 

RT-

qPCR 

TGEV-F 
TCTGCTGAAGGTGCTATTA

TATGC 
+ 

20722 - 

20745 c 

146 bp [1] 
TGEV-R 

CCACAATTTGCCTCTGAAT

TAGAAG 
- 

20867 - 

20843 c 

TGEV-P 
FAM-

TAAGGGCTC/ZEN/ACCACC

TACTACCACCA-3IABkFQ 

+ 
20751- 

20776 c 

TGEV 

RT-

PCR 

(For 

standar

d curve 

constru

ction) 

TP-F 
GCAGGTTACCACCTAATTC

AGA 
+ 

20486-

20507 c 

557bp 
Prepared 

in-house 
TP-R 

CAGGATTAAACCACCAAA

GGTC 
- 

21043-

21022 c 

a +, virus sense; −, anti-virus sense. 

c Corresponding nucleotide position of TGEV genome (GenBank accession no.: KX900410.1) 

as reference. 

 

 

Statistical Analysis: 

 

The results presented here are the geometric means of 6 replicates. One-way ANOVA was 

performed and the significance of differences between the means were performed by paired 

comparison using Tukey test at significance=0.05. 
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Results 

 

Table 2: Summary of the surviving TGEV titers and number of TGEV genome copies recovered 

from Nylon/cotton fabric specimens after 10, 30, and 60 min contact times 

 

Exposure 

time 

(min) 

Date of 

testing 
Replicate 

Untreated 

sample 

Treated 

sample 

Treatment-

control 

Log 

reduction  

%  

reduction 

Log10 TCID50/ sample 

10 

10/5/2020 

R1 5.17 2.17 5.50 3.00 99.90000 

R2 5.50 2.50 5.83 3.00 99.90000 

R3 5.17 2.50 5.50 2.67 99.78620 

10/12/2020 

R4 5.17 1.50 5.83 3.67 99.97862 

R5 5.83 1.50 5.17 4.33 99.99532 

R6 5.83 1.50 5.17 4.33 99.99532 

30 

10/5/2020 

R1 5.17 2.17 5.83 3.00 99.90000 

R2 5.50 1.83 5.50 3.67 99.97862 

R3 5.50 1.83 5.50 3.67 99.97862 

10/12/2020 

R4 5.83 1.50 5.50 4.33 99.99532 

R5 5.83 1.50 5.17 4.33 99.99532 

R6 5.50 1.50 5.83 4.00 99.99000 

60 

10/5/2020 

R1 5.50 1.50 5.50 4.00 99.99000 

R2 5.17 1.50 5.17 3.67 99.97862 

R3 5.17 1.83 5.50 3.34 99.95429 

10/12/2020 

R4 5.17 1.50 5.50 3.67 99.97862 

R5 5.83 1.50 5.17 4.33 99.99532 

R6 5.83 1.50 5.50 4.33 99.99532 

Log10 viral genome copy number/ sample 

10 

10/12/20 

R1 8.04 6.96 8.21 1.09 91.79958 

R2 8.14 6.71 8.16 1.44 96.35588 

30 
R1 8.14 6.54 8.25 1.60 97.50288 

R2 8.08 6.54 8.29 1.54 97.09515 

60 
R1 7.99 6.59 8.16 1.40 96.00742 

R2 8.01 6.51 8.16 1.50 96.84208 

TCID50= 50% Tissue Culture Infectivity Dose  
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Figure 1: Titer of infectious TGEV particles recovered from nylon-cotton fabric specimen after 

10, 30, and 60 min contact times. The columns are the geometric mean of 6 replicates. The error 

bars represent the ± one geometric standard deviation. The scattered green line is the limit of 

detection. Same letters at each column base indicate geometric means that are not significantly 

different from one another at each contact time p≥0.05.  

 
Figure 2: Number of log reduction in the infectious titer and viral genome copies after 10, 30, 

and 60 min contact times with Nylon-cotton fabric specimens. The columns are the arithmetic 

mean and the error bars represent ± one standard deviation.  Same letters at each column base 

indicate geometric means that are not significantly different from one another at each contact 

time p≥0.05. PTR= percentage of virus titer reduction. 
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Table 3: Summary of the surviving TGEV titers and number of TGEV genome copies recovered 

from facemask fabric specimens after 10, 30, and 60 min contact times 

 

Exposure 

time 

(min) 

Date of 

testing 
Replicate 

Untreated 

sample 

Treated 

sample 

Treatment-

control 

Log 

reduction  

% of titer 

reduction 

Log10 TCID50/ sample 

10 

10/5/2020 

R1 4.50 2.17 4.17 2.33 99.53226 

R2 4.50 1.50 4.50 3.00 99.90000 

R3 4.50 1.5 4.50 3.00 99.90000 

10/12/2020 

R4 5.50 2.17 5.83 3.33 99.95323 

R5 5.83 1.50 6.17 4.33 99.99532 

R6 5.83 2.17 5.83 3.66 99.97812 

30 

10/5/2020 

R1 4.17 1.5 4.50 2.67 99.78620 

R2 4.83 1.5 4.17 3.33 99.95323 

R3 4.50 1.5 3.50 3.00 99.90000 

10/12/2020 

R4 5.83 1.5 5.83 4.33 99.99532 

R5 6.17 1.5 5.83 4.67 99.99786 

R6 5.50 1.5 5.50 4.00 99.99000 

60 

10/5/2020 

R1 4.83 1.5 4.50 3.33 99.95323 

R2 4.50 1.5 3.50 3.00 99.90000 

R3 4.17 1.5 3.83 2.67 99.78620 

10/12/2020 

R4 4.50 2.17 4.17 2.33 99.99532 

R5 4.50 1.50 4.50 3.00 99.99000 

R6 4.50 1.50 4.50 3.00 99.99786 

Log10 viral genome copy number/ sample 

10 

10/12/20 

R1 8.26 6.89 8.25 1.37 95.74229 

R2 8.23 6.54 8.26 1.69 97.96647 

30 
R1 8.23 7.46 8.16 0.77 82.93884 

R2 8.19 6.76 8.23 1.43 96.26875 

60 
R1 8.15 6.70 8.17 1.45 96.44253 

R2 8.23 6.66 8.27 1.57 97.32023 

TCID50= 50% Tissue Culture Infectivity Dose  



 

Page 8 of 9 

 
Figure 3: Titer of infectious TGEV particles recovered from face mask fabric specimens after 

10, 30, and 60 min contact times. The columns are the geometric mean of 6 replicates. The error 

bars represent ± one geometric standard deviation. The scattered green line is the limit of 

detection. Same letters at each column base indicate geometric means that are not significantly 

different from one another at each contact time p≥0.05.  

 
Figure 4: Log10 reduction in the infectious titer and viral genome copies after 10, 30, and 60 min 

contact times with Nylon-cotton fabric specimens. The columns are the arithmetic mean and the 

error bars represent ± one standard deviation.  Same letters at each column base indicate 

geometric means that are not significantly different from one another at each contact time 

p≥0.05. PTR= percentage of virus titer reduction. 
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Conclusions: 

Both treated fabrics (Nylon-cotton and face mask) could neutralize more than 3 order of 

magnitude of the infectious TGEV (≥ 99.9%) within 10 min of contact in humid conditions in 

the presence of an organic load (in the form of FBS in virus suspension). The lower reduction in 

the number of TGEV genome copies indicates that the majority of the neutralized viral particles 

were inactivated by the impact of the textile active ingredients on the viral envelope and/or 

capsid proteins. The small fraction of viral genome that was reduced indicate that disintegration 

in the viral capsids occurred in approximately ≥90% of the viral particles during 10 min of 

contact with the treated fabrics.   
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