
 

 
 
 
 
 

Summary of Test Report from University of Arizona   
 

The testing at the University of Arizona by Dr. Kelly Bright who is the laboratory 
associate of Dr. Charles Gerba was conducted using G90 galvanized carbon steel 
with an epoxy coating containing the antimicrobial active ingredient Agion®. Due 
to the unavailability and complications associated with the use of the corona virus 
SARS- CoV-2 that is the organism responsible for the COVID-19 pandemic, a 
surrogate (substitute) corona virus 229E was tested.    
 
 
Samples of the antimicrobial coated galvanized steel material that were tested after 
exposure periods of 2, 4 and 24 hours were found to be efficacious in reducing the 
amount of the surrogate virus that was deposited on the surface of the material.    
These results suggest that duct or other HVAC components fabricated with this 
material would inhibit the growth of corona type viruses that would be present on 
the surfaces.  Previous testing has indicated that the material is also highly 
effective at reducing the number of a broad spectrum of bacteria, molds and fungi 
that may be present including legionella, salmonella, listeria and SARS.  The 
results also confirm previous testing that bare stainless steel does not exhibit any    
antimicrobial activity.   
 

 
Frederick. A. Myers, PhD 
Principal Research Engineer 
Research and Innovation Center 
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Company: AK Steel 

Test Organism: Human Coronavirus strain 229E (ATCC#VR-740) 

Test Materials: Stainless steel coupons with antimicrobial coatings 

Contact Times: 0, 2, 6, and 24 hours 

 

MATERIALS AND METHODS 

1. The experiment was conducted on 2”×2” stainless steel coupons with or without 
antimicrobial coatings. The coupons were inoculated with 0.1 ml of virus stock solution 
containing approximately 2.0×106 TCID50/ml of human coronavirus strain 229E 
(ATCC#VR-740). The inoculum was spread over the entire surface of the coupon using a 
sterile pipet tip. Duplicate coupons were included for each exposure contact time for both 
the test samples (stainless steel with antimicrobial coatings) and the control samples (plain 
stainless steel type 304). 

2. The inoculated coupons were placed in sealed Tupperware chambers with moist paper 
towels and incubated at room temperature (21.4°C) to prevent drying which would lead to 
a large reduction in viral numbers. 

3. Duplicate samples from the control coupons were collected immediately upon inoculation 
to determine the baseline viral concentration recovered at t = 0 hours. The coupons were 
sampled by thorough rinsing with 1 ml of a neutralizing broth (0.001% sodium 
thioglycollate; 0.00146% sodium thiosulfate) in a sterile petri dish. The rinse solution was 
collected and placed into separate sterile 1.5 ml Eppendorf tubes. Following this, the 
samples were passed through separate syringe filters (0.45 m pore size; pre-wetted with 
3% beef extract to prevent virus adsorption to the filters) to remove any contaminants such 
as bacteria or fungi. This step was necessary since the experiment was not conducted in a 
sterile environment. 

4. All other control and test samples were held at room temperature for the remainder of the 
experiment (21.4°C at a relative humidity of ~95%). At t = 2, 6, and 24 hours, duplicate 
samples of the remaining control and test coupons were sampled and treated in the manner 
described previously.  

5. Virus concentrations for each neutralized sample were quantified using the Reed-Muench 
method (Payment and Trudel 1993) to determine the tissue culture infectious dose that 
affected 50% of the wells (TCID50). The samples were 10-fold serially diluted in minimal 
essential medium (MEM). The assay was performed in 96-well cell culture plates 
containing monolayers of MRC-5 cells (fetal human lung fibroblast; ATCC#CCL-171). 
Prior to the assay, the MRC-5 cells were gently rinsed twice with MEM. The 96-well plates 
were then inoculated with the diluted samples (6 wells inoculated with 50 microliters each 
per dilution) and the plates were incubated in an atmosphere of 5% CO2 for 1 hour at 35°C 
to allow the virus particles to adsorb to the cells. 
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Note: Each 96-well plate also included at least 6 negative control wells containing 
cells only (no antimicrobials or virus) with 50 microliters of MEM added. 

6. Following this incubation period, 150 microliters of MEM containing 2% fetal bovine 
serum was added to each of the 96 wells and the plates were incubated in an atmosphere 
of 5% CO2 for 6 days at 35°C. 

7. The cells were observed daily for viral cytopathic effects (CPE) using an inverted 
microscope. The inoculated cells were compared to the negative control cells in the same 
96-well plate to differentiate CPE from un-inoculated cells. Any CPE that was observed 
within 24 hours of incubation was considered to be caused by cytotoxicity (caused by 
sensitivity of the cells to the neutralizing buffer or the antimicrobial) since CPE caused by 
coronavirus typically requires 3 days. Wells positive for CPE following 3 days were 
considered positive for viral growth. 

Note: No CPE was observed in any of the negative control wells. 
8. After the incubation period, the TCID50/coupon was determined. Six wells per dilution 

were used to ensure adequate precision of the assay. The greatest dilution in which 50% or 
higher of the wells were positive was used to determine the virus TCID50/coupon following 
the method described by Payment and Trudel (1993). 

9. The data were reported as the logarithmic reduction using the formula -log10 (Nt/N0), where 
N0 is the concentration of the recovered coronavirus at time = 0 hours and Nt is the 
concentration of the surviving coronavirus in the sample collected at time = t (i.e., 2, 6, or 
24 hours).  

10. A Student’s t-test was used to statistically compare the reductions observed with the test 
coated coupons with the reductions observed with the control stainless steel coupons. The 
reductions were considered to be statistically significant if the resultant P value was ≤ 0.05. 
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RESULTS 
 

Table 1. Antimicrobial efficacy of test stainless steel samples coated with antimicrobials (silver-
zinc or silver-copper zeolite coatings) with a contact time of 2, 6, or 24 hours against human 
coronavirus strain 229E (ATCC#VR-740). Experiment was conducted with duplicate samples at 
21.4°C at a relative humidity of ~95%. 

 
 
* Initial concentration of human coronavirus 229E at t = 0 hours was 2.34×106 TCID50/coupon. This value was 

used to calculate the log10 reductions for the subsequent samples collected. 
SD Standard deviation. 
> The number of virus particles recovered was below the detection limit of the assay (equivalent to a 3.40 log10 

reduction). Toxicity was observed in the cell culture assay in the wells with the lowest dilution of the samples 
exposed to the silver-copper zeolite coatings. This increased the detection limit of the assay from 7.96×101 
TCID50/ml to 7.96×102 TCID50/ml. No cytotoxicity was observed in the samples exposed to the coupons with 
the silver-zinc coatings or the control stainless steel coupons. 

† Reduction was statistically significant (P ≤ 0.05) in comparison to the reductions observed on the control 
stainless steel coupons at the same exposure contact time. 

2 hours 6 hours 24 hours

Sample 1 0.25 0.25 0.60

Sample 2 0.40 0.40 0.75

Average (± SD) 0.33 ± 0.11 0.33 ± 0.11 0.67 ± 0.11

Sample 1 0.50 1.40 3.00

Sample 2 1.25 1.00 2.00

Average (± SD) 0.87 ± 0.53 1.20 ± 0.28 2.50 ± 0.71

Sample 1 1.50 > 3.40 > 3.40

Sample 2 1.50 > 3.40 > 3.40

Average (± SD) †1.50 ± 0.00 †> 3.40 ± 0.00 †> 3.40 ± 0.00

Log10 removal*

Silver-Copper 
Zeolite 

Coating

Stainless Steel Sample

Uncoated 
Control

Silver-Zinc 
Zeolite 

Coating
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DISCUSSION 

Cytotoxicity was observed in the cell culture assay in the wells inoculated with the lowest dilution 
(i.e., 1×10-1, the highest concentration) of the neutralized filtered samples collected from the 
stainless steel coupons with the silver-copper antimicrobial coating. In future studies, efforts could 
be made to reduce the level of cytotoxicity and thus lower the detection limit of the assay in order 
to observe a greater reduction. For instance, the samples could be passed through a Sephadex 
column to reduce the amount of cytotoxicity in the assay. Despite this issue, the coupons with the 
silver-copper coating resulted in statistically significant reductions after 2 hours (P = 0.004), 6 
hours (P = 0.002), and 24 hours (P = 0.0008) in comparison to the control stainless steel coupons. 
 
The stainless steel coupons with the silver-zinc antimicrobial coatings were also successful at 
reducing the numbers of viable human coronavirus 229E particles with average reductions of 0.87, 
1.20, and 2.40 log10 observed after 2, 6, and 24 hours, respectively. However, these reductions 
were not statistically significant in comparison to those observed for the control coupons (P = 0.29 
at 2 hours, P = 0.055 at 6 hours, and P = 0.069 at 24 hours). This was likely due to the variability 
observed between the duplicate samples. Adding an additional triplicate sample in future studies 
could potentially result in statistical significance since the observed reductions were nearly 
significant with the latter two contact times. No cytotoxicity was observed for the samples 
collected from the coupons with the silver-zinc coating or from the control stainless steel coupons; 
therefore, the neutralizer itself did not cause any cytotoxicity. 
 
 
 


