
1 
 

Anti-coronavirus effects of QAC-coated metal coupon 
 

Jianrong Li 

 

Department of Veterinary Biosciences 

College of Veterinary Medicine  

The Ohio State University 

 

 

Introduction 

 

In December of 2019, a novel coronavirus disease (known as COVID-19) emerged in Wuhan, China. 

The causative agent is named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 

Symptoms of SARS-CoV-2 infection include high fever, cough, pneumonia, and other respiratory 

illnesses. On March 11 of 2020, WHO declared that COVID-19 is a pandemic. As of August 5, 2020, 

the COVID-19 viral disease has swept into over 200 countries, caused 18,855,215 illnesses, and killed 

more than 707,498 people. Development of novel mitigation strategies to effectively inactivate 

SARS-CoV-2 is urgently needed. 

 

The family Coronaviridae includes many important human and animal pathogens, which can be 

classified into Coronavirinae and Torovirinae subfamily. The Coronavirinae subfamily can be 

further subdivided into four genera, Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and 

Deltacoronavirus. The genus Alphacoronavirus includes several economically important pig CoVs 

such as human coronavirus NL63 (HCoV-NL63), porcine epidemic diarrhea virus (PEDV), 

transmissible gastroenteritis virus (TGEV), and swine enteric alphacoronavirus (SeACoV). The genus 
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Betacoronavirus includes many important human pathogens such as SARS-CoV, Middle East 

respiratory syndrome coronavirus (MERS-CoV), and the 2019 newly emerged SARS-CoV-2. 

Example of Gammacoronavirus includes avian infectious bronchitis virus (IBV).  The genus 

Deltacoronavirus includes porcine deltacoronavirus (PDCoV) and avian deltacoronavirus. Currently, 

the susceptibility of coronaviruses to sanitizers is poorly understood.  

 

The objective of current study is to use human coronavirus NL63 (HCoV-NL63), porcine epidemic 

diarrhea virus (PEDV), and porcine deltacoronavirus (PDCoV) as models to test the antiviral effects 

of the QAC-silane antimicrobial coating. Human coronavirus NL63 (HCoV-NL63) was identified in 

late 2004 in a seven-month-old child with bronchiolitis in the Netherlands. Although HCoV-NL63 

causes less severe pneumonia than the newly emerging SARS-CoV-2, both HCoV-NL63 and SARS-

CoV-2 use ACE2 as cellular receptor for entering host cells. Therefore, HCoV-NL63 is a good 

surrogate to study survival and biology of SARS-CoV-2. In addition, the study compared the 

susceptibility of PEDV (an, Alphacoronavirus) and PDCoV (a Deltacoronavirus) to QAC treatment.   

 
 

Methods 
 
Cell culture. Vero CCL81,  swine testicular (ST), LLC-MK2 cells cell lines were purchased from the 

American Type Culture Collection (Manassas, VA) and were grown in Dulbecco’s modified Eagle’s 

medium (DMEM; Life Technologies) supplemented with 10% FBS. All cell lines used in this study 

were free of mycoplasma, as confirmed by the LookOut Mycoplasma PCR Detection Kit (Sigma). 

 

Virus stocks. Porcine epidemic diarrhea virus (PEDV) Ohio strain was grown in Vero CCL-81 cells. 

At 48 h post-infection, cell culture supernatant will be harvested, and virus titer was determined by 
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plaque assay in Vero CCL-81 cells. Porcine deltacoronavirus (PDCoV) Michigan strain was grown 

in swine testicular (ST) cells. At 72 h postinfection, cell culture supernatants were harvested, and 

virus titer was determined by plaque assay in ST cells. Human coronavirus NL 63 (HCoV-NL63) was 

grown in LLC-MK2 cells and virus titer was determined by plaque assay in LLC-MK2 cells.  

 

QAC-coated metal coupons. The QAC was coated on the surface of metal coupons by MicroShield 

360. The QAC-coated metal coupons and uncoated control metal coupons were shipped from 

MicroShield 360 to The Ohio State University and stored at room temperature.  

 

Anti-coronavirus testing.  A 0.1 ml aliquot of HCoV-NL63, PEDV, and PDCoV virus stocks (titer 

107~108 plaque forming unit (PFU)/ml) was inoculated onto the test material surfaces. Each sheet 

was covered with a piece of sterile film measuring 20 mm × 20 mm and gently press down so that the 

microbial inoculum spreads to the edges of the sample. The sterile metal coupons (with or without 

QAC coating) were divided into two groups. One group were placed in a humidity chamber at >90% 

RH and 23oC and the second group at the same RH but at 4oC for 24, 48, and 72 h. Uncoated sterile 

metal coupon were used as side-by-side control. The survivors were collected by cotton swabs and 

transferred to test-tubes containing neutralizing solutions  (0.07% lecithin, 0.5% Tween 80, 0.5% 

NaCl, and 0.1% sodium thiosulfate) (Sigma-Aldrich). The survived HCoV-NL63, PEDV, and 

PDCoV were determined by plaque assay or TCID50 assay. Log virus reduction were calculated by 

comparing to virus survival in control metals. If a significant virus reduction is observed at 24h, 

incubation time of virus suspesion-QAC plates reduces to 10 min, 4, and 8 h. The dynamics of virus 

inactivation was obtained.  

 

PEDV plaque assay. Confluent Vero CC81 cells in 6-well plates were infected with serial dilutions 

of PEDV in DMEM containing tryptose phosphate broth (0.3% v/v) and trypsin (5 μg/ml). After 
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absorption for 1 h at 37 °C, cells were washed three times with DMEM and overlaid with 2 ml of 

DMEM containing low-melting agarose (1% w/v), tryptose phosphate broth (0.3% v/v) and trypsin 

(5 μg/ml). After incubation at 37°C for 4 days, cells were fixed with 4% paraformaldehyde for 2 h. 

The overlays were removed, and the plaques were visualized after staining by crystal violet.  

 

PDCoV plaque assay. Confluent ST cells in 6-well plates were infected with serial dilutions of 

PDCoV in DMEM containing TPCK-trypsin (0.2 μg/ml). After absorption for 1 h at 37 °C, cells were 

washed three times with DMEM and overlaid with 2 ml of DMEM containing low-melting agarose 

(1% w/v) and TPCK-trypsin (0.2 μg/ml). After incubation at 37°C for 4 days, cells were fixed with 

4% paraformaldehyde for 2 h. The overlays were removed, and the plaques were visualized after 

staining by crystal violet.  

 

HCoV-NL63 plaque assay. Confluent LLC-MK2 cells in 6-well plates were infected with serial 

dilutions of HCoV-NL63 in DMEM. After absorption for 1 h at 37 °C, cells were washed three times 

with DMEM and overlaid with 2 ml of DMEM containing low-melting agarose (1% w/v). After 

incubation at 37°C for 5 days, cells were fixed with 4% paraformaldehyde for 2 h. The overlays were 

removed, and the plaques were visualized after staining by crystal violet.  

 

HCoV-NL63 TCID50 assay. Confluent LLC-MK2 cells in 96-well plates were infected with serial 

dilutions of HCoV-NL63 in DMEM. After absorption for 1 h at 37 °C, fresh DMEM with 2% FBS 

was added to each well. After 5 day incubation, the cytopathic effects (CPE) were monitored for each 

well. The TCID50 titer was calculated by Reed-Muench method.  
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 Statistical analyses. All experiments were three independent replicates. All data were analyzed with 

GraphPad Prism v.8. The error bars represent standard deviation in all figures and P values were 

determined using two-tailed Student’s t tests (*P < 0.05, **P < 0.01, ***P < 0.001, ***P < 0.0001). 

 

Results 

 

1. Anti-HCoV-NL63 effects of QAC-coated plates. HCoV-NL63 is a good surrogate for SARS-

CoV-2 because both of them cause respiratory diseases in humans and utilize the same cellular 

receptor for entering human cells. To test whether QAC has antiviral activity against HCoV-NL63, 

QAC was coated onto the surface of sterile metal coupon and dried. A 0.1 ml aliquot of HCoV-NL63 

(titer 107 PFU/ml) was inoculated onto surface of metal coupons. The inoculated surface was covered 

with a piece of sterile film measuring 20 mm × 20 mm. The metal coupons were placed in a humidity 

chamber at >90% RH and 23oC or 4oC for 24, 48, and 72 h. The virus was inoculated onto the surface 

of the uncoated metal coupons which were used as side-by-side controls. After incubation, the 

survived virus was collected by cotton swabs and transferred to test-tubes containing neutralizing 

solutions. The survived virus was quantified by plaque assay or TCID50.  

 

As shown in Fig.1A, the initial viral titer on the surface of QAC-treated and untreated metal coupons 

was similar at 23 oC. Interesting, HCoV-NL63 was completely inactivated (>6 log virus reductions) 

on the QAC-coated metal coupons after 24 h incubation at 23 oC. Similar results were observed at 48 

and 72 h incubation at 23 oC. In contrast, there was no significant virus reduction was observed in 

untreated metal coupons after 24 h incubation (P>0.05). In addition, only 1 log virus reduction was 

observed in untreated metal coupons after 48 and 72 h incubation. These results demonstrate that (i) 

HCoV-NL63 is highly stable on the surface of untreated metal coupon; (ii) QAC has a strong antiviral 
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activity against HCoV-NL63; and (iii) HCoV-NL63 is completely inactivated after 24 h incubation 

at 23 oC.  

 

Since HCoV-NL63 is completely inactivated at 23 oC for 24 h, we next determined whether a shorter 

incubation period can inactivate HCoV-NL63 (Fig.1B). Experimental conditions was similar to those 

described in Fig. 1A with the exception of incubation time was reduced to 10 min, 4h and 8h. In this 

case, viral survivors were determined by TCID50 assay. For untreated metal coupon, no significant 

virus reduction was observed at all three time points (P>0.05) (Fig.1B). For QAC-treated samples, 

no significant virus titer reduction was reduced after 10 min incubation (P>0.05). However, more 

than 2 log virus reduction was observed after 4 and 8 h incubation for QAC-treated metal coupons 

(Fig.1B). Therefore, these experiments shows that QAC has a significant antiviral activity against 

HCoV-NL63 even after a short incubation time at 23 oC.   

 

The survival of HCoV-NL63 on the QAC-treated or untreated metal coupons at 4 oC was shown in 

Fig.1C. No significant virus reduction was observed on untreated metal coupon at 4 oC even after 72 

h incubation (P>0.05). There was approximately 1-1.5 log virus reduction on QAC-treated metal 

coupon although the viral titer in QAC-treated metal coupon group was not significantly different 

from the untreated group (P>0.05) at all three time points. Therefore, we conclude that (i) HCoV-

NL63 is much more stable at 4oC than at 23 oC; and (ii) the antiviral activity of QAC was reduced at 

4oC compared to that at 23 oC.   
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Figure 1: Anti-HCoV-NL63 activity of QAC on the surface of metal coupons 

(A) 23oC incubation for 24, 48, and 72h; (B) 23oC incubation for 10 min, 4h, and 8h;  (C) 4oC 

incubation for 24, 48, and 72h.  

 

Conclusion: QAC has strong antiviral effects against HCoV-NL63.  Specifically, HCoV-NL63 is 

completely inactivated (>6 log virus reduction) after incubation with QAC for 24 h at 23 oC. More 

than 2 log virus reduction is achieved after incubation with QAC for 4 h at 23 oC. However, the 

antiviral activity of QAC at 4 oC is reduced. Only 1-1.5 log virus reduction is achieved after incubation 

with QAC-coated metal coupon at 4oC for 24-72h.  

 

2. Anti-PEDV effects of QAC-coated plates. The antiviral activity of QAC on PEDV, a porcine 

coronavirus, was tested using the protocol described above. All viral survivors were determined by 

plaque assay. After treatment for 24, 48, and 72h at 23oC, infectious PEDV was undetectable for both 

QAC-coated or uncoated metal coupons (Fig.2A), suggesting that PEDV was not stable at 23oC 

environment. Subsequently, we determined the antiviral activity of QAC with a shorter incubation 

time: 10 min, 4 h, and 8h. After treatment for 4 and 8 h at 23oC, infectious PEDV was undetectable 

for both QAC-coated or uncoated metal coupons (Fig.2B), against suggesting that PEDV was not 

stable at 23 oC environment even after 4 h incubation time. However, after 10 min incubation, 
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approximately 1 log virus reduction was achieved for both  QAC-coated or uncoated metal coupons. 

There was no difference between QAC-coated or uncoated metal coupons (P>0.05). Therefore, this 

experiment concluded that PEDV is unstable at 23 oC environment.  

 

Next, we tested the antiviral activity of QAC on PEDV at 4 oC (Fig.2C). Obviously, PEDV is much 

more stable at 4oC compared to 23 oC. Incubation of PEDV with untreated metal coupons only had 1 

log virus reduction (Fig.1C) at 4 oC whereas it had 8 log reductions at 23 oC. Importantly, a 4.5 log 

virus reduction was achieved after incubation PEDV with QAC-treated metal coupons for 4oC. After 

48 h incubation, PEDV on the untreated metal coupons had 1.5 log virus reduction. In contrast, a 4.5 

log virus reduction was achieved after incubation PEDV with QAC-treated plate for 4oC.  After 72 h 

incubation, PEDV on the untreated metal coupons had approximately 2.5 log virus reduction. In 

contrast, PEDV was completed inactivated (>7.0 log virus reduction) after incubation PEDV with 

QAC-treated metal coupons at 4oC for 72h. This result demonstrates that QAC has a strong antiviral 

activity against PEDV at this condition. 

 

Figure 2: Anti-PEDV activity of QAC on the surface of metal coupons 

(A) 23oC incubation for 24, 48, and 72h; (B) 23oC incubation for 10 min, 4h, and 8h;  (C) 4oC 

incubation for 24, 48, and 72h.  
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Conclusion: The anti-PEDV activity of QAC at 23oC environment cannot be tested because PEDV 

is unstable at this condition.  However, QAC has strong antiviral effects against PEDV at 4oC.  A 4.5-

7 log virus reduction is achieved after incubation PEDV with QAC-treated metal coupons for 24-72h 

at 4oC.  

 

3. Anti-PDCoV effects of QAC-coated plates. Similarly, the antiviral activity of QAC on PDCoV 

was tested (Fig.3A). All viral survivors were determined by plaque assay. At 23 oC, approximately 

1.5 log virus reduction was achieved for virus samples from the untreated metal coupons after 24 h 

incubation. However, approximately 3 log virus reduction was obtained for virus samples from the 

QAC untreated metal coupons after 24 h incubation. After 48-72 h incubation, approximately 3 log 

virus reduction was achieved for virus samples from the untreated metal coupons. However, PDCoV 

was completely inactivated (>8 log virus reduction) on the surface of QAC-coated metal coupons. 

Therefore, these results demonstrated that QAC has a strong antiviral activity against PDCoV at 23 

oC.  

 

Similarly, we tested the anti-PDCoV activity of QAC at 4oC (Fig.3B).  For untreated samples, 

approximately 2 log virus reduction was achieved after incubation for 24-72h. However, 2.5-3.0 log 

virus reduction was observed when PDCoV was inoculated on the surface of QAC-treated metal 

coupons. Therefore, QAC has a moderate antiviral activity against PDCoV at 4oC.  
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Figure 3: Anti-PDCoV activity of QAC on surface of metal coupons 

(A) 23oC incubation for 24, 48, and 72h; (B) 4oC incubation for 24, 48, and 72h. 

 

Conclusion: QAC has strong antiviral effects against PDCoV at 23oC.  Approximately 3 log virus 

reduction is achieved on QAC-treated metal coupons after 24 h incubation at 23oC. More than 7 log 

virus reduction is achieved after incubation PDCoV with QAC-treated metal coupons for 48-72h at 

23oC.  QAC has a moderate antiviral activity against PDCoV at 4oC. A 2.5-3.0 log virus reduction is 

observed after 24-72h incubation.  
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