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Abstract: Prevention practices have been extensively used to contain the spread of the SARS-CoV-
2 virus. These include social distancing, wearing masks, disinfection of hands, and sanitization of 
contact surfaces. However, the excessive usage of chemical disinfectants pose long term adverse 
effects to human health and the environment. Development of effective and environmentally 
friendly biocides, or virucidal agents, will help mitigate the ill effects of chemical disinfectants. En-
zymes are potential candidates for the preparation of biocides against bacteria and viruses. Explo-
ration of the virucidal activity of commercial enzymes, will highlight prospective, readily available 
sources for research on enzyme based biocides. In this study, the virucidal effect of some commercial 
enzyme preparations has been investigated against the SARS-CoV-2 virus. Vida Defense (2000 
µg/ml), Excellacor (1500 µg/ml), and SEBkinase (3000 µg/ml) reduced SARS-CoV-2 viral titers by ≥1 
log CCID50 (≥90%). ImmunoSEB (6000µg/ml) and Peptizyme SP (500µg/ml) reduced the SARS-
CoV-2 viral titers by 0.8 log CCID50 (84.2%). The study indicates that enzyme preparations offer the 
potential to be explored further for an anti-viral biocide against SARS-CoV-2 for reducing the risk 
of COVID-19 transmission. However, further studies are mandated to improve efficacy and estab-
lish safety. 
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1. Introduction 

Coronaviruses have been a causative agent for serious and wide spread diseases, 
with the latest SARS-CoV-2 virus, causing a global pandemic. Coronaviruses are a large 
family of single-stranded RNA viruses (+ssRNA) that can be isolated in different animal 
species [1].  These viruses can cross species barriers and can cause illness ranging from 
the common cold to more severe diseases such as MERS and SARS, in humans [1]. At the 
moment, therapeutic interventions include management of symptoms. Prevention is the 
major strategy being practiced worldwide, due to absence of any licensed medicine for its 
cure. The SARS-CoV-2 is susceptible to ultraviolet rays and heat and can be effectively 
inactivated by lipid solvents including ether (75%), ethanol, chlorine-containing disinfect-
ant, peroxyacetic acid, and chloroform [2]. However, people have misused or excessively 
used disinfectants due to panic associated with COVID-2019. Many of these disinfectants 
have long-term adverse effects and may negatively impact human health and environ-
ment in the future [3]. ‘Greener’, enzyme based alternatives to chemical disinfectants have 
shown positive results [4]. Enzymes have been demonstrated to aid biofilm disruption 
caused by microorganisms in the food industry [5]. Several enzymes have demonstrated 
antimicrobial efficacy, and their safety and efficacy is recognized. There are also a few 
reports on the anti-viral effect of enzymes. Yamaguchi et al. [6] have explored the virucidal 
effects of glucose oxidase and peroxidase on HIV-type 1. Amtmann et al. [7] have demon-
strated the virucidal effects of protease against koi herpesvirus and viral haemorrhagic 
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septicaemia virus. Gudmundsdottir et al. [8], have reported a medical device mouth spray 
containing cod trypsin, a proteolytic enzyme, against the common cold. This enzyme 
preparation also inactivated the respiratory coronaviruses SARS-CoV-2 and HCoV-229E 
in vitro. Bacterial lipases from a Chromobacterium bacterium, named Chromobacterium an-
tiviral effector-1 (CbAE-1) and CbAE-2, displayed a broad-spectrum invitro virucidal ac-
tivity against dengue virus (DENV), Zika virus (ZIKV), severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), human immunodeficiency virus (HIV) and herpes simplex 
virus (HSV)[9]. In this paper we report the in vitro virucidal activity of commercially avail-
able enzyme preparations for SARS-CoV-2.  

2. Materials and Methods 

2.1. Enzyme preparations 

Enzyme preparations were donated by Specialty Enzymes and Probiotics, Chino, 
CA. The enzymes included- a. Vida Defense-containing SEBPro VII Blend-(a blend of mi-
crobial and plant proteases), lysozyme, amylase, chitosanase, catalase and lipase enzymes. 
b. Excellacor- containing enteric coated serratiopeptidase, papain, bromelain, amylase, 
and lipase enzymes c. SEBkinase-containing enteric coated serratiopeptidase and nattoki-
nase. d. Serratiopeptidase containing Peptizyme SP™ which is an enteric coated serrati-
opeptidase preparation and e. ImmunoSEB containing enzymes lysozyme, catalase, lac-
toperoxidase, Peptizyme SPTM (serratiopeptidase), bromelain, and lactoferrin. 

2.2. Laboratory  

Testing was carried out by an independent testing laboratory at The Institute for An-
tiviral Research (IAR), Utah State University 

2.3. Cells and virus strains  

SARS-CoV-2 (Isolate USA-WA1/2020), Source: World Reference Center for Emerging Vi-
ruses and Arboviruses, The University of Texas Medical Branch. Virus stocks were pre-
pared by growing virus in Vero 76 cells (ATCC® CRL-1587™). Test media used was MEM 
supplemented with 2% FBS and 50 µg/mL gentamicin.  

The host cells used for the virucidal assay and culture media used was Vero E6 
(ATCC® CRL-1586™) in test media of minimum essential medium (MEM) supplemented 
with 2% fetal bovine serum (FBS) and 50 µg/ml gentamicin.  

Viral deactivation test  

Samples were reconstituted in distilled water to prepare test concentrations as given be-
low. ImmunoSEB was tested at 600 and 6000 µg/ml, SEBkinase was tested at 300 and 3000 
µg/ml, Vida Defense was tested at 50 and 500 µg/ml, Excellacor was tested at 150 and 1500 
µg/ml, Serratiopeptidase was tested at 50 and 500 µg/ml. SARS-CoV-2 virus stock was 
added to triplicate tubes of each prepared concentration so that there was 50% virus solu-
tion by volume and 50% prepared sample. Media only was added to one tube of each 
prepared concentration to serve as toxicity controls. Ethanol was tested in parallel as a 
positive control and distilled water only to serve as the virus control. Compound and vi-
rus were incubated at 37°C for a 30 minute contact period. Following the contact period, 
the solutions were neutralized by a 1/10 dilution in test media. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 December 2020                   doi:10.20944/preprints202012.0543.v1

https://doi.org/10.20944/preprints202012.0543.v1


 3 of 6 
 

 

 

2.4. Virus quantification  

Surviving virus was quantified by standard end-point dilution assay. Neutralized sam-
ples were combined for quantification for the average of triplicate tests. Samples were 
serially diluted using eight 10-fold dilutions in test medium. Each dilution was added to 
4 wells of a 96-well plate with 80-100% confluent Vero E6 cells. The toxicity controls were 
added to an additional 4 wells and 2 of these wells were infected with virus to serve as 
neutralization controls, ensuring that residual sample in the titer assay plated did not in-
hibit growth and detection of surviving virus. Plates were incubated at 37 ± 2°C with 5% 
CO2. On day 6 post-infection plates were scored for presence or absence of viral cyto-
pathic effect (CPE). The Reed-Muench method [10] was used to determine end-point titers 
(50% cell culture infectious dose, CCID50) of the samples, and the log reduction value 
(LRV) of the compound compared to the negative (water) control was calculated. The per-
cent inactivation was calculated using the formula (1 (1/10LRV) X100 % where LRV is the 
log reduction value. 

2.5. Controls  

Virus controls were tested in water and the reduction of virus in test wells compared to 
virus controls was calculated as the log reduction value (LRV). Toxicity controls were 
tested with media not containing virus to see if the samples were toxic to cells. Neutrali-
zation controls were tested to ensure that virus inactivation did not continue after the 
specified contact time, and that residual sample in the titer assay plates did not inhibit 
growth and detection of surviving virus. This was done by adding toxicity samples to titer 
test plates then spiking each well with a low amount of virus that would produce an ob-
servable amount of CPE during the incubation period. 

3. Results 
Virus titers and log reduction values (LRV) against SARS-CoV-2 are shown in Table 

1. The average virus control titer was 5.3 log CCID50 per 0.1 ml and this was used for 
comparison of all test sample titers to determine LRV. The limit of detection of virus for 
samples that did not exhibit cytotoxicity when plated for endpoint dilution assay was 0.7 
log CCID50 per 0.1 ml.  Vida Defense (2000 µg/ml), Excellacor (1500 µg/ml), and SEB-
kinase (3000 µg/ml) reduced SARS-CoV-2 by ≥1 log CCID50 (≥90%). ImmunoSEB 
(6000µg/ml) and Serratiopeptidase (500µg/ml) reduced the viral titer of SARS-CoV-2 
by≥0.8 log CCID50 (≥84.2%). Vida Defense particularly was able to reduce the SARS-CoV-
2 by 1.3 log CCID50 (95%), within the contact time of 30 minutes. Full cytotoxicity (>80%) 
was not observed with any of the tested samples. Neutralization controls demonstrated 
that residual sample did not inhibit virus growth and detection in the endpoint titer assays 
in wells that did not have cytotoxicity. For the reference product control, 95% ethanol was 
used as a test substance which showed a log reduction of ≥4.6 for SARS-CoV-2 (Table 1). 
All the controls met the criteria for a valid test.  

 
Table 1. Virucidal efficacy of enzyme preparations against SARS-CoV-2 after incubation 
with virus 
Sample Concentra-

tion 
(µg/ml) 

Virus 
Titera 

VC 
Titera 

LRVb Percent 
inactivation 

Serratiopeptidase 500 4.5 5.3 0.8 84.2 

Serratiopeptidase 50 5.5 5.3 0 0.0 
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Vida Defense 2000 4 5.3 1.3 95.0 
Vida Defense 200 4.5 5.3 0.8 84.2 

Excellacor 1500 4.3 5.3 1 90.0 

Excellacor 150 4.7 5.3 0.6 74.9 
SEBKinase 3000 4.3 5.3 1 90.0 

SEBKinase 300 4.5 5.3 0.8 84.2 
ImmunoSEB 6000 4.5 5.3 0.8 84.2 

ImmunoSEB 600 4.7 5.3 0.6 74.9 

Ethanol 95% <0.7 5.3 >4.6 >99.99 
a virus titer of test sample or virus control (VC) in Log10CCID50 of virus per 0.1 ml 
b LRV (log reduction value) is the reduction of virus in test sample compared to virus 
control 

4. Discussion 
The study described in this paper is one of the few to investigate the virucidal effect 

of enzymes on SARS-CoV-2. Based on the results presented in this study, Vida Defense, 
Excellacor and SEBkinase inactivated SARS-CoV-2 by≥90% within a contact time of 30 
minutes. No cytotoxicity was observed for the concentrations of enzymes tested. Im-
munoSEB and Serratiopeptidase inactivated SARS-CoV-2 by≥84.2%. The viral titer reduc-
tions are indicative of virucidal activity of the enzymes. Serratiopeptidase is a single en-
zyme protease preparation. Serratiopeptidase has been previously shown to be effective 
for biofilm reduction [11]. The rest of the enzyme preparations are multi-enzyme prepa-
rations. Serratiopeptidase at a dosage of 500 µg/ml gave a percent inactivation of 84.2%, 
whereas Vida Defense gave the same percent inactivation at a dosage of 200µg/ml. This 
indicates better viral inactivation by multi-enzyme preparation of Vida Defense compared 
to single enzyme Serratiopeptidase, which also shows promising results. SEBkinase con-
tains nattokinase in addition to serratiopeptidase. SEBkinase gave a percent inactivation 
of 84.2% at a dosage of 300 µg/ml, showing a better viral inactivation by combination of 
nattokinase and serratiopeptidase than serratiopeptidase alone. A higher dosage of 
3000µg/ml of SEBkinase gave a greater inactivation of 90%. ImmunoSEB has demon-
strated a maximum percent inactivation of 84.2 % at dosage of 6000µg/ml. This is indica-
tive of its virucidal properties. ImmunoSEB has shown antibacterial activity and antifun-
gal activity in previous in-vitro studies [12, 13]. 

These results demonstrate that enzymes can be effective as virucidal agents, opening 
a possibility of the application of the tested enzymes for the inactivation of SARS-CoV-2. 
However, the formulation of the preparations tested need to be further optimized to be 
increase the percent inactivation to higher than 99.99%. Coronaviruses are enveloped, 
positive-stranded RNA viruses. Various proteins and glycoproteins form structural ele-
ments in envelop and nucleocapsid [14]. Coronaviruses are surrounded by a fatty layer, 
called a “lipid envelope,” into which the spike glycoprotein receptors are embedded. A 
well-documented virucidal strategy includes the interfering with the lipid envelop is 
against many coronaviruses. The impact of many agents using this strategy has been high-
lighted by O'Donnell et al. [15]. These include soap and 60%–70% alcohol-based gels [15].  
The enzyme preparations used for this study contain proteases and lipases as major com-
ponents, in addition to other enzymes. Proteases and lipases from other sources have 
demonstrated virucidal effects in previous studies [6, 7, 8, 9 ]. The mechanism of inactiva-
tion of the virus under study could be mediated by the catalytic action of the enzymes on 
the virion structure or the disruption of the receptors used for gaining entry into the host 
cell.   
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The results of this study opens up possibilities in the usage of commercial enzymes 
for making sustainable and environmentally friendly biocides. Enzymes, especially con-
taining lipases and proteases can be included in products meant for disinfecting surfaces, 
in oral rinses or oral spray products. Synergistic combinations of enzymes with chemical 
disinfectants enabling high efficacy, better safety for humans and better compatibility 
with the environment can also be sought. There is an urgent need for further exploring 
enzymes in virucidal applications with this perspective. 
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