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The biocide formulation SQ53 for testing were supplied by Robert 
Scoones, JVS Products Ltd, Hampshire. 
 
INTRODUCTION 
This study aims to determine the effect of the biocide formulation 
“SQ53” on the viability of bacterial strains and SARS-CoV-2. 
 
MATERIALS AND METHODS  
Bacterial Strains. Bacterial strains were supplied by NCTC (PHE, UK). The Gram-
positive multidrug resistant Staphylococcus aureus (MRSA) (NCTC 13143); the 
Gram-negative multidrug resistant Klebsiella pneumoniae (NDM-1) (NCTC 13443) 
and the Gram-negative Escherichia coli O157:H7 (NCTC 12900) were grown as 
overnight cultures in Mueller Hinton Broth (MHB).  
 
Viral strains and cell lines. Human coronavirus SARS-CoV-2 and a kidney cell 
line, VERO-E6, were supplied by Public Health England (PHE), UK. Cells were 
maintained in minimal essential medium (MEM) supplemented with GlutaMax-1, 
nonessential amino acids, and 5% foetal calf serum and incubated at 37°C and 5% 
CO2. Cells were passaged twice a week using trypsin (0.25%)-EDTA and were not 
used beyond passage 30 (P30) (which occurred before the onset of senescence, but 
susceptibility to infection diminished greatly from P30). Viral stocks were prepared 
by infecting cells at multiplicity of infection of 0.01 for 4 to 7 days until a significant 
cytopathic effect (CPE) was observed. Infected cell supernatant was stored at -80°C. 
 
Preparation of sample surfaces. Stainless steel coupons (10 by 10 by 0.5 mm) 
were degreased in acetone, stored in absolute ethanol, and flamed prior to use.  
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Minimum Inhibitory Concentration (MIC) Assay for bacteria exposed to 
SQ53. SQ53 was serially diluted two-fold in MHB to create a concentration range 
from 0.1% (v/v) to 9.8x10-5% (v/v) in individual wells of a 96-well plate.5x105 colony 
forming units (CFUs) of bacteria from overnight cultures were added to each well, 
which were then incubated for 24 hours at 37°C. Tests were conducted in triplicate. 
Wells containing MHB with no SQ53 were used as positive controls. Wells containing 
only MHB were used as contamination controls. After incubation the turbidity of the 
wells were examined by eye. For each dilution series the well that contained the 
lowest concentration of SQ53 while still demonstrating no turbidity was identified as 
the MIC for that test condition.   
 
Infectivity assay for SARS-CoV-2 exposed to surfaces. Virus was applied to a 
surface and allowed to dry for 1 hour before application of biocide i.e. will cleaning a 
coronavirus contaminated surface with SQ53 inactivate the virus?  
Infected cell supernatant preparations of SARS-CoV-2 were spread over coupons of 
the test surface and incubated at room temperature. The virus was removed from the 
coupons after various time points up to 60 mins using infection medium and assayed 
for infectious virus by a plaque assay. Dilutions were prepared in infection medium, 
and 400 µl aliquots were plated onto confluent monolayers of VERO-E6 cells that 
had been prepared 24 h earlier in 12-well plates. The inoculum was removed after 60 
min and replaced with Avicel overlays, and plates were incubated at 37°C and 5% 
CO2 for 3 days. The monolayers were fixed for 30 minutes in 8% paraformaldehyde, 
stained with crystal violet and plaques in the monolayer enumerated. An example of 
a plaque assay is shown in Figure 1. 
 
Figure 1 - Plaque Assay with SARS-CoV-2 
 

 
 
 

  

Uninfected Cells SARS-CoV-2 infected cells 
VERO-E6 cells have grown 
to from a confluent 
monolayer. The crystal 
violet stain (blue) has 
been taken up by the 
living cells. 
 
 

Virus has infected the 
VERO-E6 cells resulting in 
plaques of dead and dying 
cells (seen as unstained 
cells). Theses plaques are 
counted and PFU 
calculated. 
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All Hazard Group 2 bacteria work was undertaken in a Containment 
Level 2 laboratory.  
 
All Hazard Group 3 SARS-CoV-2 work was undertaken in a high 
Containment Level 3 laboratory. 
 
 
RESULTS 
Log reduction in infectious bacteria or virus was calculated according to 
the following formula: 
Log reduction = log10 (PFU before treatment) minus log10 (PFU after treatment) 
1-log reduction = 90% reduction 
2-log reduction = 99% reduction 
3-log reduction = 99.9% reduction 
4-log reduction = 99.99% reduction 
 
Bacteria MIC Assay 
MIC assays were performed with SQ53, as shown in Figures 2 and 3. SQ53 
demonstrated a high level of efficacy for the bacterial strains tested (Figure 2) with 
MIC values ranging from 0.013% (v/v) to 0.021% (v/v). This variation is expected, as 
bacteria are known to demonstrate varying susceptibilities to antimicrobial 
compounds.  
 

 
 
 
 
 
SARS-CoV-2 Infectivity Assay 
 
10 µl of 2.0x106/ml SARS-CoV-2 stock (so 20000 virions of SARS-CoV-2) was added 
to stainless steel coupons and allowed to dry. 2 µl of SQ53 (1.5% v/v in water) was 
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Figure 2 - SQ53 minimum inhibitory concentration (efficacy) identified via the 
broth microdilution method. 
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applied and incubated at room temperature for 30 seconds, 1 minute, 2 minutes, 5 
minutes or 10 minutes. The SQ53 was spread over the surface of the coupon covering 
all the dried virus. Virus was recovered into 1 ml infection medium, after different 
exposure times to SQ53 and enumerated by plaque assay. The results below show that 
SQ53 prevented virus transmission from SARS-CoV-2 spiked surface after only a 30 
second contact time.  
 
Test 
surface 

PFU 
/surface 

Log 
reduction 
 

Virus then 
SQ53 
30 seconds 
 

0 4.3 

Virus then 
SQ53 
1 minute 

0 4.3 

Virus then 
SQ53   
2 minutes 

0 4.3 

Virus then 
SQ53   
5 minutes 

0 4.3 

Virus then 
SQ53   
10 minutes 

0 4.3 

4.3 is the maximum log-reduction available for this assay, equivalent to no infectious 
virus remaining.    
 
 
SUMMARY 
 
SQ53 demonstrated a very efficacy against MRSA, Klebsiella pneumoniae NDM-1and 
Escherichia coli O157:H7, achieving MIC values that ranged from 0.013% (v/v) to 
0.021% (v/v). This variation is expected, as different bacterial species demonstrate 
varying susceptibilities to antimicrobials; as seen here, Gram-positive bacterial 
pathogens are generally more susceptible than Gram-negative pathogens, probably 
due to their different cell wall chemistry. 
A 1.5% (v/v) solution of SQ53 was very effective at inactivating SARS-CoV-2 
coronavirus contamination of stainless steel surfaces within 30 seconds. This is 
especially important with respiratory disease where disease symptoms result in 
regular contamination of surfaces from coughs, sneezes, contaminated hands etc. 
and the infectious dose is low representing a significant infection risk, especially if 
the contamination occurs between cleaning regimes. Use of the biocide SQ53 could 
help to prevent coronavirus infection spread from touching contaminated surfaces 
which may be especially useful in high traffic communal areas including hospitals, 
transport facilities, schools and any areas where mass gatherings occur. 
There is little published data on the actual viral titres of naturally occurring SARS-
CoV-2 surface contamination which may be greater than the titres used here. A 
higher titre may require longer contact times for inactivation but a recent paper has 
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suggested that patient emission of viral titres onto hospital surfaces (fomites) is 
probably low and using high titres in laboratory studies might lead to artefacts in the 
results obtained  (Goldman, 2020).  
 
In conclusion, SQ53 is an excellent biocide formulation that is able to inactivate 
important bacterial pathogens and SARS-CoV-2 at a low 1.5% (v/v) concentration. 
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