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ABSTRACT

The ability to identify locations that are missed in routine cleaning is important. Visual inspection, ATP bioluminescence systems, and fluorescence or ultraviolet light are 
monitoring methods that indicate overall cleanliness, but not contamination removal. In this study, we use Staphylococcus aureus to evaluate a novel imaging system that 
provides a rapid, visual confirmation of the presence of bacteria on surfaces at four log concentrations ranging from approximately 4.7x100 to 1.8x104 CFU/cm2. We found 
that the combination of the illuminator spray and imaging software was able to detect the presence of bacteria on the surfaces and indicate relative concentration by 
visualizing the contamination as a heat map. 
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INTRODUCTION
Considerable evidence exists regarding the ability of surfaces 
to act as a reservoir for infectious pathogens, which can 
pose an infection risk to those who encounter them [1]. In 
order for a microorganism to present an infection risk in 
the physical environment, it must be able to both persist in 
the environment and cause disease once introduced to a 
susceptible human host. Many human pathogens have been 
shown to be capable of surviving for long periods of time 
outside the human host. For example, methicillin-resistant 
Staphylococcus aureus (MRSA) has been shown to survive 
for up to a year on surfaces such as floors, furniture, dust 
and Acinetobacter baumannii can resist desiccation for as 
long as eight weeks [2, 3]. Several other pathogens such as 
vancomycin-resistant Enterococcus (VRE), Clostridium difficile 
and gram-negative rods have been shown to be able to survive 
the harsh environment for varying lengths of time posing an 
infection risk to patients and staff [4]. Studies have implicated 
environmental surfaces in the transmission of pathogens [5, 6]. 
Given the role of environmental surfaces in the transmission of 
contamination that can either directly or indirectly contribute 
to healthcare-associated infections, it is important for facilities 
to implement a cleaning audit program to ensure adherence 
to the facilities’ approved cleaning protocols and identify 
employees who may require additional training [1, 4]. 

The most widely used audit tools for cleaning include visual 
inspections, fluorescent marking, adenosine triphosphate (ATP) 

bioluminescence and microbial swabbing. Visual inspections 
provide a very easy and inexpensive way for quick assessments 
of cleanliness, but do not allow for a reliable assessment of 
contamination removal [7]. ATP bioluminescence systems detect 
the presence of ATP on surfaces (as Relative Light Units, RLU), 
which correlate to the amount of organic matter present on a 
surface. A systematic review by Nante et al (2017) concluded 
that ATP bioluminescence testing was a better alternative to 
visual inspections, but that the limitations of this test must 
be considered [8]. For example, the benchmarks for the ATP 
systems vary widely by manufacturer, ranging from 45 RLU to 
1000 RLU and the chemical residuals left behind from cleaning 
interacts with the test causing an artificially high or artificially 
low reading. Further, since the test is indiscriminate to the 
source of ATP, the results reflect all sources of ATP including 
milk, food, human cells, urine and bacteria [9, 10]. The most 
accurate way to assess the presence of microbial contamination 
is by way of microbiological swab testing for total aerobic colony 
counts (ACC) expressed as colony forming units (CFU) per 
surface area. However, microbial swab testing is more costly, has 
longer turnaround times, and is often reserved for use during 
epidemiological investigations. 

In this study, we evaluate a novel monitoring technology 
that offers rapid identification of the presence of bacterial 
contamination on a surface. This technology uses fluorescence 
labeling and multi-spectrum imaging. It involves the application 
of an illuminator spray to the surface, which contains a dye that 
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binds to bacterial DNA allowing the bioburden to be visualized 
during the imaging process. The images are captured using 
a customized, multi-spectrum camera and processed using 
proprietary software to determine if bacterial contamination is 
present on a surface along with the relative amounts. The aim of 
this study is to assess the accuracy of this technology in detecting 
bacterial cells on a surface.

 
METHODS
Microbiological methods
Staphylococcus aureus ATCC 43300 was cultured in Tryptic Soy 
Broth and incubated at 35.0 ± 1.0°C for 18-24 hours for all 
experiments. Bacterial counts were serially diluted in Butterfield’s 
Phosphate Buffer. In a sterile biological cabinet, 20 µl of an overnight 
suspension were spread onto 24 individual sterilized stainless steel 
carriers (2.54cm x 7.62cm) in 10-1, 10-2, 10-3, and 10-4 dilutions. 
The initial inoculum count was quantified on 12 carriers using 3M 
Petrifilm Aerobic Count Plates. Carriers were submerged in Letheen 
Broth and vortexed for 30 ± 3 seconds prior to dilution and plating. 

Imaging protocol 
The camera was fitted to a tripod, which remained stationary 
during the imaging protocol.

An initial image sequence was taken of the remaining 
12 carriers before application of the illuminator spray using 
OptiSolve Pathfinder camera (a Canon T6 Rebel fitted with 
propriety attachments) for baseline images. Each slide was 
then sprayed with two pumps (approximately 0.1 mL) of the 
OptiSolve Illuminator via a spray bottle and allowed to dry 
for 30 seconds. Once dry, each carrier was photographed 
again using the OptiSolve Pathfinder camera to generate 
image sequences after the application of the illuminator 
spray. All photographs were processed using the OptiSolve 
software which uses an algorithm to generate the final 
composite image. 

RESULTS
Baseline images were taken of all slides after inoculation with 
S. aureus, but prior to the illuminator spray application (not 
shown). These baseline images were used to help confirm 
the absence of background noise, but it was very difficult 
to visualize the actual areas of inoculation. Once the spray 
was applied, areas of inoculation can be clearly seen at 
concentrations of 104 CFU/carrier or higher (Figure 1, C and D) 
and is somewhat discernible at 102 CFU/carrier followed by 101 
CFU/carrier (Figure 1, A and B).

FIGURE 1: Images of carriers inoculated with Staphylococcus aureus (in triplicate) after two spray treatments with the 
OptiSolve Illuminator spray and visualized using the OptiSolve software. Initial inoculum concentration estimates are shown. 

A: 9.00x101 CFU/carrier or 4.65 CFU/cm2 B: 8.45x102 CFU/carrier or 4.37x101

C: 1.88x104 CFU/carrier or 9.71x102 CFU/cm2 D: 3.50x105 CFU/carrier or 1.81x104 CFU/cm2
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The OptiSolve software indicates greater concentration of 
the bacteria through a heat map and colour intensity ranging 
from yellow (lower in concentration) to bright red (higher in 
concentration). For the lower inoculums (101 to 102 CFU/
carrier), areas of low concentration of bacteria on each carrier 
was visualized (yellow color). For the higher inoculums (104 
to 105 CFU/carrier), areas of moderate to high concentrations 
of bacteria was visualized (orange and red in color) with 
the reddest areas present on the slides with the highest 
concentration of inoculum (105 CFU/carrier), (Figure 1).  

DISCUSSION
This is the first study evaluating a technology that uses 
fluorescence and imaging to assess bacterial contamination 
on inanimate objects. The ability to monitor the efficacy 
of cleaning processes is important since people in busy 
hospital environments can become exposed to infectious 
microorganisms from contaminated hands, surfaces, or 
equipment [11]. Further, high-touch surfaces can be easily 
missed in cleaning, disinfection, and sanitation protocols 
which is a concern in the case of difficult-to-clean 
equipment [12].

We evaluated a novel approach that uses fluorescence 
labelling and multi-spectrum imaging to assess microbial 
surface contamination. The system works by first spraying 
the surface with an illuminator spray containing a dye that 
binds to bacterial DNA, allowing for the visualization of 
bacteria during the imaging process. The illuminator spray 
was a clear liquid that was not readily visible to the naked 
eye once dry, nor did it leave behind any indelible marks 
on the stainless steel carriers used in this study. Once 
applied, the sprayed liquid must be allowed to dry before 
taking the image (approximately 30 seconds). A camera 
that is customized to emit various spectrums of light while 
capturing a sequence of images is then used to take the 
photograph (OptiSolve Pathfinder). The maximum field 
size for a single-image capture is approximately 21.59cm 
x 27.94cm, which allows for the imaging of most high-
touch surface areas. The images are processed through a 
proprietary algorithm generating a final, composite image, 
which portrays the relative quantity of bacteria present in 
the form of a heat map, ranging from low concentration 
(yellow) to high concentration (red). 

We tested the ability of this technology at four low-
bacterial concentrations (101, 102, 104 and 105 CFU/
carrier) on stainless steel surfaces and found that this tool 
functioned as a semi-quantitative proxy to gauge relative 
amounts of bioburden. At lower concentrations (101 and 102 
CFU/carrier), the point of inoculation on the stainless-steel 
carrier is less obvious – but as the inoculum concentration 
increases from 101 to 105 CFU/carrier, the relative bacterial 
concentration can be interpreted from the density and colour 
of the images (Figure 1, A-D). At higher concentrations of 
bacteria (104 and 105 CFU/carrier) areas of red, orange and 
yellow can be readily seen on each carrier (Figures 1, C and 
D). We found that the OptiSolve surface imaging technology 

could detect the lowest concentration of S. aureus tested, 
90 CFU/per carrier or 4.65 CFU/cm2. Since the threshold for 
microbial monitoring of high-touch surfaces is ≤ 2.5 CFU/
cm2 [7], additional testing would be needed to determine the 
sensitivity of the tool below this level. It is important to note 
that the camera detects the emission of the fluorescent label, 
which is assumed to be representative of bacterial cells on the 
surface. It does not directly detect the cells. 

This approach could potentially provide a new, rapid way 
for approximating the quality of contamination removal from 
a surface and facilitate precision cleaning processes. However, 
there are some important limitations that should be taken 
into consideration. First, the dye used in the illuminator spray 
does not differentiate between live and dead cells. As such, 
extracellular DNA, which can be passively released from 
dead cells or actively released from physiologically active 
cells, and extracellular DNA that is prominent in a biofilm, 
is picked up in the imagery. Since the spray is solvent based, 
it cannot be used on soft, polymer or paint-coated surfaces, 
and must be wiped away from the surface after the image is 
captured, limiting the types of surfaces that can be imaged. 
Also, fluctuations in lighting conditions could impact signal 
variations and affect the resulting imagery. While we did 
not evaluate the safety of this product, the label bears a 
flammable and an irritation warning, suggesting the use of 
gloves and safety glasses during use.

A limitation of this study is that a pure culture of S. aureus 
was tested without the addition of artificial test soils. Therefore, 
our results may reflect a higher level of sensitivity than what 
might be seen in the environment where a variety of types of 
contamination, including blood, feces or other organic carbon 
materials are present. However, the purpose of this technology 
is to monitor surfaces after they have been cleaned and organic 
materials should have been cleaned from the surface. 

The OptiSolve Pathfinder can be used as a training 
tool, to optimize cleaning protocols, or to identify surface 
locations that are missed in routine cleaning. Because it 
is qualitative in nature, it is not recommended to be used 
to validate disinfection or sterility. However, this novel 
technology is specific to bacteria and presents a viable 
alternative for assessing the overall quality of surface 
disinfection. Additional studies are necessary to determine 
if disinfectant chemical residuals on surfaces interfere with 
the illuminator spray, to measure the sensitivity of the 
technology to other bacteria as well as viruses and spores, 
and to evaluate the capacity for this technology to detect  
the impact of environmental cleaning.
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ABSTRACT:

Background: Microbes endemic to student desks can survive for long periods and infect students. The effectiveness of conventional cleaning and disinfection practices and 
electrostatic disinfectant spraying were examined. 
Methods: Six K-12 schools in Southeastern Ontario participated in the study. The viable microbial loads on 100 student desks were assessed via Replicate Organism 
Detection and Counting (RODAC) plates before and after cleaning and disinfection procedures. 
Results: The adjunctive effect of electrostatic disinfectant spraying was tested on 36 desks. Mean pretest colony-forming units (CFUs) per desk were 126.8 (SD 95.7), after 
conventional cleaning and disinfection mean CFUs were 73.4 (SD 93.0) (t = 4.0, P = 0.0003), and subsequent electrostatic disinfectant spraying further reduced mean 
CFUs to 54.2 (SD 85.0) (t = 2.6, P = 0.02). The independent effect of electrostatic disinfectant spraying without an intervening conventional cleaning step was tested on 
64 desks. Mean pretest CFUs were 106.4 (SD 94.5) and after electrostatic disinfectant spraying mean CFUs decreased to 62.9 (SD 87.1) (t = 3.3, P = 0.001). 
Conclusions: Conventional and electrostatic disinfection methods were both effective in increasing the hygienic state of student desks. Electrostatic disinfection spraying 
improved hygienic state when conducted after conventional cleaning and disinfection and when used independently. 
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Cleaning; Disinfection; School; Electrostatic Spray
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EMERGING TECHNOLOGIES

INTRODUCTION
Schools are rife with numerous and various bacteria, viruses, and 
fungi [1,2]. Student desktops in K-12 schools are contaminated 
with bacteria such as Streptococcus and Staphylococcus and 
viruses such as influenza and norovirus [1,2]. Many bacteria and 
fungi pathogens can live on desks for months and influenza, 
common cold, and noroviruses for days [3]. Effective cleaning 
and disinfection of classrooms can neutralize these pathogens 
and reduce student absenteeism [1]. 

Conventional cleaning and disinfection in schools involves 
manually applying cleaning and disinfection solutions and 
wiping with cloths. This method has variable effectiveness 
in schools [1,2]. Spray-and-wipe cleaning and disinfection 
procedures in healthcare settings frequently do not achieve the 
desired level of decontamination [4]. 

Newer technologies such as ready-to-use wipes, ultraviolet 
light towers, and hydrogen peroxide fogging units are being 
used for the cleaning and disinfection of hospitals [5-7].  
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The electrostatic spraying of disinfectants is a newer technology, 
which could be readily used in schools [8]. The electrostatic 
sprayer sends a negatively charged plume of disinfectant that 
envelopes sprayed objects and the charged particles repel 
each other on surfaces leading to more uniform disinfectant 
coverage. The disinfectant plume can also reach locations where 
pathogens are not readily accessible to manual spray bottle and 
wiping procedures. 

The study objective was to assess the effectiveness of 
conventional cleaning and disinfection and adjunctive and 
independent use of electrostatic spray disinfection technology 
on the general hygienic state of student desks. 

METHODS
General hygienic state sample collection
The six schools in the study were a convenience sample from 
Southeastern Ontario. The 20 classrooms sampled ranged from 
kindergarten to high school. The viable bacterial and fungal 
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loads on 100 student desks were assessed using Replicate 
Organism Detection and Counting (RODAC) agar plates. 
Thirty‑six desks were sampled at baseline, after conventional 
cleaning and disinfection, and again after electrostatic 
disinfection. An additional 64 desks were sampled at baseline 
and after electrostatic disinfection without an intervening 
conventional cleaning and disinfection step. 

The study was conducted December 2018 to March 2019. 
Desks were sampled at the end of the school day before 
cleaning and disinfection interventions. After cleaning and 
disinfection interventions were conducted, RODAC sampling 
took place after ~30 minutes in order to allow the desks to 
dry completely. Sampling was conducted on the lower middle 
portion of desktops where students have the most contact with 
the desk. Pretest and later samplings on the same desk were 
taken close to one another. Samplings could not be taken from 
the exact same location due to possible contamination from the 
initial sampling with agar plates. 

RODAC plates allow for surface sampling of bacteria and 
fungi which grow on the agar medium. The RODAC plate brand 
used was Remel Contact Sterile Tryptic Soy Agar with Lecithin 
and Polysorbate 80 (OXOID, Cat # R111800). This brand 
provided a general assessment of microbial contamination and 
measured general hygienic state. The plates were in sterile 
packaging, stored at 2-8°C, and transported to, within, and from 
schools in a cooler. Prior to use, the plates were warmed to 
room temperature for 15-20 minutes in the original packaging. 
The RODAC plate bags were opened while wearing sterile 
disposable surgical gloves on sterile towels. A gloved index finger 
was used to press the agar surface firmly against the desk for five 
seconds while ensuring the plate did not slide. Sample code, 

date, and time were written on the agar bed plate with a 
permanent marker. The RODAC plate samples were transported 
to CREM Co labs in Mississauga, Ontario (http://www.cremco.ca/) 
within 18-20 hours of collection and incubated aerobically at 
36±1°C for five days. Total colony-forming units (CFUs) were 
manually counted for each plate after incubation (Figure 1). 
In cases where microbial colonies were too numerous to count, 
a value of 250 CFUs was assigned [9]. 

 
Cleaning and disinfection interventions
School-employed custodians were instructed to clean and 
disinfect classrooms in their usual manner. Custodians were 
asked about cleaning methods and the products they used. In 
all schools, this method was cleaning and disinfecting in one 
step; referred to as one clean. Schools used spray bottles and 
cloths or solution, bucket, and cloth with hydrogen peroxide or 
quaternary ammonium solutions. Electrostatic spray disinfection 
technology consisted of an electrostatic sprayer and quaternary 
ammonium disinfectant solution containers mounted on a 
portable cart [8]. A skilled manufacturer’s representative or 
a trainee under their supervision used the electrostatic spray 
disinfection technology to spray the classrooms. 

Statistical analysis
Repeated Measures ANOVA with Dependent T-test multiple 
comparisons tested the effectiveness of conventional cleaning 
and disinfection and the subsequent use of electrostatic spray 
disinfection technology. The Repeated Measures analysis allowed 
for comparisons of the same dependent variable on the same 
desks for pretest, conventional, and electrostatic conditions. 
Dependent T-tests were also used to assess the disinfection effect 
of electrostatic spraying without an intervening conventional 
cleaning and disinfection step. Repeated Measures ANOVAs 
were also used to assess the differential effect of independent 
conventional and electrostatic disinfection procedures. The 
StatView 5 statistical package was used to analyze the data. 

RESULTS
RODAC plate control samples
The examination of the adjunctive effectiveness of electrostatic 
spraying involved the use of 108 RODAC plates to assess 
pretest, conventional, and electrostatic conditions over 36 
desks. The assessment of the independent effectiveness of 
electrostatic spraying, where there was no conventional cleaning 
and disinfection step, used 128 plates to assess pretest and 
electrostatic conditions over 64 desks. The first RODAC plate in 
each package of 10 was marked as a control sample to ensure 
no contamination occurred during the manufacturing, storage, 
sampling, and/or transportation to and from the lab. There were 
a total of 24 control samples and no control sample indicated 
any viable microbial life following incubation for five days.

Adjunctive effectiveness of  
electrostatic spray disinfection technology
Cleaning and disinfection procedures, in general, decreased viable 
microbial counts on 36 student desks (F = 19.5, P < 0.0001). 

Figure 1: Replicate Organism Detection and Counting 
(RODAC) agar plate, which was sampled from a student desk 
at the end of the school day before cleaning and after five 
days incubation. 

FIGURE 1: Replicate Organism Detection and Counting 
(RODAC) agar plate, which was sampled from a student 
desk at the end of the school day before cleaning and after 
five days incubation. 
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Desktops were less contaminated after conventional cleaning 
and disinfection (t = 4.0, P = 0.0003) and desks were even 
less contaminated when electrostatic spray disinfection 
followed conventional cleaning and disinfection (t = 2.6,  
P = 0.02) (Table 1). Mean pretest CFUs were 126.8 (SD 95.7), 
after conventional cleaning and disinfection mean CFUs were 
73.4 (SD 93.0), and subsequent electrostatic disinfectant 
spraying further reduced mean CFUs to 54.2 (SD 85.0) (Figure 2). 

Independent effectiveness of  
electrostatic spray disinfection technology
In order to test the independent effect of electrostatic disinfectant 
spraying, 64 desks were sampled before and after electrostatic 
spraying without an intermediary conventional cleaning and 
disinfection step. Independent use improved general hygienic 
state of student desks (t = 3.3, P = 0.001). Mean pretest CFUs 
were 106.4 (SD 94.5) and after electrostatic disinfectant spraying 
mean CFUs decreased to 62.9 (SD 87.1) (Figure 2). 

The differential effectiveness of conventional cleaning and 
disinfection and electrostatic disinfectant spray procedures 
when used independently was examined. Both cleaning and 
disinfection methods, when used independently, were effective 
in decontaminating student desks (F = 23.5, P < 0.0001); 
however, no difference in effectiveness was found between the 
two methods (F = 0.88, P = 0.35) (Figure 2). 

DISCUSSION
Student desks were found to be contaminated with viable 
microbes before cleaning and disinfection were conducted. 
This highlights the need for effective cleaning and disinfection 
of student desks [1,2]. Efficacious cleaning and disinfection 
would help to prevent the spread of infectious illnesses such as 
colds, pharyngitis, influenza, and intestinal ailments amongst 
students, teachers, and their families and community [1-3]. 

The results indicated conventional cleaning and disinfection 
procedures were effective in reducing viable microbes on 
student desktops. There was an additive disinfection effect 
when electrostatic spray disinfection followed conventional 
cleaning and disinfection. In schools where electrostatic 
disinfectant spraying was conducted without an intervening 
conventional cleaning and disinfection step, levels of viable 
microbes were decreased. Electrostatic spray disinfection 
technology increased general hygienic state when used 
independently and when used in conjunction with 
conventional cleaning and disinfection procedures. 

When the independent effectiveness of conventional 
cleaning procedures and electrostatic spray were compared, no 
differences were found. This was for a single application and it 
is thought multiple episodes of electrostatic spray disinfection 
without intervening wiping would result in a buildup of debris 
on desks that would promote the growth of pathogens and 
reduce the effectiveness of electrostatic disinfectant spraying 
over time. Electrostatic spray disinfection technology is not 
recommended as a replacement for conventional cleaning and 
disinfection, rather as an adjunctive disinfection intervention. 
Electrostatic disinfectant spray use might be especially 
beneficial during influenza and other infectious outbreaks in 
schools to increase the frequency of disinfection. The cleaning 
and disinfection of healthcare settings may be more effective 
with the adjunctive use of electrostatic disinfectant spraying. 
The use of electrostatic spray disinfection technology in 
healthcare settings needs to be rigorously evaluated before 
being implemented. 

In the present study, viral loads were not directly assessed 
as this would have been prohibitively expensive. Bacteria 
and fungi are generally hardier than viruses and improved 
hygienic state can be considered indicative of reduced 
viral loads [3]. RODAC plate testing, while less expensive 
than viral testing, was costly and limited both the number 
of desks that could be assessed, and the ability to examine 

TABLE 1: Dependent T-Test Multiple Comparisons for Cleaning and Disinfection Procedures 

Condition Comparisons
Mean 

Difference
t-Value df

P value 
(2-tailed)

95% Lower  
Confidence 

Limit

95% Upper  
Confidence 

Limit

Pretest-Conventional Cleaning 53.4 4.0 35 .0003 26.6 80.2

Pretest-Electrostatic Spray 72.5 5.1 35 < .0001 43.5 101.5

Conventional Cleaning – 
Electrostatic Spray

19.1 2.6 35 .02 3.9 34.4

*No intervening conventional cleaning and disinfection step. 
Adjunctive Electrostatic Spray N = 36; Independent 
Electrostatic Spray N = 64. 

FIGURE 2: Effects of conventional cleaning and  
disinfection and electrostatic disinfectant spraying on 
general hygienic state
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differences between student grade levels and conventional 
cleaning practices. Issues associated with access make it 
difficult to conduct such research in K-12 schools. Schools 
are cautious with regard to student safety and one school 
board withdrew due to concerns about potential custodian 
union issues. Interestingly, in general, custodians seemed 
to be pleased there was interest in school cleaning and 
disinfection practices. 

School administrators and custodial managers have the 
responsibility to prevent and control infectious diseases in 
schools and to protect students, teachers, and the public 
by ensuring the most effective cleaning and disinfection 
practices are used. A first step would be to assess pathogen 
types and levels in schools. The next step would be to 
rigorously evaluate current cleaning and disinfection 
practices: Equipment, detergents and disinfectants, cleaning 
schedules, and staff training. This research initiative, in 
conjunction with an extensive literature review and lab 
investigations would aid in the development of a best 
practices cleaning and disinfection program for schools. 
In Ontario, the Provincial Infectious Diseases Advisory 
Committee developed an evidence-based, best-practice 
document for cleaning and disinfection in healthcare 
settings [10]. The development of effective and standardized 
cleaning and disinfection guidelines and standards for 
schools would have both health and fiscal benefits. It is 
recommended the Ontario ministries of Education and 
Health develop evidence-based best practices for cleaning 
and disinfection in schools. 

CONCLUSION
When used independently, both conventional cleaning 
and disinfection and electrostatic disinfectant spraying 
were successful in disinfecting student desks. Electrostatic 
disinfectant spraying further improved hygienic state when 
conducted after conventional cleaning and disinfection 
procedures.
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