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Abstract  
Schools are high-risk environments when it comes to pathogen propagation. This risk extends 
past its boundaries to the transportation of students to and from school (School Buses). This 
study evaluates the efficacy of CASPR’s Natural Catalytic Conversion (NCC) technology in a 
school bus and its’ ability, on top of other routine cleaning and policy protocols, to mitigate 
pathogen reduction. Surface swabs for bacteria were taken before and during the operation of the 
CASPR system showing an average reduction of 94% (p = 3.014e-11). Results from this study 
suggest that CASPR’s NCC technology can effectively reduce pathogens in a school bus.   

Background and Rationale 
The recent COVID-19 pandemic has underscored the necessity of reducing pathogens in 
air and on surfaces of publicly occupied rooms. While forced air exchange rates of 
heating, ventilation, and air conditioning (HVAC) systems dilute pathogen concentrations, 
and highly effective filters reduce bio burden, new systems for pathogen reduction are needed; 
CASPR technology provides a solution.   
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CASPR stands for “Continuous Air and Surface Pathogen 
Reduction” and is a low maintenance catalytic converter that uses 
photocatalytic processes to generate powerful oxidizers, including 
gaseous hydrogen peroxide, H2O2 from molecular oxygen and 
humidity of the ambient air and disburses low concentrations of 
such oxidizers into the room environment. The oxidizing molecules 
decompose pathogens in the air and on surfaces. The 
concentrations of those oxidizers are highly effective in reducing 
the bio burden, yet safe for homes and public environments. 
Bacterial surface testing was performed on two buses before and 
while operating a CASPR Transit unit (Fig. 1), to demonstrate the 
efficacy of CASPR technology under real-world conditions.  

Methods 

Set-up and Site Selection  
Testing took place on two buses between February 8th and February 24th. Both buses were 
generally of equal size, equal use, and equal scheduling. One was delegated as a control to look 
at consistency of operation and compare to post activation samples. The other was designated 
as the experimental and had two CASPR transit units installed.  

The floor under seats in rows 2, 7, and 12 were used as testing surfaces. Surfaces were 
determined prior to experiment initiation using ATP surface testing (UltraSnap Surface ATP 
Test with SystemSURE Plus luminometer; Hygiena, Camarillo, CA). These surfaces were 
selected since they show relevant bio burden and are unlikely to have regular contact or 
cleaning. Three surfaces were selected with relatively the same pathogen exposure risks at 
different locations in the bus in order to create consistent and reproducible results.  

Baseline occurred on both buses for three consecutive, occupied days prior to device 
installation. After base-line testing, but before final testing, two CASPR Transits were installed 
into the experimental (CASPR) bus and run for eleven days prior to post activation sampling. 
This was to ensure complete saturation of the testing environment and ensure that samples are 
collected on congruent days (baseline and CASPR samples collected on same days of the 
week).  

The experimental (CASPR) bus completed baseline testing prior to experimentation so that 
samples after installation could be compared to both the starting bacterial burden (on same 
bus) and the burden of a similar bus during the same testing period (control bus). 
Unfortunately, the control bus was disabled and needed to be removed from service in-between 
the pre and post sampling periods. A third similar bus was used as a substitute control bus for 
post activation sampling. This replacement bus ran the same routes with the same driver as the 
previous control bus. 

Fig. 1. CASPR Transit 
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Despite having to change control buses, buses which are in regular use with known cleaning 
schedules were used for testing. Testing occurred on days of use before regularly scheduled 
cleaning. 

Surface Testing 
After selection of testing surfaces, baseline samples were collected on each bus. Three baseline 
samples were collected on the floor under each of the seats (Rows 2, 7, and 12) for three 
consecutive occupied days prior to activation of the CASPR unit (Table 1). Environmental 
sponge surface sampling was used. Samples were collected in a grid-like fashion (Fig. 2). 
Environmental sponge (sponge) samples were collected in 10cm x 10cm sampling areas using 
Sponge AOAC 966.23 methods for bacteria. Note that 1 cm of space was left in-between each 
sample.  

Table 1. Summary of Surfaces Testing (per bus).  
Note that the control bus never had CASPR installed. 

Sample 
Description Sample Type Number of 

Samples Date 

Pre Sponge CFU 9/bus 8-February-22 

Pre Sponge CFU 9/bus 9- February -22 

Pre Sponge CFU 9/bus 10- February -22 

Post Sponge CFU 9/bus 22- February -22 

Post Sponge CFU 9/bus 23- February -22 

Post Sponge CFU 9/bus 24- February -22 

 

Fig. 2. Grid Visual to be used in each Testing Site on Each Bus (9 sites total; 3 per bus). 
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After baseline collection, the CASPR units were turned on and allowed to run for eleven days 
before re-collecting three samples at the same relative location for three more occupied days 
consecutively (Table 1). Again, the same sampling methods were used. Samples were always 
collected at relatively similar times of the day (late morning) for consistency in use and 
uncontrolled cleaning.  

Chain of Custody and Analysis 
 

CASPR partnered with the Georgia School District staff to have the environmental samples 
collected to ensure adherence to the testing protocals. Processing of the environmental sponge 
samples and presentation of raw data was completed by Eurofins Microbiology Laboratories, 
Inc (Raw data reports available upon request). Data was reported as a function of total aerobic 
colony forming units (CFU). Analysis of the aerobic bacteria CFU data and presentation of the 
final test report was completed by CASPR Technologies.  
 
Data was analyzed using R-studio (version 1.4.1103) using standard statistical techniques for 
comparison. Specifics of the analysis are found in the results section below.  
 

Results and Discussion 
Data from the experiment yielded CFU averages of 41071 CFUs for the No CASPR Pre (control) 
sample set, 93819 CFUs for the No CASPR Post (control) sample set, 38284 CFUs for the 
CASPR Pre sample set, and 1995 CFUs for the CASPR Post sample set (Figure 3). All groups 
where the CASPR tech system had not been used (CASPR Pre, No CASPR Pre, and No CASPR 
Post) were substantially higher than the post CASPR installed samples (Average difference of 
36289 – 91824 CFUs). 

Figure 3. Average CFU bar graph showing No CASPR Pre, No CASPR Post, CASPR Pre, and 
CASPR Post sample sets. They yielded average CFU values of 41071, 93819, 38284, and 1995 

respectively. 
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All four of these groups were compared using a pairwise Wilcox test to evaluate the strength of 
the differences in their average values. The No CASPR Post, No CASPR Pre, and CASPR Pre 
sample sets all had p-values below the 0.05 threshold when compared against each other. This 
means that they are statistically different from one another and could not be evaluated, as a 
whole, against the CASPR Post sample set. Variability in the samples are likely due to 
differences between buses, and the forced change in the control bus (for No CASPR Pre and No 
CASPR Post). Only the CASPR Pre and CASPR Post sample sets were evaluated in detail due 
to this variability.  
 
The CASPR Pre and CASPR Post data sets were evaluated using a Shapiro-Wilk normality test 
and a Levene’s test to test for normality in distribution and homogeny in variance. The data set 
was log transformed in order to get normal distribution and equal variance. Differences between 
the two sample sets are shown in Figure 4 below. A two-sided t-test was preformed yielding a 
p-value of 3.014e-11 and a log reduction of 1.2. This corresponds to a reduction of 94% and 
shows that the difference in means is not due to random chance.  
 

 

Fig. 4. Log CFU bar graph showing CASPR Pre vs. CASPR Post Sample sets.  
Average log values of 4.3 and 3.1 correspond to the CASPR Pre and CASPR Post  

samples sets respectively. The Asterix indicates strong statistical significance. 

Results from this study demonstrate the ability of the CASPR system to reduce pathogens on a 
school bus undergoing normal prescribed use and cleaning. High reduction (94%) with strong 
statistical significance (p = 3.014e-11) demonstrates the potential this technology has to keep 
students safe during transit. Aerobic bacteria were chosen as a surrogate to general pathogen 
presence but are not limiting. NCC technology has been proven effective against most other 
prevalent viruses, fungi and bacteria. Implementation of this system will result in a reduced bio 
burden on the buses and therefore should minimize the risk of pathogen transmission.  


