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Efficacy of Aerus Medical Guardian Air System against
Various Bioaerosols

Jamie Balarashti a, Sylvester Marshall III a, Dan Merchant a

a Aerosol Research and Engineering Laboratories Inc. Olathe KS

Background: This in-vitro study characterized the decontaminaƟon eĸcacy of the Aerus Medical Guardian against 

Overview

This study was conducted to evaluate the eĸcacy of 

Medical LLC’s (Bristol, VA), to decontaminate viable 
airborne bioaerosols.   TesƟng was conducted in a 
controlled stainless steel aerosol chamber designed to 
simulate a small room environment.   The Medical 
Guardian’s eīecƟǀĞness was tested against six (6) Bio-

safety level 1 (BSL1) organisms in order to evaluate the 
system’s Net LOG reducƟŽn of the viable bioaerosols.   

All Bioaerosol challenge tesƟng for this study used 

developed by Aerus Medical LLC (Bristol, VA).  A picture 
and details of the Medical Guardian air system is shown 
in Figure 1.

the Aerus Medical Guardian produced by Aerus 

an Aerus Medical Guardian  (Model # F170A) 

various aerosolized biologicals.  Aerus Medical LLC’s (Bristol, VA) Medical Guardian unit is an indoor air puriĮĐĂƟon 
system that is designed to neutralize airborne microorganisms.  The eīecƟveness of the system was assessed for six 
(6) aerosolized biologicals: two vegetaƟve bacteria: Staphylococcus epidermidis (Gram +) and Erwinia herbicola (Gram 
-); two viruses: MS2 (RNA bacteriophage) and Phi X174 (DNA bacteriophage); a bacterial endospore; Bacillus globigii, 
and a mold spore; Aspergillus niger.  The tesƟng consisted of a single control trial plus triplicate decontaminaƟon trials 
for each organism tested.

Methods:  Each of the six (6) organisms used for tesƟng were nebulized into a sealed environmental bioaerosol 
chamber containing the Aerus Medical Guardian air system.  AGI impingers were used to capture chamber bioaerosol 
concentraƟons at set sampling Ɵmes.  Viable cascade impactors were uƟlized with some organisms for higher 
resoluƟon sample collecƟon.  All impinger samples were serially diluted, plated and enumerated in triplicate to yield 
viable bioaerosol concentraƟon at each sampling point and Ɵme.  Chamber control trial data was subtracted from 
Medical Guardian trial data to yield net LOG reducƟon in the chamber for each tested bioaerosol challenge.   

Results:  Staph had an average Net LOG reducƟon of 5.46 +/- 0.34 for the triplicate trials.  Erwinia’s average Net LOG 
reducƟon was 5.36 +/- 0.37.  The Medical Guardian’s eĸcacy against the MS2 virus was 5.58 +/- 0.43.  The 
performance against Phi X174 showed 4.05 +/- 0.27 net LOG reducƟon.  The endospores, Bacillus, had an average net 
LOG reducƟon of 4.23 +/- 0.31, and the mold spores, A. niger, had a net LOG reducƟon of 4.12 +/- 0.10.  The two test 
viruses, MS2 and Phi X174, organisms showed no viability ĂŌer t=75minute (MS2) and T=60minutes (PhiX174),  in 
order to calculate the net LOG kill for these organisms a ĮĐƟƟous single colony count was used to calculate the limits 
of detecƟon for each trial and to show the minimum Net LOG reducƟon achieved for the Medical Guardian.  

Summary:  Overall, the Medical Guardian showed an average Net LOG reducƟon for all organisms tested of 4.80 +/- 
0.74.  The unit seemed most eīecƟve at removing vegetaƟve bacteria from an environment, with an average net LOG 
reducƟon of the two vegetaƟve bacteria tested of 5.41 +/- 0.07.  However both viruses were below detectable limits 
due there being zero plaques observed on plates ĂŌer a certain Ɵme point, meaning that the net LOG reducƟon for 
those organisms only represents a minimum value.  Spores are known to be tough and highly resilient, and therefore 
it is not unexpected that their net LOG reducƟons, average 4.18 LOG, are not quite as high as the other organisms.  
Overall the Medical Guardian showed a high eĸcacy against of a broad range of viable bioaerosol. 

This study was conducted in compliance with FDA Good Laboratory PracƟces (GLP) as deĮned in 21 CFR, Part 58. 
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The eīecƟveness of the Medical Guardian was 
evaluated against vegetaƟve bacterium, endospores, 
viruses, and mold spores.  TesƟng with each of the six 
disƟnct organisms was completed in triplicate trials plus 
a control trial to demonstrate the capability of reducing 
viable bioaerosol concentraƟŽns.  There were a total of 
twenty-four (24) independent trials in this study. 

Each organism was examined during a set process 
involving a control trial and three test trials.  During the 
control trials the Medical Guardian would remain inside 
the tesƟng chamber, but would never be acƟǀated.  The 
organisms were aerosolized into the controlled 
chamber, and air samples were collected at set Ɵme 
points throughout each trial.  Comparisons of the 
number of living organisms between the control trials 
and the test trials allowed for determinaƟŽn of the 
Medical Guardian’s eĸĐacy at removing viable 
bioaerosols from an enclosed room environment. 

Figure 1: Aerus Medical Guardian air system

Bioaerosol Testing Chamber 

A large sealed aerosol test chamber was used to 
replicate a potenƟĂůly contaminated room environment 
and to contain any potenƟĂů�release of aerosols into the 
surrounding environment.  

The aerosol test chamber is constructed of 304 
stainless steel and is equipped with three viewing 
windows and an air-Ɵght lockable chamber door for 
system setup and general ingress and egress.  The test 
chamber internal dimensions are 9.1Ō x 9.1Ō x 6.8Ō, 
with a displacement volume of 562 cubic feet, or 15,914 
liters.   Figure 2 shows a diagram of the tesƟng chamber 
conĮguraƟŽn.  TesƟng condiƟŽns inside the chamber 

The chamber is equipped with Įltered HEPA inlets, 
digital internal temperature and humidity monitor, 
external humidiĮers (for humidity control), lighƟng 
system, mulƟple sampling ports, aerosol mixing fans, 
and a HEPA Įltered exhaust system that are operated 
with wireless remote control.  For tesƟng, the chamber 
was equipped with four 3/8 inch diameter stainless steel 
probes for aerosol sampling each sampling about 18” 
from the nearest sidewall.   A stainless 1 inch diameter 
port was used for bio-aerosol disseminaƟŽn into the 
chamber using a Collison 24-jet nebulizer for the 
bacteriophages, vegetaƟve cells and bacterial spores, or 
a dry powder eductor for the fungal spores.  

A ¼ inch diameter probe was used for conƟnuous 
aerosol parƟcle size monitoring via a TSI Aerodynamic 
ParƟcle Sizer (APS) model 3321.  All sample and 
disseminaƟŽn ports were inserted approximately 18 
inches from the interior walls of the chamber to avoid 
wall eīects and at a height of approximately 40 inches 
from the�Ňoor. 

 The aerosol sampling and aerosol disseminaƟŽn 
probes are stainless steel and bulk headed through the 
chamber walls to provide external remote access to the 
aerosol generator and samplers during tesƟng.  

The test chamber is equipped with two high-Ňow 
HEPA Įlters for the introducƟon of filtered puriĮed air 
into the test chamber during aerosol evacuaƟŽn/purging 
of the system between test trials and a HEPA Įltered 
exhaust blower with a 500 Ō3/min rated Ňow capability 
for rapid evacuaƟŽn of remaining bioaerosols.  

A magnehelic gauge with a range of 0.0 +/- 0.5 inch 
H2O (Dwyer instruments, Michigan City IN) was used to 
monitor and balance the system pressure during aerosol 
generaƟŽn, aerosol purge and tesƟng cycles.  

Picture:

Device Features
Manufacturer:
Model:
Notes:

Aerus Medical Guardian 

Aerus Medical LLC
F170A

Ion Generator, Photocatalytic Oxidizer

were consistently 72.0�F with 50% relaƟve humidity. 
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Figure 2: Bio-Aerosol Test Chamber Flow Diagram.

Test Location and Conditions

TesƟng was conducted at Aerosol Research and 
Engineering labs located at 15320 S. Cornice Street in 
Olathe, Kansas 66062.  Laboratory condiƟŽns were 
approximately 70.6�F with 36% relaƟǀĞ humidity.   

Bioaerosol Sampling and Monitoring System

Two AGI-30 impingers (Ace Glass Inc., Vineland NJ) 
were used for bio-aerosol collecƟŽŶ of biological 
aerosols to determine the chamber concentraƟŽn. 
These impingers were connected to the bioaerosol 
chamber via sample ports located at opposite corners of 
the chamber. 

The AGI-30 impinger vacuum source was 
maintained at a negaƟǀe pressure of 18 inches of Hg 
during all characterizaƟŽn and test sampling to assure 
criƟcal Ňow condiƟŽns.  The AGI-30 sample impingers 
were Ňow characterized using a calibrated TSI model 
4040 mass�Ňow meter.   

Aerosol parƟcle size distribuƟŽns and count 
concentraƟŽns were measured in real-Ɵme through the 
duraƟŽn of all control and Aerus trial runs using a model 
3321 Aerodynamic ParƟcle Sizer (APS) (TSI Inc., St Paul, 

MN).  The APS sampled for the enƟre duraƟŽn of all trials 
(90 minutes) with 1 minute sampling intervals.  

The impingers were Įlled with 20 mL of sterilized 
PBS (addiƟŽn of 0.005% v/v Tween 80) for bioaerosol 
collecƟŽn.  The addiƟŽn of Tween 80 was shown to 
increase the impinger collecƟŽn eĸĐiency and de-
agglomeraƟŽn of all microorganisms. 

During tesƟng with some organisms, sample 
collecƟŽns were also obtained using a pair of viable 
cascade impactors.  A viable cascade impactor (SKC Inc., 
Valley View, PA) comprises an inlet cone, precision-
drilled 400-hole impactor stage, and a base that holds a 
standard-size agar plate (Figure 3).  A high Ňow pump 
pulls microorganisms in air through the holes (jets) 
where they are collected on the agar surface.   

Figure 3: SKC BioStage Viable Cascade Impactor.
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Table 1: Bioaerosol Test Matrices for all trials.

This method of bioaerosol collecƟŽn was chosen as 
the most sensiƟve and accurate sampling process for the 
quanƟĮcaƟŽn of bioaerosols with this tesƟng 
conĮguraƟŽn. With viable collecƟŽn enumeraƟŽn 
detecƟŽn at one colony forming unit (cfu), direct 
collecƟŽn onto nutrient agar, and immediate incubaƟŽn 
aŌer sample collecƟŽn, it provides the highest sensiƟǀŝty 
for low concentraƟŽn viable aerosol collecƟŽn and 
measurement.   This method of collecƟŽn was not a 
feasible opƟŽn for all organisms due to the plaƟng 
methods of viruses and growth paƩerns of mold spores. 
Table 1 shows the complete test matrix for this study. 

Bioaerosol Generation System

Test bioaerosols were disseminated using a Collison 
24-jet nebulizer (BGI Inc. Waltham MA) driven by
puriĮed Įltered house air supply.  A pressure regulator
allowed for control of disseminated parƟcle size, use
rate and sheer force generated within the Collison
nebulizer. The mold spore organisms were disseminated
using a dry powder aerosolizaƟŽn unit.

Prior to tesƟng, the Collison nebulizer Ňow rate and 
use rate were characterized using an air supply pressure 
of approximately 60 psi, which obtained an output 
volumetric Ňow rate of 50-80 lpm with a Ňuid 
disseminaƟŽn rate of approximately 1-2 ml/min. The 
Collison nebulizer was Ňow characterized using a 
calibrated TSI model 4040 mass Ňow meter (TSI Inc., St 
Paul MN). 

Species Selection

Species selecƟŽn is based on Biological Safety Level 
1 (BSL1) surrogates for a wide range of BSL3 pathogenic 
organisms.  It is rouƟne in the bioaerosol Įeld to use 

surrogate species to test performance against BSL3 
organism decontaminaƟŽn due to the high cost and 
limited lab space associated with aerosol BSL3 tesƟng.  
For this reason a broad range of viable bioaerosol 
surrogates were selected to speciĮcally test the 
Guardian’s eĸĐacy against various types of pathogenic 
bioaerosols encounter in hospital and other 
environments. 

Staphylococcus epidermidis (Gram +, ATCC 12228) 
acts as a surrogate for its cousin, Staph aureus, which 
has developed mulƟ drug resistance (MRSA) and is one 
of the major leading causes of hospital-acquired 
infecƟŽns.  

Erwinia Herbicola (Gram -, ATCC 27155) is a Gram-
negaƟǀĞ bacterium and has been used historically as a 
surrogate for black plague causing bacterium, Yersinia 
pesƟƐ.  

MS2 (ATCC 15597-B1) is a viral RNA bacteriophage 
that is commonly used as a surrogate for the inŇuenza 
virus and the norovirus.   

PhiX-174 (ATCC 13706-B1) is a small, single-
stranded DNA virus that is oŌen used as a surrogate for 
HCV, HCB, and HIV in research studies.     

Aspergillus niger (ATCC 13835) endospores are used 
as a surrogate for several toxic black mold species such 
as Stachybotrys chartarumand.   

Bacillus globigii (now named Bacillus subƟllis) 
endospores (ATCC 16404) are rouƟnely used as a 
surrogate for weaponized anthrax, Bacillus anthracis.  
Phi X174  

Trial Run Species (gram, description)
ATCC 

Ref

Target 
Monodispersed 

Particle Size
Challenge 
Conc. (#/L)

Total Trial 
Time (min)

Impinger 
Sample Time 

(min) Sampling Plating and Enumeration
1 Control Stapilococcuss epidermidis
2 Challenge   (+, vegetative) 12228 APS, Impingers & Viable Cascade

3 Control Erwinia herbicola
4 Challenge   (-, vegetative) 27155 APS, Impingers & Viable Cascade

5 Control MS2 bacteriophage
6 Challenge  (E. coli phage) 15597-B1

7 Control Aspergillus niger
8 Challenge  (mold, spore forming)

9 Control Bacillus globigii endospore
10 Challenge  (Bacillus  Spores)

11 Control Phi X174 bacteriophage
12 Challenge  (E. coli phage) 13706-B1 all samples in triplicateAPS, Impingers & Viable Cascade0, 15, 30, 45, 60, 

75, 90
90<50 nm 103-105

all samples in triplicate

all samples in triplicate

all samples in triplicate

all samples in triplicate

90 all samples in triplicateAPS, Impingers & Viable Cascade

APS, Impingers

APS, Impingers

0, 15, 30, 45, 60, 
75, 90

13835

16404 104-106

90

90

90

90104-106

104-106

104-106

104-1062.5-3.0µm

2.5-3.0µm

<50 nm

<5.0µm

<3.5 µm

0, 15, 30, 45, 60, 
75, 90

0, 15, 30, 45, 60, 
75, 90

0, 15, 30, 45, 60, 
75, 90

0, 15, 30, 45, 60, 
75, 90
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Vegetative Cells Culture & Preparation

Pure strain seed stocks were purchased from ATCC 
(American Type Culture CollecƟŽn, Manassas VA). 
Working stock cultures were prepared using sterile 
techniques in a class 2 biological safety cabinet and 
followed standard preparaƟŽn methodologies. 
Approximately 100ml of Staph and Erwinia Herbicola 
stock was prepared in trypƟc soy liquid broth media, and 
incubated for 24 hours with oxygen infusion (1cc/min) at 
37°C.  Biological stock concentraƟŽns were greater than 
1 x 109 cfu/ml for Staph and Erwinia using this method. 

Stock cultures were centrifuged for 12 minutes at 
4000 rpm in sterile 50mL conical tubes, growth media 
was decanted, and the cells re-suspended in sterile PBS 
buīer for aerosolizaƟŽn.  Aliquots of these suspensions 
were enumerated on trypƟc soy agar plates (Hardy 
DiagnosƟcs, CincinnaƟ OH) for viable counts and stock 
concentraƟŽn calculaƟŽŶs.  For each organism, test 
working stocks were grown in suĸĐient volume to 
saƟƐĨǇ use quanƟƟes for all tests conducted using the 
same culture stock material.  

Viral Culture & Preparation

Pure strain viral seed stock and host bacterium 
were obtained from ATCC.  Host bacterium was grown in 
a similar fashion to the vegetaƟve cells in an appropriate 
liquid media.  The liquid media was infected during the 
logarithmic growth cycle with the speciĮc 
bacteriophage.  AŌer an appropriate incubaƟŽn Ɵme the 
cells were lysed and the cellular debris discharged by 
centrifugaƟŽn.  MS2 stock yields were greater than 1 x 
109 plaque forming units per milliliter (pfu/ml) with a 
single ampliĮcaƟŽn procedure.    Phi X174 stock yields 
were less than MS2 yields, and ranged between 1 x 108 
to 1 x 109 pfu/ml aŌer two ampliĮcaƟŽns. 

Endospore Culture & Preparation

Bacillus globigii spores were growth, sporelated, 
spray dried and stored in a pure dry powder (2.41 x 1011 
cfu/gr.) form ahead of Ɵme.  Master stocks were 
prepared using the pure spore and were kept stored in a 
30% ethanol : 70% PBS + tween soluƟŽn to maintain 
their endospore state and to prevent contaminaƟŽn by 
other vegetaƟǀĞ cells.  NebulizaƟŽn proceed directly 
using this master stock.   

Aspergillus niger fungal spores were also cultured, 
puriĮed and stored in puriĮed bulk powder form with a 
concentraƟŽn of 3.4 x 109 cfu/gr. Due to the size of the 
spore (5µm diameter) nebulizaƟŽn was not used for 

disseminaƟŽn of the bioaerosol, instead a custom dry 
eductor and feeder was used dispersed into the 
chamber using a ARE Labs dry powder aerosolizaƟŽn 
unit.  

Plating and Enumeration

Impinger and stock biological cultures were serially 
diluted and plated in triplicate (mulƟple serial diluƟŽns) 
using a standard spread plate assay technique onto 
trypƟc soy agar plates.  The plated cultures were 
incubated for 24-48 hours (species dependent) and 
enumerated and recorded. 

Inert Particle Characterization

In order to calculate the disseminaƟŽn eĸĐiency, 
stability and to pinpoint impinger/viable cascade sample 
Ɵmes pre-tesƟng was conducted using polystyrene latex 
beads (PSL miscrospheres) prior to bioaerosol tesƟng.  
PSL microspheres were used to characterize the various 
aspects of the chamber and Aerus system.   

Polydispersed PSL beads with aerodynamic 
diameters of 1.0ʅm were nebulized and chamber 
concentraƟŽns were recorded using the APS.  The 
control trials were used to calculate nebulizaƟŽn 
eĸciencies, parƟcle stability and AGI-30 collecƟŽn 
eĸciencies were used to esƟmate generaƟŽn 
eĸciencies, disseminaƟŽn Ɵmes, sample Ɵmes and 
aerosol persistence prior to bioaerosol tesƟng.  Live 
trials with the Medical Guardian system were also 
performed to measure parƟcle removal rates of the 
system.   

Figure 4: LOG Reduction of 1.0um PSL Beads

Figure 4 shows the LOG reducƟŽn of 1.0um PSL 
beads both with the Medical Guardian unit on (Test 
Trial) and oī (Control Trial). The�Įgure shows the 

CONFIDENTIAL PROPRIETARY INFORMATION OF AERUS MEDICAL LLC – NOT FOR REDISTRIBUTION



www.arelabs.com
(p) 913-850-6630  (f) 913-850-6635

Table 2: General Trial Timeline for Aerus Medical Guardian Decontamination Trials.

comparison between the reducƟŽn with and without the 
Medical Guardian.  When the Guardian is turned on the 
LOG reducƟŽn of 1.0um PSL beads follows a precise 
logarithmic funcƟŽŶ.  It is notable that this size (1um) is 
smaller than the vegetaƟve bacteria, bacterial 
endospores, and mold spores, but larger than the two 
viruses. 

Control Testing

To accurately assess the Aerus Medical Guardian 
unit, test chamber pilot control trials were performed 
with all Bioaerosols from 90 to 120 minute periods 
without the Medical Guardian in operaƟŽn to 
characterize the biological challenge aerosol for parƟcle 
size distribuƟŽn, aerosol delivery/collecƟŽn eĸĐiency,  
decay rate and viable concentraƟŽn over Ɵme.  Control 
tesƟng was performed to provide baseline comparaƟǀe 
data in order to assess the actual reducƟŽn from Medical 
Guardian challenge tesƟng and verify that viable 
bioaerosol concentraƟŽns persisted above the required 
concentraƟŽns over the enƟre pilot control test period.  

During control runs, a single low velocity fan located 
in the corner of the bioaerosol test chamber was turned 
on for the duraƟŽn of trial to ensure a homogenous 
aerosol concentraƟŽn within the aerosol chamber.  The 
mixing fan was used for all control runs and was turned 
oī during Medical Guardian decontaminaƟŽn trials.  The 
two impingers used for bacteriophage, vegetaƟǀĞ, 
fungal and bacterial endospore test sampling were 
pooled and mixed prior to plaƟng and enumeraƟŽn.   

Medical Guardian Testing 

For each control and challenge test, the Collison 
nebulizer was Įlled with approximately 50 mL of 
biological stock and operated at 50 psi for a period of 20 
or 25 minutes (organism dependent).  For control and 
Medical Guardian trials, the impingers were Įlled with 

20 mL of sterilized PBS (addiƟon of 0.005% v/v Tween 
80) for bioaerosol collecƟŽn.  The addiƟŽn of Tween 80
was shown to increase the impinger collecƟŽn eĸĐiency
and de-agglomeraƟŽn of all microorganisms.

The chamber mixing fan was turned on during 
bioaerosol disseminaƟŽn to assure a homogeneous 
bioaerosol concentraƟŽn in the test chamber prior to 
the�Įrst impinger sample.   

Following bioaerosol generaƟŽn, baseline 
bioaerosol concentraƟŽns were established for each 
pilot control and Guardian test by sampling 
simultaneously with two AGI-30 impingers located at 
opposite corners of the chamber. AGI samples were 
collected for 2, 5, or 10 minutes (organism dependent) 
at intervals of 15 minutes throughout the enƟre period.  
Table 2 above shows the general Ɵmeline for each 
Medical Guardian live bioaerosol challenge trial. 

Collected impinger chamber samples were pooled 
and mixed at each sample interval for each test.  Aliquots 
of impinger samples were collected and then used for 
plaƟng. Impingers were rinsed 6x with sterile Įltered 
water between each sampling interval, and re-Įlled with 
sterile PBS using sterile graduated pipeƩes for sample 
collecƟŽn.   

For Medical Guardian biological tesƟng, the unit 
was turned on immediately following a Ɵme 0 baseline 
sample and operated for the enƟrety of the test (up to 
90 minutes).  Subsequent impinger samples were taken 
at intervals of 15 minutes and samples enumerated for 
viable concentraƟŽn to measure the eīecƟǀĞ viable 
bioaerosol reducƟŽn during operaƟŽn of the Medical 
Guardian system over Ɵme.   Table 2 outlines the general 
Ɵmeline for the tesƟng procedure with the Medical 
Guardian.   

Test chamber temperature and humidity were 
recorded at the iniƟĂƟŽn and compleƟŽn of each test. 

General Timeline for Bioaerosol Chamber Testing

Purge Nebulization Hold Hold Hold Hold Hold Hold Evac Decon

Impinger Sampling Medical Guardian Turn on, 
Medical Guardian Turn off, Impinger Sampling and Possible 

Viable Cascade Sampling
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All samples were plated in triplicate on trypƟc soy agar 
media over a minimum of a 2 log diluƟŽn range. 

Plates were incubated for viable plaque forming 
units (pfu) formation for the viral phase of the study, and 
colony forming units (cfu) for fungal spore, and bacterial 
endospore phases of the study.  Plates were incubated 
and enumerated for viable counts to calculate aerosol 
challenge concentraƟŽns in the chamber and reducƟŽn 
of viable microorganisms. 

Post-Testing Decontamination and Prep

Following each test, the chamber was air Ňow 
evacuated/purged for a minimum of twenty minutes 
between tests and analyzed with the APS for parƟcle 
concentraƟŽn decrease to baseline levels between each 
test.  The chamber was decontaminated between live 
microorganism trials with aerosol/vaporous hydrogen 
peroxide (35%).  The Collison nebulizer and impingers 
were cleaned at the conclusion of each day of tesƟng by 
soaking in a 5% bleach bath for 20 minutes.  The 
nebulizer and impingers were then submerged in a DI 
water bath, removed, and spray rinsed 6x with Įltered 
DI water unƟl use. 

Data Analysis

Shows the results of the quadruplicate trials for 
each biological tested for this study.  All results indicate 
the calculated viable bioaerosol concentraƟŽn both 
upstream and downstream of the Clean Air System and 
the Net LOG reducƟŽn provided by the system.   

All trials show individual and group average +/- 
standard deviaƟŽns for Net LOG reducƟŽn on a per 
challenge organism basis.

Results by Organism 

Staphylococcus epidermidis 

 The S. epidermidis are a gram posiƟǀĞ͕ aerobic 
bacteria that grow in trypƟcase soy at 37°C and were 
chosen to act as surrogates for Staph aurus.  InfecƟŽns 
from S. aurus are a leading cause of hospital-acquired 
infecƟŽns and are linked to 50,000 deaths in the USA per 
year.   

 Staph cultures were iniƟĂted the day prior to their 
tesƟng, and grew to a concentraƟŽn greater than 1e10 
cfu/ml.  AŌer nebulizaƟŽn, iniƟĂů� concentraƟŽns of 
Staph averaged 2.6e5 cfu/L of atmosphere inside the 

tesƟng chamber.   The control trial experienced only a 
0.62 LOG reducƟŽn of Staph aŌer 90 minutes of sample 
collecƟŽns using the AGI-30 impingers.   

Figure 5: LOG ReducƟŽn of S. epidermidis in control and 
Medical Guardian test trials. 

 The Medical Guardian trials saw a drasƟc increase 
in reducƟŽn with the unit acƟǀated.  In 15 minutes, over 
the three test trials, an average of only 1.183% of the 
viable Staph sƟll remained inside the tesƟng chamber.  
Figure 5 shows the LOG reducƟŽn of Staph for the 
control and test trials over the 90 minute tesƟng periods.  
At 60 minutes there was an average net LOG reducƟŽn 
of Staph of 5.95 +/- 0.34 with a limit of detecƟŽn of 8.15. 
Figure 6 shows the LOG reducƟŽns for each Staph trial 
and their average +/- standard deviaƟŽn. 

Figure 6 Net LOG ReducƟŽn of Staphylococcus 
epidermidis 

Erwinia herbicola 

 The black plague surrogate, Erwinia herbicola, was 
the second and Įnal vegetaƟǀe bacterium tested in this 
study.  The gram-negaƟǀĞ bacterium were grown 
overnight to an average concentraƟŽn of 8.4e9 cfu/ml, 
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and aŌer nebulizaƟŽn had an average concentraƟŽn of 
1.9e5 cfu/L of atmosphere inside the tesƟng chamber.   

 The Erwinia control trial saw a 0.70 LOG reducƟŽn 
aŌer 90 minutes of sample collecƟŽn.  AŌer 15 minutes 
of being acƟǀated, the Medical Guardian removed an 
average of 99.992% of the viable Erwinia from the 
chamber atmosphere.  The average net LOG reducƟŽn 
of Erwinia by the Medical Guardian at 75 minutes was 
5.36 +/- 0.37 with a limits of detecƟŽn of 7.64. 

Figure 7: LOG ReducƟŽn of Erwinia herbicola in control 
and Medical Guardian test trials. 

Figure 8: Net LOG ReducƟon of Erwinia herbicola. 

MS2 Virus 

 The bacteriophage MS2 is a single stranded RNA virus 
that oŌen serves as a surrogate for noroviruses in studies of 
disease transmission.   MS2 infects E. coli, which was used 
as its mechanism of reproducƟŽn for this study.  Average 
concentraƟŽns of MS2 reached 5.4e9 pfu/mL in culture pre 
tesƟng, and chamber concentraƟŽns aŌer nebulizaƟŽn 
averaged 8.1e5 pfu/L of atmosphere.   

Figure 9: LOG ReducƟŽn of MS2 bacteriophage in 
control and Medical Guardian test trials. 

 The single control trial saw a slightly increased 
reducƟŽn in viable organisms overƟme compared with the 
vegetaƟǀĞ bacterium, reaching a LOG reducƟŽn of 0.94 in 
90 minutes.  With the Medical Guardian acƟǀated, an 
average of 99.999% of the virus had been removed from the 
chambers atmosphere in 15 minutes.  At 60 minutes, there 
was an average net LOG reducƟŽn of MS2 of 5.58 +/- 0.43 
with a limits of detecƟŽn of 6.37.  The Net LOG reducƟŽn is 
considered a minimum value because a single pfu was 
arƟĮcially added at 60 minutes in order to show detecƟŽn 
limits. There were in reality, no observed viable growth 
collected at 60 minutes. However, if zeros were to be 
marked for the plates the logarithmic math does not 
calculate. 

Figure 10: Net LOG ReducƟŽn of MS2 bacteriophage 

Bacillus globigii endospores 

 Endospores are an extremely resilient structure 
formed by some bacteria under unfavorable condiƟŽns 
that are resistant to UV radiaƟŽn, desiccaƟŽn, chemical 
disinfectants and severe temperatures.  The Bacillus 
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globigii spores tested served as surrogates for a similar 
species that causes Anthrax.   

 Unlike the vegetaƟǀe bacterium and viruses, the 
spores did not need to be cultured before tesƟng.  Large 
quanƟƟes of spores stored in alcohol can be purchased 
and are ready for immediate tesƟng.  Pre nebulizaƟŽn 
stock of B. globigii was at a concentraƟŽn of 2.7e9 
cfu/mL, and chamber concentraƟŽn post nebulizaƟŽn 
had an average concentraƟŽn of 7.95e5 cfu/L. 

Figure 11: LOG ReducƟŽn of Bacillus globigii 
endospores in control and Medical Guardian test trials. 
 With the Medical Guardian oī͕ the control trial saw 
a LOG reducƟŽn aŌer 90 minutes of 0.49.  AŌer 15 
minutes with the Medical Guardian acƟǀated during the 
test trials, 1.09% of the spores remained in the chambers 
atmosphere.  AŌer 90 minutes there was a net LOG 
reducƟŽn of 4.23 +/- 0.31 with a limits of detecƟŽn of 
5.70.   

Figure 12: Net LOG ReducƟon of Bacillus globigii 
endospores 

Aspergillus niger Mold Spores 

 Aspergillus niger, the second spore based organism 
tested is a fungus rather than bacterial species.  It is 
known for causing black mold disease in fruits and 
vegetables and is closely related to Aspergillus 
fumigatus, the most common airborne fungal pathogen.  
Like B. globigii, the A. niger spores did not require 
culƟǀaƟŽn, but were commercially acquired ready for 
tesƟng.   

Figure 13: LOG ReducƟŽn of Aspergillus niger spores in 
control and Medical Guardian test trials. 

 ConcentraƟŽns of A. niger inside the chamber aŌer 
nebulizaƟŽn was less than previous organisms, with an 
average of 2.61e4 cfu/L.   The control trial revealed a LOG 
reducƟŽn aŌer 90 minutes of 1.77, which was higher 
than had been observed previously.  With the Medical 
Guardian acƟǀated for 15 minutes during tesƟng trials, 
an average of only 0.29% of A. niger remained inside the 
chamber.  AŌer 60 minutes there was an average net 
LOG reducƟŽn of 4.12 +/- 0.10 with a limits of detecƟŽn 
of 5.59.   

Figure 14: Net LOG ReducƟon of Aspergillus niger 
spores. 
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Phi X174 Virus 

 The Phi X174 bacteriophage tesƟng was planned 
immediately following MS2 tesƟng, however obstacles 
arose with culturing the virus to desirable 
concentraƟŽns.  The tesƟng was pushed back to the end 
of the study to give Ɵme to develop slight alteraƟŽns to 
the growth protocols.   Like MS2, Phi X174 infects E. coli, 
however it is a DNA virus with a small genome.   

 Figure 15: LOG ReducƟŽn of Phi X174 
bacteriophage in control and Medical Guardian test 
trials. 

Pre-tesƟng cultures of Phi X174 had an average 
concentraƟŽn of 4.4e8 pfu/mL, which was signiĮcantly 
lower than any other organisms tested.  Once nebulized, 
the concentraƟŽn of the atmosphere inside the tesƟng 
chamber averaged 7.63e3 pfu/L.   There was a LOG 
reducƟŽn of Phi X174 of 0.89 at 90 minutes during the 
control trial, and an average net LOG reducƟŽn of 4.05 
+/- 0.27 with limits of detecƟon of 4.73 during tesƟng 
trials.  There were no plaques observed beyond 30 
minutes and a single pfu was added to determine 
detecƟŽn limits.   

Figure 16: Net LOG ReducƟŽn of Phi X174 
bacteriophage. 
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Table 3: Net LOG reducƟon summary for the Medical Guardian air system. 

Summary of Results

Overall, the Medical Guardian’s showed an average 
Net LOG reducƟŽn for all organisms tested of 4.80 +/- 
0.74.   The unit was more eīecƟǀĞ at removing 
vegetaƟǀĞ bacterium from the tesƟng chambers 
atmosphere than either the viruses or spores, with an 
average net LOG reducƟŽn for just the two vegetaƟǀe 
bacteria of 5.41 +/- 0.07.  However tesƟng of both 
viruses were below detectable limits due there being 
zero plaques observed on plates aŌer a certain point, 
meaning that the net LOG reducƟŽn for those organisms 
only represents a minimum value.  Spores are known to 

be tough and highly resilient, and therefore it is not 
unexpected that their net LOG reducƟŽns are not quite 
as high as the other organisms.    

The Figure 17 below shows each average net LOG 
reducƟŽn for the organisms tested +/- their standard 
deviaƟŽns.  Table 3 shows a Įnal summary table of the 
net LOG reducƟŽn results for each organism tested in 
this study.   

The Medical Guardian had an overall Clean Air 
Delivery Rate of 94.63 cubic feet per minute (cfm), which 
is explained in detail in Appendix A.

Challenge Organism Surrogate for ATCC # Gram Time 
(min) T1 T2 T3 Avg Net LOG 

ReducƟon
Standard 
DeviaƟon

1  Staphylococcus epidermidis
Methicillin Resistant Staph 

aureus  (MRSA) 12228 pos 60 5.72 6.35 5.79 5.95 0.34 8.15

2 Erwinia herbicola Yersinia pesƟs   (Black Plague) 27155 neg 75 5.12 5.79 5.17 5.36 0.37 7.64

3 MS2 virus InŇuenza, Norovirus 15597-B1 NA 60 5.44 6.06 5.25 5.58 0.43 6.37

4 Phi X174 virus HCV, HBV, HIV 13706-B1 NA 60 4.18 4.22 3.74 4.05 0.27 4.73

5 Bacillus globigii endospore
C. diĸcile  (spore) & Anthrax

(spore) 16404 pos 90 3.99 4.12 4.58 4.23 0.31 5.70

6 Aspergillis niger mold spore Black Mold 13835 NA 60 4.01 4.20 4.14 4.12 0.10 5.59

*Red text = at detecƟon limits, Calculated LOG ReducƟon values represent a minimum

Aerus Medical Guardian Bioaerosol Challenge Summary Net LOG Reduction Results
Limits of 

DetecƟon 
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Figure 17: Average net LOG reducƟon for each bioaerosol organism tested, average +/- standard deviaƟon for the 
triplicate trials.
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DQG�����/(�DJDURVH���7KH�SODWHV�ZHUH�LQFXEDWHG�RYHUQLJKW�DW���๦&�DW����&2����3ODTXHV�
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ZHUH�YLVXDOL]HG�ZLWK�QHXWUDO�UHG�VWDLQ�DQG�D�OLJKW�ER[���7KH�ORZHU�OLPLW�RI�GHWHFWLRQ��//'��
IRU�WKH�DVVD\�ZDV����SIX�PO��
�
Aerosol generation and sampling 
7KH� DHURVROL]DWLRQ� ZDV� SHUIRUPHG� XVLQJ� D� %LDHUD� DHURVRO� FRQWURO� SODWIRUP� �$HUR�*��
%LDHUD�7HFKQRORJLHV��//&��ILWWHG�ZLWK�D�FXVWRP�PDGH�����OLWHU�FKDPEHU�PDQXIDFWXUHG�E\�
%LDHUD�7HFKQRORJLHV�� //&� �)LJXUH� ���� � 7KH� YLUDO� DHURVRO�ZDV� JHQHUDWHG� XVLQJ� D� ��MHW�
&ROOLVRQ�QHEXOL]HU��IORZUDWH�VHW�WR������/30���DQG�LW�ZDV�FRPELQHG�ZLWK�D�VWDQGDUG�YROXPH�
RI�DLU�WR�GHOLYHU�D�JLYHQ�FRQFHQWUDWLRQ�RI�YLUXV�WR�WKH�FKDPEHU���)RU�HDFK�QHEXOL]DWLRQ�����
PO�RI�WKH�YLUDO�LQRFXOXP�DW�FRQFHQWUDWLRQV�RI�����[�����SIX�PO�ZDV�XVHG���7KH�GXUDWLRQ�RI�
DHURVROL]DWLRQ� ZDV� ��� PLQXWHV�� � $HURVRO� VDPSOHV� ZHUH� FROOHFWHG� DW� ����� /30� IRU� ��
PLQXWHV� LPPHGLDWHO\� IROORZLQJ� DHURVROL]DWLRQ� DQG� DW� YDULRXV� WHVWLQJ� WLPH�SRLQWV� XVLQJ�
%LR6DPSOHUV��6.&��,QF���FRQWDLQLQJ����PO�RI�FROOHFWLRQ�PHGLXP�WR�GHWHUPLQH�WKH�FKDPEHU�
YLUDO�FRQFHQWUDWLRQV���7KH�WRWDO�DLUIORZ�WR�WKH�DHURVRO�VHWXS�ZDV������/30���7HPSHUDWXUH�
DQG�KXPLGLW\�ZHUH�PRQLWRUHG�GXULQJ�QHEXOL]DWLRQ�DQG�VDPSOLQJ��
�
�

�
�

)LJXUH����$HURVRO�WHVWLQJ�VHWXS�
�
Aerus devices 
7ZR�GHYLFHV�PDQXIDFWXUHG�E\�$HUXV�0HGLFDO�ZHUH�XVHG� LQ� WKH�VWXG\��DQ�H[SHULPHQWDO�
GHYLFH�DQG�D�FRQWURO�GHYLFH���7KHVH�ZHUH�WKH�$HUXV�3XUH�	�&OHDQ�DQG�WKH�9ROODUD�$LU�	�
6XUIDFH� 3UR�� � 7KH� H[SHULPHQWDO� GHYLFH� ZDV� HTXLSSHG� ZLWK� WKH� $HUXV� $FWLYH3XUH�
WHFKQRORJ\�FDSDEOH�RI�LQDFWLYDWLQJ�DLUERUQH�YLUXVHV��DV�ZHOO�DV�D�IDQ�XVHG�IRU�DLU�LQWDNH�
DQG�RXWSXW��DOO�RWKHU�WHFKQRORJLHV�ZLWKLQ�WKH�GHYLFHV�ZHUH�HLWKHU�UHPRYHG�RU�GHDFWLYDWHG����
7KH� FRQWURO� GHYLFH� ZDV� HVVHQWLDOO\� LGHQWLFDO� WR� WKH� H[SHULPHQWDO� GHYLFH�� EXW� WKH� YLUDO�

CONFIDENTIAL PROPRIETARY INFORMATION OF AERUS MEDICAL LLC – NOT FOR REDISTRIBUTION



870%�$HUXV�0HGLFDO��//&�
�

WĂŐĞ�ϰ�ŽĨ�ϲ�
�

LQDFWLYDWLRQ�$FWLYH3XUH�WHFKQRORJ\�ZDV�UHPRYHG�IURP�WKH�FRQWURO�GHYLFH���)RU�RSHUDWLRQ��
ERWK�GHYLFHV�ZHUH�SOXJJHG�LQWR�D����9�RXWOHW�ZLWKLQ�WKH�FKDPEHU��
�
Aerosol testing timeline 
7KH�WLPH�DQG�GXUDWLRQ�RI�DHURVROL]DWLRQ��GHYLFH�RQ�WLPH��DQG�VDPSOLQJ�ZHUH�SHUIRUPHG�
DFFRUGLQJ�WR�)LJXUHV��$�&���7KH�GHYLFH�RQ�WLPHV�WHVWHG�ZHUH���DQG����PLQXWHV��)LJXUH�
�$������DQG����PLQXWHV��)LJXUH��%���DQG����PLQXWHV��)LJXUH��&����7KHVH�WLPHOLQHV�ZHUH�
XVHG� IRU�ERWK� WKH�H[SHULPHQWDO� �XVLQJ� WKH�H[SHULPHQWDO�GHYLFH��DQG�FRQWURO� �XVLQJ� WKH�
FRQWURO�GHYLFH��UXQV���$�WHVW�UXQ�ZLWK�D�WLPHOLQH�VLPLODU�WR�)LJXUH��$�ZDV�DOVR�SHUIRUPHG�
ZKHUHLQ� WKH�FRQWURO�GHYLFH�ZDV�QRW� WXUQHG�RQ�DW� W ��� �7KLV�ZDV�GRQH� WR�DVFHUWDLQ� WKH�
GHJUHH�DW�ZKLFK�WKH�DHURVRO�GURSOHWV�VHWWOH�ZLWKRXW�DLU�FLUFXODWLRQ�EHLQJ�JHQHUDWHG�E\�WKH�
IDQ�ZLWKLQ�WKH�GHYLFHV��

�

�
�

)LJXUH����7HVWLQJ�WLPHOLQHV�
�
5HVXOWV�
�
'XULQJ� WKH� DHURVRO� DQG� VDPSOLQJ� UXQV�� WKH� DYHUDJH� KXPLGLW\� OHYHO�ZDV� DSSUR[LPDWHO\�
�����DQG�WKH�WHPSHUDWXUH�ZDV�DSSUR[LPDWHO\���๦&���7DEOH���SURYLGHV�WKH�ORJ�UHGXFWLRQV�
�UHODWLYH� WR� WKH� YLUDO� FRQFHQWUDWLRQ� DW� W ��� LQ� YLUDO� FRQFHQWUDWLRQ� IRU� WKH� FRQWURO� DQG�
H[SHULPHQWDO� GHYLFHV� ZLWK� WKH� YDULRXV� RQ�WLPHV�� � $OO� GHYLFH� RQ�WLPHV� ZHUH� WHVWHG� LQ�
WULSOLFDWH�H[FHSW�IRU�WKH���PLQXWH��XQLW�RII��FRQWURO�����PLQXWH��XQLW�RII��FRQWURO�����PLQXWH�
FRQWURO��DQG����PLQXWH�FRQWURO���,Q�WKH�FDVH�RI�WKH�H[SHULPHQWDO�GHYLFH��WKH�PHDVXUHG�YLUDO�
FRQFHQWUDWLRQV�ZHUH�EHORZ�WKH�SODTXH�DVVD\�//'�����SIX�PO�RU�����ORJV��IRU�DOO�EXW�RQH�
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VDPSOH� FROOHFWLRQ�� � 7KHUHIRUH�� WKH� UDQJH� LQ� ORJ� UHGXFWLRQ� ZDV� ������ WR� ������ ZKLFK�
HTXDWHV�WR��������WR�����������+RZHYHU��VLQFH�QR�SODTXH�ZHUH�GHWHFWHG�LQ�QHDUO\�HYHU\�
FDVH�� WKH�SHUFHQW� LQDFWLYDWLRQ�FRXOG�EH������������� ORJV��� �7KH� ORJ�UHGXFWLRQV� LQ�YLUDO�
FRQFHQWUDWLRQ� IRU� WKH� FRQWURO� UXQV� UDQJHG� IURP� ����� WR� ������ KRZHYHU�� WKH� YLUDO�
FRQFHQWUDWLRQ�RI�RQH�VDPSOH�FROOHFWLRQ�����PLQXWH�FRQWURO��GLG�IDOO�EHORZ�WKH�DVVD\�//'�
WKHUHLQ�JLYLQJ�D�ORJ�UHGXFWLRQ�RI���������7KH�WUXH�QHW�UHGXFWLRQ�LQ�YLUDO�FRQFHQWUDWLRQ�FRXOG�
QRW�EH�GHWHUPLQHG�VLQFH� WKH�H[SHULPHQWDO�GHYLFH� LQDFWLYDWHG� WKH�YLUXV� WR�XQGHWHFWDEOH�
OHYHOV�� � 0RUHRYHU�� WKH� WUXH� QHW� ORJ� UHGXFWLRQ� IRU� WKH� UXQV� RYHU� �� PLQXWHV� ZRXOG� EH�
PLVOHDGLQJ�VLQFH�D�JUHDWHU�SRUWLRQ�RI�WKH�YLUXV�VHWWOHG�LQ�WKH�WHVW�FKDPEHU�DV�WLPH�SDVVHG���
%HFDXVH�RI�WKLV��LW�LV�OLNHO\�WKDW�PRUH�RI�WKH�YLUXV�ZDV�LQDFWLYDWHG�WKDQ�FRXOG�EH�PHDVXUHG���
7KH�VWXG\�UDZ�GDWD�LV�SURYLGHG�LQ�WKH�$SSHQGL[��
�
7DEOH����/RJ�UHGXFWLRQ�LQ�YLUDO�FRQFHQWUDWLRQ�

7HVW�XQLW� 'HYLFH�
RQ�WLPH�

/RJ�UHGXFWLRQ�
IURP�W � 7HVW�XQLW� 'HYLFH�

RQ�WLPH
/RJ�UHGXFWLRQ�

IURP�W �

&RQWURO�
GHYLFH�

��
PLQXWHV�

�����

([SHULPHQWDO�
GHYLFH�

��
PLQXWHV�

�����

����� ������

����� ������

���
PLQXWHV�

�����
���

PLQXWHV�

������

����� ������

����� ������

���
PLQXWHV�

�����
���

PLQXWHV�

������

����� ������

����� ������

���
PLQXWHV�

�����
���

PLQXWHV�

������

����� ������

����� ������

���
PLQXWHV�

�����
���

PLQXWHV�

������

������ ������

����� ������
��

PLQXWHV�
�XQLW�RII��

�����
�
����

PLQXWHV�
�XQLW�RII��

�����
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�
6XPPDU\�
�
7KH� $HUXV� WHFKQRORJ\� LQDFWLYDWHG� DLUERUQH� 6$56�&R9��� WR� XQGHWHFWDEOH� OHYHOV�� � 7KH�
UHVXOWV�VKRZ�WKDW��ZKHQ�DFFRXQWLQJ�IRU�WKH�//'��WKH�SHUFHQW�UHGXFWLRQ�LQ�YLUXV�ZDV��������
WR����������KRZHYHU��VLQFH�QR�YLUXV�ZDV�GHWHFWHG�DIWHU�XVLQJ�WKH�H[SHULPHQWDO�GHYLFH��
WKH�WUXH�SHUFHQW�UHGXFWLRQ�ZDV�OLNHO\�JUHDWHU�WKDQ��������LQ�HYHU\�FDVH���7KH�WUXH�QHW�
UHGXFWLRQ�FRXOG�QRW�EH�GHWHUPLQHG�GXH�WR�WKH�//'�RI�WKH�TXDQWLWDWLRQ�DVVD\��EXW�WKLV�WRR�
ZDV�OLNHO\�JUHDWHU�WKDQ���������
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EXECUTIVE S UMMARY 
 

Post-Surgical Site Infections (SSI) and Healthcare-Acquired Infections (HAI) are of major concern to hospitals, doctors 

and patients across North America. 

 
The Public Health Agency of Canada reported a 17-fold increase in MRSA rates in Canadian hospitals between 1995 and 

2010. 1 In a study published in 2003, "an estimated one in nine Canadian patients develops a healthcare-associated 

infection during his or her hospital stay — a total of 220,000 patients per year. Further, an estimated 8,000 Canadians will 

lose their lives from these infections every year.” 2 Often, treatment is more costly than prevention: estimated costs in 

2004 were $82 million. In 2010, costs were estimated at $129 million.3 

 
In Canada, health spending was projected to reach $253.5 billion in 2018 (versus $207 billion in 2012). Statistics show 

that from 2017-2018, the average cost of a bed in Canada for acute care is $6,137/day.4 A 2014 article in The Canadian 

Journal of Infectious Diseases & Medical Microbiology noted that “approximately 60% of total health spending is 

directed to hospitals and although it’s difficult to estimate, the proportion of this spending attributed to the management 

of nosocomial infections, overuse and/or misuse of antimicrobials, and infections due to multidrug-resistant bacteria is 

significant.”5 

 
Statistics as somber as these make it clear that even a small reduction in SSI/HAI occurrences can translate into 

significantly improved overall patient care as well as lower medical costs for health providers. 

 
This study was conducted to determine whether the Beyond by Aerus ActivePure® Technology could materially reduce 

or eliminate microorganisms and particulate matter from the air and on surfaces in an active hospital Surgical Intensive 

Care Unit (SICU) and a Cardiovascular Intensive Care Unit (CV-ICU) environment. Surface and airborne 

microorganisms are a major contributor of SSIs/HAIs, with bacteria Staphylococcus and Methicillin Resistant 

Staphylococcus as the most common. Specific analysis of bacteria (including MRSA, fungi and airborne particles) was 

performed before and after the installation of the Beyond Medical Guardian Air units. 

 
The study results show material reduction in bacteria, MRSA, fungi and airborne particles after the installation of the 

Beyond Medical Guardian Air units – significantly reducing the exposure to infection from pathogens to those patients 

and healthcare providers in the SICU and CV-ICU environment. 

x Bacteria and fungi reduction ranged from 73% to 94%. 
x Methicillin-resistant Staphylococcus aureus (MRSA) was generally below detection levels (BDL) when first 

tested, but in one instance, it was very high and post installation showed a 100% reduction. 
x Staphylococcus Aureus was reduced by 97%. 
x Blood and potato agar plate samples showed reductions of 64% to 85% in bacteria, mold and yeast. 
x Airborne particle reduction ranged from 41% to 95%. 
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MATERI AL S AN D ME THODS 
 

Sampling locations selected in the Surgical Intensive Care Unit (SICU) and the Cardiovascular Intensive Care Unit (CV- 

ICU) focused on areas most likely to have routine exposure or physical contact. These areas were active spaces, where 

cleaners are applied on a routine basis, which helps lower additional bacteria counts. In addition to surface testing, blood 

and potato agar plates were used to collect ambient air samples using a BioStage collection device attached to a vacuum 

pump. A laser particle counter was used to independently measure total airborne particulates 1.0 micron and smaller. 

 
Pre-Treatment (Before) Protocols 

 
 

On May 30, 2019, surface and air samples were collected in the Surgical Intensive Care Unit (SICU) and the 

Cardiovascular Intensive Care Unit (CV-ICU) of a Canadian hospital. Samples were taken to determine if and to what 

degree bacteria (including MRSA) and fungi exist within that environment, to establish a baseline for comparison. 

Normal ICU operating conditions were in place as were all other hospital protocols relating to the control of airborne and 

surface pathogens. 

 
To determine levels of contaminants, five individual surface locations inside the SICU and CV-ICU areas were selected 

for sample collection. These areas were; 

x patient monitor handle 

x patient bed rail 

x light switch in the patient area 

x nurse’s station work surface 

x medical equipment cart drawer handles. 
 

Surface samples were collected using the sampling methodology established by the Antimicrobial Testing Laboratory to 

ensure consistent sampling and prevent contamination during collection and handling. The Antimicrobial Testing 

Laboratory located in Round Rock, Texas is an independent and accredited FDA, EPA third-party test laboratory. 

 
Each individual surface location was sampled using the 3M pre-moistened biocide-free cellulose sponge swab with a 10 

mL neutralizing buffer. The swab was moved in an overlapping pattern over the surface area to fully expose the swab to 

any possible pathogens. The exposed swab was then placed in its sample container and sealed for transit to the lab. This 

process was performed for each of the selected surface sampling locations. The collected samples were packaged in 

containers with cold packs to keep the samples cool during transit to the Round Rock, Texas lab. Upon receipt to the lab, 

microbiologists unpacked and prepared the samples for plating. The prepared plates were then incubated at a temperature 

of 30°-36°±C for 2 – 5 days. Fully incubated plates were removed and the Colony Forming Unit (CFU) count was 

determined and recorded. 
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M AT ERI ALS AN D ME THODS C ONTINUED 
 

Air samples were collected in real time at two locations within the SICU and two locations within CV-ICU areas. The air 

sample counts were collected using a laser particle counter specifically designed for counting airborne particles. The laser 

particle counter device is calibrated and NIST traceable. The laser counter measured in real time the number of total 

particles 1.0 micron and smaller per cubic meter of air. The particle counter does not differentiate the type of 

contaminants counted, only the number of particles. 

 
Agar plates were used in the same locations the airborne particle counts were taken to collect air samples for specific 

analysis of bacteria, molds and yeast. Blood agar plates were used to collect air sample for analysis of bacteria while 

potato agar plates were used for the analysis of molds and yeast. Each agar plate was exposed to the air using a BioStage 

collection device attached to a vacuum pump, with an airflow rate of 30 liters per minute. Collected plates were sealed 

and shipped to the independent lab where they were incubated from 2 – 5 days at a temperature of 30°-36°±C. 

 
Treatment (After) Protocols 

 
 

Upon completion of the May 30, 2019 air and surface sampling, Beyond Medical Guardian Air units were placed into the 

SICU and CV-ICU areas. These units utilize several technologies, most notably our ActivePure Technology – which 

creates powerful and safe hydroxyls and super ions that travel through the air and onto surfaces remediating pathogens – 

and a better-than-HEPA filter media. ActivePure is in the Space Technology Hall of Fame and is the only technology in 

its class certified as Space Technology by the NASA sponsored Space Foundation. ActivePure is derived from 

technology initially developed for and used on the International Space Station. The Beyond Medical Guardian units were 

turned on and allowed to operate continuously for seven days while normal hospital protocols for control of air and 

surface pathogens also continued. The Beyond Medical Guardian Air Units were also used in conjunction with a few 

additional purification units engineered with the same, but a smaller version of, ActivePure Technology used in the 

Beyond Medical Guardian Air Units. 

 
On June 5, 2019 surface and air samples were again collected in the Surgical Intensive Care Unit (SICU) and the 

Cardiovascular Intensive Care Unit (CV-ICU) following the same protocols established and used in before treatment. 

Samples and measurements were collected and analyzed to determine whether and to what degree use of the Beyond 

Medical Guardian Air units reduced bacteria (including MRSA) and fungi (mold, yeast and air particles) within the SICU 

and CV-ICU environment. 
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M AT ERI ALS AN D ME THODS C ONTINUED 
 

ActivePure Technology utilizes a proprietary hydrophilic photo catalytic coating consisting of non-Nano titanium dioxide 

with a proprietary combination of additional transition elements to enhance efficacy. Activated by a specific wavelength 

of ultraviolet light, oxygen and humidity are extracted from the air to create powerful oxidizers that target air and surface 

pathogens. These oxidizers are extremely effective at destroying bacteria, viruses, fungi, volatile organic compounds 

(VOCs) and other environmental contaminants. Most significantly, they are not harmful to humans, pets or plants and are 

completely safe for indoor use in occupied spaces. 

 
The difference between the before samples and the samples after running the Beyond Medical Guardian Air units for 

seven days was very substantial and significant. 
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T OTAL B AC T E RI A A N D F U NGI RES U L TS (S WA B) 
 

 
During the surface sampling periods on May 30, 2019, a combined total of 15,430 Colony Forming Units (CFUs) of 

bacteria were discovered in the Surgical Intensive Care Unit (SICU) and 2,956 CFUs of bacteria were measured in the 

Cardiovascular Intensive Care Unit (CV-ICU) as a result of the surface sampling. Testing results for Fungi (molds and 

yeast) in these same areas were 2,812 CFUs in the SICU and 480 CFUs in the CV-ICU. 

 
During the same test period time on June 5, 2019, seven days after installing the Beyond Medical Guardian Air units, the 

combined total bacteria count was reduced to 867 CFUs of bacteria in the SICU and 784 CFUs of bacteria in the CV-ICU. 

Testing results for Fungi in these same areas were 313 CFUs in the SICU and 70 CFUs in the CV-ICU. 

 
This equates to a reduction in total bacteria by 94% in the SICU and 73% in the CV-ICU and a total reduction in Fungi by 

89% in the SICU and 85% in the CV-ICU. 
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METHICILLIN RESISTANT STAPHYLOCOCCUS (MRSA) 
(SWAB) 

 
During the surface sampling periods on May 30, 2019, a total of 31 CFUs of Methicillin Resistant Staphylococcus Aureus 

(MRSA) were discovered in the Surgical Intensive Care Unit (SICU) and 0 CFUs of Methicillin Resistant Staphylococcus 

Aureus (MRSA) were found in the Cardiovascular Intensive Care Unit (CV-ICU) as a result of the surface sampling. 

Testing results for Staphylococcus, Aureus in these same areas were 6,314 CFUs in the SICU and 1,779 CFUs in the CV- 

ICU. 

 
During the same test period time on June 5, 2019, seven days after installing the Beyond Medical Guardian Air units, the 

combined MRSA count was reduced to 0 in the SICU and 1 CFU was present in the CV-ICU. This equates to a reduction 

in MRSA bacteria in the SICU to 100% and the level in the CV-ICU was below detection limits (BDL). 

 
Testing results for Staphylococcus Aureus in these same areas were 186 CFUs in the SICU and 57 CFUs in the CV-ICU. 

This equates to a reduction in Staphylococcus Aureus in the SICU by 97% and 97% in the CV-ICU. 
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BLOOD AND POTATO AGAR PLATE RESULTS ( AI R) 

 
Agar plate samples collected on May 30, 2019 had a combined total bacteria count of 104 CFUs with blood agar and 

total fungi of 17 CFUs with potato agar in the Surgical Intensive Care Unit (SICU) and a total bacteria count of 24 CFUs 

with blood agar and total fungi of 7 CFUs with potato agar in the Cardiovascular Intensive Care Unit (CV-ICU), as a 

result of the sampling. 

 
Agar plates collected on June 5, 2019, seven days after installing the Beyond Medical Guardian Air units, had a combined 

total bacteria count of 16 CFUs with blood agar and total fungi of 6 CFUs with potato agar in the SICU, and a total 

bacteria count of 11 CFUs with blood agar and a total fungi of 4 CFUs with potato agar in the CV-ICU as a result of the 

sampling. 

 
This equates to a reduction in total bacteria CFUs of 85% in the SICU and 72% in the CV-ICU. Total fungi CFUs were 

reduced by 64% in the SICU and 68% in the CV-ICU. The results indicate that the air was materially less contaminated 

with bacteria and fungi as a result of the Beyond Medical Guardian Air units. 

 
All agar plate samples were collected using a BioStage Single-stage Impactor, coupled to a vacuum pump with an airflow 

rate of 30 liters per minute. 
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AIRBORN E PARTIC UL ATE S 

 
Prior to installing the Beyond Medical Guardian Air units, particle counts were collected three different times on May 30, 

2019. The combined average particle counts measured 485,395 particles per cubic meter at 1.0 um and 958,580 particles 

per cubic meter at .5 um in the Surgical Intensive Care Unit (SICU). They measured 1,711,928 particles per cubic meter 

at 1.0 um and 12,145,965 particles per cubic meter at .5 um in the Cardiovascular Intensive Care Unit (CV-ICU). 

 
During the same three test periods time on June 5, 2019, seven days after installing the Beyond Medical Guardian Air 

units, the combined average particle counts were reduced to 269,432 particles per cubic meter at 1.0 um and 569,315 

particles per cubic meter at .5 um in the SICU and 269,061 particles per cubic meter at 1.0 um and 562,097 particles per 

cubic meter at .5 um in the CV-ICU. This equates to an overall reduction in airborne particulates in the SICU by 44% and 

in the CV-ICU by 84%. 
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NOT E W OR T HY UN US U A L OB S E R VA T I ONS 
 

 
None observed. 
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C ONC L U SI O N 
 

 
Testing results indicate that the Beyond Medical Guardian Air with Aerus ActivePure Technology materially reduces or 

eliminates microorganisms and particulate matter from the air and on surfaces in the Surgical ICU (SICU) and 

Cardiovascular ICU (CV-ICU) environments.  Results showed that: Surface Bacteria counts were reduced over an 

average of 83%; Surface Fungi were reduced by 87%; Surface Methicillin Resistant Staphylococcus (MRSA) were (BDL) 

below detection levels with the exception of a single instance where it was reduced 100%; Surface Staphylococcus 

Aureus was reduced by 97% and Airborne Particulates were reduced over an average of 64% during the seven-day test 

period. 

 
The Beyond Medical Guardian Air with Aerus ActivePure Technology was very effective in eliminating bacteria 

(including MRSA) and fungi on all surfaces, as well as providing ongoing protection of the surfaces and air against future 

contamination. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FOOTNOTES 
 

1.https://sunnybrook.ca/media/item.asp?c=2&i=401&page=185 
2.https://www.patientsafetyinstitute.ca/en/Topic/Pages/Healthcare-Associated-Infections-(HAI).aspx 
3.Ibid 
4. https://yourhealthsystem.cihi.ca/hsp/inbrief?lang=en#!/indicators/015/cost-of-a-standard-hospital-stay 
5.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028670/ 
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The VafeW\ and VcienWific YalidiW\ of WhiV VWXd\ iV Whe UeVponVibiliW\ of Whe VWXd\ VponVoU
and inYeVWigaWoUV. LiVWing a VWXd\ doeV noW mean iW haV been eYalXaWed b\ Whe U.S.
FedeUal GoYeUnmenW. KnoZ Whe UiVkV and poWenWial benefiWV of clinical VWXdieV and Walk
Wo \oXU healWh caUe pUoYideU befoUe paUWicipaWing. Read oXU diVclaimeU foU deWailV.

 

ClinicalTUialV.goY IdenWifieU: NCT04610294

RecUXiWmenW SWaWXV b : NoW \eW UecUXiWing
FiUVW PoVWed b : OcWobeU 30, 2020
LaVW UpdaWe PoVWed b : DecembeU 11, 2020

See CRQWacWV aQd LRcaWLRQV

SWXd\ DeWaLOV TabXOaU VLeZ NR ReVXOWV PRVWed DiVclaimeU HoZ Wo Read a SWXd\ RecoUd

COVID-19 iV an emeUging, Uapidl\ eYolYing ViWXaWion. 
GeW Whe laWeVW pXblic healWh infoUmaWion fUom CDC: hWWpV://ZZZ.coUonaYiUXV.goY. 

GeW Whe laWeVW UeVeaUch infoUmaWion fUom NIH: hWWpV://ZZZ.nih.goY/coUonaYiUXV.

TUial UecoUd 1 RI 1 foU:    NCT04610294

PUeYioXV SWXd\ _ ReWXUn Wo LiVW  _ Ne[W SWXd\

OSeUaWLQJ RRRP ALU FLOWUaWLRQ/SWeULOL]aWLRQ

SSRQVRU:
The CleYeland Clinic

IQIRUPaWLRQ SURYLded b\ (ReVSRQVLbOe PaUW\):
The CleYeland Clinic

SWXd\ DeVcULSWLRQ

BUief SXmmaU\:

Go Wo  
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DeWeUmine ZheWheU opeUaWing Uoom aiU filWUaWion and VWeUili]aWion ZiWh Whe AeUXV V\VWem UedXceV a compoViWe of VeUioXV
VXUgical ViWe infecWionV, infecWion-UelaWed complicaWionV, and deaWh ZiWhin 30 da\V afWeU VXUgeU\.

CRQdLWLRQ RU dLVeaVe b IQWeUYeQWLRQ/WUeaWPeQW b

Non-caUdiac SXUgeU\ DeYice: FXncWioning AeUXV aiU filWUaWion/VWeUili]aWion

DeYice: DeacWiYaWed AeUXV aiU filWUaWion/VWeUili]aWion

DeWailed DeVcUipWion:
The inYeVWigaWoUV pUimaU\ goal iV WhXV Wo deWeUmine ZheWheU filWeUing and VWeUili]ing opeUaWing Uoom aiU UedXceV a
compoViWe of VeUioXV VXUgical ViWe infecWionV, infecWion-UelaWed complicaWionV, and deaWh ZiWhin 30 da\V afWeU VXUgeU\.
The inYeVWigaWoUV Zill deWeUmine Whe effecW of aiU filWUaWion and VWeUili]aWion on VeUioXV VXUgical ViWe infecWionV, and on Whe
coVW of caUe. infecWionV, and on Whe coVW of caUe.

SWXd\ DeVLJQ

SWXd\ T\Se b :
ObVeUYaWional

EVWLPaWed EQUROOPeQW b :
86639 paUWicipanWV

ObVeUYaWLRQaO MRdeO:
CaVe-CUoVVoYeU

TLPe PeUVSecWLYe:
PUoVpecWiYe

OIILcLaO TLWOe:
OpeUaWing Room AiU FilWUaWion/SWeUili]aWion and SXUgical SiWe InfecWion: A Randomi]ed MXlWiple CUoVV-oYeU
ClXVWeU TUial

EVWLPaWed SWXd\ SWaUW DaWe b :
JanXaU\ 2021

EVWLPaWed PULPaU\ CRPSOeWLRQ DaWe b :
JanXaU\ 2024

EVWLPaWed SWXd\ CRPSOeWLRQ DaWe b :
JXne 2024

ReVRXUce OLQNV SURYLded b\ WKe NaWLRQaO LLbUaU\ RI MedLcLQe

GeneWic and RaUe DiVeaVeV InfoUmaWion CenWeU UeVoXUceV:
OcXloceUebUal S\ndUome WiWh H\popigmenWaWion

Go Wo  
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U.S. FDA ReVoXUceV

GURXSV aQd CRKRUWV

GURXS/CRKRUW b IQWeUYeQWLRQ/WUeaWPeQW b

AeUXV aiU VWeUili]aWion

AeUXV aiU VWeUili]aWion V\VWem Zill be XVed in an
opeUaWing Uoom, in addiWion Wo UoXWine Uoom aiU
filWUaWion

DeYice: FXncWioning AeUXV aiU filWUaWion/VWeUili]aWion

TZo XniWV of AeUXV aiU VWeUili]aWion V\VWem Zill be
XVed in each opeUaWing Uoom, and each Zill be VeW
Wo "high." UniWV XVed foU Whe WUial Zill be modified
inWeUnall\ Wo be acWiYe and Zill be Vealed Wo
pUeYenW opeUaWing Uoom peUVonnel fUom opening
Whe V\VWem and deWeUmining a XniW'V VWaWXV.

ConYenWional aiU handling

Onl\ UoXWine Uoom aiU filWUaWion Zill be XVed in an
opeUaWion Uoom.

DeYice: DeacWiYaWed AeUXV aiU filWUaWion/VWeUili]aWion

TZo XniWV of AeUXV aiU VWeUili]aWion V\VWem Zill be
XVed in each opeUaWing Uoom, and each Zill be VeW
Wo "high." UniWV XVed foU Whe WUial Zill be modified
inWeUnall\ Wo be inacWiYaWed and Zill be Vealed Wo
pUeYenW opeUaWing Uoom peUVonnel fUom opening
Whe V\VWem and deWeUmining a XniW'V VWaWXV. UniWV
Zill be inacWiYaWed b\ UemoYing Whe acWiYaWed
caUbon, high-efficienc\ paUWicXlaWe filWeU, and
ioni]aWion chambeU. HoZeYeU, Whe fan Zill Uemain
acWiYe aV Zill Whe "UXn" lighWV.

OXWcRPe MeaVXUeV

PUimaU\ OXWcome MeaVXUeV b :

1. CompoViWe oXWcome of poVWopeUaWiYe complicaWionV [ Time FUame: 30 da\V afWeU VXUgeU\ ]

A compoViWe of moUWaliW\, majoU VXUgical ViWe infecWion, and healing-UelaWed ZoXnd complicaWionV

SecondaU\ OXWcome MeaVXUeV b :

1. SeUioXV VXUgical ViWe infecWion [ Time FUame: 30 da\V afWeU VXUgeU\ ]

Go Wo  

Go Wo  
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Deep oU oUgan-Vpace VXUgical ViWe infecWion Zill be eYalXaWed b\ anal\ViV of InWeUnaWional
ClaVVificaWion of DiVeaVe UeYiVion 10 (ICD-10) diagnoViV codeV

2. CoVW-of-caUe [ Time FUame: 30 da\V afWeU VXUgeU\ ]

OXU economic anal\ViV Zill eVWimaWe Whe coVW-effecWiYeneVV UaWio, defined aV Whe diffeUence in aYeUage
WoWal hoVpiWal coVWV diYided b\ Whe diffeUence in Whe pUopoUWion ZiWh an\ of Whe componenWV of Whe
compoViWe, and e[pUeVVed aV aYeUage coVW peU 1 peUcenW impUoYemenW in Whe compoViWe oXWcome.

EOLJLbLOLW\ CULWeULa

IQIRUPaWLRQ IURP WKe NaWLRQaO LLbUaU\ RI MedLcLQe

Choosing Wo parWicipaWe in a sWXd\ is an imporWanW personal decision. Talk ZiWh \oXr docWor and famil\
members or friends aboXW deciding Wo join a sWXd\. To learn more aboXW Whis sWXd\, \oX or \oXr docWor ma\
conWacW Whe sWXd\ research sWaff Xsing Whe conWacWs proYided beloZ. For general informaWion, Learn AboXW
Clinical SWXdies.

AJeV EOLJLbOe IRU SWXd\:  
18 YeaUV and oldeU   (AdXlW, OldeU AdXlW)

Se[eV EOLJLbOe IRU SWXd\:  
All

AcceSWV HeaOWK\ VROXQWeeUV:  
No

SaPSOLQJ MeWKRd:  
PUobabiliW\ Sample

SWXd\ PRSXOaWLRQ
The WUial Zill Wake place in Whe adXlW opeUaWing UoomV of Whe CleYeland Clinic Main CampXV, Vpecificall\ ORV 1-
25 in E and 28-38 in H, 40-50 in G, and J opeUaWing UoomV. BecaXVe of Whe cohoUW deVign, all paWienWV Zho
haYe VXUgeU\ in WheVe opeUaWing UoomV Zill be inclXded.

CULWeULa

InclXVion CUiWeUia:

All paWienWV in deVignaWed adXlW opeUaWing UoomV

Go Wo  
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AmeUican SocieW\ of AneVWheViologiVWV ph\Vical VWaWXV 1-4.

SXUgeU\ laVWing aW leaVW 1 hoXU.

E[clXVion CUiWeUia:

paWienWV ZiWh pUeVenW-on-admiVVion infecWionV

CRQWacWV aQd LRcaWLRQV

IQIRUPaWLRQ IURP WKe NaWLRQaO LLbUaU\ RI MedLcLQe

To learn more aboXW Whis sWXd\, \oX or \oXr docWor ma\ conWacW Whe sWXd\ research sWaff Xsing Whe conWacW
informaWion proYided b\ Whe sponsor.

Please refer Wo Whis sWXd\ b\ iWs ClinicalTrials.goY idenWifier (NCT nXmber): NC704610294

CRQWacWV

ConWacW: RobeUWa JohnVon 216-444-9950 johnVoU13@ccf.oUg

ConWacW: MaXUo BUaYo, MD 216-636-9449 bUaYom2@ccf.oUg

LRcaWLRQV

UQLWed SWaWeV, OKLR

CleYeland Clinic
CleYeland, Ohio, UniWed SWaWeV, 44195
ConWacW: RobeUWa JohnVon    216-444-9950    johnVoU13@ccf.oUg   
ConWacW: MaXUo BUaYo, MD    216-636-9449    bUaYom2@ccf.oUg   
PUincipal InYeVWigaWoU: Daniel I SeVVleU, MD         

SSRQVRUV aQd CROOabRUaWRUV

The CleYeland Clinic

IQYeVWLJaWRUV

PUincipal InYeVWigaWoU: Daniel I SeVVleU, MD The CleYeland Clinic

MRUe IQIRUPaWLRQ

Go Wo  

Go Wo  
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ReVSRQVLbOe PaUW\:
The CleYeland Clinic

COLQLcaOTULaOV.JRY IdeQWLILeU:
NCT04610294     HiVWoU\ of ChangeV

OWKeU SWXd\ ID NXPbeUV:
20-656  

FLUVW PRVWed:
OcWobeU 30, 2020    Ke\ RecoUd DaWeV

LaVW USdaWe PRVWed:
DecembeU 11, 2020

LaVW VeULILed:
DecembeU 2020

SWXdLeV a U.S. FDA-UeJXOaWed DeYLce PURdXcW:
No
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