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Background: This in-vitro study characterized the decontamina on e cacy of the Aerus Medical Guardian against 

Overview

This study was conducted to evaluate the e cacy of 

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

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

All Bioaerosol challenge tes ng 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 puri on 
system that is designed to neutralize airborne microorganisms.  The e ec veness of the system was assessed for six 
(6) aerosolized biologicals: two vegeta ve 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 tes ng consisted of a single control trial plus triplicate decontamina on trials 
for each organism tested. 
 
Methods:  Each of the six (6) organisms used for tes ng were nebulized into a sealed environmental bioaerosol 
chamber containing the Aerus Medical Guardian air system.  AGI impingers were used to capture chamber bioaerosol 
concentra ons at set sampling mes.  Viable cascade impactors were u lized with some organisms for higher 
resolu on sample collec on.  All impinger samples were serially diluted, plated and enumerated in triplicate to yield 
viable bioaerosol concentra on at each sampling point and me.  Chamber control trial data was subtracted from 
Medical Guardian trial data to yield net LOG reduc on in the chamber for each tested bioaerosol challenge.   
 
Results:  Staph had an average Net LOG reduc on of 5.46 +/- 0.34 for the triplicate trials.  Erwinia’s average Net LOG 
reduc on was 5.36 +/- 0.37.  The Medical Guardian’s e cacy against the MS2 virus was 5.58 +/- 0.43.  The 
performance against Phi X174 showed 4.05 +/- 0.27 net LOG reduc on.  The endospores, Bacillus, had an average net 
LOG reduc on of 4.23 +/- 0.31, and the mold spores, A. niger, had a net LOG reduc on of 4.12 +/- 0.10.  The two test 
viruses, MS2 and Phi X174, organisms showed no viability er t=75minute (MS2) and T=60minutes (PhiX174),  in 
order to calculate the net LOG kill for these organisms a ous single colony count was used to calculate the limits 
of detec on for each trial and to show the minimum Net LOG reduc on achieved for the Medical Guardian.  
 
Summary:  Overall, the Medical Guardian showed an average Net LOG reduc on for all organisms tested of 4.80 +/- 
0.74.  The unit seemed most e ec ve at removing vegeta ve bacteria from an environment, with an average net LOG 
reduc on of the two vegeta ve bacteria tested of 5.41 +/- 0.07.  However both viruses were below detectable limits 
due there being zero plaques observed on plates er a certain me point, meaning that the net LOG reduc on 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 reduc ons, average 4.18 LOG, are not quite as high as the other organisms.   
Overall the Medical Guardian showed a high e cacy against of a broad range of viable bioaerosol. 
 
This study was conducted in compliance with FDA Good Laboratory Prac ces (GLP) as de ned in 21 CFR, Part 58. 
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The e ec veness of the Medical Guardian was 
evaluated against vegeta ve bacterium, endospores, 
viruses, and mold spores.  Tes ng with each of the six 
dis nct organisms was completed in triplicate trials plus 
a control trial to demonstrate the capability of reducing 
viable bioaerosol concentra ns.  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 tes ng chamber, but would never be ac ated.  The 
organisms were aerosolized into the controlled 
chamber, and air samples were collected at set me 
points throughout each trial.  Comparisons of the 
number of living organisms between the control trials 
and the test trials allowed for determina n of the 
Medical Guardian’s e acy 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 poten ly contaminated room environment 
and to contain any poten 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- ght lockable chamber door for 
system setup and general ingress and egress.  The test 
chamber internal dimensions are 9.1  x 9.1  x 6.8 , 
with a displacement volume of 562 cubic feet, or 15,914 
liters.   Figure 2 shows a diagram of the tes ng chamber 
con gura n.  Tes ng condi ns inside the chamber 

 
The chamber is equipped with ltered HEPA inlets, 

digital internal temperature and humidity monitor, 
external humidi ers (for humidity control), ligh ng 
system, mul ple sampling ports, aerosol mixing fans, 
and a HEPA ltered exhaust system that are operated 
with wireless remote control.  For tes ng, 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 dissemina n into the 
chamber using a Collison 24-jet nebulizer for the 
bacteriophages, vegeta ve cells and bacterial spores, or 
a dry powder eductor for the fungal spores.  

A ¼ inch diameter probe was used for con nuous 
aerosol par cle size monitoring via a TSI Aerodynamic 
Par cle Sizer (APS) model 3321.  All sample and 
dissemina n ports were inserted approximately 18 
inches from the interior walls of the chamber to avoid 
wall e ects and at a height of approximately 40 inches 
from the oor. 

 
 The aerosol sampling and aerosol dissemina n 

probes are stainless steel and bulk headed through the 
chamber walls to provide external remote access to the 
aerosol generator and samplers during tes ng.  

 
The test chamber is equipped with two high- ow 

HEPA lters for the introduc on of filtered puri ed air 
into the test chamber during aerosol evacua n/purging 
of the system between test trials and a HEPA ltered 
exhaust blower with a 500 3/min rated ow capability 
for rapid evacua n 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 
genera n, aerosol purge and tes ng 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% rela ve humidity. 
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Figure 2: Bio-Aerosol Test Chamber Flow Diagram.

Test Location and Conditions
 
Tes ng was conducted at Aerosol Research and 

Engineering labs located at 15320 S. Cornice Street in 
Olathe, Kansas 66062.  Laboratory condi ns were 
approximately 70.6 F with 36% rela  humidity.   

 
Bioaerosol Sampling and Monitoring System

Two AGI-30 impingers (Ace Glass Inc., Vineland NJ) 
were used for bio-aerosol collec  of biological 
aerosols to determine the chamber concentra n.  
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 nega e pressure of 18 inches of Hg 
during all characteriza n and test sampling to assure 
cri cal ow condi ns.  The AGI-30 sample impingers 
were ow characterized using a calibrated TSI model 
4040 mass ow meter.   

 
Aerosol par cle size distribu ns and count 

concentra ns were measured in real- me through the 
dura n of all control and Aerus trial runs using a model 
3321 Aerodynamic Par cle Sizer (APS) (TSI Inc., St Paul, 

MN).  The APS sampled for the en re dura n of all trials 
(90 minutes) with 1 minute sampling intervals.  
 

The impingers were lled with 20 mL of sterilized 
PBS (addi n of 0.005% v/v Tween 80) for bioaerosol 
collec n.  The addi n of Tween 80 was shown to 
increase the impinger collec n e iency and de-
agglomera n of all microorganisms. 
 

During tes ng with some organisms, sample 
collec ns 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 ow 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 collec n was chosen as 
the most sensi ve and accurate sampling process for the 
quan ca n of bioaerosols with this tes ng 
con gura n. With viable collec n enumera n 
detec n at one colony forming unit (cfu), direct 
collec n onto nutrient agar, and immediate incuba n 
a er sample collec n, it provides the highest sensi ty 
for low concentra n viable aerosol collec n and 
measurement.   This method of collec n was not a 
feasible op n for all organisms due to the pla ng 
methods of viruses and growth pa erns 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 
puri ed ltered house air supply.  A pressure regulator 
allowed for control of disseminated par cle size, use 
rate and sheer force generated within the Collison 
nebulizer. The mold spore organisms were disseminated 
using a dry powder aerosoliza n unit.   

 
Prior to tes ng, the Collison nebulizer ow rate and 

use rate were characterized using an air supply pressure 
of approximately 60 psi, which obtained an output 
volumetric ow rate of 50-80 lpm with a uid 
dissemina n rate of approximately 1-2 ml/min. The 
Collison nebulizer was ow characterized using a 
calibrated TSI model 4040 mass ow meter (TSI Inc., St 
Paul MN). 

Species Selection

Species selec n is based on Biological Safety Level 
1 (BSL1) surrogates for a wide range of BSL3 pathogenic 
organisms.  It is rou ne in the bioaerosol eld to use 

surrogate species to test performance against BSL3 
organism decontamina n due to the high cost and 
limited lab space associated with aerosol BSL3 tes ng.  
For this reason a broad range of viable bioaerosol 
surrogates were selected to speci cally test the 
Guardian’s e acy 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 mul  drug resistance (MRSA) and is one 
of the major leading causes of hospital-acquired 
infec ns.  

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

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

PhiX-174 (ATCC 13706-B1) is a small, single-
stranded DNA virus that is o en 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 sub llis) 
endospores (ATCC 16404) are rou nely 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 Collec n, Manassas VA). 
Working stock cultures were prepared using sterile 
techniques in a class 2 biological safety cabinet and 
followed standard prepara n methodologies. 
Approximately 100ml of Staph and Erwinia Herbicola 
stock was prepared in tryp c soy liquid broth media, and 
incubated for 24 hours with oxygen infusion (1cc/min) at 
37°C.  Biological stock concentra ns 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 
bu er for aerosoliza n.  Aliquots of these suspensions 
were enumerated on tryp c soy agar plates (Hardy 
Diagnos cs, Cincinna  OH) for viable counts and stock 
concentra n calcula s.  For each organism, test 
working stocks were grown in su ient volume to 
sa  use quan es 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 vegeta ve cells in an appropriate 
liquid media.  The liquid media was infected during the 
logarithmic growth cycle with the speci c 
bacteriophage.  A er an appropriate incuba n me the 
cells were lysed and the cellular debris discharged by 
centrifuga n.  MS2 stock yields were greater than 1 x 
109 plaque forming units per milliliter (pfu/ml) with a 
single ampli ca n procedure.    Phi X174 stock yields 
were less than MS2 yields, and ranged between 1 x 108 
to 1 x 109 pfu/ml a er two ampli ca ns. 

 
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 me.  Master stocks were 
prepared using the pure spore and were kept stored in a 
30% ethanol : 70% PBS + tween solu n to maintain 
their endospore state and to prevent contamina n by 
other vegeta  cells.  Nebuliza n proceed directly 
using this master stock.   

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

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

Plating and Enumeration

Impinger and stock biological cultures were serially 
diluted and plated in triplicate (mul ple serial dilu ns) 
using a standard spread plate assay technique onto 
tryp c 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 dissemina n e iency, 
stability and to pinpoint impinger/viable cascade sample 

mes pre-tes ng was conducted using polystyrene latex 
beads (PSL miscrospheres) prior to bioaerosol tes ng.  
PSL microspheres were used to characterize the various 
aspects of the chamber and Aerus system.   

 
Polydispersed PSL beads with aerodynamic 

diameters of 1.0 m were nebulized and chamber 
concentra ns were recorded using the APS.  The 
control trials were used to calculate nebuliza n 
e ciencies, par cle stability and AGI-30 collec n 
e ciencies were used to es mate genera n 
e ciencies, dissemina n mes, sample mes and 
aerosol persistence prior to bioaerosol tes ng.  Live 
trials with the Medical Guardian system were also 
performed to measure par cle removal rates of the 
system.   

Figure 4: LOG Reduction of 1.0um PSL Beads

Figure 4 shows the LOG reduc n of 1.0um PSL 
beads both with the Medical Guardian unit on (Test 
Trial) and o  (Control Trial). The gure shows the 
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Table 2: General Trial Timeline for Aerus Medical Guardian Decontamination Trials.

comparison between the reduc n with and without the 
Medical Guardian.  When the Guardian is turned on the 
LOG reduc n of 1.0um PSL beads follows a precise 
logarithmic func .  It is notable that this size (1um) is 
smaller than the vegeta ve 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 opera n to 
characterize the biological challenge aerosol for par cle 
size distribu n, aerosol delivery/collec n e iency,  
decay rate and viable concentra n over me.  Control 
tes ng was performed to provide baseline compara e 
data in order to assess the actual reduc n from Medical 
Guardian challenge tes ng and verify that viable 
bioaerosol concentra ns persisted above the required 
concentra ns over the en re 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 dura n of trial to ensure a homogenous 
aerosol concentra n within the aerosol chamber.  The 
mixing fan was used for all control runs and was turned 
o  during Medical Guardian decontamina n trials.  The 
two impingers used for bacteriophage, vegeta , 
fungal and bacterial endospore test sampling were 
pooled and mixed prior to pla ng and enumera n.   

Medical Guardian Testing 

For each control and challenge test, the Collison 
nebulizer was lled 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 lled with 

20 mL of sterilized PBS (addi on of 0.005% v/v Tween 
80) for bioaerosol collec n.  The addi n of Tween 80 
was shown to increase the impinger collec n e iency 
and de-agglomera n of all microorganisms.  

 
The chamber mixing fan was turned on during 

bioaerosol dissemina n to assure a homogeneous 
bioaerosol concentra n in the test chamber prior to 
the rst impinger sample.   

 
Following bioaerosol genera n, baseline 

bioaerosol concentra ns 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 en re period.  
Table 2 above shows the general meline 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 
pla ng. Impingers were rinsed 6x with sterile ltered 
water between each sampling interval, and re- lled with 
sterile PBS using sterile graduated pipe es for sample 
collec n.   

 
For Medical Guardian biological tes ng, the unit 

was turned on immediately following a me 0 baseline 
sample and operated for the en rety of the test (up to 
90 minutes).  Subsequent impinger samples were taken 
at intervals of 15 minutes and samples enumerated for 
viable concentra n to measure the e ec  viable 
bioaerosol reduc n during opera n of the Medical 
Guardian system over me.   Table 2 outlines the general 

meline for the tes ng procedure with the Medical 
Guardian.   
 

Test chamber temperature and humidity were 
recorded at the ini n and comple n 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 tryp c soy agar 
media over a minimum of a 2 log dilu n 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 concentra ns in the chamber and reduc n 
of viable microorganisms. 

Post-Testing Decontamination and Prep

Following each test, the chamber was air ow 
evacuated/purged for a minimum of twenty minutes 
between tests and analyzed with the APS for par cle 
concentra n 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 tes ng 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 ltered 
DI water un l use. 

Data Analysis

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

All trials show individual and group average +/- 
standard devia ns for Net LOG reduc n on a per 
challenge organism basis.

 
Results by Organism 
 
Staphylococcus epidermidis 
 
 The S. epidermidis are a gram posi  aerobic 
bacteria that grow in tryp case soy at 37°C and were 
chosen to act as surrogates for Staph aurus.  Infec ns 
from S. aurus are a leading cause of hospital-acquired 
infec ns and are linked to 50,000 deaths in the USA per 
year.   
 
 Staph cultures were ini ted the day prior to their 
tes ng, and grew to a concentra n greater than 1e10 
cfu/ml.  A er nebuliza n, ini concentra ns of 
Staph averaged 2.6e5 cfu/L of atmosphere inside the 

tes ng chamber.   The control trial experienced only a 
0.62 LOG reduc n of Staph a er 90 minutes of sample 
collec ns using the AGI-30 impingers.   
 

 
Figure 5: LOG Reduc n of S. epidermidis in control and 
Medical Guardian test trials. 
 
 The Medical Guardian trials saw a dras c increase 
in reduc n with the unit ac ated.  In 15 minutes, over 
the three test trials, an average of only 1.183% of the 
viable Staph s ll remained inside the tes ng chamber.  
Figure 5 shows the LOG reduc n of Staph for the 
control and test trials over the 90 minute tes ng periods.  
At 60 minutes there was an average net LOG reduc n 
of Staph of 5.95 +/- 0.34 with a limit of detec n of 8.15.  
Figure 6 shows the LOG reduc ns for each Staph trial 
and their average +/- standard devia n. 
 

 
Figure 6 Net LOG Reduc n of Staphylococcus 
epidermidis 
 
Erwinia herbicola 
 
 The black plague surrogate, Erwinia herbicola, was 
the second and nal vegeta e bacterium tested in this 
study.  The gram-nega  bacterium were grown 
overnight to an average concentra n of 8.4e9 cfu/ml, 
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and a er nebuliza n had an average concentra n of 
1.9e5 cfu/L of atmosphere inside the tes ng chamber.   
 
 The Erwinia control trial saw a 0.70 LOG reduc n 
a er 90 minutes of sample collec n.  A er 15 minutes 
of being ac ated, the Medical Guardian removed an 
average of 99.992% of the viable Erwinia from the 
chamber atmosphere.  The average net LOG reduc n 
of Erwinia by the Medical Guardian at 75 minutes was 
5.36 +/- 0.37 with a limits of detec n of 7.64. 
 

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

 
Figure 8: Net LOG Reduc on of Erwinia herbicola. 
 
MS2 Virus 
 

 The bacteriophage MS2 is a single stranded RNA virus 
that o en serves as a surrogate for noroviruses in studies of 
disease transmission.   MS2 infects E. coli, which was used 
as its mechanism of reproduc n for this study.  Average 
concentra ns of MS2 reached 5.4e9 pfu/mL in culture pre 
tes ng, and chamber concentra ns a er nebuliza n 
averaged 8.1e5 pfu/L of atmosphere.   

 

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

 
 

 The single control trial saw a slightly increased 
reduc n in viable organisms over me compared with the 
vegeta  bacterium, reaching a LOG reduc n of 0.94 in 
90 minutes.  With the Medical Guardian ac ated, 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 reduc n of MS2 of 5.58 +/- 0.43 
with a limits of detec n of 6.37.  The Net LOG reduc n is 
considered a minimum value because a single pfu was 
ar cially added at 60 minutes in order to show detec n 
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 Reduc n of MS2 bacteriophage 
 
 
Bacillus globigii endospores 
 
 Endospores are an extremely resilient structure 
formed by some bacteria under unfavorable condi ns 
that are resistant to UV radia n, desicca n, 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 vegeta e bacterium and viruses, the 
spores did not need to be cultured before tes ng.  Large 
quan es of spores stored in alcohol can be purchased 
and are ready for immediate tes ng.  Pre nebuliza n 
stock of B. globigii was at a concentra n of 2.7e9 
cfu/mL, and chamber concentra n post nebuliza n 
had an average concentra n of 7.95e5 cfu/L. 
 
 

 
Figure 11: LOG Reduc n of Bacillus globigii 
endospores in control and Medical Guardian test trials. 
 With the Medical Guardian o  the control trial saw 
a LOG reduc n a er 90 minutes of 0.49.  A er 15 
minutes with the Medical Guardian ac ated during the 
test trials, 1.09% of the spores remained in the chambers 
atmosphere.  A er 90 minutes there was a net LOG 
reduc n of 4.23 +/- 0.31 with a limits of detec n of 
5.70.   
 

 
Figure 12: Net LOG Reduc on 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 
cul a n, but were commercially acquired ready for 
tes ng.   
 

 
Figure 13: LOG Reduc n of Aspergillus niger spores in 
control and Medical Guardian test trials. 
  
 Concentra ns of A. niger inside the chamber a er 
nebuliza n was less than previous organisms, with an 
average of 2.61e4 cfu/L.   The control trial revealed a LOG 
reduc n a er 90 minutes of 1.77, which was higher 
than had been observed previously.  With the Medical 
Guardian ac ated for 15 minutes during tes ng trials, 
an average of only 0.29% of A. niger remained inside the 
chamber.  A er 60 minutes there was an average net 
LOG reduc n of 4.12 +/- 0.10 with a limits of detec n 
of 5.59.   
 
 

 
Figure 14: Net LOG Reduc on of Aspergillus niger 
spores. 
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Phi X174 Virus 
 
 The Phi X174 bacteriophage tes ng was planned 
immediately following MS2 tes ng, however obstacles 
arose with culturing the virus to desirable 
concentra ns.  The tes ng was pushed back to the end 
of the study to give me to develop slight altera ns to 
the growth protocols.   Like MS2, Phi X174 infects E. coli, 
however it is a DNA virus with a small genome.   
 

 
 Figure 15: LOG Reduc n of Phi X174 
bacteriophage in control and Medical Guardian test 
trials. 
 
 
Pre-tes ng cultures of Phi X174 had an average 
concentra n of 4.4e8 pfu/mL, which was signi cantly 
lower than any other organisms tested.  Once nebulized, 
the concentra n of the atmosphere inside the tes ng 
chamber averaged 7.63e3 pfu/L.   There was a LOG 
reduc n of Phi X174 of 0.89 at 90 minutes during the 
control trial, and an average net LOG reduc n of 4.05 
+/- 0.27 with limits of detec on of 4.73 during tes ng 
trials.  There were no plaques observed beyond 30 
minutes and a single pfu was added to determine 
detec n limits.   
 
  

 
 
 

 
Figure 16: Net LOG Reduc n of Phi X174 
bacteriophage. 
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Table 3: Net LOG reduc on summary for the Medical Guardian air system. 

Summary of Results
 
Overall, the Medical Guardian’s showed an average 

Net LOG reduc n for all organisms tested of 4.80 +/- 
0.74.   The unit was more e ec  at removing 
vegeta  bacterium from the tes ng chambers 
atmosphere than either the viruses or spores, with an 
average net LOG reduc n for just the two vegeta e 
bacteria of 5.41 +/- 0.07.  However tes ng of both 
viruses were below detectable limits due there being 
zero plaques observed on plates a er a certain point, 
meaning that the net LOG reduc n 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 reduc ns are not quite 
as high as the other organisms.    

 
The Figure 17 below shows each average net LOG 

reduc n for the organisms tested +/- their standard 
devia ns.  Table 3 shows a nal summary table of the 
net LOG reduc n 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 

Reduc on
Standard 
Devia on

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 pes s   (Black Plague) 27155 neg 75 5.12 5.79 5.17 5.36 0.37 7.64

3 MS2 virus In uenza, 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. di cile  (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 detec on limits, Calculated LOG Reduc on values represent a minimum

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

Detec on 
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Figure 17: Average net LOG reduc on for each bioaerosol organism tested, average +/- standard devia on for the 
triplicate trials.
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