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Efficacy of The Novaerus Defend 400 device against
Aerosolized MS2 Virus and Bacillus Globigii

Jamie Balarashti“, Zach Conley

Background:This in vitro study characterizatie efficacy of theNovaerusDefend 400deviceat removing
aerosolizedMS2 Bacteriophagewell asBacillus Globigibacterial endospores The NovaerusDefend 400
deviceis designed toeduceairborne bacteria, viruses, and fusgspores in order tdecrease infectionsates
from airborne pathogensFor this study théNovaerusDefend 400device was challenged using aerosolized
MS2 bacteriophage whidias been historically used asurrogate for influenzand is now being considered
as a surrogate for coronaviruses such as CQ¥Ifue to the size similarity to influenza and RNA genome
The CDC estimates that the influenza virus is responsible for 140,000 to 810,000 hospitalizati 12,000
to 61,000 deaths annuallyn addition the devicavas tested against aerosoliz&hcillus Globigibacterial
endospores a commonly used surrogate Bacillus AnthraxisThis studyalsoevaluated the efficacpf the
deviceagainstaerosolizel MS2 bacteriophageBacillus Globigin a stainless steel bioaeroschamber.The
Defend 400 was also tested against multiple sizes of polystyrene latex microspheres in order to determine
the reduction speed and capabilities of the device prior to liaaérosol testingThe study consisted of a
total of six(6) live bioaerosolkrials as well asvo (2) bioaerosotontrol rurs, one (1) for each organism tested.

Methods: MS2 bacteriophag&asaerosolizednto a sealed environmentdlioaerosolchambercontaining

the NovaeruDefend 400device AGI Impiger samples were taken every at1, 30, 45 and 6éninutes

from the chamber in order to quantifjne reduction speed and capabilities of tNevaerusDefend 400AGI
impingers were used teample chamber bioaerosolconcentratiors, all impinger samples were serially
diluted, plated and enumerated in triplicate to yield viable bioaerosol concentration at each sampling point
and time Chamber antrol trial data was subtracted frorthe Defend 400rial data to yield net LO€duction

in the chamberfor the bioaerosolchallenges

Results:The Defend 400 device showed a high reduction in viable bioaerosols within the 45 to 60 minute test
period for both organisms. The device showed increasedopmidnce with the MS2 bacteriophage when
compared to the Bg spores. The device had a final net LOG reduction of MS2 after 45 minutes of 5.31 which
is equivalent to a net percent reduction of 99.9995%. When tested against Bacillus globigii endospores the
device showed an average net LOG reduction of 4.55 LOG which is equivalent to a net percent reduction of
99.9969%An additional test was conducted for-2burs in order to determine whether the Defend 400 was
causing reaerosolization of impacted bioaerosdtem the walls of the chamber, after sampling 300 liters of

air from the chamber a single colofgrming unitwas collected indicating that the device was not causing re

aerosolization.

Introduction

This study was conducted to evaluate #féicacy of
the NovaerusDefend 40@air cleanerdevice atreducing
aerosolized MS2 bacteriophagéhe NovaerusDefend
400 device is a air cleaner devicentended for use in
small to mediumsized rooms. The unit has several
different settings ranging from low to high. Adisting
conducted during this study utilized at the highest
device setting.

The Novaerus Defend 400 is intended as a room
recirculating air cleaner. The system is used for filtering
out and inactivating airborne particles from the air. The
Defend 400 use a dielectric plasma discharge and
filtration media including HEPA grade and carbon filters.

The test plan incorporated challenging tidovaerus
Defend 400device in a closed environmental chamber
to determine thereductionrate of MS2 bacteriophage
and Bacilluglobigiiby theNovaeruDefend 40Qlevice.

A picture of the Defend 400device is shown ifigure 1

on the following page.

StudyOverview

The effectiveness of thé&lovaerusDefend 400
device was evaluated against a single RNA virus which
was MS2 Bacteriophagas well as a single bacterial
endospore which was Bacilluglobigii. For more
organism information please see species selection
section in the body of this report.
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Figure 1 NovaeruDefend 40Qlevice

Testingwas conducted to characterize single
Novaerus Defend 40@nit against asingle (1) non
enveloped RNAbacteriophageas well as a single (1)
capability of theNovaerus Defend 40@evice to reduce
viable bioaerosol concentratiortierefore theoretically
reducing chances of airborne infection. This study does
not make any claims garding the efficacy of this device
at reducing airborne infections.

Bioaerosol Testingchamber

A large sealed aerosol test chamber was used to
replicate a potentially contaminated room environment
andto contain any potential release of aerosols into the
surrounding environment.

The aerosol test chamber is constructed of 304
stainless steel and is equipped with three viewing
windows andan air-tight lockable chamber door for
system setup angjeneral ingres and egressThe test
chamber internal dhensions are 9.1ft x 9.1ft Xty with
a displacement volume of 7® cubic feet, or16,000
liters. Figure 2shows the bioaerosol chamber used for
all testing in this study.

The chamber is equipped wifiitered HEPA inlets,
digital internal temperature and humidity monitor,
external humidifiers (for humidity control) lighting
system, multiple sampling ports aerosol mixing fans,
and aHEPAiltered exhaust system that are operate
with wireless remote control.For testing, the chamber
wasequipped with four3/8-inchdiameterstainless steel
probes for aerososampling, al-inch diameterport for
bio-aerosol dissemination into thehamber using a
Collison 24et nebulizer for theaerosolization of the
microorgansms tested for this study

bacterial endosporevith triplicate (3) independentrials
as well as a single (1) control trial to demonstrate the

A Y inch diameter probe was used for continuous
aerosol particle size monitoring via a TSI Aerodynamic
Particle Sizer (APS) model 332All sample and
dissemination ports were inserted approximately 18
inches from the interiowalls of the chamber to avoid
wall effects and at a height of approximately 40 inches
from the floor.

The aerosol sampling and aerosol dissemination
probes are stainless steel and bulk headed through the
chamber walls to provide external remote accesshe
aerosol generator and samplers during testing.

Figure2: Bioaerdsol Test Chamber Exterior.

The test chamber is equipped with two hi§bw
HEPA filters for the introduction of filtered purified air
into the test chamber during aerosol evacuatiparging
of the system between test trials and a HEPA filtered
exhaust blower with a 500%min rated flow capability
for rapid evacuation of remaining bioaerosols.
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Figure3: Bio-Aerosol Test Chamber Flow Diagram.

A Magnehelic gauge with a range of 0.0 85 inch
HO (Dwyer instruments, Michigan City IN) was used to
monitor and balance the system pressure during aerosol
generation, aerosol purge and testing cycles.

Bioaerosol Generatiorsystem

Testbioaerosols werelisseminatedising aCollison
24-jet nebulizer (BGInc. Waltham MA)driven by
purified filtered house air supply. A pressure regulator
allowed for control ofdisseminatedparticle size, use
rate and sheer force generated within theCollison
nebulizer.

Prior to testing, the Collison nebulizer flow rate and
use rate were characterized using an air supply pressure
of approximately60 psi, which obtained an output
volumetric flow rate of 50-80 Ipm with a fluid
dissemination rate of appximately 125 ml/min. The
Collison nebulizerwas flow characterized using a
calibrated TSI wdel 4040 mass flow meter (TIBE, St
Paul MN).

Bioaerosol Sampling and Monitoringystem

Two AGI impingers (Ace Glassnt. Vineland NJ)
were used for bieaerosol collectionof all biological
aerosolgo determine chamber concentratiohe AGI
30 impinger vacuum source was maintained at a
negative pressure of 18 inches of Hg during all
characterization and test sampling tesure critical flow
conditions. The AGBO sample impingers were flow
characterized using a calibrated TSI model 4040 mass
flow meter.

Aerosol particle size distributions and count
concentrations were measuredt the beginningof all
control and NovaerusDefend 400trial runs using a
model 3321Aerodynamic ParticleiZer (APS) (TBIc, St
Pau] MN). A general flowdiagram of theaerosoltest
system is shown above Hgure 3 above

Species Selection

Species selection is based Bidogical Safety Level
1 (BSL13urrogates for BSL3 pathogenic organismS2
is a viraRNAbacteriophagahat iscommonlyused as a
surrogate for the influenza virus, and is now being
considered as a possible surrogate foretfRNA viruses
such as COVIDO. This is due to its similasize to
influenza and RNA genom&he major difference is the
enveloping of COVHDO. Bacillusglobigii is abacterial
endosporethat is commonly used as a surrogdis
Anthrax a biological warfare agent.

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 vegetative cells in an appropriate
liquid media. The liquid media was infected during the
logarithmic  growth cycle with the spdic
bacteriophage. After an appropriate incubation time the
cells were lysed and the cellular debssparatedby
centrifugation. MS2stock yields were greater than 1 x
10! plague forming units per milliliter (pfu/ml) with a
single amplification procade. This stock MS2 viral
solution was then diluted with PBS to approximately 1 x
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10'° plaque forming units per milliliter (pfu/ml) for use
in the Collision nebulizer.

Endospore Culture & Preparation

Bacillus globigiispore preparations were grown
sporelated, purified and spray dried to yield a pure dry
powder with greater than 18 cfu/gram. The dry
endospore preparation were suspended in PBS + 0.005%
Tween 80 at a mass: volume ratio to obtain a
concentration of approximately 1 x 16fu/ml.

Plating and Enumeration

Impinger and stock blogical cultures were serially
diluted and plated in triplicate (multiple serial dilutions)
using asmall dropplaqueassay technique onto tryptic
soy agar plates. The plated cultures were incubated for
24 hoursand enumerated and recorded.

Inert Particle Characterization

In order to calculate the dissemination efficiency
and stability of the bioaerosol, polystyrene latex
microspheres (PSL microspherey were used to
characterize the various aspects of the chamggstem.
Polydispersed PSimicrospheres with aerodynamic

microspheres of the following sizes were also used for
characterization: 500nm, 1.0ur2,0pmand 4.0pum

Figure 4 below, shows the results for the control
and NV 1050 trig for 0.5, 1.0 and 2.0 pm PSL
microsphere testing in the chamber. This data has been
normalized to show percent reduction as a function of
time in the chamber. Control trials were performed with
OKFYOSNI YAEAY3T FLyad az2yé
Additionally, theDefend 400trials also had the mixing
Flya a2y¢é¢ RdNAyYy3I GKS Sy iaNB
test methods. Looking at the data we can see the sharp
drop in particle number concentration with theefend
400 in operation (please not¢he LOG scale of the-y
axis). This figure also shows that affés minutes of
operation by theDefend 400device limitsof-detection
for the APS are reached (0.001 particle per cc or 1
particle per liter)

R dzNR y 3

0 N

Figure 5 on the following pageshows the NET 1®
reduction for 0.5, 1.0 and 2.0 um PSL microspheres. The
net log reduction of all tested sizes of PSL microspheres
follows a precise logarithmic function for both cases.
The figure shows the comparison between the reduction
with and without the device iperation. It is notable
that this size (0.5um) is smaller than all vegetative
bacteria, bacterial endospores, mold spores and pollens;

diameters of 0.5 p ®n>Y 6SNB y SodzZ A1 gtisglsognpallesthan rgost gogtypgrticles.

and chamber concentrations were recorded using the
APS. The APS recorded individual particle count from 0.5
to 20.0pm in size with 52 separatie bins of resolution.

In additional to these trial separate monodispersed PSL

The PSL microspherdrial data were used to
estimate nebulization efftiencies, particle stability and
AGI30 collectiontimesand aerosol persistence prior to
bioaerosol testing.

Percent Reduction of PSL - Novaerus Defend 400

Large chamber testing, polystyrene latex micropheres, APS particle sizer
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Figure4: PSL Microspheres Chamber Trials for the ControNmerusDefend 40Mevice.
Chart shows percent reduction versiime. Note that the yaxis is a LOG scale.
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Net LOG Reduction of PSL - Novaerus Defend 400

Large chamber testing, polystyrene latex micropheres, APS particie sizer
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Figure5: Net LOG Reduction of PSL Microspheré¢dwaerusDefend 40M@evice Control minu®efend 400Trial data for 0.5,
1.0 and 2.0 pym particle sizes in bioaerosol test chamber.

BioaerosolControl Testing

To accurately assess thmvaeruDefend 40Qunit,
test chamber pilot control trials were performendth all
Bioaerosols over &0-minute period without the device
in operation to characterize the biological challenge
aerosol for particle size distribution, aerosol
delivery/collection efficiency, and viable concentration
over time. Control testing was performed to provide
baseline omparative data in order to assess the actual
reduction from the NovaerusDefend 400challenge
testing and verify that viable bioaerosol concentrations
persisted above the required concentrations over the
entire pilot control test period.

During controfuns, a single low velocity fan located
in the corner of the bioaerosol test chamber was turned
on for the duration of trial to ensure a homogenous
aerosol concentration within the aerosol chamber. The
mixing fan was used for all control runs and veds

Biological Test Matrix

turned on during Novaerus Defend 400
decontamination trials. The two impingers used for
bacteriophage were pooled and mixediqarto plating
and enumeration. A complete test matrix for all
bioaerosol trials can be found aboveRigure6.

NovaerusDefend 400Testing

For each control and challenge test, the Collison
nebulizer was filled withapproximately 40 mL of
biologicalstock and operated &80 psifor aperiod of20
minutes (organism dependent For control and
NovaerusDefend 400trials, the impingers were filled
with 20 mL of steriled PBS (additionfd0.005% v/v
Tween 80) for biaerol collection. The addition of
Tween 80 was shown to increase timepinger collection
efficiencyand deagglomeration ofall microorganisms

) ’ . Target Chall Trial Ti S, I ) ’ Plati d
Trial Run Species (description) ATCC Ref # ) arge . atenge na ) ime .5_1mp © Sampling Device aling ar_1
Monodispersed Size Conc. (min) Times Enumeration
1 Control All samples plated il
2 Challenge  Bacilus Globigi 49760 1.0-2.4pum 10-10° 60 0,15,30, 45,6 APS332LACISC o ote multiple
3 Challenge (Bacterial Endospore) impingers o
dilutions
4 Challenge
5 Control All samples plated ii
6  Challenge  MS2bacteriophage 13706-B1 <1.0pm 1010 45 0,15,30, 45 APS3B2LAGESC icote multiple
7 Challenge (E.coli phage) impingers .
dilutions
8 Challenge
Figure6: Bioaerosol Test Matrices for all trials
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General Timeline for Bioaerosol Chamber Testing
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Figure7: GeneralTrial Timeline foNovaerus Defend 40Decontamination Trials.

Following  bioaerosol generation, baseline
bioaerosol concentrations were established for each The
chamber mixing fan was turned on during bioaerosol
dissemination to assure a homogeneous bioaerosol
concentration in the test chamber prior to taking the
first impinger sampleThe chamber mixing fan was in
operation for the duration of the trial in ordeo ensure
a homogenous aerosol concentration throughout the
trial.

pilot control and Novaerus Defend 40@est by
sampling simultaneously with two AGO impingers
located at opposite corners of the chamber. A@hgles
were collected for 2to 10 minutes (organism
dependent) at intervals 015 minutes throughout the
entire test period.Figure7 the general timeline for each
Novaerus Defend 40@e bioaerosol challenge trial.

Collected impinger chamber samples were pooled
and mixed at each sampieterval for each test. Aliquots
of impinger samples were collected and then used for
plating. Impingers wereoaked in a 3% bleach bath and
then rinsed 6x with sterile filtered water between each
sampling interval, and rélled with sterile PBS using
sterile graduated pipettes for sample collection.

ForNovaeruDefend 40Miologicaltesting, the unit
was turned onto the highest settingimmediately
following a time 0 baseline sample and operated for the
entirety of the test 60min). Subsequent impinger
sampleswere taken at 0, 1530, 45 and 60@ninutes and
samples enumerated for viable concentration to
measure the effective viable bioaerosol reduction during
operation of theNovaeruDefend 40Q@eviceover time.

All samples were g@ted in triplicak on tryptic soy agar
media over aninimum ofa 3 log dilution range.

Plates were incubatefbr 24 hoursand enumerated
for viable plaqueor colonyforming units (pficfu) to
calculate aerosol challenge concentrations in the
chamber andeduction of viablemicroorganisms

PostTesting Decontamination and Prep

Following each test, the chamber was air flow
evacuated/purged for a minimum of twenty minutes
between tests and analyzed with the APS for particle
concentration decrease tbaseline levels between each
test. The chamber was decontaminatect the
conclusion of the trialswith each organism using
aerosoliaporous hydrogen peroxideg(35%) The
Collison nebulizeand impingerswere cleaned at the
conclusion of each ay of testingby soaking in a %
bleach bath for 20 minuted.he nebulizer and impingers
were thensubmerged in a DI water bath, removed, and
spray rinsedx with filtered DI water until use.

BioaerosolParticle Size Data

Aerosol particle size distributis were measured
with the APS.The APS has a dynamic measurement
NIy3IS 2F nop G2 wn>Y | yR
consecutive real timene-minute aerosol sampleat the
onset of each test for initial particle concentration and
particle size

Virus Native Particle Size Distributions
MS2distribution percentage based on APS3321 data

Figure8: Viral (MS2) Particle Size Distribution in Test
Chamber.

Data waslogged in real time to an Acer laptop
computer, regressed, and plottedThe arosol particle
size distributiorfor MS2 isshown inFigure8.
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400 to achieve a 4 log (99.99%) reduction inbléa
bioaerosol above the natural losses from the control
runs. The control and trial runs are plotted showing log
reduction in viable bioaerosol for each organism. All
data is normalized with time zerot=0 minutes)
enumerated concentrationsSubsequent amples are
normalized and plotted to show the loss of viability over

Number
Particle Size

Median {pum) 0857
Mean (pm) 0.938
Geo. Mean (pm) 0.893
Maode (pm) 0777
Geo. St. Dev. 1.35

Total Conc.  |4.99e+03(#cm?®)

Figure9: Key Particle Size Distribution Valfas
MS2 Bioaerosol in Chamber.

The particle size distribution for MS2 bioaerosols
are shown to be within the respirable range for alveolar
region tract lung deposition and show a low geometric
standard deviation (GSD) indicating a monodispersed
aerosol was generated into the test chambefhe
aerosol particle size distribution for Bacillus Globigii can
be found inFigurel0.

Data Analysis

Results from the control trials were graphed and
plotted to show natural viability loss over time in the
chamber. These control runs served as the basis to
determine the time required for the Novaerd3efend

time.

BG Endospores Native PSD

{PS Darta, 5 Second Samples, BG Enclospores, Navaerus NV 1050

B
Particie Size {um)

Figurel10: Bacterial Endospore (BBarticle Size
Distribution in Test Chamber.

MS2 Trials: LOG Reduction

Large Chamber, Impinger Sampling, Enumerated in Triplicate
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Figurell: MS2 NovaeruBefend 400.og Reduction.

ARE Labs Inc. 2020

Efficacy of The Novaerus Defend 400 device against Aerosolized MS2 and Bg

7 of 15


http://www.arelabs.com/

o

L5 9@)
Research ani®Engineering

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

MS2 Trials: Net LOG Reduction

Large Chamber, Impinger Sampling, Enumerated in Triplicate

Net Log Reduction

©— MS2-T1
0— MS2-T2
—0— MS2-T3

- Q= Avg. MS2

30 45 60

Time (min)

Figurel2: MS2NovaeruDefend 40(Net LOG Reduction.

MS2Results

When tested against th&1S2 bacteriophagehe
device showed high LOG reduction values in very short
periods of time, by the IBninute time point the device
achieved a 3.02 LOG reduction of Mfs2teriophage. At
the final 45minute time point the Defend 400 device
achieved an average LOG reduction of 5.88is is
represented graphically iRigurel1which shows the log
reduction for each trial as well as an overall average.

The Novaerus Defend 400 achieved net LOG
reductions of over 99.99% in 30 minutes with all trials
showing net LOG reductions over 4.0 LOG and an
overall average net LOG reduction of 4.43 which is

Novaerus Defend 400 MS2 Summary Data

equivalent to a net percent reduction of 99.9961%. By
the 45minute time point the device achieved an
average net LOG reduction of 5.31 which is equivalent
to a net percent reduction of 99.9995%. Net LOG
reduction is displayed graphically ihigure 12, a
summary table containing all net LOG and net percent
reductionvalues can be found iRigurel3.

Bacillus GlobigiResults

When tested againsBacillus globigithe device
showed a rapid reduction within the test chamber
achievingover a99.99% reuction in 45 minutes with an
average LOG reduction of 4.Figurel4 shows the LOG
reduction of Bacilluglobigiiby the Defend 400.

Trial Time (minutes)

BIO.?;F;SSOI Species (description) Trial Name Reduction Type 5 W 5

Virus MS2 MS2-T1 Net Log Reduction -3.03 -4.46 -5.49

(RNA E. coli phage) Net % Reduction 99.9057% 99.9965% 99.9997%
Virus MS2 MS2-T2 Net Log Reduction -3.00 -4.26 -5.23

(RNA E. coli phage) Net % Reduction 99.9005% 99.9945% 99.9994%
Virus MS2 MS2-T3 Net Log Reduction -2.47 -4.58 -5.21

(RNA E. coli phage) Net % Reduction 99.6641% 99.9974% 99.9994%

All Trial Averages Net Log Reduc.tion -2.83 +-0.31 -4.43 +/- 0.16 -5.31 +/- 0.16
Net % Reduction 99.8234% +/- 0.138%)| 99.9961% +/- 0.0015% 99.9995% +/- 0.0002%

Figurel3: Net Log Reduction summary table
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Bg Trials: LOG Reduction

Large Chamber, Impinger and Viable Cascade
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Figurel4: Bacillus GlobigiNovaerudDefend 40Q.og Reduction

The Defend 400 showed high net LOG reduction
values with an average net LOG reduction of 4.22
within 45 minutes which equates to an over 99.99%
net reduction in viable bioaerosols. At the final-60
minute time point the device showed an average ne
LOG reduction of 4.55 which equates to a net

percent reduction of 99.9969%igurel5 shows the
net LOG reduction of the Defend 400 deviEgure
16 on the following pageshows a summary table
with all net LOG and net percent reduction values.

Bg Trials: Net LOG Reduction

marge Chamber, Impinger and Viable Cascal

de Sampling, Enumerated in Triplicate

Net Log Reduction

-6.00 i
15
Time (

Figure15: Bacillus GlobigiNovaerus

30

60

t
45
min)

Defend 40Qet LOG Reduction.
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Figurel6: Bacillus Globigii Net Ldgeduction summary table

Bacillus Globigii RAerosolization Test

In addition to the Bacillus Globigii testing
conducted in the body of this report an additional test
was run for a 24our period to determine if the
velocity of the fan within the Defend 400 deviceasv
causing reaerosolization of biological contaminants
that had impacted on the walls of the testing chamber.

Test methods remained the same for this testing
as all other testing conducted for this study. After
nebulization a 0 sample was collected viaG30

impinger and the device was operated at high speed for
a period of 24hours. After 24hours an SKC viable
cascade impactor sampled at a flow rate of 30 LPM for
a period of ten (10) minutes resulting in a 3l@@r
sample from the chamber. The platevas then
incubated for 24hours and returned a single (1) colony
forming unit. These results indicate that the Defend
400 is not causing raerosolization of impacted
bioaerosols. These results equate to an 8.22 LOG
reduction in 24hours. These results arrepresented
graphically irFigure 17

Figurel7: Bacillus GlobigliOG Reduction after 2#burs
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