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Executive summary

This report was commissioned by Medair Australia Pty Ltd, a start—up
company developing an air purifying device. The ability of Medair's
prototype device to remove and/or sterilise SARS—CoV—2 present in
aerosols was evaluated using an aerosol chamber and a CCID,,—
based assay system with Vero E6 cells. The Medair device was found
to sterilise and/or remove aerosols containing infectious SARS—
CoV-—2.

Introduction

Increasing evidence suggests that SARS—CoV—2 is able to be transmitted by
aerosols. The wearing of masks has been employed to prevent aerosol transmission,
however their effectiveness has been shown to be limited'. Transmission by aerosols
is deemed to represent a risk in certain settings including prolonged exposure to
infectious individuals, enclosed spaces with poor ventilation, and during high aerosol
generating activities or procedures??. Settings that have these characteristics are
common in society, for example healthcare centres and hospitality venues. Therefore,
aerosol transmission of SARS—CoV—2 could play a significant role in the global
pandemic.

Medair Australia is a start—up company aiming to address this issue through
developing an air purifying device to neutralise SARS—CoV—2 infectious aerosols.
Medair's device is proposed to sterilise aerosols via its Negative Electrode and charge
neutralisation unit. Initial testing conducted by QIMR Berghofer demonstrated that a
prototype version of the device could reduce the presence of Getah virus (a non—
pathogenic virus in humans*®) containing aerosols or substantially render the
aerosols non—infectious. In this report, the ability of Medair’ s prototype device to
sterilise or remove SARS—CoV—2 virus containing aerosols was evaluated.

Methods

Materials

Testing was carried out in QIMR Berghofer's specialised Biosafety Level 3 (PC3)
SARS—-CoV-2 facility. A CCID50—based assay system, recently developed in—housef,
measuring cytopathic effects (CPE) in Vero E6 cells was used to quantify the
presence of SARS—CoV—2 infectious aerosols.

To contain aerosols, a sealed Perspex box was designed in—house and constructed
by Foremost Plastics. The box was placed inside a biosafety cabinet (BSC) and
contained the Medair device, a nebulizer to create infectious aerosols, and a slot to
introduce and remove 96 well plates containing medium and Vero E6 cells. The
electronic controls on the exterior of the box allowed for control of the nebulizer, and
the Medair device's fan and Negative Electrode (NE) to be switched on and off (Fig.

1).
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Figure 1: Aerosol box and its components




Procedure

RUN 1and 2

NE off. The nebulizer was loaded with 8 ml of SARS—CoV—2 (containing about 10°
log,,CCID, /ml of virus) in RPMI 1640 supplemented with 2% FCS and buffered with
10 mM HEPES. The box was sealed and the nebulizer was run for 3 mins while the
Medair device fan was switched on (3.5 volts). The nebulizer was then switched off
and the fan run for a further 2 mins. The lid on the 96 well plate inside the box
containing Vero E6 with 200 pl of medium with 5% FCS (RUN 1) or 20 pl of medium
with 5% FCS (RUN 2) was then lifted off (Fig. 1, red lever) and the fan run for a
further 15 mins. The fan was switched off, aerosols were vented by switching on
evacuation pump and opening vent above the nebulizer for 2 mins. The 96 well plate
in the box was exchanged via the slot in the box while the pump maintained a
negative pressure with the vent above the nebuliz—er closed. The 96 well plate was
recovered, a new sterile lid was placed on the plate, the plate sprayed with 80%
ethanol, and then transferred to an incubator in a sealed box and cultured for 6 days
to evaluate viral cytopathic effects (CPE).

NE on. To evaluate the ability of the Medair device to sterilise SARS—CoV—2 virus
containing aerosols, the NE was turned on (NE on, 18 volts) during the 2 min
nebulization, 2 mins lid on, 15 min lid off, and 2 min venting periods. For the NE off
experimental group (NE off) the NE was not turned on during these time periods.
See Fig 2 for a summary of the procedure.

RUN3

The procedure for this experiment was conducted as per RUNT1, however the lid of
the 96 well plate was removed prior to the nebuilzer, device fan, and NE being
switched on. In this setting, some aerosols likely landed in the 96 well plate without
passing through the Medair device.

In-BSC Control

A 96 well plate in the BSC was present, outside of the aerosol box, throughout the
experiment to check for virus escape from the box. At the end of the experiment the
lid was replaced and the plate incubated for six days to assess CPE.

All testing was approved by the QIMR Berghofer Biosafety Committee and relevant
external regulatory bodies.




Results

RUN1

To determine whether the Medair device removed or sterilised infectious aerosols,
we generated aerosols containing SARS—CoV—2 using a nebulizer and quantified
the presence of SARS—CoV—2 using a CCID50—based assay system measuring
cytopathic effects (CPE) in Vero E6 cells. In this assay, reduced intensity of crystal
violet staining in wells of a 96 well plate indicated the presence of SARS—CoV—-2.
When the Negative Electrode (NE) of the Medair device was switched off, 85/96
wells captured infectious aerosols (Fig. 2b). When the Negative Electrode (NE)
was switched on, 0/96 wells captured infectious aerosols. In this setting the device
removed 100% of infectious aerosols.

Time . Collector 96 . Evacuation
mins Sta Fan o well plate lid o pump
NE OFF
3 oN ON_| OFF | ON (closed) | CLOSED OFF
2 OFF ON OFF ON CLOSED OFF
OFF (aerosel
15 OFF ON OFF collection ca) CLOSED OFF
L 2 OFF OFF OFF QOFF OPEN oM
C;‘jf" OFF OFF | OFF ON CLOSED ON
NE ON
3 O [y) ON oM CLOSED OFF
2 OFF ON oM oM CLOSED OFF
15 OFF ON | ON OFF CLOSED OFF
2 OFF OFF ON OFF OPEN ON
Change
plate OFF OFF OFF ON CLOSED ON

4 \.‘- :
)

‘.\
&
.

= t'_ct'r

Figure 2. SARS-CoV-2 aerosol testing RUN 1: a) Switching sequence. b) Negative
electrodes (NE) off. 85/96 wells captured infectious aerosols. Viral cytopathic
effects (CPE) indicated by reduced crystal violet staining. ¢) NE on; 0/96 wells
with CPE; no detection of infectious aerosols.



RUN 2

The experiment was repeated as for RUN 1 except that the volume in the 96 well
plate was reduced to 20 pl. This nominally increased the detection limit by 10 fold
(i.e. 20 ul vs 200 pl). With the NE off, 96/96 wells detected infectious virus. With NE
on, 3/96 wells detected infectious virus (Fig. 3). Under these conditions the device
thus reduced infectious aerosols by 96.9%.

NE off NE on

Figure 3. SARS-CoV-2 aerosol testing RUN 2. As for RUN 1 except the volume in the 96
well plate was reduced to 20 pl.

RUN 3

In RUN 1 and 2, it was possible that sterilization of aerosols occurred outside of the
device. To determine whether aerosol sterilization was dependent on aerosols
passing through the device while the NE was on, the lid of the 96 well plate was
removed prior to the nebuilizer, fan and NE being turned on. In this setting, some
aerosols could land on the 96 well plate without having passed through the device.
With the NE off, all wells 96/96 contained infectious virus. In comparison, with the
NE on, 59/96 captured infectious virus (Fig. 3c, d). Thus in this setting the
device provided a 38.5% reduction in infectious aerosols. This experiment suggests
that the aerosols need to pass into/through the device in order for them to be
removed or to be sterilized.
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Figure 3. SARS-CoV-2 aerosol testing RUN 3: a) Switching sequence. b)

Negative electrodes (NE) off. ¢) NE on.

In-BSC control

No infectious virus was detected by the in—BSC control plate (Fig. 4) present
and open (lid off) throughout all the aforementioned runs, suggesting that
infectious aerosols did not escape from the box during all the aforementioned

runs.

Figure 4. SARS-CoV-2 aerosol testing in-BSC control




Conclusion

The prototype Medair air device was able to substantially sterilise
or remove infectious SARS—CoV—2 aerosols from the volume of
air contained within the box.
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