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- Cleanroom Series

Professional Control of
Airborne Microorganisms

and Particulate Matter

The IQAIr® Cleanroom Series offers a
range of portable, self-contained HEPA
air filtration systems designed to meet
airborne infection control and par-
ticulate contamination challenges in

critical indoor environments.

IQAIr® systems filter the air by recir-
culation or by creating true positive or
negative pressure environments with

special IQAIr® ducting adaptors.

Each Cleanroom model AND each
HyperHEPA® replacement filter is
individually tested and certified to

guarantee actual filtration efficiency.

The superior filtration efficiency, ver-
satility and mobility make the IQAir®
Cleanroom Series the most advanced
and cost-effective line of mobile air

filtration systems available today.



IQAiIr® Cleanroom 250

B IQAIr

Professional Control of Airborne
Microorganisms & Particulate Matter

The IQAir® Cleanroom Series consists of three high-performance air
cleaning models (Cleanroom 100, 250 and H13). Each model is
specifically designed for the removal of solid and liquid airborne
particles and aerosols. Due to their certified and guaranteed high
filtration efficiency, the systems are predominantly used for airborne
infection control in health-care settings and for the control of
particulate matter in cleanroom-type applications.

- b ‘-' While all 3 Cleanroom models focus on the filtration of
airborne liquid and solid particulate matter, the
Cleanroom 250 also filters a wide spectrum of gaseous
contaminants and odours with its V5-Cell™ filter. The H13
is the largest of the 3 models, offering the largest pre-
filter surface area (i.e. longest pre-filter life) and the
highest air delivery rate. Each system features
antimicrobial pre- and HyperHEPA® filters, as well as anti-
tampering arm-locks that prevent the system from being
opened by unauthorised personnel or accidentally.

Individually Tested and Certified

To guarantee superior performance, the Swiss manufacturers have
taken an uncompromising approach: Each IQAir® HEPA system is
individually tested for filtration efficiency and air delivery. The actual
test results are documented on a numbered test certificate supplied
with each system.

Positive and Negative Pressure Environments

Each IQAir® Cleanroom system can clean the air by recirculation, or can
be connected to special IQAIr® ducting adaptors to create positive and
negative pressure environments. Pressure differentials are particularly
beneficial when the containment of harmful microorganisms and
particles or the protective isolation of immuno-compromised patients is
required.

Cleanroom Series

IQAir® system connected to InFlow™ and Outflow™ ducting adaptors for the
creation of pressure differentials between adjacent areas.

Advanced Controls

The sophisticated control features of IQAIr® systems include a microchip
controlled filter-life monitor that calculates the remaining filter life, taking
actual use and contamination levels into account. An integrated timer
allows the system to be programmed to switch on and off at the desired
times on the desired weekdays. The patented IQAir® housing design
permits quick and safe replacement of individual filter elements without
any tools. For added convenience, each IQAir® system can be operated
via remote control. If floor space is limited, a special bracket (VMF™) is
available that allows the IQAIr® system to be wall-mounted.

Medical Applications: Commercial Applications:

* FDA-required
"controlled environments"

« Protective isolation rooms
« ICUs
- Burn units » Medical device

. manufacturing & packaging
* Operating rooms . .
* Food processing & packaging
+ Organ transplant wards

« Air lock
+ Oncology wards friocis

* Research, IVF &
microbiology labs

+ Cleanroom gowning rooms
« Critical data storage facilities

« TB isolation & anterooms » Computer & server rooms

IQAir® Cleanroom H13

IQAIr® Cleanroom Series: Features

Air Outlet Diffuser

+ returns clean, low turbulence, low velocity air

- optional: various outlet adapters to create positive and negative
pressure environments or to direct the air flow (OutFlow™)

Antimicrobial Certified HyperHEPA® Filter

+ individually tested & certified for actual filtration efficiency

+ guaranteed efficiency of 299.97% at =0.3 um (HEPA Class H13)
+ large filter surface (5.5 m?) for long filter life

+ individually tested & certified HyperHEPA® replacement filters

High-Performance Centrifugal Fan

« air delivery with filters: up to 450 m3/h (H13 model)

+ sandwiched between double-walled housing and noise-absorbing
filter elements

Antimicrobial Pre-Filter
« fine dust filtration with mini-pleat 55% efficient media at = 0.3 pm
(ASHRAE 90-95%, Class F8) prolongs life of HyperHEPA® filter

+ large filter surface (H13:5.5 m?) for long filter life (other models 2.8 m?)

Dual Air Intake

+ maximum distance from air outlet prevents immediate re-intake
of cleaned air (short-cutting)

+ optional: various air intake adaptors to create positive and negative
pressure environments (InFlow™ and VM InFlow™) or to provide
source capture of contaminants (FlexVac™ and VM FlexVac™)

© 1998-2005 IQAIr® Group. All rights reserved. Technical specifications are subject to change without prior notice. IQAir® is a registered trademark of the IQAir® Group.
InFlow™ and OutFlow™ are trademarks of the IQAir® Group. Covered by patent US 6,001,145 and US 6,159,260. Other US, European and Asian patents pending.
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u I QA l r Advanced Air Filtration Systems by INCEN AG of Switzerland

IQAir®— The World@No.1 Portable HEPA Air Cleaning Systemsfor Airborne Infection Control

INCEN AG of Switzerland (a member of The IQAiIr Group of companies) has been a leading specialist in the field of
indoor air filtration for over 45 years. In the 1990s, the IQAIr product line was developed which is now recognized as
the world's premier range of mobile high-efficiency air cleaning systems. IQAir's particular strength lies in providing
cost-effective airborne infection control solutions for hospital and professional healthcare applications.

This is a summary of the key reasons why IQAir systems are used by the world's leading medical and research
institutions for their critical airborne infection control applications:

1. In an independent research study conducted by a team of doctors and scientists at Singapore General Hospital,
published in February 2010 in the American Journal of Infection Control, it was shown that IQAir HyperHEPA
systems reduced the rate of invasive aspergillosis by over 50%. Not only does this study show that IQAir systems are
a very effective and powerful tool for hospital infection control, but also that the investment in IQAir will enable
hospitals to realise cost savings by reducing infection rates. To quote directly from the study text:

"Compared with patientswithout IA [invasive apergillosis], patientswith 1A have an average excessduration of
hospitalization of 12.3 daysand an excess cost of $51'779. Thus, the deployment of [IQAIr] portable HEPA units
isa very cost-effective strategy.”

In view of the fact that invasive aspergillosis is often fatal, with mortality rates ranging from 30% to 95%, and the
enormous costs associated with the treatment, IQAiIr systems can save lives as well as costs.

2. In aresearch study by the Department of Microbiology at Nottingham City Hospital published in the Journal of
Hospital Infection in April 2006, it was shown that the use of an IQAIr system significantly reduced (by 75% to 93%)
the environmental MRSA contamination within the patient rooms, thus reducing the risk of MRSA spreading and
infecting other patients.

3. In response to the SARS crisis, the Hong Kong Hospital Authority selected the IQAIr as the only mobile air
filtration solution for SARS patient rooms to protect staff, visitors and patients. Today, over 150 hospitals, clinics and
healthcare centres in Hong Kong alone are equipped with IQAIr systems to provide reliable airborne infection control.

4. The HyperHEPA filter of IQAIr systems has been tested and classified in accordance with the world's most stringent
filter test norm for HEPA filters - European Norm EN1822. The awarded "H12" and "H13" classification means that the
IQAIr HyperHEPA systems have an absolute minimum efficiency of 99.5%, even for the tiniest and most infectious
particles known to mankind. With regard to MRSA bacteria (average diameter: 0.9um) or the SARS coronavirus (avg.
diameter: 0.11pm), IQAIr HyperHEPA systems will permanently remove these airborne microorganisms from the air
with virtually 100% efficiency.

5. The outstanding filtration efficiency of IQAir's HyperHEPA filter for removal of microorganisms (such as spores,
bacteria and viruses) has been tested and verified by the British Government's Health Protection Agency.

6. Each 1QAiIr model is individually tested and certified for actual filtration efficiency and actual air delivery. The
individual test results are recorded on a hand-signed Certificate of Performance that is supplied with each system.

This provides total quality assurance for critical applications.

7. Each IQAir system can be used as a mobile re-circulation air cleaner, or can be attached to special IQAIr ducting
adaptors OutFlow and InFlow to create negative pressure containment or positive pressure protective isolation
environments in a matter of minutes. The creation of pressure differentials is by far the most effective way to limit
the airborne spread of infectious particles within buildings.

8. IQAIr systems are registered with the U.S. Food & Drug Administration and approved as a Class Il medical device.
9. The outstanding actual filtration efficiency of IQAIr systems can be demonstrated in "real-life" situations with the
use of professional airborne particle counters (e.g. ParticleScan ). Such instruments objectively prove that the

systems remove virtually all particles down to a size of 0.3 microns (i.e. 3 times smaller than Mycobacterium
tuberculosis) with over 99.97% efficiency.

INCEN AG

Blumenfeldstr. 15 ¥ CH-9403 Goldach ¥ Switzerland ¥ Tel.: +41 71 844 0844 ¥ Fax: +41 71 844 0845 ¥e-mail: info@ncen.com ¥www.igair.com
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Cleanroom 100

Cleanroom 250

Cleanroom H13

Special Features

Total System Efficiency for particles =2 0.3 ym 99.97% 99.97% 99.97%
MPPS' efficiency at airflow up to 190m*/h 99.95% 99.95% 99.95%
MPPS' efficiency at airflow up to 475m’/h 99.5% 99.5% 99.5%
Individually tested and certified v v v
Anti-microbial HyperHEPAZ® filter (5.5 m?) v v v
Anti-microbial PreMax™ filter (2.8 m?) v v v
High-capacity anti-microbial PreMax™ filter (5.5 m?) - - v
V5-Cell™ wide spectrum gas & odour filter (2.5 kg) - v -
Choice of 5 different types of gas removal media - v -
Anti-tampering cable lock v v v
Anti-tampering arm lock v v v
Advanced timer programming v v v
Intelligent filter life monitor v v v
Choice of 4 display languages (GB, DE, FR, IT) v v v
Tested and certified HyperHEPA® replacement filters v v v
Supplied with MobilityPro™ casters v v -
Supplied with remote control v v v
Colour of housing/locking arms grey/green grey/green grey/green
Warranty period 2 years 2 years 2 years
Filter Stages
Number of filter stages 2 3 2
Anti-Microbial Anti-Microbial Anti-Microbial
Pre-filter PreMax™-Filter PreMax™.-Filter PreMax™.-Filter
Class F8 (S) Class F8 (S) ClassF8 (L)
V5-Cell™ Filter
Gas & odour filter - choice of 5 media types: -
MG, VOC, CS,AM, Hg
Anti-Microbial Anti-Microbial Anti-Microbial
HEPA-filter HyperHEPA® Filter HyperHEPA® Filter HyperHEPA® Filter
Class H13 Class H13 Class H13
Technical Specifications
Pre-filter surface 28m? 28m? 5.5 m?
V5-Cell™ MG gas & odour media content - 2.5kg -
HyperHEPA filter surface 55m? 55m? 55m?
User selectable fan speed settings 6 6 6
Filter replacement warning LEDs 2 3 2
Adjustable pollution load indices 2 3 2
Maximum air delivery * 400 m*/h 380 m¥/h 450 m*/h

Air delivery at different fan speeds (in m3/h) *
Weight

Dimensions (HxWxD)

All technical specifications are subject to change without prior notice.

40/80/150/210/290/400
ca.13kg

61x38x41 cm

40/80/150/200/240/380
ca.16 kg

71x38x41 cm

40/90/170/240/320/450
ca.21kg

101x38x41 cm

*Most Penetrating Particle Size efficiency according to EN1822

*Subject to a tolerance of + 10% &+ 10 m*h




InFlow™ W125 - Ducting Adaptor for IQAir®

The InFlow™ W125 ducting adaptor can be connected to any IQAIr® air cleaning system.lt enables the system to draw
in polluted and contaminated air from outdoors or adjacent rooms. The IQAir® system filters the airborne pollutants
and pathogens and expels the cleaned air to the indoor environment.Thus the InFlow™ ducting adaptor can be used
to provide clean air ventilation, positive pressure isolation or negative pressure containment of harmful particulates.
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Protective Environments

The supply of filtered air to a
closed indoor environment
reduces air pollution in that area
by dilution and the creation of
positive pressure, which reduces
the influx of contaminated air
from outside the environment.
With the InFlow™ adaptor, the
IQAIr® filtration system is po-
sitioned inside the room where
the clean air is desired.

Cleaned Air

Polluted Air =)

Negative Pressure  Positive Pressure

Airborne Infection Isolation

Airborne infection control guide-
lines for hospitals and other
health-care institutions demand
the creation of pressure differen-
tials to control the spread of
infectious  airborne  micro-
organisms and protect patients,
staff and visitors. With the
InFlow™ connected to a high-

Base Extension

Base Adaptor

Ducting Connectors

The InFlow™ adaptor connected to an
IQAiIr® system allows contaminated air
to be drawn through a wall aperture,
cleaned thoroughly, and released into
the room. This enables particle re-
ductions in the room air of up to 99%.

Wall

efficiency IQAIr® system, conta-
minated air can be drawn from a
patient room creating an air-
borne infection isolation area
within. The negative pressure
results in the effective contain-
ment of airborne pathogens
within the closed room. The
IQAIr® system then removes all
viruses, bacteria and spores with
99.5% efficiency (99.97% @
=0.3pum) thus delivering virtually
particle-free air to an adjacent
area or the outdoors.

Fresh Air Ventilation

The delivery of fresh, oxygen-rich
outdoor air is essential for the
basic ventilation of indoor envi-
ronments. Outdoor air, however,
will also contain undesirable
airborne  contaminants and
pollutants. With the help of the
InFlow™  ducting  adaptor
connected to an IQAIr® system,
filtered outdoor air can be sup-
plied to an indoor environment.
Supplying filtered outdoor air to
aroom reduces indoor pollutant
concentrations and introduces
oxygen. Thus the well-being of

Medical Applications:
+ Isolation wards

* Intensive care units

* Burns wards

+ Operation theatres

» Organ transplant units
+ Oncology wards

* Research, IVF and
microbiologic laboratories

« TB isolation and anterooms
» Homes of allergy sufferers

@EIE,

the inhabitants can be increased
considerably.

Quick and Simple Installation
With the help of the InFlow™ duc-
ting adaptor, every IQAIr® system
can be connected simply and
rapidly. For the installation of the
InFlow™, only one wall or window
aperture is required.The large dia-
meter of the ducting connections
helps to reduce air resistance.The
flexible ducting tube may be bent
in any direction.

A special VM InFlow™ is available
for wall-mounting the
IQAir® System.

Flexible Duct Pipe Clamp Wall Duct Protective Grille
YA & =
\ zZ
- S =
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¥
Backdraft Damper Vent

Commercial Applications:

+ Cleanrooms and controlled
environments

+ Manufacture and packaging
of medical devices

+ Food manufacturing and
processing

+ Air showers/air locks

+ Cleanrooom dressing rooms
+ Data storage rooms

+ Computer and server rooms
« Archives

etc.

InFlow™ Installation
Instructions

1. Insert base extensions into the
feet of the IQAIr® system and
screw tight.

N

. Place base adaptor into the base
opening of the IQAir® system and
secure with the 8 Torx screws.

w

.Join the ducting connectors
together and seal with tape.

4. Connect flexible duct to ducting
connector with the pipe clamp.

. Insert the wall duct into the wall
aperture.

w

6. From the other side, insert the
vent into the wall duct and
secure the vent to the wall.

~N

. Place the protective grille over the
vent and screw tight.

8. From the near side, insert the
back-draft damper into the wall
duct and secure to the wall.
Ensure that the damper is fitted
the correct way round (i.e. not to
obstruct the air flow).

9. Attach the flexible duct to back-
draft damper with pipe clamp.

Technical
Specifications

Required wall/window aperture:
Diameter: 132mm

Length of wall connection duct:
100mm or 150mm

Flexible ducting tube:
Diameter: 125 mm
Extendable length: 250 to 1000mm

Not compatible with the following
IQAIr® accessories: PF40, VMF™,
FlexVac™ and VM FlexVac™.

The indoor air quality (IAQ) improvements that can be achieved with IQAir® devices depend not only on the system performance, but also on factors which are specific to that particular indoor environment,
such as room size, type and concentration of contaminants and source intensity. Consult a qualified IAQ specialist to determine an effective and comprehensive IAQ strategy. Source control and ventilation
should be considered first in solving any IAQ problem.

© 2004 IQAIr® Group. All rights reserved. Technical specifications are subject to change without prior notice. IQAir®is a registered trademark of the IQAir® Group.
InFlow™, OutFlow™, FlexVac™ and VMF™ are trademarks of the IQAir® Group. IQAir® systems and filters are protected by U.S. patents Nr.6001145 and 6159260.

Other U.S., European and Asian patents pending. Swiss Made.
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OutFlow™ W125 - Ducting Adaptor for IQAir® Systems

The OutFlow™ ducting adaptor allows filtered air from any IQAir® advanced air cleaning system to be directed through a wall, door
or window aperture.The adaptor can be used to create protective environments and airborne infection isolation areas in a matter
of minutes.Thus particle and microorganism reductions of up to 99% can be realised in the room air — a result that could otherwise
only be achieved with a big investment in time, extensive work and at a higher costs.

With the OutFlow™ adaptor filtered
air can be directed from the IQAir®
high-efficiency air cleaner through
a wall aperture to reduce airborne
particles and microorganisms in the
room air by up to 99%.

-

Wall

N

Airborne Infection Isolation
Airborne infection  control
guidelines and standards for
hospitals and laboratories often
demand the creation of pressure
differentials to control the spread
of infectious airborne micro-
organisms and protect patients,
staff and visitors.

With the OutFlow™ connected
to a high-efficiency IQAIr® air
cleaning system, 99.97% particle-
free air can be exhausted from or
directed into a room. The
resulting pressure differences
isolate infectious particles in
certain areas while other areas
can be protected from the
infiltration of microorganisms.

Flexible Duct

Cleanroom Areas

The supply of filtered air to a
closed indoor environment
reduces air pollution in that area
by dilution and the creation of a

Polluted Air

Cleaned Air

Negative Pressure  Positive Pressure

protective environment which
reduces the influx of polluted air
from the outside. With the Out-
Flow™  adaptor, the IQAir®
filtration system can be position-
ed outside the clean area, thus
saving valuable space and
reducing noise exposure within
the area.

Wall Duct

Backdraft-Damper

Pipe Clamp

— TopFlow™ Adaptor

|
~rR— ' e
% ,_‘s_\_-. i |
| _—

Medical Applications:
« Isolation wards

* Intensive care units

+ Burns wards

+ Operation theatres

+ Organ transplant units
» Oncology wards

* Research, IVF and
microbiologic laboratories

» TB isolation and anterooms
» Homes of allergy sufferers

etc.

Emission Control

Legislation may prohibit the
emission of contaminated air
directly to the outdoors. The
OutFlow™ can exhaust HEPA-
filtered air outdoors to help meet
environmental emission control
and health and safety standards.

Quick and Simple Installation
The OutFlow™ adaptor is easily
connected to any IQAIr® system.
The installation only requires a
small wall or window aperture.
Thus protective environments
and airborne infection isolation
areas can be created extremely
fast at minimum cost, and
without lengthy interruptions of
the daily working routine.

Protective Grille

a
| —

TS

LR

Vent

Commercial Applications:

+ Cleanrooms and controlled
environments

+ Manufacture and packaging
of medical devices

+ Food manufacturing and
processing

« Air showers/air locks

+ Cleanrooom dressing rooms
+ Data storage rooms

+ Computer and server rooms
* Archives

etc.

OutFlow™ Installation
Instructions

1. Replace the standard diffuser top
of the IQAIr® system with the Top-
Flow™ adaptor.

2. Connect the flexible duct to the
TopFlow™ adaptor with one of
the pipe clamps.

3. Insert the wall duct into the wall
aperture.

4. From the other side, insert the
brown vent into the wall duct
and secure the vent to the wall.

5. Place the protective grille over the
vent and screw tight.

6. From the near side, insert the
back-draft damper into the wall
duct and secure to the wall.
Ensure that the damper is fitted
the correct way round (i.e. not to
obstruct the air flow).

7. Attach the flexible duct to back-
draft damper with pipe clamp.

Technical
Specifications

Required wall/window aperture:
Diameter: 130 mm

Length of supplied wall ducts:
100 mm and 150 mm

Flexible duct:
Diameter: 125 mm
Extendable length: 250 to 1000 mm

Compatible with all IQAir® systems
and accessories.

The indoor air quality (IAQ) improvements that can be achieved with IQAir® devices depend not only on the system performance, but also on factors which are specific to that particular indoor environment,
such as room size, type and concentration of contaminants and source intensity. Consult a qualified IAQ specialist to determine an effective and comprehensive IAQ strategy. Source control and ventilation
should be considered first in solving any IAQ problem.

© 2004 1QAiIr® Group. All rights reserved. Technical specifications are subject to change without prior notice.IQAir® s a registered trademark of the IQAir® Group.
InFlow™, OutFlow™, TopFlow™, FlexVac™, MaxVac™ and VMF™ are trademarks of the IQAir® Group. IQAir® systems and filters are protected by U.S. patents Nr.

6001145 and 6159260. Other U.S., European and Asian patents pending. Swiss Made.
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Case Study: August 2003

Hong Kong Hospital Authority
selects IQAIr® advanced filtration systems

for the fight against SARS

In February of 2003, newspapers began reporting a rapidly spreading atypical pneumonia. Now iden-
tified as severe acute respiratory syndrome or SARS, this highly contagious condition is caused by a
new coronavirus for which there is no specific antiviral treatment. While the epicentre of the outbreak
was China, the disease spread quickly across Asia and to North America (especially Canada) with a total

of 32 countries eventually reporting cases.

Until August 2003, an esti-
mated 8422 cases have
been reported - with a
total of 916 deaths attrib-
uted to the syndrome. In
terms of profession, health-
care workers (HCWs) were
_ particularly affected with a
| total of 1725 individuals
| (20% of the total) becom-
ing infected. Adding to the
immense human cost, the SARS outbreak hit many
economies very hard leaving them severely damaged as
tourism and other travel related industries took a nose-
dive. Estimates of the financial cost of SARS have varied
from a conservative figure of US$ 30 billion according to
the World Health Organization (WHO) to US$ 150 billion
globally. Some experts noted that even this high figure is
likely to be a gross underestimate. Thus, the effects of
SARS are now regarded as the affected regions’ own
"September 11", and the aftershocks are still unfolding.

Coronavirus

Will SARS Return?

In an unprecedented effort to solve the SARS mystery
and prevent its spread, the WHO, the Centers of Disease
Control (CDC) and many other organisations have
brought hundreds of people together.On July 5,2003 the
last two countries (China and Taiwan) were finally taken
off the list of areas with recent local transmissions. At this
moment in time the most pressing question is whether
SARS will return. Like the Ebola virus, the SARS virus could
hide in some animal or environmental reservoir, only to
resurface once the conditions again mature for the
spread to humans. According to the WHO, "SARS might
also behave like many other respiratory diseases of viral
origin, dying out as heat and humidity rise and returning
when the season turns cooler."

Preparedness is the Best Defence

Much like other respiratory illnesses, SARS is spread by
close contact, when a person infected with SARS con-
taminates the surrounding air with tiny droplets of infec-
tious matter. Someone in close proximity of the infected
person can then become infected by breathing in the
contaminated air. However, scientists are also considering
other possibilities of transmission. According to the CDC,
"it is possible that SARS can also spread more broadly
through the air". Since there is no specific antiviral treat-

ment for SARS, the most effective strategy is control.
While it is the WHO's first objective to seal off opportuni-
ties for international spread of this deadly disease, many
health-care institutions are looking for additional infec-
tion control measures that will help them to contain
infections in the event that the coronavirus once again
flares up in an outbreak.

The Hong Kong Case

One of the institutions that was particularly keen to
implement special engineering controls as an additional
precaution strategy in the fight against SARS was the
Hong Kong Hospital Authority (HKHA).The authority cur-
rently manages 43 public hospitals, 47 specialist outpa-
tient clinics and 13 general outpatient clinics. During the
SARS crisis Hong Kong was one of the worst affected
areas with 1755 reported SARS cases (376 of which con-
cerned HCWs) resulting in a total of 300 deaths. In view of
these huge losses, the HKHA was determined to find a
way to effectively contain the SARS virus and protect
their HCWs in case the disease should resurface.

The Evaluation Process

In order to find the most efficient, reliable, flexible and
cost effective solution, the Electrical and Mechanical
Services Department (EMSD) of the Hong Kong Govern-
ment performed rigorous tests on behalf of the HKHA.
They evaluated the suitability and performance of many
filtration systems, including IQAiIr®. With the help of a
laser particle counter the EMSD tested the actual filtra-
tion efficiency of each filtration system.

A Senior Engineer of the EMSD assesses the actual filtration efficiency of two air
cleaners with a laser particle counter. The majority of conventional air cleaners failed
the efficiency test.
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Reduction in MRSA environmental contamination
with a portable HEPA-filtration unit
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KEYWORDS Summary There is renewed interest in the hospital environment as a po-
MRSA; Settle plates; tentially important factor for cross-infection with methicillin-resistant
E:?ofr']“n::;‘t‘:l‘; Staphylococcus aureus (MRSA) and other nosocomial pathogens. The aim
cor\:tamination of this study was to evaluate the effectiveness of a portable high-efficiency
particulate air (HEPA)-filtration unit (IQAir Cleanroom H13, Incen AG, Gold-
ach, Switzerland) at reducing MRSA environmental surface contamination
within a clinical setting. The MRSA contamination rate on horizontal
surfaces was assessed with agar settle plates in ward side-rooms of three
patients who were heavy MRSA dispersers. Contamination rates were
measured at different air filtration rates (60—235 m®/h) and compared
with no air filtration using Poisson regression. Without air filtration,
between 80% and 100% of settle plates were positive for MRSA, with the
mean number of MRSA colony-forming units (cfu)/10-h exposure/plate
ranging from 4.1 to 27.7. Air filtration at a rate of 140 m*/h (one patient)
and 235 m3/h (two patients), resulted in a highly significant decrease in
contamination rates compared with no air filtration (adjusted rate ratios
0.037, 0.099 and 0.248, respectively; P < 0.001 for each). A strong associ-
ation was demonstrated between the rate of air filtration and the mean
number of MRSA cfu/10-h exposure/plate (P for trend < 0.001). In conclu-
sion, this portable HEPA-filtration unit can significantly reduce MRSA
environmental contamination within patient isolation rooms, and
this may prove to be a useful addition to existing MRSA infection control
measures.
© 2005 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.

* Corresponding author. Address: Department of Microbiology, Nottingham City Hospital NHS Trust, Hucknall Road, Nottingham
NG5 1PB, UK. Tel.: +44 115 9691169x45572; fax: +44 115 9627766.
E-mail address: tboswell@ncht.trent.nhs.uk

0195-6701/$ - see front matter © 2005 The Hospital Infection Society. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.jhin.2005.11.011
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Introduction

Handwashing by healthcare workers is thought to be
the most important method of control of methicillin-
resistant Staphylococcus aureus (MRSA) and other
nosocomial infections.! However, there is renewed
interest in the hospital environment as a potentially
important factor in cross-infection.?™ The authors
recently investigated an outbreak of Hickman-line-
associated MRSA bacteraemia in a haematology
day-case unit. As part of the investigations, signifi-
cant MRSA contamination of the environment was
found, and settle plates were positive for MRSA on
a number of occasions, suggesting ongoing dispersal
of MRSA into the air. At least two patients were iden-
tified as heavy shedders of MRSA, and the outbreak
was controlled when a single room was designated
for their further day-case treatment.

This outbreak prompted an investigation of tech-
nologies that may reduce future MRSA environmen-
tal contamination within such a setting. Anumber of
air decontamination products have been reviewed
recently by the Rapid Review Panel of the Health
Protection Agency, including air filtration units and
ultra-violet air disinfection units (www.hpa.org.uk/
infections/topics_az/rapid_review). Two of these
products have been recommended for in-use evalua-
tions in a clinical setting (recommendation level 2),
including the IQAir Cleanroom H13 portable air
purification unit (Incen AG, Goldach, Switzerland).
This article presents an evaluation of the effective-
ness of the IQAir unit at preventing contamination
of environmental surfaces with MRSA in three differ-
ent clinical settings.

Methods

IQAir Cleanroom unit

Two IQAir Cleanroom H13 units were kindly provided
by Air Science Ltd (Stroud, UK). The machines were
free-standing floor units operating in recirculation
mode. This portable air filtration purifier removes
airborne micro-organisms by repeatedly drawing
ambient room air through a pre-filter and then
through a high-efficiency particulate air (HEPA)
filter, with an efficiency of 99.97% for particles
greater than or equal to 0.3 um. The IQAir H13 unit’s
centrifugal fan can be set to run at five speeds,
with air filtration rates ranging between 60 and
400 m*/h.

Patients and clinical setting

The IQAir unit was evaluated in the environment of
three patients who were known to have MRSA

colonization and who were likely to be heavy
dispersers of MRSA.

Patient A was a 61-year-old male with acute
myeloid leukaemia. He had previously received
a bone marrow transplant complicated by graft-vs-
host disease of his skin, and subsequent relapse of
his leukaemia. MRSA colonization was first detected
in April 2004, and MRSA was repeatedly detected
from subsequent nose, perineal and skin swabs
despite several courses of Aquasept washes and
Bactroban nasal cream. This patient regularly at-
tended the haematology day-case unit for blood
product support, and had been previously linked
with the MRSA outbreak on that unit. Since then, he
had continued to receive day-case treatment (ap-
proximately once every two weeks) in a designated
side-room on an elderly assessment ward, directly
adjacent to the haematology day-case unit.

Patient B was a 66-year-old male who was an
inpatient on a medical gastroenterology ward fol-
lowing complicated upper gastrointestinal surgery
and a prolonged stay in the intensive care unit. MRSA
colonization was first detected in March 2005, and
MRSA was subsequently identified from nose, peri-
neum, sputum (from tracheostomy), wound swabs
and abdominal drain sites despite two courses of
Aquasept/Bactroban. The patient was receiving
total parenteral nutrition via a central line, re-
quired regular suctioning of his airway, and had
developed a number of pressure sores. Although in
a side-room on the ward, the door had often been
left open and this patient had been linked with
a cluster of MRSA infections on the ward.

Patient C was a previously fit and healthy
42-year-old male admitted with severe Stevens-
Johnson syndrome following a course of penicil-
lin. This had resulted in extensive skin blistering,
akin to a severe burn injury. Six days after
admission, MRSA was detected in sputum, blood
cultures and, subsequently, numerous wound
swabs. The patient was mechanically ventilated,
hyperpyrexial (requiring haemofiltration for tem-
perature control), and was having a complete
dressing change every 48 h. MRSA sepsis was
treated with intravenous vancomycin and genta-
micin, but topical MRSA treatment was not
contemplated.

Study design

Quantitative assessment of MRSA environmental
surface contamination was measured with agar
settle plates. Environmental surface contamina-
tion rates were measured both with and without
air filtration on separate days (see Table I).
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With Patient A, settle plates were used on six
occasions over an eight-week period and the use of
the IQAIr unit at a filtration rate of 235 m*/h (N = 3)
was alternated with no air filtration (N=3). With
Patient B, settle plates were used on eight occa-
sions over a two-week period, first with no air filtra-
tion (N =2) and then with the IQAir unit running at
air filtration rates of 140 m3/h (N=2), 95m>/h
(N=2) and 60 m3/h (N =2). With Patient C, settle
plates were used on four occasions over a one-
week period, first with no air filtration (N=2) and
then with the IQAir unit running at a filtration
rate of 235m*/h (N=2). The air volume of the
rooms and corresponding air filtration rates in
terms of air changes/h for each study day are
shown in Table I. The layout of each of the rooms
and the position of the IQAir units within them
are shown in Figure 1.

None of these patients received topical MRSA
treatment during the study periods, and Patients A
and B did not receive any systemic antibiotic
treatment. Patient C was treated with intravenous
vancomycin and gentamicin throughout the study
period.

Settle plates

Standard-sized circular plates containing oxacillin
resistance screening agar base (ORSAB) (Oxoid Ltd,
Basingstoke, UK) were used as settle plates.
Between four and 34 settle plates were placed in
designated positions in the three rooms and ex-
posed to the air for between 1.5 and 8 h (see Table
[). Within each room, identical plate positions
were used on each study day where possible. The
settle plate positions used in each room are shown
in Figure 1. Peripheral positions on the floor were
most common, but settle plates were also placed
under the bed, on window ledges, at the side of
sinks, on overbed tables and on other horizontal
surfaces where possible. Settle plate MRSA colony
counts were expressed as colony-forming units
(cfu)/10h of exposure in order to calculate
a standardized rate of MRSA environmental surface
contamination over time.

Bacterial isolates and identification
of MRSA

ORSAB plates were incubated for 48 hat 37°C, and the
number of typical dark-blue colonies of MRSA was
counted. Representative colonies from each plate
were confirmed as S. aureus by agglutination for pro-
tein A and clumping factor (Slidex Staph Plus, bioMér-
ieux, Basingstoke, UK), and for DNAse production.

Methicillin resistance was determined after 24 h of
incubation at 30°C on Columbia agar base supple-
mented with 2% oxacillin (PO0879A, Oxoid Ltd).

Statistical analysis

Statistical analysis was performed using EGRET
software. Poisson regression was used to calculate
adjusted rate ratios to compare the number of
MRSA cfu/10-h exposure/plate, with and without
the IQAir unit (controlled for the study day). Poisson
regression was also used to look at the effect of
different machine speeds on MRSA colony counts
compared with no air filtration, and to calculate a P
value for trend through the rate ratios.

Results

Effect of air filtration on MRSA
environmental contamination

Without air filtration, all three patients were
confirmed to be heavy dispersers of MRSA (see
Table | and Figure 1). Overall, between 80% and
100% of the settle plates were positive, with the
mean number of MRSA cfu/10-h exposure/plate
ranging from 4.1 to 27.7. The extent and distance
of MRSA shedding without air filtration for each pa-
tient is shown graphically in Figure 1.

Air filtration at a rate of 235 m3/h (Patients A
and C) and 140 m3/h (Patient B) resulted in a sig-
nificant decrease in MRSA surface contamination
in each case (Table I). With Patient A, the adjusted
rate ratio comparing the mean number of MRSA
cfu/10-h exposure/plate with and without air fil-
tration was 0.099 [95% confidence intervals (Cl)
0.077—0.128]; a reduction of approximately 90%.
Similar adjusted rate ratios for Patients B and C
were 0.037 (95% Cl 0.017—0.081) and 0.248 (95%
Cl 0.215—-0.285); reductions of 96% and 75%,
respectively.

The effect of these air filtration rates on the
pattern and distance of MRSA shedding for each
patient is also shown in Figure 1.

Effect of different air filtration rates
on MRSA environmental surface
contamination

Air filtration at three different rates (60, 95 and
140 m*/h) was used with Patient B. There was
a highly significant association between the reduc-
tion in MRSA surface contamination and the vol-
ume of air filtered (see Table I). Rate ratios



Table | Effect of portable high-efficiency particulate air filtration on methicillin-resistant Staphylococcus aureus (MRSA) environmental contamination

Patient and setting Date IQAIr filtration  1QAir filtration No. of No. (%) of Exposure Total no. of Mean MRSA Adjusted rate ratio
(room air volume) rate (m3/h) rate settle MRSA +ve time (h) MRSA cfu cfu/10-h (95% Cl) P value
(air changes/h) plates used plates exposure/plate
Patient A, day-case, 01.12.04 0 0 4 4 (100) 1.5 10 16.7 =
single room 17.12.04 0 0 34 34 (100) 7.25 319 12.9
(27.7 m3) 02.02.05 0 0 30 26 (87) 5.6 81 4.9
01.12.04 235 8.5 4 2 (50) 2 4 4.0 0.099 (0.077, 0.128)
28.01.05 235 8.5 34 7 (21) 6.5 10 0.5 P <0.001
17.02.05 235 8.5 34 17 (50) 7 25 1.1
Patient B, medical 21.04.05 0 0 20 6 (80) 7.75 74 5.6 —
ward, single room 22.04.05 0 0 20 8 (90) 7 58 4.1
(39.2 m3)
03.05.05 60 1.5 20 16 (80) 6 612 5.1 0.639 (0.505, 0.808)
04.05.05 60 1.5 20 8 (40) 6.5 8 0.6
27.04.05 95 2.4 20 8 (40) 8 18 1.1 0.233 (0.166, 0.326)
28.04.05 95 2.4 20 7 (35) 5.25 10 1.0
25.04.05 140 3.6 20 4 (20) 6 4 0.3 0.037 (0.017, 0.081)
26.04.05 140 3.6 20 0 (0) 6.5 0 0.0 P (for trend) < 0.001
Patient C, intensive  05.05.05 0 0 20 (100) 7 330 23.6 —
care, single room 06.05.05° 0 0 12 12 (100) 7 233 27.7
(46.2 m3)
11.05.05° 235 5.1 20 14 (70) 7 74 5.3 0.248 (0.215, 0.285)
13.05.05° 235 5.1 20 13 (65) 7 105 7.5 P < 0.001

cfu, colony-forming units.
& 37 cfu on one agar settle plate, 0—3 cfu on remainder.
b Ppatient had complete change of dressings whilst settle plates exposed.
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Figure 1 (a—c) Room schematics, position of settle plates and position of IQAir machine (A) are shown for Patients

A—C, respectively. The results of the settle plates on the paired study days for each patient with and without IQAir
filtration are combined. These are summarized as follows: open circle, settle plate with no methicillin-resistant
Staphylococcus aureus (MRSA); grey circle, settle plate with 0.1—5.0 MRSA colony-forming units (cfu)/10-h exposure;
black circle, settle plate with >5.0 MRSA cfu/10-h exposure. cm h, cubic metres per hour.

comparing the mean number of MRSA cfu/10-h ex-
posure/plate with and without air filtration were
0.639 (95% CI 0.505—0.808) at a filtration rate of
60 m3/h, 0.233 (95% ClI 0.166—0.326) at 95 m3/h,
and 0.037 (95% Cl 0.017—0.081) at 140 m*/h
(P value for trend < 0.001).

Discussion

It is well established that MRSA contamination of
the environment occurs in the vicinity of MRSA
patients, and this is the principal reason for
isolating patients in single rooms.> However, rela-
tively few reported studies have used agar settle
(sedimentation) plates to assess the rate of MRSA
contamination of environmental surfaces.® This
simple methodology was used in the present study
to identify heavy shedders of MRSA and to measure
the effect of using a portable HEPA-filtration unit
on the contamination rates of environmental sur-
faces. The main reason for selecting this method-
ology instead of volumetric air sampling was that
the authors were less concerned with determining

the rate of MRSA shedding into the air, and more
interested in whether recirculating HEPA filtration
could reduce the rate of MRSA settling on horizon-
tal surfaces within the rooms of known MRSA dis-
persers. Whilst settle plates may be regarded as
a relatively crude measure of airborne contamina-
tion, they do provide a simple and cost-effective
way of enumerating the contamination rate of
horizontal surfaces at multiple points within an
occupied side-room. Contact plates or other
environmental sampling methods were not used
because the horizontal environmental surfaces
within the occupied rooms could have been con-
taminated with MRSA at the start of each study
day, dependent on the time and effectiveness of
the previous room cleaning.

Despite attempts to keep the settle plate
exposure times constant, there was inevitably
some variation in the duration of exposure of the
settle plates on different study days (for practical,
logistical and sometimes clinical reasons), and
relatively long exposure times were used (up to
8 h). The rate of recovery of MRSA may have been
affected by some degree of dehydration of the
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agar, and the results may have underestimated the
true amount of MRSA dispersal. However, it seems
unlikely that these variations could account for the
significant differences observed in contamination
rates with and without air filtration.

Patients who are likely to be heavy dispersers of
MRSA include those with skin conditions or wounds
heavily colonized by MRSA. These patients are
often responsible for the spread of infection.>’
All three of the study patients had MRSA-colonized
skin conditions and two had been associated with
cross-infection to other patients. In addition, one
patient had a tracheostomy and MRSA in the spu-
tum which, in the authors’ experience, is a signifi-
cant risk for cross-infection. The highest rate of
environmental contamination occurred from the
patient with Stevens-Johnson syndrome. It was
educational for the infection control team and
the healthcare workers on the busy intensive
care unit to see the number of MRSA cfu on the set-
tle plates (330 cfu on 20 settle plates equates to
~2750 cfu/m? for 7h of exposure). Widespread
contamination of the patients’ rooms was demon-
strated for all three patients. Many of the settle
plates were positioned around the periphery of
the rooms (e.g. window and other ledges, floor
and sink), and the majority of these plates were
positive, as were settle plates closer to the patient
(e.g. under the bed and on the overbed table).

The rate of MRSA environmental contamination
from each patient was significantly reduced by 75—
93% using a portable HEPA-filtration unit. This
reduction was directly related to the rate of air
filtration. The IQAir unit can filter air at a maximum
rate of 400 m3/h; however, at this fan speed, the
unit is unacceptably noisy for both patients and
staff. The IQAir unit was operated at 235 m3/h
for two patients and at 140 m3/h for one patient.
With the volume of the rooms, this equates to
between 3.6 (Patient B) and 8.5 (Patient A) air
changes/h. None of the rooms had ceiling-
mounted supply or extract ventilation, or an
en-suite facility with extract ventilation, but the
single room in the intensive care unit (Patient C)
had a wall-mounted extract system that was on
continuously throughout the study period. The
authors were unable to determine the rate of
extraction through this extract system, and thus
the additional number of air changes/h within
the room. However, this extract system alone ap-
peared to have little effect on preventing MRSA
surface contamination rates. The mean number
of MRSA cfu/10-h exposure/plate was 23.6 and
27.7 on the two days without IQAir filtration, and
a highly significant effect was still demonstrable
when the IQAir filtration was used in addition to

the extract system. There were no other patients
on the intensive care unit shown to have MRSA
during the study period for Patient C.

The windows (and doors whenever possible)
were kept closed whilst the air-filtration unit was
running. However, on a number of occasions on
study days, the doors were observed to have been
left open, mainly for patient safety reasons. This
would have reduced the effectiveness of the IQAir
units by reducing the number of air recirculations,
and it is possible that even greater reductions in
MRSA surface contamination rates would have
been observed in a more tightly controlled clinical
environment. No attempt was made to record the
number of people entering the rooms, or all
the other factors that may have affected either
the ventilation or the degree of MRSA dispersal
(e.g. bed making), and there is likely to have been
some day-to-day variation in these. However,
relatively long settle plate exposure times were
used during the main working day in order to
‘capture’ most of these potential variables,
and the efficacy of IQAir filtration was demon-
strated consistently in different busy clinical
environments.

The effectiveness of air filtration may be de-
pendent on the positioning of the portable unit.®°
However, the IQAir units were placed in relatively
different positions for each patient (so as not to be
in the way of clinical staff) (see Figure 1), and this
did not appear to alter the overall efficiency of air
filtration. Similarly, Rutala et al. found no differ-
ence in the clearance rate of airborne particles
with portable units positioned in different loca-
tions within a room.™® Figure 1 clearly shows the
effect of IQAir filtration on MRSA contamination
rates throughout the rooms of Patients A and B.
Figure 1(c) could be interpreted as showing
a greater effect nearer the machine, but this is
not apparent if the actual numbers of MRSA cfu/
10-h exposure/plate (data not shown) are com-
pared, and the reduction in the number of MRSA
cfu was relatively evenly distributed across the
room.

One possible confounding explanation for these
results is that the patients shed less MRSA on days
when air filtration was used. The rate of dispersal
of MRSA may be related to factors such as patient
movement, clothing, medical procedures (e.g.
dressing changes, suctioning), bed making, and
topical or systemic MRSA antiseptics or antibi-
otics."" Patient A was ambulatory, but his pattern
of movement within the room was relatively con-
sistent on each study day, and he wore similar
clothes. His rate of MRSA shedding decreased
over time, but this was controlled for by
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alternating days with and without air filtration,
and using adjusted rate ratios in the Poisson re-
gression analysis. Both Patients B and C were con-
fined to bed, and their clinical conditions
remained largely unchanged throughout the study
periods. Patient B required regular suctioning via
a tracheostomy, and Patient C required wound
dressing changes on alternate days which hap-
pened on both study days with air filtration on
(see Table I). Whilst study days with and without
air filtration for Patients B and C were not alter-
nated, the rate of MRSA contamination from
Patient B increased as the IQAir fan speed was
decreased on consecutive days, indicating ongoing
dispersal. Topical MRSA treatment was not used in
any of the patients in the study period. Although
Patient C was treated with intravenous vancomy-
cin and gentamicin, his skin wounds remained
MRSA positive. For these reasons, it is considered
to be unlikely that these confounding factors ac-
count for the observed results.

Portable HEPA-filtration units have previously
been shown to be efficient at removing airborne
particles, and they are sometimes employed in
high-risk units to reduce risks of invasive aspergil-
losis during nearby building demolition or con-
struction.' Published evaluations have generally
used artificially generated aerosols in a test setting
to demonstrate that particles of the size of bacte-
ria, droplet nuclei or fungal spores are removed ef-
ficiently and quickly.®'® The present study has
demonstrated that portable HEPA-filtration units
can significantly reduce the amount of potential
MRSA contamination of horizontal surfaces and
equipment within the rooms of patients who are
heavy MRSA dispersers.

Although there is no direct proof, there is
increasing evidence that the environment can act
as a reservoir for S. aureus, including MRSA, and
that this can pose a risk of cross-infection to pa-
tients.2>713716 A heavily contaminated environ-
ment poses a risk that healthcare workers may
contaminate their hands, gloves and clothing.
Boyce et al. found that 65% of nurses had contam-
inated their uniform or gowns with MRSA whilst
looking after MRSA patients, and 42% of personnel
who had no direct contact with these patients, but
had touched contaminated surfaces within their
rooms, had contaminated their gloves with
MRSA.” The present study has shown that the
rate of environmental MRSA contamination can
be reduced significantly by portable air filtration,
and this should reduce these cross-infection risks.
Studies have also shown that routine and terminal
cleaning are not 100% effective in clearing MRSA
from the environment,>* so a measure that

reduces MRSA environmental contamination in
the first place will reduce the consequences of in-
effective cleaning. It is envisaged that portable
HEPA-filtration units may also be of value in a vari-
ety of different clinical settings (e.g. in dressing
clinics, for respiratory function tests or on wards
with MRSA patients who cannot be isolated), but
further work is needed.

In conclusion, placing IQAir portable HEPA-
filtration units within MRSA isolation rooms can
significantly reduce the contamination of environ-
mental surfaces with MRSA. Although this cannot
replace standard infection control measures (e.g.
isolation, hand hygiene, protective clothing and
cleaning), it is likely to reduce cross-infection risks
significantly and could provide a relatively cost-
effective method for enhancing MRSA control.
Further evaluation of these units is required within
larger or more open-plan areas (e.g. intensive care
units), and the relationship between reducing
environmental contamination and MRSA coloniza-
tion/infection rates needs to be established.
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