An effective high level disinfection solution for ultrasound probes that can
reduce risks and increase compliance

Why you need trophon

trophon EPR is safe, versatile and simple
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Reduce the risk of ultrasound infection
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Compliance to high level disinfection guidelines
To reduce the risk of ultrasound probe cross-infection, it is important to know when to perform the
high level disinfection (HLD) process.
HLD should be performed on ultrasound probes that are used in semi-critical procedures, as defined
by the Spaulding Classification. Applying the correct level of disinfection is based on the procedure
the probe is going to be used for on the next patient. In order to determine when to apply HLD to
your semi-critical probes, refer to the diagram below.

Disinfection /
Sterilisation
Requirements

Spaulding Classification

Procedure

What procedure will your probe be used for?
Probe may contact sterile
tissue or blood

Probe may contact mucous
membranes and non intact skin

Probe will only contact
healthy, intact skin

Critical

Semi-Critical

Non-Critical

• Intraoperative
procedure
• Drainage
• Biopsy
• Needle guidance

Sterilise*
or high level
disinfection

• Transvaginal
oocyte retrieval
• Venous catheter
placement
• Vascular ablation

Intracavity
• Transvaginal scan
• Transrectal scan

High level
disinfection

Surface ultrasound
(broken skin)
• Wound scanning
• Burn evaluation

• Surface ultrasound (intact skin)

Low level disinfection
or
High level
disinfection

PROBE IS TROPHONED AND READY FOR PROCEDURE
*Critical probes should be sterilised, or can also be high level disinfected and used with a sterile sheath.14

Standards and guidelines recommend high level disinfection
Semi-critical and critical ultrasound transducers must minimally undergo HLD even
if used with a sheath:
Guidelines

Guidelines for Reprocessing Ultrasound Transducers
The Australasian Society for Ultrasound in Medicine (ASUM)
is the leading multidisciplinary medical ultrasound society
advancing the clinical practice of diagnostic medical
ultrasound for the highest standards of patient care in Australia and New Zealand. The Australasian College for Infection Prevention and Control (ACIPC) is the peak body for
Infection Prevention and Control professionals in the Australasian region focused on promoting education and evidence based practice outcomes for a healthy community.
This document was developed collaboratively by ASUM and
ACIPC to establish nationally accepted guidelines for reprocessing ultrasound transducers. The requirements in these
guidelines have been based on the standards of AS/
NZS4187:2014 and AS/NZS4185:2006.1 These guidelines must
be used as the minimum standard of practice for reprocessing
ultrasound transducers and considered to be best practice at
the time which they were issued.

1. Introduction
In Australia, ultrasound is increasingly utilised as an imaging
modality in a diversity of care environments. Each ultrasound
procedure involves contact between an ultrasound transducer
and the patient’s skin, mucous membranes, or sterile tissues.
Failure to adhere to minimum infection control standards,
including the proper cleaning and reprocessing of the equipment and transducers, increases the risk of pathogen transmission and subsequent infection. Lack of compliance with
scientiﬁcally based guidelines for infection control has led to
numerous outbreaks arising from ultrasound examinations,2–10
including cases of infection resulting from ultrasound-guided
procedures,4,11–13 and ultrasound transducers that have not
undergone appropriate disinfection (Medical Device Alert Ref:
MDA/2012/037)14,15 or have been damaged.16

1.1 Scope and target audience
The Guidelines for Reprocessing Ultrasound Transducers
provides recommendations for the cleaning and disinfection
of all medical ultrasound transducers and any additional
equipment that may be utilised during the procedure, such
as the keyboard and ultrasound gel. These guidelines are
recommended for all individuals directly or indirectly
involved with medical ultrasound.
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ASUM/ACIPC
The Australasian Society for Ultrasound in Medicine (ASUM)/Australasian College for
Infection Prevention and Control (ACIPC) Guidelines state that “If the transducer comes in
direct contact with non-intact skin, blood or mucous membranes transducers should be
cleaned with [and undergo] HLD (e.g. open wounds, intact infected skin, ultrasound guided
interventional and surgical procedures, needle guided procedures and intra-operative uses).”14
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Semi-critical reusable medical devices must minimally undergo HLD:
TGA
“These devices (semi-critical medical devices), when disinfected, must be subjected to at
least a high level disinfection process with an ‘instrument grade high level disinfectant’.
Therapeutic Goods Administration (TGA) Order No. 54, 2009.”15
AS/NZS 4187:2014
This Joint Australian/New Zealand Standard was prepared by Joint Technical
Committee HE-023, Processing of Medical and Surgical Instruments. It was
approved on behalf of the Council of Standards Australia on 18 November 2014 and
on behalf of the Council of Standards New Zealand on 26 November 2014.
This Standard was published on 15 December 2014.
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Keeping Standards up-to-date
Standards are living documents which reflect progress in science, technology and
systems. To maintain their currency, all Standards are periodically reviewed, and
new editions are published. Between editions, amendments may be issued.
Standards may also be withdrawn. It is important that readers assure themselves
they are using a current Standard, which should include any amendments which
may have been published since the Standard was purchased.
Detailed information about joint Australian/New Zealand Standards can be found by
visiting the Standards Web Shop at www.saiglobal.com.au or Standards New
Zealand web site at www.standards.co.nz and looking up the relevant Standard in
the on-line catalogue.
For more frequent listings or notification of revisions, amendments and
withdrawals, Standards Australia and Standards New Zealand offer a number of
update options. For information about these services, users should contact their
respective national Standards organization.
We also welcome suggestions for improvement in our Standards, and especially
encourage readers to notify us immediately of any apparent inaccuracies or
ambiguities. Please address your comments to the Chief Executive of either
Standards Australia or Standards New Zealand at the address shown on the back
cover.

ASNZS 4187-2014
“HLD as the minimum reprocessing standard for ultrasound probes used in semi-critical
procedures is also advised by Standards Australia/Standards New Zealand (ASNZS)
4187-2014 guidelines.”16

This Standard was issued in draft form for comment as DR 100397.

NHMRC
“Semi-critical Reusable medical devices (RMDs) require cleaning followed by high-level
disinfection at a minimum.”17 National Health and Medical Research Council (NHMRC)
AUSTRALIAN GUIDELINES FOR THE

Prevention and Control of
Infection in Healthcare
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Human papilloma virus – a major driver for new guidelines and the adoption of trophon
Ultrasound probes are a potential source of human papilloma virus (HPV) infection, posing a new challenge
for infection prevention.
Susceptibility of HPV to Ultrasound Disinfectants

has only recently become possible to specifically test
the efficacy of high-level disinfectants against native
HPV virions, due to a lack of an adequate culture
system for virion production and an appropriate
infectivity assay [Meyers et al., 2014]. Our earlier
study showed that aldehyde-based high-level disinfectants including glutaraldehyde (GTA) and orthophthalaldehyde (OPA) showed minimal activity
against HPV16 even when tested at extended contact
times in a liquid suspension [Meyers et al., 2014].
In this study, we used a more stringent hard surface
carrier test method in line with Federal Drug Administration (FDA) guidelines for assessing virucidal efficacy of high-level disinfectants [Federal Drug
Administration, 2000; ASTM International, 2011].
This test involves drying virus onto carriers in the
presence of a protein soil before recovery and an assay
for infectivity. We compared two leading ultrasound
probe disinfectant methodologies, liquid soaking in
OPA and the use of an automated high level disinfection system using sonicated hydrogen peroxide,
(trophon1 EPR). We show here that OPA has minimal
efficacy against HPV and that the automated system is
effective in completely inactivating native, infectious
HPV16 and HPV18 under normal use parameters.
MATERIALS AND METHODS
Study Design
The hard surface carrier test method utilized in
this study was based on the ASTM E1053-11 standard test method suitable for assessing virucidal
activity on non-porous surfaces [ASTM International,
2011]. This standard meets the Environmental Protection Agency (EPA) efficacy data requirements for
virucides which are in turn referenced by the FDA
guidance for 510(k) submissions for high-level disinfectants [Federal Drug Administration, 2000; U.S.
Department Of Health And Human Services, 2000].
Cell Culture and Virus Production
HaCaT cells were maintained in DMEM supplemented with 10% FBS, 0.025 mg/ml Gentamicin, and
0.11 mg/ml sodium pyruvate. Primary human keratinocytes from newborn foreskin circumcision were
isolated as previously described [Biryukov et al.,
2014]. Keratinocytes were maintained in 154 medium
supplemented with Human Keratinocyte Growth
Supplement Kit (Cascade Biologics, Inc., Portland,
OR). Immortalized keratinocytes stably maintaining
HPV episomes were cultured in E-medium with J23T3 feeder cells and grown in raft culture to produce
virus as previously described. Mature virus particles
were harvested from tissues after 20 days. Rafts were
harvested and virus was isolated by homogenization
in phosphate buffer (5 mM Na-phosphate, pH 8, 2 mM
MgCl2) as previously described [Biryukov et al.,
2014]. All virus preps for concentration and infectivity assays were treated with benzonase (375 U) at
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37˚C for one hour to remove any un-encapsidated
viral genomes. Samples were adjusted to 1 M NaCl
and centrifuged at 4˚C for 10 min at 10,500 rpm to
remove cellular debris.
Virus Titers
To release the viral genomes, 10 ml of a virus prep
was resuspended in a 200 ml HIRT DNA extraction
buffer (400 mM NaCl/10 mM Tris-HCl, pH 7.4/10 mM
EDTA, pH 8.0), with 2 ml 20 mg/ml Proteinase K, and
10 ml 10% SDS for 2 hr at 37˚C. The DNA was purified
by phenol-chloroform extraction followed by ethanol
precipitation and re-suspended in 20 ml TE. Titers
were determined using a qPCR-based DNA encapsidation assay utilizing a Qiagen Quantitect SYBR Green
PCR Kit. Amplification of the viral genome target was
performed using previously described E2 primers
against a standard curve of 10-fold serial dilutions
from 108 to 104 copies per ml [Biryukov et al., 2014].

A proposal to reduce the transmission risk of HPV via transvaginal ultrasound18

Infections, Neutralizations, and Inhibition Assays
HaCaT cells were seeded in 24-well plates, 50,000
cells per well 2 days prior to infection. Compounds
were mixed with virus and media in a total volume of
500 ml prior to addition to cells. An MOI of 10 particles
per cell was used unless otherwise noted. Virus was
incubated with the cells for 48 hr at 37˚C and mRNA
was harvested using a Qiagen RNAeasy Kit.
Carrier Preparation
Carriers were 50  3 mm circular discs of acrylonitrile butadiene styrene, a plastic used in ultrasound
transducer construction. Carriers were prepared by
soaking in 10% hydrogen peroxide for 15 min, neutralization in sterile water containing 200 U/ml of catalase
for 10 min and rinsing in sterile water for 10 min before
being dried in a sterile petri dish. An organic load of
5% FBS was added to the virus suspension and 200 ml
of this was spread onto a single carrier side with a
sterile pipette tip. The inoculated carriers were allowed
to dry in a laminar flow cabinet for 30 min or until dry.
Disinfectants
The two ultrasound probe disinfection methods
tested included liquid OPA (0.55%) (Cidex1 OPA,
Advanced Sterilization Products) and an automated
device using sonicated hydrogen peroxide (35%)
(trophon1 EPR, Nanosonics). The device uses sonication to create an ultrafine mist which disinfects the
probe in an enclosed chamber in an automated cycle.
Both products are FDA-cleared for the high-level
disinfection of ultrasound probes. Hypochlorite
(0.87%) (Pure Bright Germicidal Ultra Bleach, KIK
International) was used as a positive control based on
its previously demonstrated efficacy against HPV16
in suspension tests [Meyers et al., 2014]. All disinfectant products were used according to the manufacturer’s instructions for use.
J. Med. Virol. DOI 10.1002/jmv
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Susceptibility of high-risk human papillomavirus type 16
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• References the findings of Professor Craig Meyer’s first and second HPV papers
• Recommends use of trophon as a system proven to kill HPV
• Suggests that the FDA consider adding the neutralisation of HPV to its standards for
high level disinfectants
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Possible non-sexual modes of transmission of human papilloma virus1
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Objectives: Little to nothing is known about human papillomavirus (HPV) susceptibility to disinfection. HPV is estimated to be among the most common sexually transmitted diseases in humans. HPV is also the causative agent
of cervical cancers and other anogenital cancers and is responsible for a significant portion of oropharyngeal cancers. While sexual transmission is well documented, vertical and non-sexual transmission may also be important.
Methods: Using recombinant HPV16 particles (quasivirions) and authentic HPV16 grown in three-dimensional
organotypic human epithelial culture, we tested the susceptibility of high-risk HPV to clinical disinfectants.
Infectious viral particles were incubated with 11 common clinical disinfectants, appropriate neutralizers were
added to inactivate the disinfectant and solutions were filter centrifuged. Changes in the infectivity titres of
the disinfectant-treated virus were measured compared with untreated virus.
Results: HPV16 is a highly resistant virus; more so than other non-enveloped viruses previously tested. The HPV16
quasivirions showed similar resistance to native virions, except for being susceptible to isopropanol, the triple
phenolic and the lower concentration peracetic acid-silver (PAA-silver)-based disinfectant. Authentic virus and
quasivirus were resistant to glutaraldehyde and ortho-phthalaldehyde and susceptible to hypochlorite and the
higher concentration PAA-silver-based disinfectant.
Conclusions: We present the first disinfectant susceptibility data on HPV16 native virions, which show that commonly used clinical disinfectants, including those used as sterilants in medical and dental healthcare facilities,
have no effect on HPV16 infectivity. Policy changes concerning disinfectant use are needed. The unusually high
resistance of HPV16 to disinfection supports other data suggesting the possibility of fomite or non-sexual transmission of HPV16.

• Draws attention to semi-critical ultrasound probes as a source of non-sexual HPV
transmission and discusses the evidence

Keywords: hospital sterilants, papillomavirus, cancer, glutaraldehydes, ortho-phthalaldehydes

Introduction
Due to the specific life cycle requirements of human papillomavirus (HPV), infectious virus has been difficult to produce in laboratories and an assay for infectious virus has only recently become
available. The ability to produce infectious virus outside of host
animals is a great benefit to basic research; it often requires less
time and is more cost-effective. HPV has a life cycle stringently
tied to differentiated epithelial tissue. This has required the development of special systems to make in vitro propagation possible.
Because of the historical difficulty in producing high enough titres
of infectious HPV particles and the lack of a suitable assay to test
for infectivity, little to nothing is known about HPV susceptibility to

disinfection. Disinfectants have been tested against many important viruses and these studies are important to public health as
they provide information that can be used to reduce the prevalence of infection, transmission and reinfection. Presently, hospitals’ and other healthcare institutes’ use of disinfectants to
inactivate HPV is based on what is used for other viruses or simply
on what someone thinks should be effective. Two systems
(recombinant based and organotypic) have been developed to
produce high amounts of infectious HPV particles in the laboratory. Infectivity can now be measured by using reverse transcription quantitative PCR (RT-qPCR) that detects the viral E1^E4
transcript. Detection of this transcript signals infectious particles
that were able to achieve cell entry and start their early viral

# The Author 2014. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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• Highlights the CDC recommendation to high level disinfect semi-critical ultrasound probes
and also states ‘sonicated hydrogen peroxide’ is highly effective against HPV16 and HPV18

The challenges of using traditional disinfection methods
Traditional
Method
Manual wiping
(exposes the
operator and
patient to
chemicals)

Risks

Examples

• Wiping with chemicals
can be a health and
safety risk
• Probes may still be
contaminated after
disinfection
• Probe handle may
remain contaminated

• Chemical exposure can occur during manual wiping
with skin and eye contact or inhalation of fumes
• Patients could be exposed to chemicals if probe
rinsing does not occur/is not adequate
• Residual bacteria (including MRSA) remain on
> 80% of probe handles when not wiped during
the disinfection process4
• Manual wiping is unable to consistently reduce bacterial
contamination on probes to background levels10
• Manual processes cannot assure reproducible
reprocessing every time

Manual wiping
(can increase
the risk of
operator error)

• The manual wipes
• A study showed that an automated method was
method may not be
significantly more efficacious then manual wipes in
as effective as an
the high level disinfection of ultrasound probes10
automated system
• Research has shown a 2.9-fold increased risk of
contamination with manual disinfection methods
• Increased risk of
versus an automated reprocessing solution10
contamination with a
manual disinfection
• A meta-analysis has shown that 12.9% of probes
method
are contaminated with pathogenic bacteria following
disinfection with low level disinfectant wipes or sprays11
• Low disinfectant wipes
or sprays are less
effective than a high level
disinfection method

Ultraviolet C
(UVC) exposure

• Light travels in a straight • Ultrasound probe shadowing due to cracks, crevasses,
line resulting in shadow
or parts of probes that have unusual contours for
areas forming where the
biopsy needle placement, could result in the UVC light
light path is blocked and
not being completely effective
can’t reach the surface
• Some fungi are significantly resistant to UVC light
• UVC light may require
and require double cycles to achieve true high level
two cycles to be effective
disinfection 19 -20
against fungi

Protective
sheaths

• Probe sheaths can often
have microscopic tears

trophon is a simple to
use automated high level
disinfection solution that
delivers consistent results

• Protective sheaths (or condoms) do not negate the
need for high level disinfection14
• Sheaths can have microscopic perforations before use
– up to 81% 5-13

Why choose trophon?
trophon is the safe, versatile and simple way to prevent ultrasound probe cross-infection.
•G
 uidelines recommend the use of an automated high level disinfection system
• t rophon is the world’s leading automated high level disinfection system for ultrasound probes
• t rophon delivers an effective solution to ensure your facility complies with all guideline requirements

trophon benefits

Versatile

Simple

trophon streamlines set-up
and workflow. It also has
extensive probe compatibility.

trophon makes ultrasound
probe disinfection automated,
consistent and fast. Plus
training and record keeping
is simple.

Reduce cost

Increase compliance

Safe
trophon delivers safety for
patients, staff and the
environment.

Reduce risk

How trophon technology works
trophon’s high-frequency ultrasonic vibrations generate a sonically activated, supercharged hydrogen
peroxide (H2O2) mist that kills bacteria, fungi and viruses.

Sonicated. Ultrasonic vibrations
generate sound-wave energy to
create an ultrafine mist

Supercharged. Free radicals
disperse, disrupt and kill
bacteria, fungi and viruses

Success. Message confirms completion
of high level disinfection, chemical indicator
colour change validates disinfection

trophon EPR efficacy
3 trophon EPR inactivates drug resistant pathogens, spores and pathogens that cause sexually
transmitted infections (STIs).
3 trophon EPR inactivates the mandated subset of microorganisms, as required by Australian regulations
and is proven to also eliminate an extended range of infectious pathogens.

Bactericidal

Virucidal

Fungicidal

Mycobactericidal

trophon helps to reduce cross-contamination risks
Sexually transmitted
infections (STIs)

Drug resistant bacteria

Spores

• Relevant to women’s health where
transvaginal probes are used

• Rise of drug resistant bacteria is
a serious healthcare problem

• Can cause infertility and significant
morbidity and mortality

• Can cause serious infections
following invasive procedures
e.g. central line placement

• High level disinfectants are
expected to be sterilants with an
extended contact time

Gonorrhea

HPV

Hepatitis B/C

Chlamydia

Candida

HIV

MRSA

VRE

• Laboratory testing with trophon
shows inactivation of Clostridium
difficile spores within cycle time

Clostridium difficile

CRE

Have you trophoned today?
Join the thousands of healthcare facilities worldwide that use trophon to high level disinfect their ultrasound probes
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14 Mars Road
Lane Cove NSW 2066
Australia
T +61 2 8063 1600
E info@nanosonics.com.au
www.nanosonics.com.au
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