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Presenter
Presentation Notes
This presentation tells the antimicrobial copper story from early research to the latest applications, and from the laboratory bench to the patient bedside.
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It covers:

How the antimicrobial characteristics of copper could help fight hospital infections.
What the laboratory studies show.
How the laboratory findings translate into the real world environment.
How antimicrobial copper is being used today.
How copper is being recognised in guidelines and rating schemes.
The economics of installing antimicrobial copper.
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Why are we so interested in antimicrobial copper alloys?


Healthcare-associated infections in Europe

= 7.1% overall prevalence rate — over 4.1 million patients affected
= Upto 51% prevalence in Intensive Care Units (ICUS)

= 16 million extra days in hospital

= Direct costs: €7 billion

= 37,000 deaths directly caused by HCAIs

= Additional 110,000 deaths where HCAIs contributory factor

Source: WHO - The Burden of Health Care-Associated Infection Worldwide — A Summary. 2011 Antimicrobial
WHO - European Health for All Database (HFA-DB) Copper M.
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Healthcare associated infections are a global problem. They cost lives, cause suffering, drain resources and cost money. This slide shows the headline numbers for Europe. With antibiotic resistance on this rise and a lack of new antibiotics, the problem could get even worse, so new infection control measures and technologies need to be considered.


Antimicrobial resistance (AMR): a global threat
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IF NOT TACKLED, RISING AMR COULD
HAVE A DEVASTATING IMPACT

By 2050, the death toll could be a staggering

one person every three seconds
if AMR is not tackled now.

Review on
Antimicrobial
Resistance

Source: Review's own analysis.

Review on Antimicrobial Resistance. Antimicrobial Resistance:

Tackling a Crisis for the Health and Wealth of Nations. 2014.
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Antimicrobial resistance (AMR) threatens the effective prevention and treatment of an ever-increasing range of infections caused by bacteria, parasites, viruses and fungi. Of these, antibiotic-resistant bacteria have the most serious implications for health.

Resistance arises when bacteria that cause infections survive exposure to the antibiotics that would normally kill them. This is a natural biological phenomenon stemming from bacteria evolving to survive, but the process is accelerated by various factors such as misuse of antibiotics, poor infection control practices and global trade and travel.

Many of the medical advances in recent years—including organ transplantation and cancer chemotherapy—need antibiotics to prevent and treat the bacterial infections that can occur during treatment. Without effective antibiotics, even minor surgery and routine operations could become high-risk procedures.

As the speed at which bacteria develop resistance to existing antibiotics is increasing, the antibiotics pipeline is drying up, with few new drugs being developed, threatening to plunge us back into the dark ages of the pre-antibiotic era.

According to a joint UK Government/Wellcome Trust review on the potential impact of AMR*, 10 million people a year could die across the world by 2050—more than the number of people lost to cancer every year—if no radical action is taken regarding antimicrobial resistance. The associated economic costs have been estimated at $100 trillion due to a forecast reduction in GDP of between 2 and 3.5%. So, AMR presents not just a health problem, but also an economic one. The review concludes that the cost of doing nothing—both in terms of lives lost and money wasted, is too great—and the world needs to come together and agree a common approach.

Reference:
Review on Antimicrobial Resistance. Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nations. 2014.


Tackling the global threat of antimicrobial resistance

= WHO endorsed a Global Action Plan for
tackling antimicrobial resistance

= Preventing infectious disease is one of 5
strategic objectives

= The plan urges assessment of new
technologies

= Infection prevention and control is the
foundation of preventing AMR according to the
CDC

GLOBAL ACTION PLAN
ON ANTIMICROBIAL
RESISTANCE

World Health
Drgarization

Global Action Plan on Antimicrobial Resistance. (2015.) World Health Organization.
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At the 68th World Health Assembly in May 2015, a global action plan* was endorsed for tackling antimicrobial resistance, including antibiotic resistance. The aim is ‘to ensure, for as long as possible, continuity of successful treatment and prevention of infectious diseases with effective and safe medicines that are quality-assured, used in a responsible way and are accessible to all who need them.’

Reducing the incidence of infection is one of the five strategic objectives and—according to CDC Director Dr Beth Bell, at the National Center for Emerging and Zoonotic Infectious Diseases, infection prevention is the foundation of preventing antimicrobial resistance.

The plan urges the assessment of new technologies.

Reference:
Global Action Plan on Antimicrobial Resistance. World Health Organization. 2015.

http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf

Additional measures are needed
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While hand hygiene and hospital cleaning are core pillars of infection control, and there are major campaigns all over the world  to improve hand hygiene, the importance of the environment as a vector for infection is being increasingly recognised.


80% of all infectious illnesses are transmitted by touch !

———

Live bacteria in a 2 micron scratch on recently sanitized-Stainless-Steel

As shown above, even recently-cleaned touch surfaces may not really be clean.
Additionally, as a contaminated hand will spread germs to the next seven surfaces
touched 2, having an inactive surface offers no protection against recontamination
and the spread of microbes.

8  1Tierno, 2001 2 Barker et al, 2004 A e _
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This is what a piece of stainless steel looks like under a microscope. You can see scratches, and bacteria are thriving in them. These are infectious and can remain so for days, weeks even months. The stainless steel had just been cleaned before this picture was taken.

According to Tierno, 80% of infections are spread by touch. Furthermore, a contaminated hand can contaminate the next seven surfaces touched.

The commonly-touched surfaces in a hospital are touched by patients, staff and visitors and present a reservoir of infection, waiting to be spread. It is not practical to clean each of these surfaces every time they are contaminated.

What if these surfaces were made from a material that was an effective and durable antimicrobial with continuous efficacy? Could that provide a safer and more hygienic environment for patients? These are the questions asked by different groups of researchers, and this presentation will offer the highlights of some of their work.


®

Research has been conducted around the world

2 H‘h I

J6rg Braun J. Robert Cantey Panos Efstathiou Tom Elliott Bill Keevil
Prof Dr med. MD MD MD PhD

Shaheen Mehtar Cassandra Salgado Takeshi Sasahara Michael G. Schmidt Mark Solioz Wojciech Witkiewicz
MD MD PhD PhD PhD MD
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These are just some of the researchers who have been working since the beginning of this century to explore the antimicrobial properties and applications of copper. This presentation covers some of the work carried out by Keevil, Elliott and Schmidt, but also offers directions to published papers and posters for more detailed information.


02.00 Laboratory Science
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The first place to start looking at antimicrobial properties is in the laboratory, where conditions can be carefully controlled.



In 1983 the results of a modest study gave first results

Brass Lockset Stainless Steel Lockset

.

72 hours after inoculation with E. coli: 72 hours after inoculation with E. coli:
Little bacterial contamination Heavy bacterial contamination

11  Source: Doorknobs: A Source of Nosocomial Infection? by P. J. Kuhn, Diagnostic Medicine, Nov/Dec 1983 A““"“Eg"’}%i:r'
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But first, another part of the copper story… In the early 80s, a US doctor carried out a small study looking at the survival of E. coli on brass versus stainless steel door handles in her hospital. Brass is an alloy of copper and zinc.

She showed that the stainless steel handles remained heavily contaminated while the brass ones had little contamination after 72 hours. Noting that brass handles were being replaced with stainless steel, she urged more frequent disinfection of the new handles. She had a letter published in a journal, but it had no impact at the time.
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Initial “wet touch” contamination tests showed rapid
Kill of a high challenge of MRSA by copper

MRSA Viability on Copper & Stainless Steel @ 20°C
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Note: This graph simulates a wet contamination incident such as a splash. Latest research simulating Antimicrobial
a dry touch shows a much faster Kill. Copper LSV
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Then, in the early 90s, Professor Bill Keevil of the University of Southampton—an advisor to the UK Department of Health—was looking at the survival of legionella in plumbing systems. He observed lower levels of contamination on copper compared to stainless steel and plastic.

In the late 90s, Keevil became interested copper’s effect on the microbes that cause food contamination. He showed that organisms such as E. coli and Listeria were rapidly killed on a copper surface.

With the rise in HCAIs in the UK, he then looked at MRSA and showed that this was also killed quickly. Briefly, his test was to take a one cm square of copper—that’s smaller than a one eurocent coin—and load 10 million colony forming units in a small volume, around 20 μl.  This simulates a wet contamination incident, like a splash.  Viable cells are then recovered and counted at different time points.

Here are the results Keevil found: the blue line shows how the millions of bacteria survive on the control—stainless steel—throughout the experiment. Now look at the red line showing what happened on copper: a steep kill rate with complete kill after 90 minutes.

The bacteria were confirmed as non-respiring—i.e. definitely dead—using fluorescent staining techniques. This is a typical kill curve for other organisms and a list of pathogens tested will follow.

When Professor Keevil presented these results to the UK Department of Health they said they were ‘compelling’.


Tests showed that copper continues to kill bacteria
at the same rate even after constant re-inoculation

MRSA on C110 and S304: 8 Inoculations Over 24 Hours
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A test similar to the Keevil test was carried out in the US.

In this case, the test was a simulation of recontamination events, with re-inoculation every three hours for a period of 24 hours, in an attempt to simulate what might happen in a busy clinical environment.

Look at the blue line and see the increase in the number of bacteria on the stainless steel over 24 hours. On copper, the bacteria are killed continuously between the huge and repeated inocula, throughout the 24-hour period.

Test data like this convinced the US Environmental Protection Agency to register copper as an approved antimicrobial material—the only solid metal to be thus approved.


No other material comes even close
to Antimicrobial Copper’s performance

MRSA viability on copper, silver-and triclosan-coated materials
and stainless steel at room temperature and humidity
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Antimicrobial Copper is
the name given to the
range of copper alloys
scientifically proven to Kkill
greater than 99.9% of
bacteria within two hours.
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Keevil was interested in other antimicrobial materials and tested silver ion- and triclosan-containing plastics alongside copper. As before, the test was carried out under normal indoor conditions.

The brown line shows the characteristic elimination on copper, whereas the orange and black lines show that the silver- and triclosan-containing materials behaved as the stainless steel.

Silver needs to be ionised to work—for example if it’s wet, as in silver catheters—and it is not effective under typical indoor conditions.



Kill time depends on the number of organisms
that inoculate the surface

MRSA viability on copper at 20°C - reduced inoculum
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The microbial challenge used in Keevil’s test is far higher than would normally be encountered in a hospital. In order to simulate a more typical contamination event, he tested at lower doses and saw much faster kill times, down to 15 minutes for 1,000 bacteria.
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Subsequent dry contamination testing against
bacteria have shown even faster kill rates

Rapid kill of Vancomycin-resistant Enterococcus faecalis - VRE
B Copper MM Stainless steel
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Source: Mechanism of Copper Surface Toxicity in Vancomycin-Resistant Enterococci following Wet or Dry Surface Antimicrobial

16 Contact. S. L. Warnes and C. W. Keevil. APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Sept. 2011. Copper .
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More recently, Keevil and other groups have developed a simulation for a dry touch contamination and shown an even faster kill: log 7 in 10 minutes.

This is the data for VRE and similar results on MRSA have also been published.

References: 
Mechanism of Copper Surface Toxicity in Vancomycin-Resistant Enterococci following Wet or Dry Surface Contact, SL Warnes and CW Keevil, Applied and Environmental Microbiology, Sept. 2011.

Death and genome destruction of methicillin-resistant and methicillin-sensitive strains of Staphylococcus aureus on wet or dry copper alloy surfaces does not involve Fenton chemistry, SL Warnes and CW Keevil, Applied and Environmental Microbiology 2016, 10.1128/AEM.03861-15.
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Laboratory studies around the world have confirmed

rapid and broad spectrum efficacy

Highlight

1994
2000
2006
|
2007
2007
2008

2009
2011
2012
2013
2014
2015
2016

Legionella

E. coli

MRSA

C. difficile (including spores)
Influenza A (H1N1)

USA EPA registration of >300 alloys against 6
bacteria

Vancomycin-resistant Enterococci

Rapid dry kill - VRE

Prevention of horizontal gene transfer
Norovirus (murine)

Bacterial and viral biothreats

Coronavirus (human) & Norovirus (human)
Rapid dry kill - MRSA

Organisms tested:
Acinetobacter baumannii
Adenovirus

Candida albicans
Campylobacter jejuni
Carbapenem-resistant Enterobacteriaceae
Clostridium difficile (including spores)
Coronavirus (Human 229E)
Enterobacter aerogenes
Escherichia coli O157:H7
Helicobacter pylori

Influenza A (H1N1)

Klebsiella pneumoniae
Legionella pneumophila
Listeria monocytogenes
Mycobacterium tuberculosis
Norovirus or Norwalk-like virus
Penicillium chrysogenum
Poliovirus

Pseudomonas aeruginosa
Rhinovirus

Rotavirus

Salmonella enterica

Staphylococcus aureus MRSA/EMRSA/MSSA)

Tubercle bacillus
Vancomycin-resistant enterococcus (VRE)
Vibrio cholerae

+ many more
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To summarise: laboratory tests are used to confirm copper’s efficacy against a range of different organisms and strains, in a carefully controlled manner. Independent laboratory studies have confirmed that copper has rapid and broad spectrum antimicrobial efficacy.

International Copper Association (ICA) first supported work on legionella, carried out by Professor Keevil at the UK Public Health Service Laboratory in the early 90s. He showed that copper inhibits the growth of legionella in plumbing systems whereas plastic does not.

Professor Keevil then moved to the University of Southampton—where he is now Head of the Microbiology Group and Director of the Environmental Healthcare Unit—and ICA initiated a research project to look at copper’s efficacy against other organisms threatening public health.

Copper is antimicrobial, not just antibacterial. This means it has ‘broad spectrum’ efficacy against bacteria—including their spores—fungi, yeasts and viruses.

ICA sponsored researchers to look at the mechanism of how copper kills these pathogens. An international group of centres worked on this, including the University of Berne (Solioz), the University of Halle (Nies), the Bundeswehr Institute of Microbiology (Grass) and the University of Arizona (Rensing), and there are recent publications on the subject.

Under the ICA programme, a submission was made to the US Environmental Protection Agency to register copper alloys as antimicrobial. After rigorous independent evaluation, the registration was successful—a first for any solid material, setting copper apart from other materials.


Copper prevents spread of antibiotic resistance by
horizontal gene transfer

o - = HGT can take place in the
environment, on frequently-touched
surfaces such as door handles,
Chromosome. Plasmid caying trolleys and tables from stainless

resistance genes

steel.
_Plasmidcopy .
7 , stransfemed. = Copper prevents this process from
C’j/\ occurring by rapidly killing bacteria

on contact and destruction of
i plasmid and genomic nucleic acid

adapted from Collignon P.J., Med. J. Australia 177: 325-329, © 2002 Australasian Medical Publishing Co.

Source: Horizontal Transfer of Antibiotic Resistance Genes on Abiotic Touch Surfaces: Implications for Public Antimicrobial
Health. SL Warnes, CJ Highmore and CW Keevil. mBio 2012, Vol. 3 No. 6 e00489-12. Copper M.
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Horizontal gene transfer (HGT) in bacteria plays an important role in the evolution of antibiotic-resistance, which has led to an increasing number of difficult-to-treat healthcare-associated infections. 

Warnes et al compared HGT on copper and stainless steel coupons, and showed that while HGT can take place on stainless steel, it was prevented from occurring on copper due to rapid contact killing and destruction of plasmid and genomic nucleic acid. She concluded that copper and copper alloy surfaces could be important in the prevention of infection and gene transfer.
 
Reference:
Horizontal Transfer of Antibiotic Resistance Genes on Abiotic Touch Surfaces: Implications for Public Health. SL Warnes, CJ Highmore and CW Keevil. mBio 2012, Vol. 3 No. 6 e00489-12.


Copper’s rapid ‘contact kill' mechanism makes it unlikely
bacteria will ever develop aresistance to copper*

Mode of action

A: Copper dissolves from the copper
surface and causes cell damage

B: The cell membrane ruptures,
and “leaks out” onto the copper surface

C:. Copper ions induce the generation of
oxidative stress which causes further cell damage

D: Bacterial DNA is degraded making it
highly unlikely that resistance can develop

Note: It's important to Note: Mechanism is multi-modal, thus it's Antimicrobial
highly unlikely that bacteria will ever develop a resistance to Copper [STH
copper

19 *Dr. Grass, Dr. Keevil, Dr. Rensing & Dr. Solioz
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Keevil and others are now looking at how copper works in this so called ‘contact killing’. There are various theories, but all agree that contact initiates a series of events:

The cell membrane is damaged
The contents of the cell leak out
Copper ions enter the cell and cause damage
The DNA is rapidly and totally degraded.  

As there are multiple paths, and the DNA is destroyed, it is highly unlikely bacteria will develop resistance to copper.



03.00 Clinical Evidence
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Clinical researchers were excited by the laboratory work and wanted to find out if copper could perform as well in a real life and dynamic clinical setting as it did in the lab. In the UK, the Department of Health requested this as a next step.



Independent clinical trials have been conducted at
multiple locations around the world

21
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The first trials were designed to assess whether there would be significantly fewer microbes on copper-containing surfaces compared to controls. Items to be upgraded to copper were identified as a result of work by multidisciplinary trial teams, based on a combination of observation and microbiological sampling.

The trials have taken place in different healthcare systems and clinical environments around the world. Just some of these are represented by crosses on this map.


The products shown below represent those
assessed as high-risk during the trials

Hospital ' Door : : :
Sinks Dispensers
beds knobs P
*
Over-bed Door Push :
Taps Toilets
tables ~ . Plates
* 0 ° .
1l | -
r Visitor Counter Trolleys &
IV poles :
chairs tops Carts
*
o P -
| | [( Patient computer e Linen '
Grab bars RN chairs input hampers
W& devices | O P w
9 = Bedside Call buttons : : i
switches =7 tables & pull cords @ Bins
& sockets o P % :
29 Note: The products shown represent those measured with the highest bioburden during initial trials Antimicrobial ‘
Those with * were components upgraded to Antimicrobial Copper in “infection reduction” clinical trials Copper [GTM
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The products shown here represent those assessed as high risk and with the potential to be upgraded with copper. They include fixtures and fittings, furniture and medical equipment. Standard items were replaced with these and sampling carried out to compare microbial burden.

This is not an exhaustive list—hospital staff may suggest other high-risk surfaces in their particular environments. Different ward environments will most likely require different sets of antimicrobial components (e.g. depending on patient mobility).

For the definitive list of EPA-approved uses for the US market see: http://www.antimicrobialcopper.com/uk/markets-and-applications/applications/approved-uses.aspx


Selly Oak, Birmingham, UK

= 20 bed “nightingale” general medical ward

= All copper items harboured 90-100% fewer microorganisms
(median values) than their control equivalents

Source: Casey AL et al., Role of Copper in reducing hospital environment contamination. J of Hospital Infection Antimicrobial
u g

23 2010; 74,72 -77 Copper
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The first rigorous clinical study was carried out at Selly Oak hospital in Birmingham. A range of copper items were installed on a general medical ward with kitchen, side room and treatment room, and bathrooms. In the first phase, three products were sampled at weekly intervals, twice a day, for 12 weeks.

The results were statistically significant and showed that, compared to control surfaces, the copper items had 90–100% less microbial contamination. The results were published in the Journal of Healthcare Infection.

Another study, at Calama Hospital in Chile, took place in a suite of single-bed intensive care rooms (three copper and three control). Notably, this was in a desert environment where typical relative humidity was less than 20%. Copper was effective in reducing mean microbial burden on all six surfaces tested, over a period of 30 weeks. The average microbial burden in rooms with copper objects was 84% lower than in rooms without.

References:
Selly Oak: Casey AL, Adams D, Karpanen TJ, Lambert PA, Cookson BD, Nightingale P, Miruszenko L, Shillam R, Christian P, Elliott TSJ. The role of copper in the reduction of contamination of the hospital environment, Journal of Hospital Infection, Volume 74, Issue 1, January 2010, Pages 72-77.

Calama: http://www.antimicrobialcopper.com/media/69120/ific-poster-calama-results.pdf


Department of Defense funded study, 3 hospitals, US

Components upgraded to
Antimicrobial Copper:

Bed rails

Over bed table

IV pole

Nurse call button

Arms of visitor chair
Computer input devices

oOuhwbhE

Copper components in situ:
Memorial Sloan Kettering Cancer Center

Antimicrobial
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The largest clinical trial to date was carried out in the US, funded by the Department of Defense, and took place in the ICUs of three hospitals. This slide shows a copper-equipped ICU room at Memorial Sloan Kettering Cancer Center.

The trial team, led by Dr Mike Schmidt, identified the high-touch surfaces with the most contamination with weekly sampling, and these surfaces were replaced with copper in some of the ICU rooms while other rooms were left as controls.

Six surfaces were replaced: bed rails, over-patient tables, IV poles, nurse call buttons, visitor chair arms and computer input devices. Unsurprisingly, surfaces closest to the bed-bound patients were the most contaminated.

Copper and corresponding control items were then sampled weekly for nearly 200 weeks, and microbial burden was compared.


Clinical trial results from the US have shown
83% reduction in bioburden on copper objects*

Sustained reduction of microbial burden on hospital surfaces

through introduction of copper
9 Ppe I Copper I Control

Average cfu per 100 cm?

7,000
6,000 7
5,000 -
16 rooms
4,000 - sampled weekly
for 21 months,
3,000 - n=1012 rooms.
2,000 Note: virtually
1000 no MRSA or VRE
’ 250 cfu/100 2 Were found on
Level of risk any of the
Bed rails IV poles Chair  Over-bed Monitors Nurse call copper surfaces

arms tables

*Schmidt et al ,J Clin. Microbiol. 2012, 50(7):2217 Antimicrobial
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Mean microbial burden on the copper items was 83% less than that on the control items (plastic, stainless steel, chrome, wood and laminates). This was an equivalent reduction to that achieved by a terminal clean, conducted when a patient is discharged.

The red line shows the proposed hygiene standard for hospitals: 2.5 CFU/cm2. The copper items consistently met this standard, whereas the conventional materials did not.

The risk from the environment is not just related to total CFUs, but also to the types of organism present. During the period of sampling, virtually no MRSA or VRE were found on any of the copper surfaces. MRSA was only isolated five times from the 3,610 objects sampled. The incidence level was 15 times higher on the non-copper objects.

The next question asked was ‘what impact does this have on patients?’

References:
Stephanie J Dancer et al, Measuring the effect of enhanced cleaning in a UK hospital: a prospective cross-over study, BMC Medicine 2009, 7:28 doi:10.1186/1741-7015-7-28 http://www.springerlink.com/content/fj020u8488642h3u/

Sustained Reduction of Microbial Burden on Common Hospital Surfaces through Introduction of Copper. Michael G Schmidt, Hubert H Attaway, Peter A Sharpe, Joseph John Jr, Kent A Sepkowitz, Andrew Morgan, Sarah E Fairey, Susan Singh, Lisa L Steed, J Robert Cantey, Katherine D Freeman, Harold T Michels and Cassandra D Salgado. J Clin Microbiol July 2012 vol. 50 no. 7 2217-2223. Published ahead of print 2 May 2012, doi: 10.1128/JCM.01032-12.
http://www.ncbi.nlm.nih.gov/pubmed/22553242


Copper surfaces reduced the rate of healthcare-
associated infections in the ICU by 58%

Rooms without copper surfaces Rooms with copper surfaces

HCAIs: 8.43% 58.1% reduction HCAIs: 3.4%
(p=0.013)

Antimicrobial
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The third phase of the US multi-site trial was to investigate the effect of bioburden reduction on HCAI rates in copper rooms versus control rooms.

With just six surfaces were upgraded to copper—about 10% of the total touch surface area per room—a >50% reduction in HCAIs was reported in copper rooms, compared to control rooms.

These results exceeded the researchers’ expectations. Current estimates suggest a maximum possible reduction in infections of 30% through implementing good hygiene measures.

The preliminary findings were reported at the first WHO conference on infection prevention and control (ICPIC) held in Geneva in 2011, and subsequently, a paper was published in Infection Control & Hospital Epidemiology (ICHE) in May 2013.

Reference:
Cassandra D Salgado, MD; Kent A Sepkowitz, MD; Joseph F John, MD; J Robert Cantey, MD; Hubert H Attaway, MS; Katherine D Freeman, DrPH; Peter A Sharpe, MBA; Harold T Michels, PhD; Michael G Schmidt, PhD. Copper Surfaces Reduce the Rate of Healthcare-Acquired Infections in the Intensive Care Unit. Infection Control and Hospital Epidemiology , Vol. 34, No. 5, Special Topic Issue: The Role of the Environment in Infection Prevention (May 2013), pp. 479-486.


Link between environmental burden and acquisition of
HCAIs reported

Quartile distribution of HCAIs stratified by microbial burden
in all rooms (copper and controls)

HCAIs acquired during patient stay

18
16
14
12
89% of HCAI occurred
10 among patients in rooms
8 with a bioburden >5
cfu/cm?
6
4
2

0 <500 500- 2,000 2,001-8,000 >8,000
Microbial burden, cfu/100 cm?
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The paper also reports a significant association between the level of contamination and HCAI risk, with 89% of HCAIs occurring among patients cared for in a room with a bioburden >500 cfu/100cm2; P =0.038 (regardless of the presence/absence of copper).  

Shown within the bars is the number of patients acquiring an infection, expressed as a percentage of the total number of patients in rooms with that level of contamination.

It applies to all rooms—copper and non-copper—and illustrates that the risk of acquiring an infection increases as microbial burden increases. Dirty surfaces favour acquiring an infection.

The cumulative microbial burden was lower in the rooms containing copper components. Only 17% of the total 4,450,545 CFUs of bacteria were recovered from the copper surfaces. This is consistent with the infection reduction in copper rooms, in that a lower microbial burden was observed on the copper components relative to the non-copper components.


Study Conclusions

In the test ICUs, touch surfaces were shown to serve as significant microbial reservoirs
that could transfer microbes between patients, healthcare workers and visitors, despite
regular cleaning.

Objects upgraded with copper or copper alloys consistently had bacterial burdens
>80% less than equivalent objects — and below the proposed safe value of 2.5 cfu/cm?.

During the course of the two year study, the minimal observed oxidation did not reduce
the efficacy of the copper.

Limited placement of copper surfaces significantly reduced the rates of HCAI (by
greater than 50%).

The copper surfaces were shown to work in tandem with standard infection prevention
practices to significantly reduce burden and HCAIs.

Infection reduction was linked to exposure frequency.

Use of copper surfaces represents the first instance where an intervention designed to
reduce burden has had a clinical impact among ICU patients.

28
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The study concludes that:

In test ICUs, touch surfaces served as significant microbial reservoirs for the transfer of microbes between patients, healthcare workers and visitors, despite regular cleaning.
Objects replaced with copper or copper alloy equivalents had bacterial burdens >80% less than non-copper objects, and were below the proposed ‘safe’ value.
Oxidation of the copper surfaces did not reduce their antimicrobial efficacy.
Copper surfaces significant reduced HCAI rates.
Copper surfaces worked alongside standard infection prevention strategies.
Infection reduction was linked to exposure frequency.
This use of copper surfaces is the first time an intervention designed to reduce bioburden has had a clinical impact on ICU patients.
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Antimicrobial copper can supplement current practices

. + / +
I}W P Cu |

= Antimicrobial Copper needs to be seen as a supplement to, not a
substitute for, standard infection control practices.

= One must continue to follow all current practices, including those
practices related to cleaning and disinfection of environmental surfaces.

= Antimicrobial Copper is compatible with hospital cleaning agents.

= Antimicrobial Copper alloy surfaces must not be waxed, painted,
lacquered, varnished, or otherwise coated. The alloys tarnish to
varying degrees, which does not impair their antimicrobial efficacy.
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Dr Schmidt concluded that upgrading key touch surfaces can supplement current infection control practices, and Professor Elliott—leader of the UK Selly Oak trial—described Schmidt’s upgrade as a ‘low level intervention’.

In line with these observations, it is important to note the use of copper and copper alloy touch surfaces is not a substitute for cleaning and hand hygiene. It works to reduce contamination, between cleans and between recontamination, thus augmenting standard infection control measures.


04.00 Recognition in Guidelines and
Rating Systems
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The evidence base is now starting to influence guidelines and healthcare rating systems.


Infection control guidance

Antimicrobial Copper nominated as an emerging ‘technology to watch’
In key healthcare guidelines:

= UK:
» EPICS3: National Evidence-Based Guidelines for Preventing Healthcare-
Associated Infections in NHS Hospitals in England , 2014

= US:
» ECRI: Top 10 Technology Watch List for the Hospital C-Suite, 2014

» AHRQ: Understanding the Role of Facility Design in the Acquisition and
Prevention of Healthcare-Associated Infections, 2013

= Canada
» CNESH: Top 10 New & Emerging Health Technology Watch List: 2014

Antimicrobial
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Antimicrobial copper has come to the attention of healthcare policy-makers. The scientific proof and clinical trials demonstrating its efficacy have prompted it to be evaluated as an “emerging technology to watch” in key healthcare guidelines including EPIC3 in England, and ECRI and the Agency for Healthcare Research and Quality in the US.

References:
epic3: National Evidence-Based Guidelines for Preventing Healthcare-Associated Infections in NHS Hospitals in England H P Loveday, J A Wilson, R J Pratt, M Golsorkhi, A Tingle, A Baka, J Browne, J Prieto, M Wilcox. Journal of Hospital Infection 86S1 (2014) S1–S70
Available via http://download.journals.elsevierhealth.com/pdfs/journals/0195-6701/PIIS0195670113600122.pdf 

ECRI Institute: Top 10 Technology Watch List for the Hospital C-Suite, January 2014
https://www.ecri.org/Press/Pages/ECRI-Institute-Releases-Free-Top-10-Hospital-Technology-C-Suite-Watch-List.aspx 

AHRQ: Understanding the Role of Facility Design in  the Acquisition and Prevention of Healthcare-Associated Infections.
Published in Healthcare Environments Research & Design Journal, vol 7 (supplement) 2013

CNESH: Top 10 New & Emerging Health Technology Watch List: 2014
http://www.cadth.ca/media/cnesh/cnesh-Top10-2014.pdf


HPS/NHS Scotland Recommendation

Health Protection Scotland, Literature Review and Practice
Recommendations: Existing and emerging technologies used for
decontamination of the healthcare environment - Antimicrobial Copper
Surfaces, 2017

= Recommendation: ‘Copper alloy environmental and equipment
surfaces may be considered for high-touch sites (e.g. bed rails) as an
additional measure to supplement existing procedures for routine
cleaning but does not replace the requirement for routine cleaning to
be performed.’

.-:::-. Health NHS
s ¢ » » ¢ Protection Nt el
*ese* Scotland Racene

Scotland
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A review, entitled Literature Review and Practice Recommendations: Existing and emerging technologies used for decontamination of the healthcare environment - Antimicrobial Copper Surfaces, was developed by the Health Protection Scotland Infection Control Team and covers the use of antimicrobial copper surfaces for decontamination of the healthcare environment and reusable non-invasive patient care equipment.

The review acknowledges the risk of acquiring and transmitting pathogens from contaminated surfaces and the opportunity to boost sub-optimal cleaning by installing surfaces made from antimicrobial copper. “Antimicrobial copper surfaces provide an example of a novel technology that may supplement standard cleaning practices and potentially further reduce the transmission of nosocomial pathogens.”

The review incorporated the results of 18 articles from 14 studies, with the evidence rated predominantly Scottish Intercollegiate Guidelines Network (SIGN) level 2+ (moderate-quality), with two studies classified as SIGN level 1+ (high-quality). The findings were used to develop a Grade C recommendation for clinical practice:

“Copper alloy environmental and equipment surfaces may be considered for high-touch sites (e.g. bed rails) as an additional measure to supplement existing procedures for routine cleaning but does not replace the requirement for routine cleaning to be performed.”

According to the Scottish Intercollegiate Guidelines Network, Grade C evidence is “A body of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall consistency of results.”

In addition to this recommendation, several Good Practice Points were made covering costs, cleaning, adverse health effects reporting (noting antimicrobial copper surfaces appear to pose little risk of skin irritation, sensitisation or adverse events (e.g. allergic reactions)) and durability.



Healthcare accreditation scheme

Polish Healthcare Quality Monitoring Centre (CMJ, 2016)

= Antimicrobial copper (“copper, brass and bronze™) are specifically
mentioned as antimicrobial materials and a higher accreditation score

awarded to healthcare facilities installing touch surfaces made from
these.

Centrum
Monitorowania
Jakosci w Ochronie Zdrowia

73y WHO Collaborating Centre for Development
s of Quality and Safety in Health Systems
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In Poland, CMJ—the body responsible for hospital accreditation—the equivalent of NICE and CQC in the UK—now awards a higher rating for facilities that use antimicrobial materials. It cites copper, brass and bronze as the specific examples.


US Centers for Disease Control (CDC) checklist of key
environmental surfaces

Medical Equipment & Furniture Fixtures & Fittings

Bed rails* Cabinet handles*  Light switches*
Chairs* Counter tops Push plates*
Dressings trolleys Dispensers Sinks*

Input devices/ Door handles* Switched sockets
nurse call buttons*

IV poles* Grab rails* Taps

Over-bed or tray tables* Hand rails Toilet seats and

flush handles*

* Included in the CDC Environmental Checklist for Monitoring Terminal Cleaning.
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In 2013, the US Centers for Disease Control (CDC) published a checklist of key surfaces based upon the likelihood of touch and contamination. This echoes the work already done for copper clinical trials and recognises that the environment can play an important part in cross contamination and risk of infection.

This table combines the CDC list with the high-risk surfaces highlighted by clinical trial teams, and represents a starting point for considering which surfaces to replace with/upgrade to antimicrobial copper. The CDC items are marked with an asterisk.


Green, hygienic and well building design guidance

= [ndian Green Building Council Green Healthcare Rating System Reference
Guidelines, Pilot Version (October 2016)

» Copper surfaces comply with SH Credit 1: Sanitisation and Hygiene:
Infection Control within the Spaces: Antibacterial Surfaces.

* Finnish Building Information Foundation Indoor Hygiene Environment
General Criteria: RT1 — (February 2017)

» 4. Infection Control Indoors; 4.1 Surfaces, Fixtures and Fittings; 4.1.1
Antimicrobial Materials.

» International WELL Building Certification (2016)

» Optimisation option for Gold and Platinum level certification: 27
Antimicrobial Activity For Surfaces - Part 1: High Touch Surfaces.

» High touch surfaces from an abrasion-resistant, non-leaching material that
meets EPA testing requirements for antimicrobial activity.
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Building rating schemes are also starting to recognise antimicrobial copper. In India, the latest draft of the Green Healthcare Rating System includes copper touch surfaces as a compliance option for improving infection control.

The latest draft of the Finnish guidelines for Indoor Environmental Hygiene includes antimicrobial surfaces and describes copper as the best known and most effective material.

A new international building standard focuses solely on the health and wellness of building occupants. It offers an optimisation option of high touch surfaces made from an abrasion-resistant, non-leaching material that meets EPA testing requirements for antimicrobial activity to reach Gold or Platinum certification.

Some of these guidelines cite the CDC’s list of key touch surfaces.

References:
Indian Green Building Council
https://igbc.in/igbc/redirectHtml.htm?redVal=showhealthcarenosign

Finnish Building Information Foundation
https://www.rakennustieto.fi/index/ajankohtaista/lausuntopyynnot/artikkelit/lausuntopyynto_hygieeninen_sisaymparisto_311016.html.stx

International WELL Building Standard™
https://www.wellcertified.com/


05.00 Tackling Antimicrobial Resistance
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Antimicrobial-resistant infections currently claim at least 50,000 lives each year across Europe and the US alone, with many hundreds of thousands more dying in other areas of the world. Antimicrobial copper surfaces have a role to play in tackling the growing threat of antimicrobial resistance.


Copper’s role in tackling antimicrobial resistance

= Copper can help reduce the bacterial load on surfaces
= Copper can help reduce healthcare-associated infections
= Fewer infections means less antibiotic usage

= Copper can prevent the spread of resistance between bacteria by
HGT

00000
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Clinical trials have shown strategic deployment of antimicrobial copper touch surfaces can significantly and continuously reduce the number of microbes on surfaces, and reduce the risk of infections spreading, thus reducing the use of antibiotics needed to treat them.

Furthermore, horizontal gene transfer (HGT) in bacteria plays an important role in the evolution of antibiotic-resistance, which has led to an increasing number of difficult-to-treat healthcare-associated infections. Research shows that, while HGT can take place in the environment, copper prevents this process from occurring by rapidly killing bacteria on contact and destroying plasmid and genomic nucleic acid.

Strategic deployment of antimicrobial copper touch surfaces is an additional tool in infection control and the war on antimicrobial resistance.


06.00 Practical Implementation
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This section of the presentation offers a brief overview of the application of all this research.


Many different levels of installation are taking place, from
basic handles and switches to larger scale replacement

Example: On wards equipped with copper handles a lowered infection rate in patients was observed in Asklepios Hospital.
‘This clinical effect has surpassed my expectations’ said Professor Jorg Braun MD, Chief Physician of the |. Medical
Department at Asklepios Clinic Wandsbek, Germany. The reduction raises hopes that copper based fittings may be a
reasonable supplement to existing hygiene measures.
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The first antimicrobial copper installation took place in 2007 after media coverage surrounding the launch of the Selly Oak trial. Since then, the number of installations has grown and the range of products available and installed has increased, worldwide.

There are a mix of healthcare settings, and now installations outside of healthcare, in schools, transport hubs including airports and train stations, gyms, restaurants and more.


Sir Robert Ogden Macmillan Cancer Centre,
Harrogate, UK
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The Sir Robert Ogden Macmillan Centre—a new build cancer support and information centre based at Harrogate and District NHS Foundation Trust—installed antimicrobial copper touch surfaces throughout to boost patient safety by providing a more hygienic environment for users of the facility.
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Bostonian Clinic, Lincolnshire, UK

= Sleep Clinic Bedroom
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A patient safety initiative led by an Ear, Nose and Throat Consultant at the Bostonian Sleep Clinic in Lincolnshire harnessed the inherent antimicrobial efficacy of copper to help address the problem of antibiotic-resistant bacteria in hospitals.


®

Northern General NHS, Sheffield, UK

* Young Adult Cystic Fibrosis Unit
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A state-of-the-art centre at Sheffield's Northern General Hospital aimed to set the gold standard for infection prevention with antimicrobial copper door furniture specified throughout in a bid to reduce the risk of healthcare associated infections in particularly vulnerable patients. A hospital in Spain has since also installed antimicrobial copper surfaces in their Cystic Fibrosis unit.


Craigavon Area Hospital, N. Ireland, UK

= Maternity and Surgery
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The multi-million pound trauma and orthopaedic facility at Craigavon Area Hospital features antimicrobial copper ironmongery for ‘a healthy and healing environment’. It has a rolling programme of installing antimicrobial copper in its new builds.
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CIGMA Centre Inter Générationnel Multi Accueil, France

= Care Home
= Nursery
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The Centre Inter Générationnel Multi Accueil (CIGMA) in Laval, France is equipped throughout with copper handrails and door handles. These surfaces are constantly touched by the residents, children and care staff, and are therefore potential hotspots for the spread of germs and illnesses and a prime target for upgrade to antimicrobial copper.


Rambouillet Hospital, France

= Various departments
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The Centre hospitalier de Rambouillet, in the Parisian region, is the first hospital in France to install antimicrobial copper touch surfaces to fight pathogens and reduce the risk of HCAIs for its patients.


Isku-Yhtyma Healthcare Centre, Finland

= Company Medical Centre
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Isku-Yhtymä Oy, a Finnish company offering interior design and furniture solutions for healthcare facilities, public spaces and private homes, offers an antimicrobial copper range. To demonstrate the efficacy of their products, they installed them in their own occupational healthcare centre.
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Attikon Hospital, Athens

= [CU

|
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Attikon Hospital provides general hospital and community services to the western part of Athens. Dr Armaganidis, Head of the Intensive Care Unit, became interested in antimicrobial copper and opted to install a variety of touch surfaces to augment the hospital’s existing infection prevention practices.


Ochiai Clinic, Japan

= Fever Clinic

48

Antimicrobial
Copper Cu )


Presenter
Presentation Notes
In Japan, the Ochiai Clinic for fever patients has undergone an antimicrobial copper fit-out including brass wall and worktop cladding and door furniture. Ken Takahashi, the avant garde architect-designer, combined art with science in his design concept, exploiting the inherent bug-killing properties of a warm, golden copper alloy.


Ronald MacDonald House of Charleston, USA
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The well-known, global brand Ronald McDonald is also renowned for its housing charity, working in communities to offer aid to families in need. The charity's Charleston House elected to retrofit many touch surfaces and hardware with antimicrobial copper items in the hopes of providing a safer living and working environment for guests and employees.


Grinnell Regional Medical Center, USA

= Patient bedrooms and bathrooms
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Grinnell Regional Medical Center was among the first US hospitals to boost hygiene with antimicrobial copper surfaces throughout its patient bedrooms and bathrooms.


Calama Hospital, Chile

= [CU
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The Hospital del Cobre, in Calama, Chile features antimicrobial copper touch surfaces in its ICU rooms, including bed rails and visitor chair arms.


Roberto del Rio Children’s Hospital, Chile

= Paediatric ICU
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Roberto del Rio Children’s Hospital—the oldest paediatric facility in Chile—installed antimicrobial copper surfaces in its intensive care and treatment rooms to reduce the risk of healthcare-associated infections.


Francis Crick Institute, UK
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The prestigious Francis Crick Institute research facility, in the heart of London’s Knowledge Quarter, has incorporated antimicrobial copper door furniture throughout its laboratory and visitor areas.


»

Industry Stewardship Programme: Cu* Mark
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The Antimicrobial Copper logo and Cu+ mark are used by leading material suppliers and designers, specifiers and manufacturers of components and systems, to indicate that their products and services employ Antimicrobial Copper, the world’s most effective antimicrobial touch surface material.

As the global industry representative, International Copper Association, Ltd (ICA) working with Copper Development Association Inc, has established the Antimicrobial Copper brand with Service and Certification Marks. The Antimicrobial Copper Marks ensure that International Copper Association, Ltd and its global network of Copper Centres (the Copper Alliance) address their stewardship with regard to the deployment of copper and copper alloys in the field.

The use of the Antimicrobial Copper Marks by an organisation indicates permission to do so has been granted on behalf of International Copper Association, Ltd, based upon adherence to strict usage rules. These rules guide that organisation’s understanding of the underlying technology and the way they promote, advise and deploy it in line with existing research, regulatory and legislative requirements.

Visit the online Cu+ directory to find suppliers and view products and services from around the world.

http://antimicrobialcopper.org/uk/find-products
http://antimicrobialcopper.org/uk/find-services


Antimicrobial Copper alloys are...

= Solid materials. The antimicrobial properties last the lifetime of the
product, unlike coatings.

= Continuously active, rapidly reducing pathogens.

= Completely safe for humans.

= Easy to clean, compatible with standard hospital cleanin.g
= Excellent durability.

= 100% recyclable.

= Familiar materials, used for centuries.

= Avallable in a range of colours including copper, gold, silver and
bronze.
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Antimicrobial copper alloys are solid materials, with antimicrobial properties that last the lifetime of a product, unlike coatings. They’re continuously active and completely safe for humans, easy to clean and very durable. Copper alloys are 100% recyclable and are available in a range of colours including copper, gold, silver and bronze. They have been used for centuries for many familiar applications such as plumbing, architecture and coinage.


07.00 The Business Case
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The final question, then: how cost-effective is a copper intervention?


Cost vs Benefit: Return on Investment

Cost of HCAIs?

Cost of

Antimicrobial

Copper?
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For antimicrobial copper, cost should be considered in combination with efficacy and whole-life performance. Antimicrobial copper touch surfaces do not require costly interventions or special measures, so these can be excluded. Instead, we should compare the prevalence and cost of HCAIs against the efficacy of antimicrobial copper, and compare this against the cost of upgrade to antimicrobial copper, as a simple cost-benefit analysis.

References:
HCAI and Antimicrobial Point Prevalence Survey – England, Health Protection Agency, 2011
Casey AL, Adams D, Karpanen TJ, Lambert PA, Cookson BD, Nightingale P, Miruszenko L, Shillam R, Christian P, Elliott TSJ. The role of copper in the reduction of contamination of the hospital environment, Journal of Hospital Infection, Volume 74, Issue 1, January 2010, Pages 72-77.

Marais F, Mehtar S, Chalkley L. Antimicrobial efficacy of copper touch surfaces in reducing environmental bioburden in a South African community healthcare facility. Journal of Hospital Infection, Volume 74, Issue 1, January 2010, Pages 80-82.

Salgado CD, Sepkowitz KA, John JF et al. Copper surfaces reduce the rate of healthcare-acquired infections in the intensive care unit. Infect Control Hosp Epidemiol 2013; 34 (5): 479-86.
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The Business Case for Copper

= YHEC - Global leader in healthcare associated modelling

= Model developed to calculate payback for upgrading to copper
= Allows input of local HCAI rates/costs

= Fully referenced model

L. YHEC

York Health Economics Consortium
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York Health Economics Consortium created a simple Excel Business Case model to evaluate the return on investment of installing antimicrobial copper surfaces in an ICU.  The model is based on published papers plus information on practical aspects supplied by Copper Development Association in the UK. The model allows for local infection rate, cost of infection and length of stay data to be entered.

The model assesses the payback time for specifying copper surfaces at the time of new builds or planned renovations, comparing only the cost of copper against standard components and equipment, assuming installation costs will be the same, regardless of material.



»

Example: 20-bed ICU, New build, UK

Copper Standard

Cost of key touch £105,000 £74,400 +£30,600
surfaces*

# HCAIs over 5 years 1,200 1,500 -300

Cost of HCAIs over 5 £7,200,000 £9,000,000 -£1,800,000
years

Cost per infection £102.00
averted
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The default data is for a 20-bed ICU in the UK, and the model considers a five-year period. The payback for this scenario is less than two months, with a cost per infection averted of £102. The model also calculates quality-adjusted life years and bed-days freed. It can be downloaded from the antimicrobial copper website.
http://antimicrobialcopper.org/uk/the-business-case



'‘After the initial two months, ongoing cost
savings will accrue from the reduction in blocked
beds and better-directed staff resources.’

Dr Matthew Taylor
YHEC Director

L. YHEC

York Health Economics Consortium
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The YHEC model has been presented as posters at the WHO International Infection Control Conference in Geneva (ICPIC 2013) and The International Society for Pharmacoeconomics and Outcomes Research in Dublin (ISPOR 2013).

Reference:
The Economic Assessment of an Environmental Intervention: Discrete Deployment of Copper for Infection Control in ICUs. M Taylor, S Chaplin, York Health Economics Consortium, York, UK, Antimicrobial Resistance and Infection Control 2013, 2(Suppl1):P368. 





US DoD ICU Trial: Time Needed to Recoup the
Cost of Antimicrobial Copper Components

Savings achieved by installing copper

Over 338 days:
14 infections prevented @ $28,400 = $397,600
= $1,176 saved per day

Cost of intervention
Additional cost of copper components = $52,000

Payback
=52,000/1,176
=44.2 days

61 Note: This figure was reached independently of the YHEC Business Case Model and confirms rapid payback. Antimicrobial
Copper uij


Presenter
Presentation Notes
A return on investment of less than two months was reported for the US multi-centre clinical trial. Note the admitted cost per infection is higher in the US than the UK and the additional cost of the copper components was higher than would be the case now that products are commercially available.

Reference:
From Laboratory Research to a Clinical Trial: Copper Alloy Surfaces Kill Bacteria and Reduce Hospital-Acquired Infections.
Michels HT, Keevil CW, Salgado CD, Schmidt MG.HERD. 2015 Fall;9(1):64-79. doi: 10.1177/1937586715592650. Epub 2015 Jul 10.


08.00 Conclusions and
Further Information
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This section provides conclusions and directions to further information.


5 Reasons to Install Antimicrobial Copper

= Continuous and significant bioburden reduction
= Improved patient outcomes

= A supplement to standard hygiene practices

= Simple, cost-effective intervention

= Payback in less than one year

63

Antimicrobial
Copper

o]


Presenter
Presentation Notes
There are five good reasons to install antimicrobial copper touch surfaces:

They provide continuous and significant bioburden reduction.
They offer improved patient outcomes.
They are a supplement to standard hygiene practices.
They are a simple and cost-effective intervention.
They offer payback in less than one year.


Further information

= Visit www.antimicrobialcopper.org

Antimicrobial
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Why Antimicrobial scientific Proof
Copper?

Why Antimicrobial Copper?

Home = Why Antimicrobial Copper? Patient Safety

Patient Safety

Markets and Find Products and News and Download Join the Supply Chain
Applications Services Centre

| A

"Antibiotics are losing

According to the World Health Organization, patient safety is a serious global public health issue, and the biggest problem

their effectiveness at a
rate that is both alarming

is healthcare-associated infections, which affect hundreds of millions of patients worldwide every year. The strategic and irreversible — similar
deployment of antimicrobial copper high-touch components can help to reduce the spread of HCAls and lower the risk of to global warming."

patients acquiring an infection.

Estimates show that, in developed countries, as many as one in 10 patients is harmed while receiving hospital care. In these countries,

seven cut of every hundred hospitalised patients at any given time will acquire healthcare-associated infections (HCAls). In developing
countries, the number is even higher, with ten out of every hundred patients developing an HCAIL
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The antimicrobial copper website is available in several European languages and provides key scientific references, information on trials and installations, brochures, the latest news and events, a directory of approved Cu+ products and an enquiry form for submitting questions and requesting in-house presentations.

Sign up to the newsletter and RSS to receive the latest information.
http://antimicrobialcopper.org/uk/newsletter


Thank you

Copper Development
CU Association Antimicrobial
Copper Alliance COppEI‘ Cu
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Thank you for viewing this presentation.
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